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INTRODUCTION

Atherosclerosis is the name for a complex
of pathological changes affecting the large
and middle large arteries of the human
body. It ultimately results in occlusive
disease of the coronary arteries, carotid or
cerebral arteries and peripheral arteries,
manifesting itself as (unstable) angina
pectoris, acute myocardial infarction,
ischaemic stroke or intermittent claudi-
cation. This chapter aims to provide a short
review of the historical views, epi-
demiological features and the current
pathophysiological concepts of athero-
sclerotic vascular disease. Furthermore, it
will focus on correlates of the in-
flammatory response in a clinical
perspective.

1. HISTORICAL OVERVIEW

Atherosclerosis and its clinical correlates
are of all times. Atherosclerotic lesions
have already been found in Egyptian
mummies dating from 1580 B.C. [1] The
term atherosclerosis was brought up by
Marchand in 1904 [2]. He described the
‘gruel-like’ (athere) soft contents of the
plaque core (atheroma) that is covered by a
hardened (scleros) fibrous cap. Before that
time the disease was known as
arteriosclerosis [3]. The first description of
the disease is ascribed to Parry who, in
1799, recounts an anecdote in which,
during the course of an autopsy, he
discovered something hard and gritty in the
coronary arteries and "well remembered
looking up to the ceiling, which was old
and crumbling, conceiving that some
plaster (sic) had fallen down."  From his
discovery of hardened, “ossified” vessels
he proposed that a principle cause of the
syncope anginosa is to be looked for in
disordered coronary arteries [4].

A few decades later, it was the surgeon
Joseph Hodgson who published a
monograph on vascular disease, claiming

that inflammation was the underlying
cause of atherosclerosis in spite of being a
natural degenerative manifestation of the
aging process. He also identified that the
disease process occurred in the intima,
between the lumen and the media of the
diseased vessels [5]. After the initial
studies based solely on descriptive studies,
three theories have been dominating the
discussion on the pathophysiology of
atherosclerosis: the thrombogenic theory
propagated by Rokitansky, the in-
flammatory theory of which Virchow was
the advocate, and the lipid/insudation
theory. The last theory has been adapted by
Ross, who unified the concepts of
atherogenesis in the current response-to-
injury theory [6;7].

Thrombosis has been suggested as a
cause of occlusive vascular disease by
Rokitansky in 1841. He proposed that the
deposits observed in the inner layer of the
arterial wall were primarily derived from
fibrin and other blood elements. The
atheroma was the result of a pre-existing
‘crasis’ of blood components [8].
Rokitansky was opposed by Virchow who
gave an extensive description of the
various stages of atherosclerotic disease
that he named "endarteritis deformans". By
this, he meant that the atheroma was a
product of an inflammatory process within
the intima, and that the fibrous thickening
had evolved as a consequence of a reactive
fibrosis induced by proliferating con-
nective tissue cells. He maintained that
mechanical forces initiated the irritative
stimulus and that the endarteritis was part
of a repair mechanism. To date, Virchow’s
concept of local intima injury as the
initiating irritative stimulus is still accepted
and it has been extended to include other
factors besides mechanical factors [9].
After Virchow’s discoveries the focus
gradually moved to the concept of a slowly
progressive disease starting at a young age
in which lipids accumulated in the vascular
wall until a significant stenosis occurred
later in life. Cholesterol, a main composite
of the atherosclerotic plaque, emerged as a
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major risk factor for atherosclerotic
cardiovascular disease emerged [10]. One
of the most important contributors to this
discussion was the Russian scientist,
Ignatovski, who noticed that rabbits that
were fed a diet of milk and egg yolk,
developed severe atherosclerosis [10].
These findings formed the basis for large
epidemiological trials that confirmed the
importance of serum cholesterol levels as a
major cardiovascular risk factor.
Experimental atherosclerosis was further
investigated by Anischkov. His view was
that atherosclerosis was merely an
infiltrative rather than a degenerative
disease, this view was further explored in
the insudation theory. He was the first to
acknowledge that the cause was most
probably multifactorial and the con-
sequence of a metabolic disturbance at the
level of the vessel wall [11]. The
insudation theory claimed that noxious
elements in the blood damaged the
endothelium [12] and it formed the basis
for the response-to-injury theory of Ross.
First the focus was on mechanical stress
that would injure the endothelium. Later,
inflammation came into focus again, and as
molecular techniques provided new
opportunities to gain insight in cellular and
molecular mechanisms, it became clear
that atherosclerosis was an inflammatory
disease [13-15].

2. EPIDEMIOLOGICAL FEATURES OF
ATHEROSCLEROSIS AND VASCULAR
DISEASE

Acute coronary syndromes, stroke and
peripheral artery disease are all clinical
manifestations of a common patho-
physiology: atherosclerosis of the large
arteries. Taken together these diseases are
still the leading cause of mortality and
morbidity in the Western society and
emerging as a major cause of death in
other parts of the world [16;17]. Although
declining, still 36% (49.952 persons) of all
deaths in the Netherlands in 2000 was
caused by cardiovascular disease. The

major cause of death in this group was
ischaemic heart disease 34.9% (17.443
persons) followed by cerebrovascular
disease that accounted for 19.7% of
cardiovascular mortality. Cardiovascular
morbidity led to 262.121 hospitalizations
in 2001. The majority occurred because of
ischaemic heart disease (37.1% of all men
and 24.8% of all women) [18] with 25.864
patients suffering a heart attack, 33.416
patients suffering from unstable angina.
Forty-four percent of the hospitalized
patients for cardiovascular disease was
younger then 65 years [18]. Thus, great
efforts are still needed to reduce the
morbidity and mortality of cardiovascular
disease due to widespread atherosclerosis.

3. RISK FACTORS AND MARKERS

Although there is a vast amount of
evidence that links ‘traditional’ risk factors
to atherosclerotic vascular disease, only
half of the cases of clinical atherosclerotic
disease can be explained by such risk
factors [19]. A huge number of risk factors
has been identified [20] and new ones still
arise [21]. Although most risk factors have
a genetic background, risk-reduction by
either life style modification or
pharmacotherapy can be achieved for
many risk factors (table 1). However, the
incidence and prevalence of important
contributors to cardiovascular disease such
as obesity and diabetes [22] are still rising.
Regardless of the fact that important
improvements have been made in the
treatment of dyslipidemia, cholesterol
levels in patients with coronary heart
disease are still far from ideal [23].
Notably, a number of important risk factors
is thought to contribute to atherogenesis by
inducing an inflammatory response [24].

4. INFLAMMATION AND THE IMMUNE
SYSTEM

Inflammation is the answer to noxious
stimuli that threaten the organism. In
humans there are two distinctive defence
mechanisms that form the base of any
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Table 1. Genetic and environmental risk factors for atherosclerosis.

Factors with a strong genetic background Comment
Elevated LDL and VLDL cholesterol Abundant evidence from epidemiological studies. Several genotypes

identified. Modifiable risk factor with strong beneficial results.
Low HDL-cholesterol Several genotypes identified, also non-genetic causes. Partly modifiable

risk factor with results perhaps equal to LDL-lowering.
Elevated levels of Lp(a) Single gene responsible. Unclear if modifiable, unclear if beneficial
Hypertension Several genes identified. Modifiable risk factor, beneficial effects.
Hyperhomocysteinaemia Multiple genes identified. Modifiable risk factor, effects not yet

determined.
Family history for vascular disease
Diabetes mellitus Multiple genetic causes identified. Partly modifiable, beneficial effects.
Elevated hemostatic factors
Depression and other behavioural traits Epidemiological data. Probably modifiable, effects are yet under

investigation.
Male gender
Systemic inflammation Several genes identified. Possibly modifiable risk factor, effects

currently under investigation.
Metabolic syndrome Partly modifiable risk factor,
Auto-immunity Several causes identified.
Maternal hypercholesterolaemia

Environmental factors
High-fat diet
Smoking
Low anti-oxidant status
Lack of exercise
Infectious agents Causal relationship not yet established. Possibly modifiable risk factors,

currently under investigation.

inflammatory response: innate and
adaptive immunity. Both systems have
their own mechanisms of action but act in
close co-operation (figure 1). The innate
immune system provides the fastest but
least specific response to toxic or
inflammatory stimuli. It forms the first line
of defence against micro-organisms and it
is based on the recognition of pathogen-
associated molecular patterns (PAMP). Its
cellular components comprise monocytes
/macrophages, ‘natural killer’ cells
neutrophils, and mast cells. Once activated
through contact with a PAMP or upon
IFNγ stimulation by T helper type 1
lymphocytes, the cells of the innate
immunity start producing substances (e.g.
cytokines, growth factors, chemokines, and
lysosomal enzymes such as myelo-
peroxidase) that mount a local in-
flammatory response and/or start with
phagocytosis and lysosomal degradation of
micro-organisms and/or presented part-
icles. Moreover, through the expression of
major histocompatibility complex (MHC)

class II receptors on their surface, they act
as antigen presenting cells to T
lymphocytes.

The adaptive immune system elicits a
slower but more specific immune response.
Its cellular components are the B and T
lymphocytes. Due to a process called
somatic rearrangement these cells are able
to recognise a large number of antigens by
generating T cell receptors and
immunoglobulins. Once T cells recognise
foreign antigens presented to them, they
initiate adaptive immune responses
directed precisely against these antigens.
These responses include a direct attack
against the antigen by cytotoxic T cells,
stimulation of B lymphocytes to become
plasma cells and subsequently to produce
antibodies against the antigens and
stimulation of T helper 1 cells resulting in
the induction of inflammation through
activation of the innate immune system at
the site where the antigen is present. An
inappropriate adaptive immune response
can cause auto-immune diseases [25-28].
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5. THE PATHOGENESIS OF ATHERO-
SCLEROSIS

Atherosclerosis develops silently and is
thought to begin already in fetal life [29]. It
was Ross [6;7] who brought up the
response-to-injury theory as an explanatory
mechanism for the pathogenesis of
atherosclerosis, a theory that is still in
force these days. While it was first
suggested that the injury had a mechanical
character, he later proposed that it was an
inflammatory response evoked by a huge

number of stressors (atherogenic risk
factors) that led to the atherosclerotic
changes in the vessel wall [15]. Nowadays,
the concept is that chronic inflammation
results from interaction between genetic
and environmental risk factors, especially
modified lipoproteins, monocytes/macro-
phages, T lymphocytes and the normal
cellular elements of the vessel wall [30].
The following paragraphs will provide a
brief overview of the different stages in
atherogenesis.

Figure 1. Interplay between adaptive and innate immunity during atherogenesis. The principal effector cell of
innate imunity, the macrophage, elaborates cytokines that critically regulate many functions of atheroma-
associated cels involved with disease initiation, progression, and complication, as well as thrombosis. IFNγ, a
product of the activated T-cell, activates a number of these functions of th macrophage. In turn, the activated
macrophage expresses high levels of MHC class II antigens, needed for antigen-dependent activation of T-cells.
Adapted from ref. 26.
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The normal artery

The normal arterial wall consists of three
layers. The inner layer or intima consists of
the endothelium and the basal lamina that
borders the media, the middle layer that is
build up by smooth muscle cells together
with connective tissue, mainly collagen
and elastin. The outer layer is called the
adventitia, this layer is merely composed
of concentrically layered elastin fibres.
Furthermore, it contains small blood
vessels, the vasa vasorum, lymph vessels
and nerves [3].

Endothelial dysfunction

In the normal vasculature, the endothelium
forms the first barrier between the blood
and the surrounding tissues. Under
physiological circumstances the endo-
thelium responds to physical and chemical
stimuli by expressing a variety of chemical
substances to prevent smooth muscle cell
contraction and proliferation, platelet
aggregation, thrombosis and leukocyte cell
adhesion. All stages in atherogenesis are
characterized by functional and morpho-
logical changes to the endothelium known
as endothelial dysfunction (figure 2).
Endothelial dysfunction is most likely to
represent the earliest changes in
atherogenesis. Endothelial dysfunction is a
collective term that incorporates a number
of changes that the endothelium undergoes
during atherogenesis: loss of anti-
coagulant properties, an increased ex-
pression of cellular adhesion molecules
and an increase in vascular tone due to loss
of bioavailability of the vasodilatory and
possibly anti-inflammatory endothelial
nitric oxide (NO) [31;32]. Atherosclerotic
lesions are preferentially located at sites of
arterial branching or curvature, where there
is an altered blood flow exposing the
endothelium to an enhanced shear stress
gradient. The endothelium at these places
is more permeable and thus provides a
location for macromolecules, such as low-
density lipoprotein (LDL)-cholesterol, to
deposit [33]. Multiple genes have been

identified that are susceptible to changes in
blood flow, such as platelet derived growth
factor, transforming growth factor-β, tissue
plasminogen activator, the adhesion
molecules ICAM-1 and VCAM-1 and,
recently identified, lung Kruppel-like
factor [33-35]. It is believed that the
upregulation of vascular adhesion
molecule-1 by the endothelium is of
crucial importance in the occurrence of
atherosclerotic plaque formation. Most
known risk factors either genetic or
environmental are known to induce
endothelial dysfunction. Especially
oxidatively modified forms of LDL-
cholesterol (oxLDL) are thought to be
important inducers of endothelial
dysfunction, but other risk factors most of
them mentioned in table 1, alone or in
concordance, also contribute to this
process [36-39]. OxLDL induces
phenotypical changes to the endothelial
cells as they start expressing adhesion
molecules, that facilitate adhesion of
monocytes and T-lymphocytes to the
endothelium [40], and produce chemokines
that attract inflammatory cells from the
circulation [41]. The atherogenic potential
of oxLDL is summarised in table 2. The
role of adhesion molecules will be
discussed in more detail below.

In conclusion, due to environmental and
genetic risk factors, the endothelium
undergoes functional and structural
changes at a very early age. Endothelial
dysfunction induces monocyte adherence
to the vessel wall.

Fatty streak formation

The first ‘visible’ manifestation of
atherosclerosis is called the ‘fatty streak’.
These are local elevations of the intima
that consist of accumulations of so-called
‘foam cells’, transformed macrophages,
loaded with oxLDL [3;15]. Since fatty
streaks are located at sites where
atherosclerosis is unlikely to develop, it is
still disputed if these lesions are the
precursors of the later complicated
atherosclerotic plaques [3].
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Figure 2. Initiating events in the development of
a fatty streak lesion.
Monocytes attach to endothelial cells that `have
been induced to express adhesion molecules by
several inflamatory stimuli, e.g. cardiovascular
risk factors. Adherent monocytes migrate into the
subendothelial space and differentiate into
macrophages. Uptake of oxLDL via scavenger
receptors leads to foam cell formation. Adapted
from ref. 39.

Figure 3. Lesion progression.
Interactions between macrophages and foam cells.
Th1 and Th2 cells establish a chronic
inflammatory process. Cytokines secreted by
lymphocytes and macrophages exert both pro-
and antiatherogenic effects of the cellular
elements of the vessel wall. Smooth muscle cells
migrate from the medial portion of the arterial
wall, proliferate and secrete extracellular matrix
proteins that form a fibrous plaque.

Figure 4. Plaque rupture and thrombosis.
Necrosis of macrophage and smooth muscle cell-
derived foam cells leads to the formation of a
necrotic core and accumulation of extracellular
cholesterol. Macrophage secretion of matrix
metalloproteinases and neovascularisation
contribute to weakening of the fibrous plaque.
Plaque rupture exposes blod components to tissue
factor, initiating coagulation, the recruitment of
platelets, and the formation of a thrombus.
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Monocytes are attracted from the
circulation and adhere to the activated
endothelial cells. Then, they transmigrate
to the sub-endothelial layer were they
transform into a specific subset of
macrophages that express scavenger
receptors. These receptors facilitate the
uptake of oxLDL (figure 3). Accumulated
foam cells set the pace for progression of
atheroma since they are capable of
producing a large number of substances
such as cytokines, growth factors,
chemokines and proteolytic enzymes [42].

Advanced plaque

Next, the smooth muscle cells (SMC) start
growing and proliferating due to growth
factor release from activated monocytes.
Moreover, they migrate from the media to
the subendothelial space. Here, they start
producing extracellular matrix proteins that
lead to the formation of the fibrous cap.
The atheromatous lesion itself grows as
well, due to monocyte/macrophage pro-
liferation, inhibition of smooth muscle cell
and leukocyte apoptosis and recruitment of
T lymphocytes and monocytes from the
circulation. Significant cross talk appears
to occur among the cellular elements of the
developing lesions, i.e. all participating

cell types produce signalling molecules
that influence the activity of the others.
Lesional T cells are activated expressing
both Th1 and Th2 cytokines. Macrophages,
endothelial cells and SMCs are activated as
well, since MHC Class II receptors are
expressed and inflammatory products such
as tumor necrosis factor-α (TNFα),
monocyte chemotactic protein-1 (MCP-1)
and interleukin-6 are produced [43;44].
The endothelial cells overlying the lesion
gradually decline and a fibrous cap is
formed, protecting the blood from the
highly thrombogenic lipid core of the
plaque. Initially, the vessel lumen is not
affected by the proliferating cells due to a
process called ‘remodelling’. By
expanding outwards in ‘compensatory
enlargement’ the artery accommodates the
growing lesion. Eventually, the vessel
lumen does diminish and a critical stage in
atherogenesis has started.

The vulnerable or unstable plaque

The clinical consequences of athero-
sclerosis are the result of luminal
obstruction. The cause for acute luminal
obstruction in most cases, is the formation
of a thrombus. Thus, the final push is being
given by the coagulation system. However,

Table 2. Possible mechanisms by which oxLDL can exert atherogenic effects.

Effect Mechanism

Increased monocyte adhesion Increased expression of adhesion molecules on
endothelial cells

Increased monocyte and T-cell chemotaxis Direct effects on monocytes and T cells and indirect
effects due to stimulation of chemokine production
(e.g. MCP-1)

Increased scavenger receptor A expression Activation of AP-1 and its transcription factors
Increased CD36 expression Activation of PPARγ
Increased foam cell formation Enhanced uptake of oxLDL mediated by scavenger

receptor
Induction of proinflammatory genes Activation of NFκB
Induction of cellular and humoral immune
responses

Neoepitope formation

Increased apoptosis and necrosis
Activation of programmed cell death, formation of
cholesterol crystals. Loss of membrane integrity
Enhanced procoagulant activity Induction of tissue factor, increased platelet

aggregation.
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it is the underlying atherosclerotic plaque
and its ongoing inflammatory response that
enhances thrombosis [45]. Most cases of
acute myocardial infarction or sudden
cardiac death are the result of the rupture
of a so-called ‘vulnerable plaque’, whereas
a minority of the cases is due to superficial
thrombosis on a disrupted endothelium
[46]. The atheromatous, highly thrombo-
genic, contents of the plaque core are
protected from the circulation by the
fibrous cap. Rupture of this cap causes
exposure of the thrombogenic contents to
the blood, subsequently leading to
thrombosis (figure 4). The fibrous cap
constitutes of interstitially formed collagen
fibres. These fibres are mainly produced by
smooth muscle cells under control of TGF-
β. In a mouse model lack of TGF-β was
associated with an unstable plaque
phenotype [47].

There are several mechanisms that
threaten the cap’s integrity. The production
of interferon-γ (IFN-γ) by T cells that are
present in the plaque, limits the production
of collagen types I and III by smooth
muscle cells, thus leading to thinner
fibrous caps [48;49]. If produced in excess,
the production of collagen degrading
enzymes, such as matrix metallo-
proteinases (MMP), also takes place in a
plaque, leading to a weaker fibrous cap.
These MMPs are produced by macro-
phages and SMCs, and their production is
enhanced by several pro-inflammatory
mediators [50;51]. Thus, both macro-
phages and SMCs, probably directed by T
lymphocytes, contribute to the trans-
formation to an unstable, rupture prone
plaque phenotype. It is currently thought
that if possible switching the plaque’s
balance from the unstable inflammatory to
the hemodynamically stable fibrotic
phenotype may prove beneficial in
preventing the clinical complications of
atherosclerosis [52;53].

Another possible contributor to plaque
instability is the mast cell. Mast cells
contain a large number of granules
containing many mediators that may be

involved in plaque rupture. Among these
mediators are the proteolytical enzymes
chymase and tryptase [54]. These enzymes
are capable of activating MMPs [55].
Multiple studies support the view that mast
cell activation could be linked with plaque
rupture, since they documented accu-
mulation of mast cells and increased
expression of MMPs in the shoulder region
of the plaque [56]. In pathological studies
it proved that the amount of mast cells seen
in the plaque was far less than that of
monocytes/macrophages or T lymphocytes
[57]. If mast cells indeed contribute to
plaque instability, has not yet been
established.

In conclusion, atherosclerotic plaque
formation is a long-term process, in which
a central role is attributed to infiltration,
activation and proliferation of monocytes/
macrophages. However, other cells are
potentially active contributors as well, e.g.
endothelial cells, vascular smooth muscle
cells, T lymphocytes, mast cells and blood
platelets. Remarkably, each of these cells
is able to adapt an inflammatory
phenotype. In other words, these cells are
capable of producing pro-inflammatory
(and anti-inflammatory) atherogenic and
thrombogenic substances, that may
contribute to the formation of a vulnerable,
rupture-prone, atherosclerotic plaque. The
complex interplay between these different
cell types most likely involves a substantial
number of pathways that if their
pathogenetic role is established may
eventually lead to potential sites for
intervention.

6 ACCELERATED OR PREMATURE
ATHEROSCLEROSIS; INFECTION,
AUTO-IMMUNITY OR BOTH?

Whereas most cardiovascular athero-
sclerotic diseases become clinically
manifest in the sixth and seventh decade
[58], a number of patients presents with
manifest atherosclerotic disease before the
age of 55. This is defined as premature
atherosclerosis. Why these patients suffer
from premature atherosclerosis is not



General Introduction

19

known, but it is evident that most patients
are more exposed to multiple established
risk factors as compared to their controls
[59;60].

Autoimmunity has been suggested as a
causative factor in atherosclerosis,
especially in accelerated forms of athero-
sclerosis, and several auto-antibodies are
associated with an enhanced form of
atherosclerosis, such as anti-cardiolipin
antibodies (ACLA), antibodies against
oxidized LDL (anti oxLDL), and
antibodies against heat shock protein 65
(anti-HSP65) [61-64]. On the other hand it
is known that patients suffering from
autoimmune diseases such as systemic
lupus erythematosus (SLE) and anti-
phospholipid syndrome are known to have
more aggressive forms of atherosclerosis
[65]. In addition, there is evidence that
autoimmune processes are involved in the
development of atherosclerosis as well
[66;67].

Elevated levels of Lp(a) are an
independent risk factor for cardiovascular
disease, especially in patients with
premature atherosclerosis [68]. Although
not immunogenic itself, the presence of
Lp(a) is known to facilitate the
atherosclerotic process possibly by
providing a prothrombotic environment
since its molecular structure strongly
resembles plasminogen. Moreover, it
induces expression of cell adhesion
molecules on coronary endothelial cells in
vivo [69] and, in SLE patients, elevated
levels of Lp(a) were associated with
increased levels of oxLDL-containing
immune complexes, that are thought to be
easier phagocyted by macrophages [70].
Higher levels of Lp(a) have been reported
in patients with SLE and anti-phospholipid
syndrome as well [71-73]

A number of infectious agents, the most
important being Chlamydia Pneumoniae,
Helicobacter Pylori, and cytomegalovirus,
have been linked with atherosclerosis.
Numerous studies have linked antibody
titers to these pathogens with the incidence
of vascular disease and others were able to

isolate microorganisms from atheromatous
plaques [74;75]. However, results from a
recent clinical trial where antibiotics were
given to prevent atherosclerotic vascular
diseases, were rather disappointing [76].
Although the circumstantial evidence is
abundant, until today no causal
relationship between infection and
atherosclerotic vascular disease has been
established.

An interesting hypothesis that is
currently under investigation links auto-
immunity with infection. It is suggested
that an autoimmune response is initiated
through molecular mimicry, whereby
bacterial antigens are recognised that share
homologous sequences with the host
antigens. For example, all bacteria encode
for heat shock proteins, a group of stress
proteins that is evolutionary well preserved
and shares a high homology with
mammalian heat shock proteins.
Antibodies against HSP are frequently
found in patients with vascular disease and
they may probably facilitate atherogenesis
[77]. Another mechanism linking
atherosclerosis with infectious disease is
that of the increased infectious burden, i.e.
not just one pathogen but repetitive
infections with a larger number of
microbes, is responsible for inducing
atherogenesis. It has even been suggested
that the exceding of a certain infectious
burden, as reflected by elevated antibody
titres against multiple pathogens, accounts
for the elevated levels of acute phase
reactants that are often found in patients at
risk for vascular disease [74;78].

7. INFLAMMATORY MARKERS IN
CARDIOVASCULAR DISEASE

The concept of inflammation as a major
determinant of atherosclerosis has initiated
a gold rush in seroepidemiologic studies.
Since only 50% of patients suffering from
vascular disease can be explained by
means of traditional risk factors [79], the
inflammatory theory has brought up new
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directions in which to search for (risk)
markers that can help the physician
identify those patients at risk for
(recurrent) cardiovascular disease. In the
last fifteen years numerous studies have
been published, with the purpose of
evaluating the prospective value of several
biomarkers in cardiovascular disease. The
next paragraphs provide a brief review on
the most prominent biomarkers in
atherosclerotic vascular disease.

C-Reactive Protein

Of all biomarkers, the acute phase reactant
C-reactive protein (CRP) has gained most
attention and is most likely to proceed
from a research tool to a clinical tool. CRP
is produced by the liver upon stimulation
by the pro-inflammatory cytokine
interleukin-6 [80]. CRP levels tend to rise
quite easily in response to a large spectre
of conditions such as trauma, infectious
disease, malignancy or auto-immune
disease. It has been in use for clinical
practise since its discovery in 1930 [81]
and levels below 10 mg/L were always
considered normal [82].

With the development of highly
sensitive CRP-assays, it became clear that
CRP-levels were elevated in patients with
unstable angina [83], with approximately
50% of the patients having levels > 3.0
mg/L at discharge [84]. Furthermore, it
proved that CRP-levels, albeit still within
the normal range, could serve as a
prognostic marker for disease outcome in
these patients. [84;85].

Also, patients at risk for coronary heart
disease, stroke and peripheral vascular
disease have elevated levels of CRP [86-
90]. However, there is still a debate going
on about the accuracy and reproducibility
of CRP measurements in patients whose
levels are in the subnormal ranges [91],
some claiming that it would take as much
as 18 repetitive measurements in an
individual patient to establish a reliable
value [92]. It is still unclear whether
elevated CRP levels reflect an inflamed
arterial system, or that the inflammatory

stimulus resides in adipose tissue [93] or
that CRP itself has pathogenic properties.
General coronary inflammation was
suggested by the observation that in acute
coronary syndromes neutrophil activation
occurred in the whole coronary system and
not only at the site of the culprit plaque
[94]. On the other hand, there are reports
claiming a direct inflammatory action of
CRP on monocytes and endothelial cells
[38;95;96]. Also CRP is present in
atherosclerotic lesions and co-localises
with activated complement factors
suggesting an active role for CRP in the
inflammatory response in plaque [97].

Interestingly, CRP is claimed to be an
independent risk marker in previously
healthy women that is stronger in
predicting cardiovascular events than
elevated levels of LDL-cholesterol [98]. In
a post-hoc analysis of the CARE study, it
was suggested that statin therapy favoured
especially those patients in whom CRP
was elevated at baseline (3 months after a
myocardial infarction) [99].

Thus far, we know that CRP is a strong
and independent risk marker for
cardiovascular events. It certainly has the
potential of becoming a tool in
management of patients at risk for
cardiovascular disease, especially those
patients with acute coronary syndromes.
Although several drugs, such as statins
[100], aspirin [101], fibrates [102] and
thiazolidinediones [103] are capable of
lowering CRP levels, it is still unknown if
this is beneficial. Studies are needed that
assess CRP-guided treatments [104].

Cytokines

Inflammation requires interplay between
several cell types. In the case of
atherosclerosis, inflammation is due to a
coalition of monocytes/macrophages, T
lymphocytes, endothelial cells, vascular
smooth muscle cells and blood platelets.
The interactions of these cell types are
orchestrated by a group of signaling
proteins better known as cytokines.
Currently there are three ‘families’ of
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cytokines, the interleukins, the tumor
necrosis factors and the interferons.
Cytokines were initially thought to be
produced solely by hematopoetic cells but
also endothelial cells, smooth muscle cells
and adipocytes respond to and produce
particular subsets of cytokines [93;105].
Some cytokines such as TNFα and IL-1
act strictly pro-inflammatory whereas IL-4
and IL-10 are mainly anti-inflammatory
cytokines. However, most other cytokines
exert both pro- and anti-atherogenic
actions, depending on the environmental
circumstances (table 3). The balance
between pro- and anti-inflammatory
cytokines is thought to depend on certain T
lymphocyte subsets. The T-helper type 1
(Th1) subset favors secretion of pro-
inflammatory cytokines such as IFNγ and
TNFα, whereas the T helper type 2 subset
is associated with the production of
interleukins-4 and -10 [106].

Most cytokines have been studied in
pre-clinical, experimental settings, but a
number of them have also been studied
using human material. In human
atheromatous plaques, TNFα [107] as well
as the pro-inflammatory cytokines IL-2
and IFNγ were abundantly present [108].
This has strengthened the concept of
atherosclerosis as a Th1-driven disease.
Also [109], IL-12 and IL-10 have been
demonstrated in human plaque and it was
suggested that IL-10 inhibited the
production of IL-12. Others reported that
the presence of IL-10 in plaques was
associated with reduced activity of iNOS
and less apoptosis in macrophages and
smooth muscle cells [110]. The latter
observation is quite interesting since a
number of studies have suggested a
beneficial role for IL-10 in reducing
atherogenesis [111;112]. Also the finding
that monocytes of patients with acute
coronary syndromes produce less IL-10
and the fact that serum IL-10 levels are
lower in patients with acute coronary
syndromes [113] support the concept that a
shift in Th1/Th2 balance may prove
beneficial in atherosclerosis [114;115]. As

with CRP, various cytokine levels have
been extensively investigated as prognostic
markers in patients with cardiovascular
disease. Levels of TNFα, IL-1, IL-6 and
IL-18 were predictive for adverse events in
patients with different stages of coronary
artery disease [116-118]. Also, IL-6 proved
predictive for adverse cardiovascular
events in apparently healthy physicians
[119].

In conclusion, cytokines are
important in orchestrating the in-
flammatory response in atherosclerosis.
Both pro- and anti-inflammatory cytokines
are active in different stages of the disease.
There is growing evidence that anti-
inflammatory cytokine production is
compromised in acute coronary
syndromes. On the other hand there is
evidence that supports a beneficial role for
IL-10 in atherosclerosis, providing a basis
for future therapies. Also, cytokine levels
provide prognostic information in patients
at risk for cardiovascular disease albeit yet
not as convincing as is the case with C-
reactive protein.

Cell adhesion molecules

In response to injury, the endothelium
facilitates coagulation and mediates the
binding and transendothelial migration of
leucocytes. Monocyte adherence to the
endothelium in hypercholesterolemic
swines was already noted in the earliest
stages of atherogenesis [120]. It later
became clear that this adherence was due
to the expression of cell adhesion
molecules by both the activated
endothelium and leukocytes [121;122].
Currently four families of adhesion
molecules are recognized [123]. Selectins
(E-selectin and P-selectin) are responsible
for the rolling of leukocytes to the
endothelium. Their expression on
endothelial cells is enhanced by several
stimuli such as cytokines and bacterial
endotoxins [40]. Firm adhesion of
leukocytes to the endothelial cells is
facilitated by members of the
immunoglobulin superfamily and their
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Table 3. Pro- and anti- atherogenic functions of cytokines.

Cytokine Anti-atherogenic function Pro-atherogenic function
Interleukins
IL-1 ↑ thrombomodulin ↑ ICAM-1, VCAM-1

↑ PAI ↑ Tissue Factor
↑ Collagen synthesis ↑ IL-1
↓ EC Proliferation ↑ Chemokines (IL-8, MCP-1)

↑ IL-6
↑ Colony stimulating factors
↑ Growth factors
↑ Cell death
↑ MMP release and expression

IL-4 ↓ TH1 phenotype ↑ 15-LO, promotes LDL oxidation
↑ TH2 phenotype
↓ Scavenger receptor
↓ MMP

IL-6 ↑ T and B cell differentiation
↑ CRP production
↑ fibrinogen production
↑ procoagulant

IL-8 ↑ Monocyte chemotaxis
↑ Angiogenesis

IL-10 ↓ TH1 phenotype
↑ TH2 phenotype
↓ MMP
↓ IL-1β induced TF

IL-12 ↑ TH1 phenotype
↑ IFNγ

IL-15 ↑ TH1 phenotype
↑ Angiogenesis
↑ IL-12

IL-18 ↑ TH2 phenotype ↑ TH1 phenotype
↑ IL-4 ↑ IL-1β, IL-6, IL-8, TNFα
↑ NOS ↑ ICAM-1
↑ IL-13 ↑ GM-CSF

↑ IFNγ
↑ MMP

Tumor Necrosis Factors
TNFαααα ↑ Thrombomodulin ↑ ICAM-1 and VCAM-1

↑ PAI-1 ↑ Chemokines (IL-8, MCP-1)
↑ EC proliferation ↑ Scavenger receptor

↑ MMP
↑ CSF and GF expression
↑ Cell death
↑ Tissue Factor

CD40L ↑ ICAM-1, VCAM-1, P-selectin
↑ MMP
↑ angiogenesis
↑ Chemokines (IL-8, MCP-1)
↑ CSF
↑ Tissue Factor
↓ Thrombomodulin

Interferons
IFNγγγγ ↓ MMP ↑ ICAM-1, VCAM-1

↑ scavenger receptor
↑ EC and SMC proliferation
↑ Fas
↓ Collagen synthesis
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ligands (integrins) (figure 5). Among the
most important adhesion molecules in
atherosclerosis are ICAM-1 and VCAM-1.
It has been derived from animal studies
that VCAM-1 expression is crucial at the
earliest stages of atherosclerosis [124]. E-
selectin, VCAM-1, P-selectin and ICAM-1
are expressed in advanced atherosclerotic
plaques [125]. While the expression of
adhesion molecules is difficult to
determine on cell surfaces in vivo, soluble
forms of adhesion molecules can be
detected in the blood. It is thought that
these adhesion molecules are ‘shedded’
from the endothelial surface by
proteolytical cleavage. Their biological
function is unclear. However, several
soluble adhesion molecules serve as
biomarkers in patients at risk for vascular
disease [126].
In both healthy men and women, levels of
s-ICAM-1 proved predictive for future
myocardial infarction and carotid
atherosclerosis [127-129]. Levels of
soluble E-selectin, VCAM-1 and ICAM-1
correlated with intima media thickness of
the carotid arteries, a supposed marker of
preclinical atherosclerosis [130]. However,
results with s-VCAM-1 have been
contradictory: in an apparently healthy
population levels of s-VCAM-1 were not
predictive for future cardiovascular events
[127] whereas in patients with type II
diabetes s-VCAM-1 did predict cardio-
vascular events [131]. In a large cohort of
patients with established cardiovascular
disease it proved that s-VCAM-1 was the
most powerful marker of subsequent
cardiovascular death as compared to
hsCRP, lipid levels and other adhesion
molecules [132]. These findings do
contrast also with the study reported by
Malik et al., who found no clear
associations between levels of several cell
adhesion molecules and adverse
cardiovascular events [133]. But, when
adjusted for other inflammatory and
clinical markers, only a weak association
was left. The authors concluded that it is
unlikely that measurement of soluble

adhesion molecules will add to the
predictive value that can be obtained from
other current risk markers. Another
application of levels of soluble cell
adhesion molecules is their use as markers
of therapeutic efficacy. Several studies
have used soluble cell adhesion molecules
as intermediate end points for evaluating
the efficacy of an intervention. These
studies are summarized in table 4.

CONCLUSIONS

Atherosclerosis and its clinical substrates
are the result of a long term, low-grade
inflammatory response. The inflammation
is triggered by a large number of genetic
and environmental risk factors. Interplay of
cells of the innate and adaptive immune
system, the endothelial cells and smooth
muscle cells, finally results in a rupture-
prone atherosclerotic plaque. Current
understandings have led to the
development of prognostic biomarkers for
future cardiovascular disease. Especially
C-reactive protein proves promising and is
likely to add to the information available
from traditional measures such as lipid
profile. Future developments will probably
focus on the genetic mechanisms under-
lying atherogenesis as well as the
development of new methods that provide
information useful for the prevention of the
major cause of morbidity and mortality in
the Western society.

AIMS OF THE THESIS

Inflammation is a hallmark of athero-
sclerotic cardiovascular disease. This thesis
aims to gain further insights in the clinical
application of markers of the inflammatory
process with respect to disease severity,
therapeutic measures and pathophysio-
logical mechanisms. In the first part the
use of several biomarkers of the athero-
sclerotic process will be evaluated in
patients with different stages of disease
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In chapter 2 the relationship between two
hallmarks of early atherosclerosis is in-
vestigated. Markers of inflammation as
well as endothelial function testing are
assessed in patients with familial hyper-
cholesterolemia. Chapters 3 and 4 address
the effects of anti-atherosclerotic therapies
(HMGCoA-inhibition and ACE-inhibition)
on a number of inflammatory markers are
investigated. In a large cohort of patients
with premature atherosclerosis we sought
for a possible contribution of anti-neutro-
phil cytoplasmatic antibodies (ANCA) as
possible contributors to the early oc-
currence of vascular disease (chapter 5).

The second part will focus on leuko-
cyte function and activity, both as a
mechanistic as well as a prognostic

measure, in the acute coronary syndromes.
Chapter 6 deals with mast cell activation
in acute coronary syndromes. A possible
role for tryptase, an established biomarker
for mast cell activation is investigated.
Chapter 7 is a review on neopterin, a
marker of monocyte/marophage activation,
in athero-sclerosis. The role of monocytes
in the pathogenesis of atherosclerosis is
dis-cussed. In Chapter 8 the role of
neopterin as a prognostic marker is esta-
blished in patients with acute coronary
syndromes.

Finally, in Chapter 9 the functional
pro-perties of peripheral monocytes from
patients with acute coronary syndromes are
investigated. Chapter 10 discusses the
thesis and provides future perspectives.

Figure 5. Diagram of the 4 major classes of cell adhesion molecules illustrating their transmembrane structure
and their cell counter receptors. Adapted from ref. 122.
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Atherosclerosis is characterized by a low-
grade systemic inflammatory response and
endothelial dysfunction. The aim of the
present study was to investigate a possible
relationship between systemic markers of
inflammation, serum markers of en-
dothelial activation and endothelium-
dependent vasodilatation in a group of
high-risk patients, and to evaluate the
effects of intervention with high doses of
simvastatin on these parameters. In
patients with heterozygous familial
hypercholesterolaemia (FH), without
atherosclerotic events, flow-mediated
vasodilatation (FMD) of the brachial
artery was measured after a wash-out
period for lipid-lowering drugs (baseline)
and after 6 weeks of treatment with
simvastatin 80 mg daily. Levels of C-
reactive protein (CRP), soluble
intercellular adhesion molecule-1 (s-
ICAM) and soluble E-selectin (s-E-
selectin) were determined at baseline and
again after 6 weeks and 12 months of
therapy. A total of 35 patients participated
in the study (age 42 years, 60% male).
When divided into tertiles according to
FMD (<3.9%, 3.9-9.0%, >9.0%), no
differences in levels of CRP, s-ICAM-1
and/or s-E-selectin were detected between
the groups. Moreover, no changes in FMD,
levels of CRP or levels of s-ICAM-1 and/or
s-E-selectin were found during treatment
with simvastatin. We conclude that
endothelial function, as reflected by FMD,
does not seem to be related to markers of
inflammation in FH patients at high risk
of, but without clinically overt signs of,
atherosclerosis. Moreover, aggressive
lipid-lowering therapy with simvastatin
does not result in improved endothelial
function or in a reduction of markers of
inflammation in these patients.

INTRODUCTION

The atherosclerotic process is characterized
by a low-grade inflammatory response
affecting the endothelium of large arteries
[1]. Markers of inflammation such as C-
reactive protein, and levels of soluble

adhesion molecules E-selectin and
intercellular adhesion molecule-1 are in-
dependent indicators for cardiovascular
disease [2;3].

Endothelial dysfunction is a collective
term that incorporates a number of changes
that the endothelium undergoes during
atherogenesis, i.e. loss of anticoagulant
properties, increased expression of cellular
adhesion molecules and increased vascular
tone by loss of bioavailability of
vasodilatory endothelial nitric oxide (NO)
[4]. NO-dependent vasodilatation is
thought to reflect endothelial function and,
if impaired, is predictive for future
cardiovascular disease [5]. Flow-mediated
vasodilatation (FMD) of the brachial artery
is a non-invasive technique used to assess
endothelial function. FMD has been shown
to be mediated by endothelial NO release
[6]. Several risk factors for cardiovascular
diseases are associated with an impaired
flow mediated vasodilatation [7;8].
Modification of cardiovascular risk factors
such as hypercholesterolaemia [9] and
hypertension [10] has been shown to
improve endothelial function.

Although both inflammation and
endothelial dysfunction have been in-
vestigated extensively as hallmarks of
atherosclerosis, the extent to which these
entities are related is unclear. The present
study aimed to investigate a possible
relationship between endothelial dys-
function, as measured by FMD and the
inflammatory response. Furthermore, we
studied whether correction of hyper-
lipidaemia with high doses of simvastatin
resulted in improvement of endothelial
dysfunction and/or markers of inflam-
mation in high-risk patients without
clinically overt atherosclerosis.

MATERIALS AND METHODS

Study population
Patients were participants in an open-label
incremental-dose multicenter study, de-
signed to evaluate the safety and
tolerability of simvastatin 80 mg in
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patients with heterozygous familial
hypercholesterolaemia (FH). Patients were
included in the study if they met at least
one of the following criteria for hetero-
zygous FH: a proven mutation in the LDL
receptor gene or a clinical diagnosis
according to standardised, well-established
criteria [11]. Patients had to be at least 18
years of age.

Exclusion criteria were: homozygous
FH, a documented history of myocardial
infarction, coronary artery bypass grafting
or percutaneous coronary angioplasty,
diabetes mellitus, a history of cancer,
rheumatoid arthritis, vasculitis, idiopathic
lung fibrosis, inflammatory bowel disease
or auto-immune inflammatory disorders,
hypersensitivity to simvastatin, patients
with hypercholesterolaemia type I, IV or
V, pregnant or nursing women, or fertile
women who were not on contraception,
persistent elevations of serum trans-
aminases (> 1.2 x upper limit of normal),
renal in-sufficiency (serum creatinin > 2.0
mg/dl), creatin kinase > 3x ULN, hypo-
thyroidism, nephrotic syndrome, alcohol or
drug abuse, unstable angina within the past
3 months, concurrent use of niacin or
fibrates, concurrent use of erythromycin or
systemic antifungal agents, and treatment
with an investigational drug.

Ethics
All patients gave written informed consent.
The research has been carried out in
accordance with the Declaration of
Helsinki (1989) of the World Medical
Association, and has been approved by the
local medical ethical committee.

Study design
After a washout period of 8 weeks for
fibrates and 6 weeks for all other lipid-
lowering drugs, baseline measurements
were performed. Next, all patients were
given simvastatin 80 mg once daily in an
open-label fashion. Follow-up laboratory
measurements were performed after 6
weeks and 12 months of taking the study
drug. FMD was measured at baseline and
after 6 weeks.

Data collection
Baseline screening included a medical
history, physical examination and
laboratory investigations (described in
further detail below). Directly afterwards
FMD was assessed using a wall-track
system (further details below).

Laboratory measurements
Overnight fasting venous blood was
obtained following non-traumatic vena-
puncture. Total cholesterol, HDL-
cholesterol and triglycerides were deter-
mined according to routine laboratory
techniques. LDL-cholesterol was calcu-
lated using the Friedewald formula. For
other measurements, blood was collected
in EDTA tubes, centrifuged immediately at
2500g during 5 min at 4°C and plasma
samples were stored at –20°C until further
analysis. Levels of CRP [12] and of s-
ICAM [13] were determined using an in-
house ELISA as described previously.
Levels of s-Es-electin were measured using
a commercially available ELISA kit
(Bender MedSystems, Vienna, Austria).
All measurements were done using the
same batch and in duplicate.

Measurement of flow-mediated
brachial-artery reactivity
An ultrasonographic method was used to
assess flow-mediated brachial-artery re-
activity was used [14]. The measurement
system consisted of an ultrasound scanner
(Scanner 200, Pie Medical, Maastricht, the
Netherlands) and a PC with a high-speed
data acquisition board, sample frequency
21.5 MHz. Dedicated software (Wall Track
system 2.0, Pie Medical) was used to mea-
sure and analyse the changes in vessel
diameter. Using a 7.5 MHz transducer the
brachial artery was visualized. A two-
dimensional longitudinal B-mode image of
the brachial artery was obtained. The radio
frequency (RF) signals from the M-mode
output were relayed to the wall-tracking
system and stored digitally.

Measurements were conducted with
the patient in supine position at a constant
room temperature. A custom-built holder
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was used to stabilize the probe during the
measurements. Procedures were as fol-
lows: (1) two baseline measurements of
brachial-artery diameter; (2) inflation of a
pneumatic tourniquet placed around the
forearm distal to the segment of artery
scanned; (3) deflation of the tourniquet
after 4 min, which increases blood flow to
the distal part of the forearm, inducing an
endothelium-dependent brachial-artery re-
action; (4) measurement of the brachial-
artery diameter after deflation continuously
for six cycles of 22 s; (5) measurement of
the brachial artery 2.5 and 5 min after
giving nitroglycerine (NTG) 0.4 mg sub-
lingually, resulting in endothelium in-
dependent brachial-artery reaction. Using
the RF signal, the anterior and posterior
vessel wall were identified and marked.
Vessel wall movements were tracked using
off-line analysis. This enabled mea-
surement of end-diastolic diameter for each
beat. Each measurement consisted of data
acquisition for 22 s, and the average end-
diastolic diameter of these 22 s was used.

The intra- and inter-observer varia-
bility of this system at our institution is 2.5
% and 5.0 % for end-diastolic brachial-
artery diameter, respectively. The off-line
data analysts were blinded to the clinical
and time point parameters of the patients.
Flow-mediated brachial-artery reactivity
was calculated as the maximal percentage
increase in arterial diameter during hyper-
aemia compared to the average of two
baseline diameters, and NTG-mediated
brachial-artery reactivity was calculated
the the same way to obtain the maximal
post-NTG diameter.

Statistics
Continuous data are presented as median
(interquartile range). Categorical data are
presented by percentage or count of each
category, as indicated.

Baseline comparisons between the
biohumoral parameters and FMD were
performed using an F-test or the Kruskal-
Wallis test. Paired group comparisons

Table 1.

Baseline charateristics (n=35) Value

Age (years) 42 (31-52)
Sex (M/F) 21/14
Body Mass Index (kg/m2) 25.3 (22.9-27.4)
Risk factors
  Hypertension (%) 14.3
  Current smoking (%) 31.4
  Familiar predisposition for
  cardiovascular disease (%)

57.1

  Total cholesterol (mmol/L) 10.4 (8.8-10.85)
Co-medication
  Angiotensin converting
  enzyme-inhibitors (%)

5.7

  Angiotensin II-antagonists (%) 2.9
  Diuretics (%) 2.9

Data are presented as median (interquartile range)

were performed using Friedman's test for
more than two groups. In case of a two-
group comparison a paired Student's t-test
or, if the distribution was skewed, the
Wilcoxon signed rank test was used. A
Shapiro-Wilk test was used to assess
normality.

In the correlation analysis, Pearson's
(for normally distributed variables) or
Spearman’s (in case of skewed distri-
bution) correlation coefficients  were cal-
culated and tested under Ho:Rho = 0.

A P-value of < 0.05 (two tailed) was
considered statistically significant. All
analyses were performed using commer-
cially available computer software (Stati-
stical Analysis System version 6.12; SAS
Institute, Cary, NC, USA).

RESULTS

Study population
Baseline FMD data were obtained in 35
patients. Patient data were stratified into
tertiles, according to percentage FMD. The
lower tertile had a % FMD ranging from -
9.7 % to 3.6 %, the second tertile had a %
FMD ranging from 3.6 % to 9.0 % and the
highest tertile had a % FMD ranging from
9.0 % to 32.8 %. The baseline charac-
teristics of these patients are provided in
table 1. Study drugs were well tolerated by
all subjects; none of the patients changed
medication during the study period.
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Flow mediated dilatation and post-NTG
responses at baseline
At baseline the median (interquartile range,
IQR) diameter of the brachial artery was
4.9 (4.4-5.2 mm). The median post-ischemia
diameter was 5.1 (4.6-5.7 mm). (P < 0.001
compared with baseline), and the median
diameter after nitroglycerine was 5.3 (4.7-
6.0 mm). Median FMD was 5.7 % (1.2-13.6
%), whereas the median NTG-mediated
brachial-artery response, as compared with
baseline, was 9.1 % (6.0-16.2 %).

Levels of serum lipids
Mean (±SD) levels of serum total
cholesterol were 10.3 ± 2.6 mmol/L at
baseline, 6.3 ± 1.7 mmol/L after 6 weeks
of treatment, and 5.8 ± 1.0 mmol/L after 12
months of treatment (P < 0.001). Levels of
LDL-cholesterol were respectively 8.3 ±
2.6 mmol/L, 4.4 ± 1.6 mmol/L and 3.8 ±
0.9 mmol/L (P < 0.001). HDL-cholesterol
in-creased from 1.22 ± 0.39 to 1.39 ± 0.48
and 1.35 ± 0.44 mmol/L respectively (P <
0.001). Triglyceride levels were 1.80 ±
0.94 mmol/L at baseline, 1.16 ± 0.44
mmol/L after 6 weeks and 1.28 ± 0.60
mmol/L at 12 months (P < 0.01).

Markers of inflammation and endothelial
cell activation graded for brachial artery
response at baseline.
Levels of CRP, s-ICAM and s-E-selectin
were calculated according to tertiles FMD.
None of these markers differed statistically
between groups (figure 1).

Table 2. Markers of inflammation and endothelial
function during follow-up

baseline 6 weeks 1 year

CRP (mg/L) 1.7
(1.1-3.0)

1.0
(0.5-2.5)

1.3
(0.6-1.9)

ICAM
(ng/mL)

138
(106-181)

129
(99-185)

143
(101-192)

E-selectin
(ng/mL)

66
(52-88)

63
(49-87)

57
(46-83)

FMD (%) 5.7
(1.2-13.7)

6.2
(1.3-12.5)

n.a.

Data are presented as median (interquartile range). No
significant differences are apparent. n.a., not applicable

Correlation coefficients
Spearman’s Rho for the relationship
between FMD and levels of CRP at
baseline was –0.14 (P = 0.43). For baseline
FMD and levels of s-ICAM, the correlation
coefficient was –0.21 (P = 0.27), and for
baseline FMD and levels of s-E-selectin it
was 0.15 (P = 0.38). Pearson’s correlation
coefficient between baseline FMD and
post-NTG dilatation was 0.83 (P < 0.001).

Markers of inflammation and endothelial
function during follow-up in all patients.
Data for levels of s-ICAM, s-E-selectin
and CRP during follow-up as well as data
on FMD during follow-up, are provided in
table 2.

DISCUSSION

The key finding of our present study is the
absence of a relationship between endo-
thelial dysfunction, as defined by FMD,
and the low-grade inflammatory response,
as reflected by levels of CRP, s-ICAM-1
and s-E-selectin in high-risk patients
without clinically overt atherosclerosis.
Moreover, no changes in endothelial func-
tion after 6 weeks or in inflammatory
response after 1 year of aggressive lipid-
lowering therapy were found.

At first sight, our results may seem to
contradict earlier reports. However, reports
in the literature regarding the existence of
impaired FMD in patients with hyper-
cholesterolaemia are not consistent. Using
intra-arterial infusions of acetylcholine in
the lower arm, Stroes et al. [9] reported
endothelial dysfunction in hyperchole-
sterolemic persons off treatment without
overt atherosclerotic disease. Short-term
lipid lowering normalized the response.
Our young, clinically unaffected persons
with FH had FMD values comparable with
those measured in persons with micro-
albuminuria, which is often considered as a
marker of endothelial dysfunction [15].
The FMD values in our young FH patients
are considerably lower than those reported
recently by Hoffman et al. [16] in FH
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patients (mean 10.7 %), but are not different
from those reported by Spieker et al. [17].
Hayoz et al. [18] found no difference in
FMD between patients newly diagnosed
with hypercholesterolaemia and control
persons. We conclude that some degree of
endothelial dysfunction, as defined by
FMD measurements, may indeed have
been present in our patients.

Signs of low-grade inflammation, as
reflected by CRP levels, were also present
in our group with early atherosclerosis.
Hwang et al. [3] found higher levels of
endothelial adhesion molecules in patients
with manifest cardiovascular disease. The
possible difference in levels of ICAM and
E-selectin in the present study as compared
with that of  Hwang et al. [3] may be
related to the degree of  progression of
atherosclerosis. Ridker et al. [2] found that
higher CRP levels in apparently healthy
people were associated with an increased
risk of the later development of
cardiovascular disease. The CRP levels in
our study were even higher than those
reported by Ridker et al. [2].

Few studies have addressed the
relationship between markers of inflam-
mation and the occurrence of endothelial
dysfunction. Recently, important evidence
has been brought forward linking these two
major hallmarks of atherosclerotic disease.
A reduced FMD was found in patients with
active systemic necrotizing vasculitis, and
FMD returned towards normal after the
inflammatory disease diminished [19].
Healthy volunteers who had an acute
inflammatory response after Salmonella
Typhi vaccination exhibited transient endo-
thelial dysfunction [20]. It can, therefore,
be postulated that more fulminant
inflammation is required to induce
endothelial cell dysfunction, since these
previous studies investigated endothelial
dysfunction in acute inflammatory disease,
whereas hypercholesterolaemia is merely a
chronic condition. A direct relationship
between levels of CRP and the occurrence
of endothelial dysfunction was seen in a
clinical study, although it comprised only

Figure 1. Levels of s-ICAM-I (top), CRP (middle)
and s-E-selectin (bottom) according to tertiles FMD
baseline

patients with proven coronary artery
disease [21]. Moreover, recombinant CRP
in the presence of human serum induces
the expression of cell adhesion molecules
on human endothelial cells in vitro [22].
Johns et al. [23], on the other hand, could
not demonstrate a relationship between
endothelial function and levels of soluble
cell adhesion molecules in a patient group
quite similar to ours. We feel that endo-
thelial dysfunction and inflammation may
be related in more severe and/or acute
disease entities than can be found in hyper-
cholesterolaemic patients without evidence
for cardiovascular disease.
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Possibly less surprising was the lack of
correlation between FMD and levels of the
soluble cell adhesion molecules s-ICAM-1
and s-E-selectin. Although both adhesion
molecules are known to be elevated in
patients at risk of atherosclerosis [3;24],
their value as markers of cardiovascular
disease remains controversial [23;25].

The second study objective was to
evaluate the effects of simvastatin on
markers of inflammation and flow media-
ted vasodilation. Perhaps our most re-
markable finding is the lack of effect on
levels of CRP after instituting aggressive
lipid-lowering therapy. It has been ele-
gantly demonstrated that statins exert anti-
inflammatory effects on endothelial cells
as well as monocytes/macrophages [26].
The effects of lipid-lowering therapy on
both endothelial function and markers of
inflammation have been investigated
extensively in different populations and
with different compounds. Most reports
that have been published support an effect
[27;28], although the majority of these
studies have been performed in patients
with established atherosclerosis. It should
be emphasized that the population that we
studied did not have any sign of clinical
atherosclerotic vascular disease. A pre-
vious study [29] also did not detect an
effect of simvastatin on levels of CRP,
again in patients with FH, most of them
free of cardiovascular disease. Another
possible explanation for our results is that
various statins seem to have different
pharmacological effects [30]. One objec-
tion might be that the duration of the wash-
out period in our study was too short.
However, comparible time periods have
been used in other studies [9]. The dosage
of simvastatin and the treatment duration
should also be considered sufficient.

With regard to the effects of sim-
vastatin on endothelial function testing, our
findings are consistent with those of Vita et
al. [31], who were the first to report a
placebo-controlled study on the effects of

simvastatin on coronary endothelial func-
tion, and in this setting they found no
effects of the statin. Notably, blinded
analysis of the FMD end-points in a group
of patients who otherwise exhibit the
expected response to simvastatin (i.e
drastic lowering of serum lipids) supported
the notion that the lack of correlations and
the lack of a response to simvastatin are
real. A type II error may also have been the
cause of the lack of outcomes, but in
another report [15] no relationship between
FMD and microalbuminuria was demon-
strated in a large group of 770 patients.
Moreover, it is nowadays ethically un-
acceptable to leave patients with FH
untreated, and thus a placebo-controlled
design was not an option.

Last but not least, the methodology of
FMD measurements must be a matter of
concern. The outcomes of different endo-
thelial function tests should not be genera-
lized [32]. The longitudinal reproducibility
of FMD testing has been disputed [33], but
this would not explain the total lack of
correlation at baseline in our study.

In conclusion, our data do not support
the hypothesis that low-grade inflam-
mation and endothelial dysfunction (as
defined by FMD) co-incide in clinically
non-atherosclerotic patients with hetero-
zygous FH. Moreover, we were not able to
confirm that instituting aggressive lipid-
lowering therapy with simvastatin in these
patients reduces these early risk markers of
atherosclerotic disease.
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Treatment of hypercholesterolaemia with
HMG-CoA reductase inhibitors results in
an earlier reduction of morbidity and
mortality than expected from trials using
conventional cholesterol lowering thera-
pies. Possible explanations for this effect
include stimulation of angiogenesis, im-
provement of endothelial function, plaque
stabilisation, inhibition of coagulation
and/or thrombocyte aggregation and in-
hibition of the inflammatory response asso-
ciated with atherosclerosis. We
investigated whether statins exert their
effects by inhibition of endothelial
activation, inflammation and/or monocyte/
macrophage activation by measuring
plasma levels of soluble cell adhesion
molecules, neopterin and C-reactive pro-
tein upon treatment with fluvastatin for a
period of twelve months in patients with
established atherosclerosis and hyper-
cholesterolaemia. Blood samples were
taken at baseline, three months and twelve
months after starting treatment with
fluvastatin 80 mg daily. Upon treatment a
reduction of s-ICAM-1 (956.3 ± 123.6 vs.
745.4 ± 127.4 vs. 674.9 ± 70.8 ng/ml,
p<0.05) and s-E-selectin (58.6 ± 6.7 vs.
47.0 ± 6.1 vs. 44.9 ± 3.2 ng/ml, p<0.01)
was observed. In addition, levels of
neopterin decreased, albeit transiently (7.1
± 0.7 vs. 6.0 ± 0.5 vs. 6.5 ± 0.8 nmol/L,
p=0.02), suggesting a reduction in mono-
cyte/macrophage activity. Moreover, we
found a decrease in levels of C-reactive
protein during follow-up (5.21 ± 2.0 vs.
3.18 ± 0.7 vs. 1.95 ± 0.3 mg/L, p<0.05),
compatible with a reduction of in-
flammatory activity. We conclude that
statins have a combined beneficial effect
on monocyte/macrophage activity, endo-
thelial function and systemic inflammatory
activity.

INTRODUCTION

Atherosclerosis is recognised as a chronic
inflammatory disease in which an inflam-
matory response is the key event that leads
to formation of atheromatous plaques, ulti-
mately resulting in vascular occlusion [1].

Endothelial dysfunction is the earliest stage
in the atherosclerotic process. It is
characterized by increased permeability of
endothelial cells, loss of anti-coagulant
properties, enhanced leukocyte adhesion
due to increased endothelial expression of
cell adhesion molecules (CAMs), such as
ICAM-1, VCAM-1, P-selectin and E-
selectin, and increased vascular tone due to
a decrease in NO-production and pro-
liferation of smooth muscle cells [2]. A
direct causative factor for the inflammatory
response that induces endothelial dys-
function has not yet been identified
although important contributions are
suggested for oxidised LDL-cholesterol,
hyperhomocysteinaemia, infectious agents
and auto-immunity [1;3].

Increased expression of CAMs on
endothelial cells may result in increased
binding of monocytes, T-lymphocytes and
thrombocytes, key players in the athero-
sclerotic process. Endothelial CAMs are
known to be shed into the circulation du-
ring endothelial cell activation. Elevated
levels of soluble CAMs (sCAMS) have
been reported in patients with widespread
atherosclerosis, but also other diseases in
which endothelial activation occurs, e.g.
vasculitis. [4-8] Importantly, the relevance
of these levels of CAMs is underlined by
the fact that s-ICAM-1 is an independent
predictor of cardiovascular disease [9].

Hypercholesterolaemia is one of the
major risk factors for developing cardio-
vascular disease and treatment of hyper-
cholesterolaemia with HMG-CoA redu-
ctase inhibitors has become a cornerstone
in the prevention of cardiovascular disease
[10;11]. Whereas non-statin cholesterol
lowering therapies such as diet, surgery or
therapy with resins showed a significant
decrease in cardiovascular mortality after
two years of treatment [12-14], statin
therapy proved to be beneficial as early as
nine months after initiation of therapy
[10;11]. This early effect was independent
of baseline lipid values [15;16] and has
been ascribed to other, non-cholesterol
related effects of these drugs, such as
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improved endothelial function, plaque
stabilisation and/or increased angiogenesis
[17-19].

Monocytes are culprit cells in
atherosclerotic plaque formation. Binding
of monocytes to dysfunctional endothelium
requires activation of these monocytes.
Recently, it was shown that patients with
coronary artery disease have higher levels
of neopterin, a marker of monocyte/macro-
phage activation [20]. Importantly, it was
demonstrated that statins may influence
monocyte function as was found in in vitro
studies [17;21;22].

In the present study, we tested the
hypothesis that statins may influence
endothelial activation and/or monocyte/
macrophage activation, by measuring
levels of soluble CAMs, neopterin, and C-
reactive protein, a systemic marker of
inflammation, in patients with stable
atherosclerotic disease and hyperchole-
sterolaemia during treatment with a HMG-
CoA inhibitor.

MATERIALS AND METHODS

Patients and controls
A group of ten consecutive patients who
were referred to our outpatient clinic for
atherosclerosis and lipid disorders were
asked to participate in an open label study.
Patient inclusion was from May 1997 to
April 1998.

All patients had established athero-
sclerosis. This was defined as clinically
manifest cardiovascular and/or cerebro-
vascular disease, as diagnosed by their
referring physician. All patients had stable
cardiovascular disease, baseline measure-
ments were taken at least 3 months after
their last cardiovascular event. Further-
more, they had untreated hypercholestero-
laemia, defined as a fasting serum
cholesterol level > 5,5 mmol/L. None of
the patients or controls had hypertension,
diabetes mellitus or concurrent infectious,
inflammatory or malignant disease. All
patients were treated with fluvastatin 80
mg daily. Patients were seen every 3

months during a follow-up of 1 year. A
group of 28 age and gender-matched
healthy blood donors served as controls.

Methods
Overnight fasting venous blood was
obtained following non-traumatic vene-
puncture. Total cholesterol, HDL-chole-
sterol and triglycerides were determined
according to routine laboratory techniques.
LDL-cholesterol was calculated using the
Friedewald formula.

For other measurements, blood was
collected in EDTA tubes and centrifuged,
and plasma samples were stored im-
mediately after collection at –20°C until
further analysis. s-ICAM-1 and s-E-selec-
tin levels were measured by sandwich
ELISA, using a commercially available kit
(Bender MedSystems, Boehringer Ingel-
heim, Austria). CRP levels were measured
by ELISA, as previously described [23].
Neopterin levels were determined using a
commercially available ELISA (Brahms
Diagnostica, Berlin, Germany). All mea-
surements were performed in duplicate.

Statistics
Differences in baseline levels of s-ICAM-
1, s-E-selectin, CRP and neopterin between
patients and healthy controls were tested
by a Wilcoxon 2-sample test because of
skewed distribution. A random effects
model for repeated measurements was used

 Table 1.

Patient characteristics

Sex (M/F) 9/1
Age (years) 52 ± 9
BMI (kg/m2) 24.3 ± 3.0
Smoking 2/10
Concomitant medication
   Fibrate 1/10
   Salicylates 6/10
   ACE inhibitors 2/10
   beta blockers 5/10
   Diuretics 1/10
Medical history
   Myocardial infarction 5/10
   PTCA 1/10
   CABG 2/10
   Unstable angina 1/10
   Ischaemic stroke 2/10
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Table 2. Levels of s-ICAM-1, s-E-selectin, neopterin and CRP in patients and controls

Baseline 3 months 12 months P-value (Bonferroni)

s-ICAM-1a 6.78 (± 0.1)
814 (472-1822)

6.50 (± 0.1)
605 (393-1749)

6.46 (± 0.1)
710.5 (347-1059)

0.009*

Healthy controlsa 6.47 (± 0.1)
614 (396-1375)

0.03#

s-E-selectin 58.6 (± 3.7)
62.5 (22-81)

47.0 (± 3.7)
55 (21-80)

44.9 (± 3.7)
44 (30-59)

0.006*

Healthy controls 61.6 (± 3.5)
63 (20-97)

n.s.

Neopterina 1.92 (± 0.1)
6.65 (4.7-11)

1.74 (± 0.1)
5.7 (9.4-3.8)

1.81 (± 0.1)
6.1 (12.8-4.3)

0.02**

Healthy controlsa 1.71 (± 0.1)
5.3 (3.9-9.7)

0.06#

CRP 1.21 (± 0.2)
2.2 (1.4-22)

0.94 (± 0.2)
2.0 (1.1-6.3)

0.57 (± 0.2)
1.9 (0.8-3.0)

0.03*

Healthy controls 0.69 (± 0.2)
1.90 (0.4-24.0)

n.s.

Cholesterol 6.4(± 0.2) 4.5(± 0.2) 4.6(± 0.2) <0.001
LDL-cholesterol 4.5(± 0.1) 2.7(± 0.1) 2.6(± 0.1) <0.001
HDL-cholesterol 1.0(± 0.1) 1.0(±0.1) 1.2(±0.1) n.s.
Triglycerides 1.8(±0.2) 1.4(± 0.2) 1.3(± 0.1) n.s.

The upper values are means (± SEM), the lower values are medians (range).
* P-value for the entire study period; ** P-value for first 3 months; # P-value for baseline comparisons.
n.s. not significant. a Means derived from nlog-transformed values.

to analyse differences in time for s-ICAM-
1, s-E-selectin, CRP, neopterin and lipid
levels. To obtain normally distributed
parameters, a (natural) logarhitmic trans-
formation of s-ICAM-1, CRP and neop-
terin was performed. Normality was then
tested with the Shapiro-Wilk test. The dif-
ferences in time for each variable were
corrected for baseline characteristics. A
Bonferroni correction was applied to
correct for repeated measurements. All
data are expressed as mean ± SEM unless
otherwise indicated. For better com-
prehension the data mentioned in the
abstract and results section are the original
values; table 2 contains log-transformed
values as used for statistics and medians
plus ranges. Correlations between changes
in levels of cholesterol and levels in
inflammatory markers after 12 months
were calculated using Spearman's Rho.

RESULTS

Patients
Patient characteristics are presented in
table 1. None of the patients reported

progression of the vascular disease, i.e. no
hospitalization, changes in medication or
progression of complaints occurred. Me-
dication was well tolerated and no side
effects were reported.

Lipids
Serum levels of total cholesterol (figure 1.)
and LDL-cholesterol in patients decreased
after 3 months of treatment with fluvastatin
and remained unchanged for the remainder
of the study (-28%±7.7 and –38%±11.4
respectively). Levels of HDL-cholesterol
and serum triglycerides were unaffected.

s-ICAM-1
At baseline, levels of s-ICAM-1 were sig-
nificantly higher in patients than in the
healthy controls (956.3 ± 123.6 ng/ml vs.
693.2 ± 50.8 ng/mg, P <0.05). After 3
months of therapy, levels of s-ICAM-1
declined to values comparable with levels
found in healthy controls; they declined
even further after 12 months (956,3 ±
123.6 ng/ml vs. 745.4 ± 127.4 ng/ml vs.
674.9 ± 70.8 ng/ml, P <0.001; figure 2.).
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s-E-selectin
s-E-selectin levels dit not differ between
patients and controls at the beginning of
the study (58.6 ± 6.7 ng/ml vs. 61.6 ± 3.9
ng/ml, P = n.s.). However, after 3 months
s-E-selectin levels in patients were signi-
ficantly lower, decreasing further after 12
months (58.6 ± 6.7 ng/ml vs. 47.0 ± 6.1 ng/
ml vs. 44.9 ± 3.2 ng/ml, P <0.01; figure 3).

C-reactive protein
C-reactive protein at baseline was no
higher in patients than it was in the control
group (5.21 ± 2.0 mg/L vs. 3.18 ± 0.9
mg/L, P = 0.10). During treatment, CRP
levels in patients declined significantly
after 12 months (5.21 ± 2.0 mg/L vs. 3.18
± 0.7 mg /L vs. 1.95 ± 0.3 mg/L, P <0.05;
figure 4).

Neopterin
A trend towards higher neopterin levels in
the plasma of patients than in healthy
controls was seen at baseline (7.10 ± 0.7
nmol/L vs. 5.71 ± 0.3 nmol/L, P = 0.067).
Initially, neopterin levels in patients
decreased after 3 months of fluvastatin
treatment (7.10 ± 0.7 nmol/L vs. 5.96 ± 0.5
nmol/L, P = 0.02), but this difference had
disappeared after 12 months of treatment
(6.45 ± 0.8 nmol/L; figure 5).

Correlations
No correlations were found between
changes in cholesterol over 12 months and
changes in s-ICAM-1 (r = -0.04, P = n.s.),
s-E-selectin (r = 0.16, P = n.s.), neopterin
(r = 0.06, P = n.s.) or CRP (r = -0.26, P =
n.s.) during the same period.

DISCUSSION

In this prospective, open label-intervention
study in patients with established athero-
sclerosis and hypercholesterolaemia we de-
monstrate a reduction in markers of endo-
thelial cell activation (s-E-selectin, s-
ICAM-1) as in C-reactive protein after
short- and long-term treatment with fluva-
statin, an HMG-CoA reductase inhibitor.

Figure 1-5. Intra-individual changes in levels of
cholesterol, s-ICAM, s-E-selectin, CRP, and
neopterin in patients during the study. The broken
line represents the mean changes

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
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In addition, neopterin levels were tran-
siently reduced after short-term treatment,
suggesting a decrease in monocyte/macro-
phage activity in these patients.

As was previously reported [7;8;24;25],
levels of s-ICAM-1 are elevated in patients
suffering from cardiovascular disease
complicated by hypercholesterolaemia. Im-
portantly, we demonstrated a reduction of
s-ICAM-1 during HMG-CoA reductase
inhibition. This reduction in levels of
ICAM-1 did not correlate with cholesterol
reduction and may, therefore, be consider-
ed a pleitropic effect of the statin. Since
ICAM-1 is expressed on endothelial cells
as well as on monocytes and macrophages,
we also measured endothelial-specific and
monocyte/macrophage-specific markers in
our patients.

It is well established that statins have
beneficial effects on endothelial cell
function [2]. Our observations that levels
of s-E-selectin, which is predominantly
present on activated endothelial cells,
decreased during HMG-CoA reductase
inhibition is in line with this observation.
Previously, Hackman et al. [24] also found
decreased s-E-selectin levels during treat-
ment with HMG-CoA reductase inhibitors.
We hypothesize that therapy with statins
results in increased nitric oxide (NO)
production by activation of endothelial NO
synthetase which, in turn promotes angio-
genesis and inhibits inflammation [19].
Kureishi et al. [26] recently demonstrated
that HMG-CoA reductase inhibitors may
activate endothelial cell NO production by
stimulating the protein kinase Akt, a multi-
functional regulator of cell survival,
growth and glucose metabolism.

Apart from the effects of the HMG-
CoA reductase inhibitor fluvastatin on
endothelial cells, we observed that neop-
terin levels were lowered in the first 3
months as well, implying that the lowering
of s-ICAM-1 in this phase may be
attributed in part to a decrease in of
monocyte/macrophage activity. This is in
accordance with prior in vitro studies on
monocyte/macrophage activity upon treat-

ment with HMG-CoA reductase inhibitors
[17;22;27]. Our findings contrast, however,
with earlier findings of Gottsater et al.
[28], who failed to detect differences in
neopterin levels during treatment with
fluvastatin. This difference may be ex-
plained by the fact that much lower doses
were used in their study than in ours.
Furthermore, we found that the effect on
neopterin levels was a short-term effect of
the medication; during longer follow-up
periods, neopterin levels tended to increase
again.

Finally, we found that CRP levels also
declined during fluvastatin treatment, as
previously described by the CARE investi-
gators [29]. Baseline CRP levels, however,
were not statistically different from those
in healthy controls.

In summary, we demonstrated that an
HMG-CoA reductase inhibitor, fluvastatin,
influences parameters of monocyte/macro-
phage activation and endothelial activation.
Our findings suggest that the inflammatory
response in atherosclerotic vascular disease
can be modulated by this form of therapy
and that a decrease in monocyte/macro-
phage activation and a decrease in endo-
thelial cell activation can be induced in
patients with established atherosclerosis
and hypercholesterolaemia by the HMG-
CoA reductase inhibitor fluvastatin.
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The present study aimed to examine the
effects of long-term treatment with the
angiotensin- converting- enzyme- inhibitor
quinapril on markers of inflammation in
patients requiring coronary artery bypass
grafting. We performed a subgroup
analysis of a prospective, placebo-con-
trolled, randomized, multi-center study
evaluating quinapril 40 mg. once daily in
patients scheduled to undergo elective
coronary artery bypass grafting. Levels of
s-ICAM and C-reactive protein were
measured at baseline (≥4 weeks before
surgery) and 1 year after coronary artery
bypass grafting. A total of 87 subjects were
studied; 42 subjects used quinapril (q) and
45 subjects obtained a placebo (p). There
was no difference in baseline levels of s-
ICAM between both groups (142.2 µg/L vs.
136.6 µg/L). We found a significant
reduction in levels of s-ICAM-1 in patients
using quinapril (142.2 ± 10.8 µg/L vs.
125.6 ± 9.4 µg/L, P <0.05), whereas no
differences were found in the placebo
group (136.6 ± 10.2 µg/L vs. 131.2 ± 11.7
µg/L, P =n.s.). Levels of C-reactive protein
remained unchanged in both groups (3.70
± 0.85 vs. 2.73 ± 0.32 mg/L (q), 2.85 ±
0.48 vs. 3.16 ± 0.50 mg/L (p)). We con-
clude that treatment with quinapril reduces
levels of soluble ICAM in patients with
established coronary artery disease re-
quiring coronary artery bypass grafting.
These results suggest that the beneficial
effects of angiotensin-converting-enzyme-
inhibitors in the treatment of cardio-
vascular disease may partly be due to a
reduction of the vascular inflammatory
response.

INTRODUCTION

Recently, the Heart Outcomes Prevention
Evaluation trial demonstrated that angio-
tensin-converting-enzyme (ACE)-inhibi-
tors reduce the mortality from athero-
sclerotic vascular disease [1]. It has been
accepted that ACE-inhibitors not only
work through their hemodynamic effects,

but that several additional mechanisms
account for their ability to reduce mortality
from atherosclerotic cardiovascular disease
as well [2;3].

An activated renin angiotensin system
is known to facilitate atherosclerosis [4;5].
This is most probably due to effects of
angiotensin II on endothelial cells. In vitro
work by Pueyo et al. [6] showed that
angiotensin II induces oxidative stress in
the endothelial cell, causing activation of
the transcription factor NF-κB, finally,
leading to increased expression of the
vascular cell adhesion molecule VCAM.
Angiotensin II also increased expression
and shedding of the intercellular adhesion
molecule-1 (ICAM-1) on endothelial cells
[7]. Furthermore, angiotensin II infusion in
vivo leads to increased levels of soluble
ICAM-1 [7].

A crucial step in the process of
atherosclerosis is the adhesion of mono-
cytes and T-lymphocytes to the endo-
thelium [8;9]. This enhanced adhesion is
facilitated by increased expression of so-
called cell adhesion molecules (CAM) on
endothelial cells and circulating leuko-
cytes. Soluble forms of these CAMs can be
found in higher levels in the circulation of
patients with risk factors for or overt
atherosclerotic disease [10-12].

Until now, the effects of chronic
treatment with ACE-inhibitors on the
levels of soluble adhesion molecules in
patients with atherosclerotic disease has
not been investigated. The present study
aimed to determine the effects of chronic
ACE-inhibition on levels of s-ICAM and
C-reactive protein, in patients with
established coronary artery disease re-
quiring coronary artery bypass grafting.

MATERIALS AND METHODS

Patients and design
The current study was performed in a
subgroup of patients that participated in a
prospective, randomized, controlled trial
[13]. The subgroup was solely defined by
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the availability of a blood sample at
baseline and one after one year. The
original trial (QUO VADIS) was designed
to evaluate the effects of angiotensin
converting enzyme-inhibition on the
occurrence of ischaemic events up to one
year post-CABG. Therefore, 149 patients
were scheduled to undergo elective
coronary artery bypass grafting. Con-
secutive patients were included between
october 1994 to february 1997. Patients
were randomized to blinded oral treatment
with quinapril (Pfizer Inc., Capelle aan de
IJssel, The Netherlands) 40 mg once daily
or placebo. Study design, in- and exclusion
criteria are extensively described else-
where [14]. Briefly, patients were eligible
for enrolment, if the study drug could be
administrated for at least 7 days im-
mediately prior to surgery. Patients were
excluded if they had used an ACE-
inhibitor or angiotensin II-receptor anta-
gonist in the past 2 years. Patients with
known intolerance to ACE-inhibitors, a
history of angioedema, symptomatic heart
failure, aortic stenosis, hypertrophic
obstructive cardiomyopathy, left ventri-
cular hypertrophy, severe renal impair-
ment, functional renal artery stenosis, a
renal transplant, primary aldosteronism,
hypokaliemia, severe hypertension, hypo-
tension, atrial fibrillation, obstructive pul-
monary disease, and clinically significant
hematological or biochemical abnor-
malities were not included. Treatment with
diuretics, anti-arrhythmics, digitalis or
tricyclic antidepressants was prohibited.
Coronary artery bypass grafting was
performed at the University Hospital
Groningen and the St. Antonius Hospital
Nieuwegein, The Netherlands. The Institu-
tional Review Board of both participating
centers approved the protocol. Written
informed consent was obtained from all
patients.

Laboratory assessments
Assessments were performed in venous
blood obtained at baseline visit and one
year after coronary artery bypass grafting.
The samples had been stored at -80°C
directly after sampling. Only patients of

whom both samples were available were
analyzed. Levels of s-ICAM were deter-
mined using in-house ELISA as described
before [15]. Levels of C-reactive protein
were measured using a high-sensitivity C-
reactive protein ELISA assay displaying a
sensitivity of 20 ng/L, as previously
reported [16]. Both samples have been
analyzed at the same time in duplicate
using the same batch of reagents. No other
measurements have been performed.

Statistical analysis
A P-value <0.05 was considered stati-
stically significant. The baseline de-
scriptive statistics for the continuous
variables are the mean and standard error
of the mean. For normally distributed
continuous variables, differences between
quinapril and placebo were evaluated by a
two-sided Student’s T-test. For skewed
distributed continuous endpoints (P-value
Shapiro-Wilk test for normality <0.05), a
Wilcoxon 2-sample test was used. Quali-
tative parameters (categorical or ordered),
frequency counts and percentages of each
category were calculated by treatment
group. Differences between quinapril and
placebo were then evaluated using a Chi-
square test.

To evaluate the effect of quinapril
versus placebo on the change of levels of
s-ICAM from baseline to 1 year, a repeated
measurement analysis of variance was
used. Clinically relevant co-variates with a
P-value <0.20 in univariate analysis were
considered as potential confounders and
included in a multi-variable model. To
evaluate the change of s-ICAM within the
treatment subgroups, two additional re-
peated measurement analysis of variance
were performed in the quinapril treated
patients and placebo treated patients
separately. For additional computations of
correlations between s-ICAM and C-
reactive protein, the Spearman’s cor-
relation coefficient, with accompanying P-
values were calculated (Prob > |R| under
Ho:Rho = 0). For all analyses, com-
mercially available computer software
(Statistical Analysis System version 6.12,
SAS Institute, Cary NC) was used.
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Table 1.. Baseline characteristics of included versus excluded patients.

Included (N=87) Excluded (N=62) P-value

Age (y) 63(±0.9) 61(±1.2) 0.52
Male (N(%)) 75(86) 51(82) 0.65
Medical history Myocardial infarction (N(%)) 36(41) 27(44) 0.87

Cardiovascular intervention
(N(%))

11(13) 9(15) 0.81

Hypertension (N(%)) None 69(79) 46(74) 0.49
Past 3(3) 1(1)
Current 15(17) 15(24)

Diabetes mellitus (N(%)) 9(10) 0(0) 0.01

Smoking (N(%)) None 15(17) 11(18) 0.1
Past 56(64) 42(76)
Current 16(18) 4(6)

Family history of cardio-
vascular disease (N(%))

38(44) 26(42) 0.87

Co-medication ASA (N(%)) 70(80) 43(69) 0.13
Coumarines (N(%)) 13(15) 20(32) 0.02
Beta-blockers (N(%)) 78(90) 51(83) 0.23
Calcium antagonists (N(%)) 66(76) 42(68) 0.35
Nitrates (N(%)) 66(76) 54(87) 0.1
Lipid lowering (N(%)) 36(41) 20(32) 0.3

Blood pressure (mmHg) Systolic 143(±1.9) 145(±2.6) 0.66
Diastolic 84(±1.0) 85(±1.1) 0.94

Body mass index (kg/m2) 26(±0.3) 27.5(±0.4) 0.02
NYHA Class I (N(%)) 4(5) 1(1) 0.46

Class II 36(42) 25(40)
Class III 44(51) 32(52)
Class IV 1(2) 4(7)

Total cholesterol (mmol/L) 6.23(±0.14) 6.25(±0.15) 0.72
HDL-cholesterol (mmol/L) 1.02(±0.03) 1.16(±0.05) 0.01
LDL-cholesterol (mmol/L) 4.21(±0.12) 4.30(±0.13) 0.58
Triglycerides (mmol/L) 2.09(±0.15) 1.88(±0.15) 0.34

Data are expressed as means ± SEM. N (%) equals the number of patients (%). A P-value < 0.05 is considered as clinically
significant.

RESULTS

Patient characteristics
From the 149 patients who entered the
prospective trial [13], only 87 patients gave
both blood samples: i.e. at baseline and
after follow-up. From the other patients
either a baseline sample or a follow-up
sample was missing. Since the analyzed
patients were originally randomized to a
larger cohort, baseline characteristics of
in– and excluded patients have been com-
pared (table 1). Diabetes mellitus occurs
more frequently in the included patients
(10 % vs. 0 %, P < 0.01). They also had
lower levels of HDL-cholesterol (1.02 ±

0.12 vs. 1.16 ± 0.05, P = 0.01) and used
more coumarines (32 % vs. 15 %, P <
0.05). The included patients were less
obese than the excluded patients (BMI 26
± 0.3 kg/m2 vs. 27.5 ± 0.4 kg/m2, P < 0.05)
(table 1).

From the 87 eligible patients 45 were
assigned to placebo and 42 used quinapril.
Both groups were similar with respect to
key demographics except for a positive
family history for cardiovascular diseases
(31.1 % (p) vs. 57.1 % (q), P = 0.02). Also
the number of patients with diabetes was
higher in the quinapril treated group (4 %
vs. 17 %, P = 0.08 for trend). Clinically
relevant parameters (table 2) were also
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Table 2. Patient characteristics of the analyzed patients per treatment group at baseline.

Placebo (N=45) Quinapril (N=42) P-value

Age (y) 63 (±1.4) 62 (±1.2) 0.41
Male (N(%)) 38(84) 37(88) 0.76
Medical history Myocardial infarction (N(%)) 16(36) 20(48) 0.28

Cardiovascular intervention
(N(%))

7(16) 4(10) 0.52

Hypertension (N(%)) None 35(78) 34(90) 0.86
Past 2(4) 1(2)
Current 8(18) 7(17)

Diabetes mellitus (N(%)) 2(4) 7(17) 0.08*

Smoking (N(%)) None 9(20) 6(14) 0.66
Past 29(64) 27(64)
Current 7(16) 9(21)

Family history of cardio-
vascular disease (N(%))

14(31) 24(57) 0.02*

Co-medication ASA (N(%)) 34(76) 36(86) 0.29
Coumarines (N(%)) 7(16) 6(14) 1.00
Beta-blockers (N(%)) 45(90) 38(91) 1.00
Calcium antagonists (N(%)) 34(76) 32(76) 1.00
Nitrates (N(%)) 36(80) 30(71) 0.45
Lipid lowering (N(%)) 18(40) 18(43) 0.83

Blood pressure (mmHg) Systolic 142 (±2.4) 145 (±3.0) 0.44
Diastolic 82 (±1.4) 85 (±1.3) 0.53

Body mass index (kg/m2) 26 (±0.5) 26 (±0.4) 0.86
NYHA Class I (N(%)) 2(4) 2(5) 0.38

Class II 15(33) 21(51)
Class III 27(60) 17(42)
Class IV 1(2) 1(2)

Total cholesterol (mmol/L) 6.01(±0.16) 6.46(±0.23) 0.19*

HDL-cholesterol (mmol/L) 1.04(±0.04) 1.00(±0.04) 0.83
LDL-cholesterol (mmol/L) 4.14(±0.15) 4.28(±0.19) 0.56
Triglycerides (mmol/L) 1.78(±0.16) 2.42(±0.26) 0.04*

Data are expressed as means ± SEM. N equals the number of patients. A P-value < 0.05 is considered as clinically
significant. * indicates variables that were tested in a multivariate model.

comparable between both groups albeit
that levels of triglycerides were higher in
patients assigned to quinapril (1.78 ± 0.16
mmol/L vs. 2.42 ± 0.26 mmol/L, P = 0.02).
When tested in a multivariate model the
above mentioned parameters had no effects
on the outcome variables. The use of
concomitant medication was not clinically
significant different between placebo and
quinapril group. Even the severity of
coronary artery disease as assessed by the
New York Heart Association classification
(NYHA) was equal in both groups. Other
possible confounding factors such as a
change in blood pressure, triglycerides or
cholesterol levels (table 3) or the inter-

mittent use of salicylates or statins (table 4)
during the study remained unchanged be-
tween both groups at baseline and at the
end of the study.

Levels of s-ICAM
Levels of s-ICAM did not differ
significantly between both groups at
baseline (136.6 ± 10.2 µg/L vs. 142.2 ±
10.8 µg/L, P =ns). Within the quinapril
group levels significantly decreased from
142.2 ± 10.8 µg/L at baseline to 125.6 ±
9.4 µg/L at follow-up (P < 0.05). In
contrast, in the placebo group no change in
levels of s-ICAM was observed (136.6 ±
10.6 µg/L at baseline and 131.2 ± 1.7 µg/L
at the end of the study; figure 1).
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Table 3. Blood pressure and lipid levels at baseline and at the end of the study per treatment group.

Quinapril (N=42) Placebo (N=45)

Baseline End of study Baseline End of study
Blood pressure
  Systolic (mmHg) 145 (±3.0) 151(±2.9) 142 (±2.4) 150 (±3.3)
   Diastolic (mmHg) 82 (±1.4) 84 (±1.6) 85 (±1.3) 85 (±1.4)
Total cholesterol (mmol/L) 6.5 (±1.5) 6.0 (±1.1)  6.0 (±1.1) 5.7 (±1.1)
Triglycerides (mmol/L) 2.4 (±1.7) 1.8 (±1.1) 1.78 (±1.1) 1.7 (±0.9)

Blood pressure and lipid levels are expressed as mean ± SEM. N equals the number of patients.

Three patients had extremely elevated C-
reactive protein levels (> 3 standard de-
viations of the mean) at one of the time
points. To exclude a confounding effect of
obscure concomitant active disease, e.g.
infectious disease, malignancy or systemic
disease (all known to elevate levels of s-
ICAM as well), another analysis without
these 3 patients was performed. It did not
alter the outcome. All 3 patients were
assigned to placebo. Without these patients
mean levels of s-ICAM were 134.5 ± 10.9
µg/L at baseline and 132.5 ± 11.2 µg/L
after one year (N = 42, P = n.s.).

Levels of C-reactive protein
Levels of C-reactive protein were similar
in both groups and did not change during
the study period. In the quinapril group
levels were 3.70 ± 0.85 mg/L at baseline
vs. 2.73 ± 0.32 mg/L after 1 year. In the
placebo group levels were 2.85 ± 0.48
mg/L at baseline vs. 3.16 ± 0.50 mg/L after
1 year. There was a continuous, but rather
weak, correlation between levels of C-
reactive protein and s-ICAM at baseline (R
= 0.30, P < 0.01) and after 1 year (R =
0.29, P < 0.01).

DISCUSSION

Angiotensin converting enzyme-inhibitors
are known to have beneficial effects on the
outcome of left ventricular hypertrophy
and/or chronic heart failure [17;18]. These
effects were attributed mainly to the re-
duction in growth and prevention of
myocardial remodelling. Nowadays, it has
become evident that the atherosclerotic
process underlying the majority of
cardiovascular diseases is beneficially
modified by angiotensin converting
enzyme-inhibition as well [1]. Athero-
sclerosis is nowadays recognized as an
inflammatory disease in which activated
monocytes adhere to the endothelial wall.
So-called adhesion molecules, of which
ICAM is one of the most important,
facilitate this adhesion [8].

This study aimed to evaluate the effect
of angiotensin converting enzyme-in-
hibition on levels of soluble ICAM in
patients with overt atherosclerosis re-
quiring coronary artery bypass grafting
who participated in a randomized placebo-
controlled trial [14]. We found a decrease
in s-ICAM in the group of patients treated
with quinapril whereas no decrease was
found in the placebo group.

Table 4. Use of statins and salicylates (ASA) during the study per treatment group.

  statins (N(%)) ASA (N(%))

Treatment status Quinapril N=42 Placebo N=45 Quinapril N=42 Placebo N=45
  Never 17 (41) 21 (47) 2 (5) 4 (9)
  Discontinued 1 (2) 1 (2) 8 (19) 4 (9)
  Started during study 17 (41) 16 (36) 28 (66) 30 (67)
  Already 7 (17) 7 (16) 4 (10) 7 (16)

Drug use is expressed as number of patients (% of the group); ASA means salicylates. N equals the number of patients.
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The renin-angiotensin system and inflammation
Others have studied the effects of
inhibition of the renin-angiotensin system
on different markers of inflammation.
Gullestad et al. [19] described a reduction
of levels of interleukin-6, an important pro-
inflammatory cytokine, after high dose
angiotensin converting enzyme-inhibition
as compared to low dose. Importantly,
Tsutamoto et al. [20] recently reported that
an angiotensin II type 1 receptor antagonist
decreased levels of several inflammatory
parameters, including s-ICAM. However,
these studies were performed in patients
with chronic heart failure. Therefore, other
mechanisms such as changes in myocardial
remodelling rather than a modification of
the atherosclerotic process may account for
the results. In contrast, in this study the
population is free of clinical heart failure
as well as left ventricular hypertrophy.
Nevertheless a significant reduction of the
serum concentration of s-ICAM in the
quinapril group was demonstrated. The
level of s-ICAM in the placebo group
remained unchanged.

s-ICAM in cardiovascular disease
Levels of s-ICAM were shown to be
powerful independent predictors on the
risk of developing coronary heart disease
in a group of apparently healthy men [21].
Therefore, it can be presumed that a
decrease in levels of s-ICAM reflect a
reduction of the risk for cardiovascular
disease. This assumption is currently
investigated in the BIMED trial, a study to
evaluate the evolution of BIological
Markers of Endothelial Dysfunction in
patients with known ischemia and who are
to undergo a coronary bypass surgery
within one month after the randomization
into the study.
It is known from prior research that
angiotensin II is capable of inducing pro-
inflammatory cellular activity [22-25].
Angiotensin II is present and active in the
most vulnerable parts of the atherosclerotic
plaque [26] and it can elevate levels of s-
ICAM in humans [7]. ICAM-1 is mainly

Figure 1, 2. Levels of s-ICAM or CRP at baseline
and after treatment

expressed on monocytes and endothelial
cells but it can also be found on vascular
smooth muscle cells and even cardiac
myocytes [27]. All these tissues express
receptors for angiotensin II as well and
may contribute to the inflammatory acti-
vity upon stimulation. The reduction in s-
ICAM can be explained by the fact that
quinapril reduces angiotensin II formation
in human vasculature, as was demonstrated
by Oosterga et al. [14] in the same patient
population. On the other hand, ACE-inhi-
bition improves endothelial function by
increasing the bioavailability of nitric
oxide [28].

Angiotensin converting enzyme-inhibitors
and C-reactive protein
Remarkably, the change in levels of C-
reactive protein did not reach statistical
significance upon treatment, although a
weak correlation between levels of s-
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ICAM and C-reactive protein at baseline
and after one year has been obtained. The
latter is in accordance with the fact that
systemic inflammatory markers such as C-
reactive protein are thought to reflect
inflammation in coronary artery disease as
well [29]. Moreover a correlation of C-
reactive protein with levels of s-ICAM has
been reported previously [21]. The use of
high-sensitivity C-reactive protein testing
is nowadays advocated in cardiovascular
disease [30] and it should be noted that
analyses were performed using a high-
sensitivity assay that detects concentrations
as low as 20 ng/L. In contrast to other
cardiovascular medication such as statins
[31], there are no reports so far discussing
the effects of angiotensin converting
enzyme-inhibitors on levels of C-reactive
protein [32]. It can be postulated that not
all drugs that beneficially influence
atherosclerotic disease affect levels of C-
reactive protein. Since C-reactive protein is
synthesized in the liver and statins affect
the hepatic metabolism, they might disturb
the CRP synthesis in the liver. In contrast,
ACE-inhibitors are most effective at the
vessel wall. Therefore it can be hypo-
thesized that both drugs affect the in-
flammatory cascade at a different stage.

The patients reported here were
randomized in a larger cohort and the
original study was not primarily designed
to study the effects of quinapril on levels
of s-ICAM. The number of patients
suffering from diabetes mellitus was
significantly larger in the analyzed sub-
population. They also had lower levels of
HDL-cholesterol and used more cou-
marines. The excluded patient group on the
other hand was more obese. However,
these differences did not influence the
results, since this study population was
selected on base of coincidence i.e. the
availability of two blood samples. The
reported results are not a result of
confounding factors since the possible
confounders as blood pressure, total
cholesterol, use of salicylates or statins
remained unchanged during the trial (tables

3 and 4). If the use of statins would be a
confounder, a change in C-reactive protein
would be expected since statins are known
to effect this acute phase protein [33]. The
study demonstrated that the levels of CRP
were similar throughout the trial in both
groups. However, it should be noted that
the patients treated with quinapril had
higher levels of triglycerides, since it is
described that patients suffering from
hypertriglyceridemia have elevated levels
of soluble cell adhesion molecules, such as
s-ICAM [11]. Nevertheless, a multivariate
model excluded hypertriglyceridemia as a
factor that could have influenced the
outcomes. Although the original QUO
VADIS study [13] reports the occurrence
of clinical end points, the sample size of
this sub-study did not permit the analysis
of the link between s-ICAM and the oc-
currence of clinical endpoints.

In conclusion, this study demonstrated
for the first time that a treatment with
quinapril (40 mg once daily) significantly
reduces the s-ICAM levels in patients with
overt atherosclerosis requiring CABG.
Therefore the hypothesis can be raised that
the beneficial effects of angiotensin con-
verting enzyme-inhibition on the course of
coronary artery disease is partly the result
of a reduced vascular inflammatory res-
ponse found in atherosclerosis as reflected
by decreased levels of s-ICAM. The larger
scaled BIMED trial is currently conducted
to verify the generated hypothesis.
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Autoimmunity is suggested to play a
role in premature atherosclerosis.
Anti-neutrophil cytoplasmatic anti-
bodies (ANCA) are a group of auto-
antibodies found in several inflamma-
tory disorders in which they
supposedly amplify the inflammatory
process. We tested the hypothesis that
ANCA play a role in premature
atherosclerosis. A cross-sectional
study was performed, followed by a
nested case-control study. In 286
consecutive patients with premature
atherosclerosis (age < 55y) ANCA
were tested. Within the same cohort, a
nested case-control study in 16 ANCA
positive patients and 32 ANCA
negative controls matched for sex, and
site of atherosclerosis, was executed.
The prevalence of ANCA was 5.6%
(16/286). All cases had perinuclear
ANCA; no cytoplasmatic ANCA were
found. The mean age was 42 ±7 years
in the ANCA positive versus 42 ± 9
years in the ANCA negative group (P
= ns). More females were ANCA
positive (8M/8F vs. 200M/70F, P =
0.03). Patients with ANCA had more
often peripheral vascular disease
(37.5% vs. 15.2, P = 0.03). In the case-
control study levels of Lp(a) were
higher (43.8% vs. 15.6% > 300mg/L, P
= 0.05), whereas levels of HDL-
cholesterol were lower in ANCA
positive patients (0.84 ± 0.26 vs. 1.06 ±
0.27 mmol/L, P = 0.01). Markers of
inflammation, CRP and SAA, did not
differ, nor did antibodies against ox-
LDL and MDA-LDL, markers for the
extent of atherosclerosis. Our results
suggest that ANCA do not appear to
play a major role in premature athero-
sclerosis since there was no increased
prevalence of the autoantibody. More-
over, no differences in the incidence of
classical cardiovascular risk factors
nor in serum levels of  markers of
inflammation were found between the
ANCA positive group and the ANCA
negative group.

INTRODUCTION

Atherosclerosis is an inflammatory
disease of multi-factorial origin,
resulting in vascular occlusion [1]. It
begins at an early age with enhanced
adhesion of predominantly monocytes
to sites of activated endothelium,
giving rise to so-called fatty streaks,
which progress to atherosclerotic
plaques later on. The inflammatory
reaction is a response to injuries to the
endothelium such as oxidative stress
provided by oxidatively modified
LDL-particles (ox-LDL), smoking and
hyperhomocysteinaemia, shear stress
or even infectious disease [2;3].

Whereas most cardiovascular
atherosclerotic diseases become
clinically manifest in the sixth and
seventh decade [4], a number of
patients present with manifest
atherosclerotic disease before the age
of 55. This is known as premature
atherosclerosis. Why these patients
suffer from premature atherosclerosis
is not known, but it is evident that most
patients are more exposed to multiple
established risk factors as compared to
their controls [5;6]. Autoimmunity has
been suggested as a causative factor for
atherosclerosis, especially in acceler-
ated forms of atherosclerosis, and
several auto-antibodies are associated
with an enhanced form of athero-
sclerosis, such as anti-cardiolipin
antibodies (ACLA), antibodies against
oxidized LDL (anti oxLDL), and
antibodies against heat shock protein
65 (anti HSP65) [7-10]. On the other
hand it is known that patients suffering
from autoimmune diseases such as
systemic lupus erythematodus (SLE)
and anti phospholipid syndrome are
known to have more aggressive forms
of atherosclerosis [11].

ANCA are a class of auto-
antibodies that are found in several
inflammatory diseases such as
systemic necrotizing vasculitis,



ANCA in patients with premature atherosclerosis

61

inflammatory bowel disease, primary
biliary cirrhosis, autoimmune liver
disease and rheumatoid arthritis. It has
been hypothesized that ANCA, in
these conditions, amplify the in-
flammatory process [12]. Yet, no data
on the presence of ANCA in
atherosclerosis, a process characterized
by chronic inflammation, have been
reported.

In the present study, we tested a
large cohort of patients with premature
atherosclerosis for the presence of
ANCA and related the presence of
these antibodies to clinical findings
and markers of inflammation.

MATERIALS AND METHODS

Patients
Consecutive patients with premature
atherosclerosis who were referred to
our outpatient clinic for lipid disorders
and atherosclerosis between June 1994
and December 1998 were included in
this study. Premature atherosclerosis
was defined as a clinically established
manifestation of atherosclerotic vascu-
lar disease (defined as a coronary,
cerebrovascular or peripheral vascular
‘event’ as diagnosed by the referring
specialist) before the age of 55 years.
In all patients the following risk factors
were recorded retrospectively from
patient charts: smoking, dys-lipidemia,
hypertension (defined as a blood
pressure >160/90 mmHg), family
history for cardiovascular diseases,
diabetes mellitus, and hyperhomo-
cysteinaemia. ANCA were determined
in all patients. In addition, a case-
control study was performed by
comparing the ANCA positive group
with an ANCA negative control group
from the same population. Groups
were matched for gender and
presentation of the atherosclerotic
manifestation.

ANCA detection
ANCA were detected by indirect
immunofluorescence on ethanol fixed
granulocytes as described previously
[13]. Test or control serum samples
were tested in a dilution of 1:20, and
further at twofold dilutions. Slides
were read by two independent ob-
servers, and a titer ≥ 1:40 was con-
sidered positive. A pattern of cyto-
plasmatic ANCA or perinuclear ANCA
was considered positive, an atypical
staining pattern was considered ne-
gative. The specificity for ANCA
either for proteinase 3 (Pr3), myelo-
peroxidase (MPO), human leucocyte
elastase (HLE) was detected by capture
ELISA as described before [14].

Lp(a)
Levels of Lp(a) were determined using
a commercially available ELISA
(TintElize®Lp(a), Biopool Interna-
tional, Ventura, CA, USA).

Antibodies against oxidized LDL
(oxLDL)
Titers were determined in 40- and 80-
fold diluted samples of venous blood
sampled in EDTA tubes and stored in –
20°C until analysis. Levels of anti-
bodies to oxLDL and malondialdehyde
(MDA)-LDL were determined as
reported before [15]. Results are ex-
pressed as the proportion of absor-
bency of the sample on plates coated
with MDA-modified LDL as compared
to the absorbency on plates coated with
freshly prepared native LDL. Titers for
ox-LDL antibodies are the proportion
of absorbency of the serum sample on
plates coated with copper-oxidized
LDL as compared to absorbency on
plates coated with freshly prepared
native LDL.

C-reactive protein (CRP) and serum
amyloid A (SAA)
Levels of CRP and SAA were
determined by using an in-house
ELISA, as described before [16;17].
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Table 1. Differences in baseline characteristics between ANCA positive and ANCA negative group

ANCA positive ANCA negative P-value

Age (years±±±±SD) 42±7 42±9 ns
Sex (M/F, %F) 8/8 (50%) 200/70 (25.9%) 0.05
Cerebrovascular disease (N,%) 2/16 (12.5%) 56/270 (20.7%) ns
Coronary artery disease (N,%) 10/16 (62.5%) 173/270 (64.1%) ns
Peripheral vascular disease (N,%) 6/16 (37.5%) 41/270 (15.2%) 0.03
Current and former smoking (N,%) 15/16 (93.8%) 211/235 (89.8%) ns
Dyslipidaemia (N,%) 12/16 (75%) 227/262 (86.6%) ns
Positive family history (N,%) 8/15 (53.3%) 164/231 (71.0%) ns
Diabetes mellitus (N,%) 0/16 (0%) 9/212 (4.3%) ns
Hypertension (N,%) 8/16 (50%) 83/230 (36.1%) ns
Hyperhomocysteinaemia (N,%) 6/15 (40%) 74/219 (33.8%) ns

N=number of patients, ns=not significant, SD=standard deviation, M/F=male/female.

Anti nuclear antibodies (ANA)
ANA were detected according to
standard procedures on HEp-2 cells.
Titers >1:40 were considered to be
positive [18].

Statistics
In a nested case-control study, all
ANCA positive patients from the
original population were included.
ANCA negative controls were selected
in a matched 1:2 approach using sex
and site of arteriosclerosis as matching
variables. A descriptive analysis of
demographic data and other clinical
features study was performed. Con-
tinuous data are presented as mean,
with the standard deviation (SD), or
median and inter quartile range (IQR),
whichever is appropriate. In case of a
non-normal distribution, data was log-
transformed before performing stati-
stical tests. Categorical data are
presented by percentage and count of
each category. A comparison of all
ANCA positive versus ANCA negative
patients in the baseline study popu-
lation was performed. Furthermore, a
comparison based on selection for the
nested case-control study in the ANCA
negative patients was performed. For
continuous data in these comparisons
of unpaired data, one-way analysis of
variance was used if normally distri-
buted, or Mann-Whitney U tests if the

distribution was skewed. For cate-
gorical data, comparisons were made
using Fisher exact or Chi-square tests.
For the analysis of the matched case-
control data, conditional logistic re-
gression was used with sex and site of
atherosclerosis as matching variables
and ANCA status as the dependent
variable, and either ox-LDL, MDA-
LDL, CRP or SAA as independent
variable, controlling for univariate
significant co-variates. Relative risks
and 95 percent confidence intervals
(95%CI) are given as the results of the
regression analysis. A P-value < 0.05
was considered statistically significant.
All analyses were performed using
commercially available computer soft-
ware (Statistical Analysis System
version 6.12, SAS Institute, Cary, NC,
USA).

RESULTS

Cross sectional study
As expected the overall prevalence of
cardiovascular risk factors was con-
siderable in our population (table 1).
The prevalence of ANCA in our study
population was 5.6% (16/286). Peri-
nuclear ANCA (pANCA) were found
in all 16 patients. By ELISA three of
these 16 samples tested positive for
MPO-ANCA, whereas none of the
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samples tested positive for Pr3-ANCA
or HLE-ANCA. In the ANCA positive
group 3 of 16 patients tested positive
for ANA. One patient had a history of
Henoch Schonlein purpura and one
patient had rheumatoid arthritis. None
of the other patients had known
ANCA-related disorders such as
vasculitis, inflammatory bowel disease,
autoimmune liver diseases or SLE
and/or other connective tissue disease.

Of the ANCA positive patients
50% were female as compared to
25.9% women in the ANCA negative
group (P = 0.05). In both groups an
equal percentage of patients suffered
from cerebrovascular disease (12.5%
vs. 20.7%, P =n.s.) and coronary artery
disease (62.5% vs. 64.1%, P =n.s.), but
a larger proportion of patients with
ANCA had peripheral vascular disease
(37.5% vs.15.2%, P = 0.03). When
compared to the ANCA negative
group, no differences in the prevalence
of risk factors for cardiovascular
disease were found in the ANCA
positive group. The proportion of
patients with dyslipidemia was 75%
(ANCA positive) vs. 86.6% (ANCA
negative), current or former smoking
93.8% vs. 89.8%, hypertension 50%
vs. 36.1%, a positive family history

for cardiovascular diseases 53.3%
versus 71.0% and the proportion of
hyperhomocysteinaemia was 40.0%
versus 33.8%. A relatively low num-
ber of patients (0% versus 4.3%) had
diabetes mellitus.

Nested case control study
A nested case control study was
performed, comparing the 16 ANCA
positive patients with 32 matched
ANCA negative patients, with
respect to cardiovascular risk factors
and markers of inflammation (table
2). Levels of HDL-cholesterol were
lower in patients with ANCA
compared to nested controls (0.84 ±
0.26 vs. 1.06 ± 0.27 mmol/L, P =
0.01). There was also a greater
proportion of patients with Lp(a)
levels above 300 mg/L (43.8% vs.
15.6%, P = 0.05). Inflammatory
markers such as the acute phase
reactants CRP (1.6 (1.0-2.9) vs. 1.9
(1.2-3.1) mg/L, P =n.s.) and SAA
(0.8 (0.4-2.6) vs. 1.1 (0.5-2.5) mmol/
L, P =n.s.) did not differ nor did
levels of antibodies against oxLDL
(1.6 (1.4-1.9) U vs. 1.6 (1.4-2.0), P
= n.s.) and MDA-LDL (3.3 (2.6-3.8)
vs. 3.6 (3.0-4.2), P =n.s.; table 3.).

Table 2. Some salient characteristics of the case control study

ANCA positive (n=16) ANCA negative (n=32) P-value

Age(years±±±±SD) 43±7 45±8 ns
Sex (%F) 50.0 50.0 ns
Coronary artery disease (%) 62.5 69.0 ns
Cerebrovascular disease (%) 12.5 12.5 ns
Peripheral vascular disease
(%)

37.5 31.3 ns

Positive family history (%) 53.3 71.0 ns
Smoking (%) 93.8 83.9 ns
Dyslipidaemia (%) 75 87.5 ns
Diabetes mellitus (%) 0 0 ns
Hypertension (%) 50 34.4 ns
HDL-cholesterol (mmol/L±±±±SD) 0.84±0.26 1.06±0.27 0.01
Lp(a) > 300 mg/L (N, %) 7/16 (43.8%) 5/32 (15.6%) 0.05
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DISCUSSION

The aim of this single centre, cross
sectional study was to establish the
significance of  ANCA in patients with
premature atherosclerosis. The majo-
rity of our patients with premature
atherosclerosis was exposed to a large
number of cardiovascular risk factors
as reported previously [6;19]. In
addition, there is ample evidence that
autoimmune processes are involved in
the development of atherosclerosis as
well [20;21]. Therefore, we tested the
hypothesis that ANCA may be present
in our cohort of patients. We found a
prevalence of pANCA of 5.6% (16/
286). This suggests that the prevalence
of ANCA is low and probably not
higher than can be found in a general
population, since a prevalence of 6.1%
was reported in a previous study
performed in a comparable population
[22]. Atherosclerosis is characterized
by a systemic inflammatory response.
ANCA can be found in several
inflammatory diseases in which they
probably amplify the inflammatory
process. We hypothesized that ANCA
may also amplify the inflammatory
process in patients with premature
atherosclerosis who were ANCA po-
sitive. However, no evidence for
enhanced inflammation was found in
our ANCA positive patients, nor did
we find higher levels of antibodies
against oxidized LDL, that are thought
to reflect the extent of atherosclerosis
[8;23].

However, we did find higher
levels of Lp(a) in our ANCA positive
patients. Elevated levels of Lp(a) (≥
300 mg/L) are an independent risk
factor for cardiovascular disease,
especially in patients with premature
atherosclerosis [24]. Higher levels of

Lp(a) have been reported in patients
with SLE and anti-phospholipid syn-
drome as well [25;26]. Although not
immunogenic itself, the presence of
Lp(a) is known to facilitate the
atherosclerotic process possibly by
providing a prothrombotic environ-
ment since its molecular structure
strongly resembles plasminogen [27].
Moreover, it induces expression of cell
adhesion molecules on coronary endo-
thelial cells in vivo [28] and, in SLE
patients, elevated levels of Lp(a) were
associated with higher oxLDL-con-
taining immune complexes, that are
thought to be easier phagocyted by
macrophages [29]. Although it is
known that elevation of plasma Lp(a)
levels occurs in inflammatory states in
the setting of an acute phase reaction, it
is not likely that this was present in our
patients since levels of CRP and SAA,
both established acute phase reactants,
did not differ between both groups.

Interestingly, levels of HDL-cho-
lesterol were lower in ANCA-positive
patients. A possible explanation for
this finding could be that HDL-
cholesterol and its apolipoprotein A1
are thought to have scavenging and
anti-inflammatory proportions [30].
However, our study design does not
permit us to go any further than to
speculate on this subject.

Table 3. Conditional Logistic Regression
Analysis of serum markers of the ANCA
positive and ANCA negative groups of the
case control study

Marker OR 95% CI
Ln (Antibodies
against oxLDL )

0.88 (0.4-1.94)

Antibodies against
MDA-modified LDL

0.81 (0.15-9.48)

Ln (CRP) 1.19 (0.11-6.69)
Ln (SAA) 0.55 (0.27-1.15)

Ln =logarithmically transformed, OR=odds ratio,
CI=confidence interval
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In conclusion, autoimmunity to myeloid
granules as reflected by ANCA does not
seem to be of major importance in patients
with premature atherosclerosis. Our data
confirm, however, earlier reports that
patients with premature atherosclerosis are
extensively exposed to risk factors such as
dyslipidemia, smoking, hyper-tension, a
positive family history and
hyperhomocysteinemia [5;6;19]. The
observation of higher Lp(a) and lower
HDL in the ANCA positive patients with
premature atherosclerosis merits further
study.
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Unstable coronary syndromes, such as
acute myocardial infarction and unstable
angina pectoris are mostly due to rupture
of an atherosclerotic plaque. Recently mast
cells were found to participate actively in
the inflammatory process of athero-
sclerosis by excreting proteolytic and pro-
inflammatory substances with the ability to
cause plaque instability and rupture. Mast
cell activity can be determined by
measuring serum levels of tryptase, as has
been demonstrated in patients with
anaphylaxis and mastocytosis. We
hypothesised that acute coronary events
(acute myocardial infarction and unstable
angina pectoris) are associated with
elevated serum tryptase levels as a
refelction of increased mast cell activity.
Serum levels of tryptase were determined
in the following three groups of patients:
13 patients with acute myocardial
infarction, 10 patients with unstable
angina pectoris, and 14 patients without
ischaemic cardiovascular disease who
were used as controls. Patients with known
IgE mediated allergic diseases and/or anti-
histaminical drugs were excluded. The
groups were comparable for sex, blood
pressure, smoking and cholesterol levels.
The controls tended to be younger (P =
0.05). Levels of tryptase did not differ
between patients with acute myocardial
infarction (7.9 ±4.6 µg/L), unstable angina
pectoris (6.0 ± 2.1 µg/L) or controls (6.9 ±
4.1 µg/L), nor could a relation with levels
of C-reactive protein be demonstrated. We
conclude that serum levels of tryptase are
not elevated in patients with acute
coronary syndromes. This implicates that
increased mast cell activity, if any, in
unstable coronary syndromes is not
reflected systemically. Other, more specific
methods will be needed to determine the
activity of the mast cell in vivo.

INTRODUCTION

Acute coronary syndromes such as
unstable angina pectoris and myocardial
infarction are usually the consequence of a

thrombosis superimposed on an eroded or
ruptured atherosclerotic plaque [1]. The
site for plaque disruption is usually the
place where the lesion is growing, the so-
called “shoulder region” of the plaque.
This region has a high cellular component,
mainly consisting of macrophage and T-
lymphocytes [2]. Remarkably, the fact that
considerable numbers of mast cells are
present in these plaque regions as well, has
received little attention [3;4]. This is even
more surprising since mast cells contain a
large number of granules containing many
mediators that may be involved in plaque
rupture. Among these mediators are the
proteolytical enzymes chymase and
tryptase [5;6]. These enzymes are capable
of activating matrix metallo-proteinases
(MMPs) [7-9], which are secreted in an in-
active proform by smooth muscle cells and
macrophages [10;11]. Activated MMPs
degrade the extracellular matrix (ECM) of
atherosclerotic plaques and are also
capable of activating other MMPs. As the
ECM is thought to contribute to the
strength of the plaque, degradation by
MMPs has been implicated in plaque
rupture. Furthermore, the production of
MMPs is stimulated by pro-inflammatory
cytokines such as TNFα, which is known
to be involved in atherogenesis [12;13].
Moreover, products released during matrix
degradation, in turn, activate mast cells.
Multiple studies support the view that mast
cell activation could be linked with plaque
rupture. Accumulation of mast cells and
increased expression of MMPs in the
shoulder region of the plaque has been
reported [3;11;14]. It is unknown, whether
the duration of the mast cell activation is
largely restricted to unstable plaque or that
it occurs more widespread. If mast cell
activation is immediately followed by
plaque rupture and the mast cell activation
takes place in a substantial part of all mast
cells in the body, mast cell degranulation
may be reflected by an elevation of the
plasma tryptase level in patients with
unstable angina pectoris and acute myo-
cardial infarction. This mast cell specific
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enzyme appeared to be a reliable and
sensitive marker for mast cell activity in
patients with systemic anaphylaxis and ma-
stocytosis [6;15]. To test this hypothesis, we
measured the serum levels of tryptase in pa-
tients suffering from acute coronary events.

MATERIALS AND METHODS

Patients
In this pilot study, blood samples were
taken from consecutive patients admitted to
the hospital with an episode of chest pain in
the preceding 24 hours suspect for acute
myocardial infarction or unstable angina
pectoris. Patients were included during a 2-
month period. Patients were divided into
three groups based on the eventual diag-
nosis. Group A consisted of patients who
appeared to have chest pain of another
origin than myocardial ischemia, group B
were patients who had unstable angina
pectoris and group C suffered from acute
myocardial in-farction. Of each patient the
time lag between onset of complaints and
hospital admission was reported. Excluded
were patients with a history of one of the
following conditions: COPD, asthma, a-
topic constituency, concurrent infection,
inflammatory disease, immunological dis-
orders and major surgery or trauma within
the last three weeks. Patients using anti-
histamines, (inhaled) corticosteroids and
other immunosuppressive medications were
also excluded. The use of non-steroid anti-
inflammatory drugs was allowed. All
patients gave written informed consent and
the study was approved by the local medical
ethical committee. Chest pain from non-
cardiac origin was defined as pain without
any sign of myocardial ischaemia, assessed
by electrocardiography (ECG), an exercise
test or coronary angiography if performed.
All patients with a rise in creatine kinase
(CK) levels above twice the upper normal
level were excluded from this group
(group A). Unstable angina pectoris was
defined as one or more recent episodes of
chest pain in rest and typical for angina
pectoris, in combination with one of the

following findings: ECG changes suspect
for myocardial ischemia, a positive
exercise test indicating myocardial ische-
mia, coronary angiography showing signi-
ficant coronary artery stenosis (more than
70%) or development of an acute myo-
cardial infarction after admission to the
hospital. Patients with elevation of CK
levels of more than twice the upper
normal level were excluded from this
group (group B). Acute myocardial infarc-
tion was defined as the presence of a
recent episode of chest pain or collapse,
ECG abnormalities suspect for myocardial
infarction and a rise of CK/CK MB ratio >
8% or a rise in CK MB over 20 U/L.

Blood collection
Venous blood samples were collected im-
mediately after admission to the hospital.
They were stored at room temperature
(RT) for a maximum of 8h, after which
they were stored at 6°C for a maximum of
24h. Serum was then stored at -20°C for a
maximum of 3 months. The determination
of tryptase in serum is not influenced by
storage of 48h at RT [16;17].

Tryptase assays
Tryptase levels were determined using the
B12 assay [18]. The measurements were
performed using Pharmacia UniCAP
Tryptase reagentia and the Pharmacia
Unicap100 analysis device (Pharmacia &
Upjohn, Uppsala, Sweden). Reference
values for healthy individuals are those
reported by Pharmacia & Upjohn,
showing a geometric mean level of 5.6
µg/l and an upper 95 percentile of 13.5
µg/l (129 apparently healthy children and
adults).

Table 2. Time delay between onset of symptoms
and blood sampling in minutes

Group Mean Minimum Maximum

Contr 210 90 720
UAP 313 60 720
AMI 398 60 1380

UAP= unstable angina pectoris, AMI= acute myocardial
infarctio
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Table 1. Patient characteristics

Total group (n=37) Control (n=14) Unstable angina
(n=10)

Myocardial
infarction (n=13)

Sex (M) 29 11 9 9
Age (years)* 56±12 51±10 60±12 61±11
Risk factors
Total cholesterol
(mmol/L)

5.9±1.0 6.3±0.9 5.4  ±1.0 6,1±1.0

Diastolic BP
(mmHg)

83±13 80±15 77±13 77±13

Systolic BP
(mmHg)

145±26  144±22 141±17 131±19

Smoking (%) 19-21 57-78 40 54
Diabetes mellitus
(N)

4 2 0 2

Cardiovascular
history (N)
CABG 4 0 3 1
PTCA 4 0 3 1
IAP 3 0 2 1
MI 4 0 2 2
Medication
before admission
(N)
Beta blocker 8 1 3 4
ACE inhibitor 4 2 1 1
Statin 4 1 2 1
Salicylates 7 0 5 2
Calcium
antagonist

4 0 1 3

All values unless otherwise indicated (percentage or range) are means plus or minus SD. * Significant difference between the
three groups (P = 0.046).

In our hands this assay is able to detect
differences in systemic mast cell acti-
vation. We illustrated this by determining
tryptase levels in a population of patients
with systemic mastocytosis (n = 30) (46.8
µg/l (10.2-200.0), median (95% CI)) and in
patients suspected for mastocytosis who
had no elevated mast cell count in bone
marrow specimens (n = 1511.0(2.9-28.1)).

C-reactive protein assays
Levels of CRP were determined using an
in-house ELISA as described before [19].

Statistics
Patient characteristics and tryptase levels
were compared between the three groups
using a Kruskall/Wallis non-parametrical
test. P-values < 0.05 were considered to be
significant. The relationship between smo-
king, sex and presence of diabetes and
levels of tryptase was calculated using a

Mann-Whitney non-parametrical test.
Correlations of tryptase levels and blood
pressure, age, cholesterol levels and time
lag to presentation was determined using a
Pearson correlation test.

RESULTS

During the inclusion period of 2 months,
65 patients were admitted to the hospital
because of complaints of chest pain.
Twenty-eight of were excluded because
they did not meet the inclusion criteria.
Therefore, the total study population con-
sisted of 37 subjects, 8 females and 29
males. The characteristics of these subjects
are given in table 1. The three groups were
comparable for sex, total cholesterol level
and blood pressure. There was a difference
between the groups with respect to age as
the patients in group A tended to be young-
er than those in groups B and C (P=0.046).
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No significant difference in levels of
tryptase between the three groups was
found (figure 1). Moreover, levels of tryp-
tase were all within the normal range [18].
For all three groups together, no relation-
ship was found between tryptase levels and
age, sex, total cholesterol, blood pressure,
presence of smoking. The mean time lag
was highest in the group of patients with
acute myocardial infarction, and lowest in
the group of controls (table 2). No correla-
tion of time lag and tryptase levels was
found (R = -0.277, P = n.s.).Levels of CRP
(figure 2.) did not differ between the three
groups. No correlation between CRP and
tryptase levels was detected. (R=0.138,
P=n.s.).

DISCUSSION

Although there is ample evidence for the
presence of mast cell activity in athero-

sclerotic lesions, we were not able to detect
an elevation of tryptase levels in patients
with acute coronary syndromes (groups B
and C) as compared to a control group
(group A). There are several factors that
can account for the absence of elevated
tryptase levels. Only a small number of
mast cells may have been activated.
Although mast cell density tends to be
increased in unstable plaques, their
absolute number is low when compared to
numbers of T-lymphocytes and macro-
phages in the same plaques [20]

However, tryptase levels in the blood
of a small group of patients with unstable
angina pectoris were recently found to be
raised sixfold within 5 min after onset of
spontaneous myocardial ischaemia and to
be declined to base-line values within 15
min. Remarkably, myocardial ischaemia
induced by ergonovine administration did
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not result in tryptase elevation, suggesting
a role for mast cell degranulation in un-
stable angina pectoris [21]. The duration of
the tryptase elevation in this study was
shorter than expected. Plasma half time for
tryptase is about 2 h [15]. Therefore, the
findings of Cuculo et al. [21] need to be
confirmed. It is possible that the absence of
tryptase elevation in serum in our study
was due to the time lag between the onset
of chest pain and the moment of blood
sampling. However, time lag and tryptase
levels were not correlated.

Levels of C-reactive protein were
determined to study a possible relation
between tryptase levels and inflammatory
activity in our patients. No correlation
between levels of CRP and tryptase could
be found in the patients suffering from
acute coronary syndromes. A power
analysis, based on the differences in

tryptase levels between controls and the
patients with AMI (6.9 ± 4.0 vs. 7.9 ± 4.6),
was done. Given a power of 80 % and a
type I error of 0.05, a total number of 600
patients will be needed to reach statistical
significance. Since the differences between
the groups were small, within the normal
range, and the calculated sample size was
large, we feel that further studies would
not lead to clinically relevant results.

We conclude that a prolonged or
frequent intermittent activation of a
substantial part of mast cells is not likely to
occur during unstable angina pectoris and
acute myocardial infarction.
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Atherosclerosis is a chronic inflammatory
disease. Monocytes play a key role
throughout the pathogenesis of athero-
sclerosis. The early stages of the disease
process are characterised by adhesion and
transmigration of monocytes/ macrophages
through the endothelial layer. A chronic
inflammatory response that is maintained
by monocytes/macrophages in concor-
dance with T-lymphocytes, endothelial
cells and smooth muscle cells, finally
results in clinical manifestations of
cardiovascular disease. This review aims
to provide a short introduction on the role
of monocytes/macrophages in the patho-
genesis of atherosclerosis followed by a
review on the clinical significance of
monocyte activation in patients with
cardiovascular disease. We will focus on
the possible role of neopterin as a marker
of monocyte/macrophage activity, in
predicting adverse events in patients with
acute coronary syndromes.

INTRODUCTION

The complications of atherosclerotic
vascular disease, such as coronary artery
disease, cerebrovascular disease and peri-
pheral artery disease are still the leading
cause of morbidity and mortality in the
Western society [1]. Moreover, they are
emerging as a major cause of dead in other
parts of the world [2]. Thus, major efforts
are warranted to stop this global epidemic.

Atherosclerosis is a chronic disease
that is already present at an early age [3]. It
slowly progresses over time and in most
cases it manifests itself as coronary artery
disease, stroke or peripheral artery disease
in the sixth or seventh decade. However,
the prevalence of coronary atherosclerosis
at younger ages is much higher than one
would expect: 37% of ‘healthy’ heart
donors 20-29 years of age have advanced
atherosclerotic lesions as detected with
intravascular ultrasound, 60% of those
ageing 30 to 39 years, 71% between 40-49
years and 85% of those older than 50 years

old [4]. These findings emphasise the
importance of early intervention and
identification of patients at risk.
Consequently, a thorough understanding of
the pathophysiology of the disease process
is warranted to develop new strategies in
reducing the burden of cardiovascular
disease. In the following sections we will
focus on the role of monocytes/
macrophages in atherosclerosis and
translate their role to current and future
clinical applications.

MONOCYTES IN ATHEROSCLEROSIS

Innate immunity
Inflammation is a process in which blood
leukocytes leave the vascular space and
enter a tissue site in response to a
perceived pathogen. In humans there are
two distinctive defense mechanisms that
form the base of any inflammatory
response: innate and adaptive immunity.
Both systems have their own defense
mechanisms but act in close co-operation.
The innate immune system provides the
fastest but least specific response to toxic
or inflammatory stimuli. It forms the first
line of defense and it is based on the
recognition of pathogen-associated mole-
cular patterns (PAMP). Its cellular
components comprise monocytes that can
transform to macrophages, dendritic cells,
‘natural killer’ cells and mast cells. The
cells of the innate immune system express
a limited and highly conserved repertoire
of pattern-recognition receptors such as
scavenger receptors and Toll-like
receptors. These receptors recognize
PAMPs. Once activated through contact
with a PAMP or upon IFNγ stimulation by
T helper type 1 lymphocytes, the cells of
the innate immunity start with producing
substances that mount a local inflammatory
response and/or start with endocytosis and
lysosomal degradation of a presented
particle (e.g. cytokines, growth factors,
chemokines and lysosomal enzymes such
as myeloperoxidase). Moreover, through
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the expression of major histocompatibility
complex (MHC) class II receptors on their
surface, they act as antigen-presenting cells
to T lymphocytes.

Monocytes in the pathogenesis of
atherosclerosis
Monocytes/macrophages, as part of the
innate immune response, are key players in
the pathogenesis of atherosclerosis. From
the early beginning of lesion formation to
the late complicated stages of the unstable
or eroded plaques, the whole process
seems to be dominated by a constant input
of monocytes/macrophages [5-7].

The pathogenesis of atherosclerosis is
currently viewed in the light of the
response-to-injury hypothesis as proposed
in the 1970s by Ross [8]. The central thesis
is that atherosclerosis results from the
response of an injured arterial wall to
several noxious stimuli. While it was first
suggested that the injury had a mechanical
character, he later proposed that it was an
inflammatory response evoked by a huge
number of stressors (atherogenic risk
factors) that lead to the atherosclerotic
changes in the vessel wall [5]. It is
nowadays widely accepted that a chronic
inflammatory response is the result of an
interaction between genetic and environ-
mental risk factors (especially modified
lipoproteins), monocytes/macro-phages, T
lymphocytes and the normal cellular
elements of the vessel wall such as endo-
thelial cells and smooth muscle cells [9].

The first stage of atherosclerosis is
called the fatty streak. Already at this stage
monocytes are indispensable for lesion
formation. The first observations that
monocytes played an active role in
atherogenesis were reported by Gerrity,
who not only discovered that fatty streaks
were the result of monocyte accumulation
from the blood stream to the
subendothelium [10], but also that these
monocytes progressed to the lipid laden
foam cells[11]. Due to stimuli such as
atherogenic risk factors (‘injury’), the
endothelium becomes activated and under-

goes a series of changes that predispose to
lesion formation [12]. Probably most
important, inflammatory cytokines such as
TNFα can stimulate the transcription
factor NFκB, resulting in transcription of
VCAM-1, one of the cellular adhesion
molecules that is essential in early
atherogenesis and functions as a binding
site for monocytes/macrophages [13].
Moreover, through local production of
monocyte chemoattractant protein-1
(MCP-1) in the lesion, monocytes are
attracted from the circulation. Once
activated they adhere to the endothelial
cells and start producing a number of
proinflammatory substances such as cyto-
kines and chemokines enhancing further
attraction of other leukocytes to the endo-
thelium and thus progress lesion formation.
When they reside in the arterial intima,
monocytes transform to macrophages and
start expressing a number of scavenger
receptors through which they accumulate
oxidized lipids, forming the base for the
lipid core in the advanced lesions and
vulnerable plaques [14]. The production of
macrophage colony-stimulating factor (M-
CSF) enables macrophage proliferation
and is thought to prolong their survival.
Monocyte-derived macrophages produce
cytokines (TNF-α, IL-1, IL-10, TGF-β),
chemokines (IL-8, MCP-1), growth-
regulating molecules and metalloproteina-
ses. Thus, a continuous inflammatory res-
ponse is maintained until a cardiovascular
event occurs.

A lot has been learned about the early
and late stages of atherosclerosis in recent
years, mainly because of the evolving of
molecular techniques and the development
of animal models of atherosclerosis.
However, much has yet to be learned about
the actual situation in patients at risk for or
suffering from atherosclerotic vascular
disease.

Measuring monocyte activation in patients
Assessing the functional qualities of
monocytes/macrophages in atherosclerosis
is a complicated matter since it is virtually
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impossible to measure the activity of
monocytes/macrophages at the site of the
atherosclerotic plaque in living patients.
Therefore, most of the clinical research on
monocyte/macrophage activity has been
done in an indirect manner, either by
histopathological studies of coronary
arteries, by examining monocytes from the
peripheral circulation or by serological
studies measuring products of activated
monocytes/macrophages such as chemo-
kines, cytokines or neopterin. Much of our
knowledge of the pathophysiology the
acute coronary syndromes is derived from
histopathological studies. Especially the
introduction of the atherectomy catheter
has provided an excellent opportunity to
study samples of atherosclerotic plaque.
By studying atherectomy samples it was
learned that especially plaques from
patients with unstable angina pectoris and
non Q-wave myocardial infarction are
characterised by large amounts of
monocytes/macrophages [15] when com-
pared to patients with stable athero-
sclerosis. Moreover, it has become clear
that the extent of plaque inflammation
predicts recurrent unstable angina in
patients who underwent a direct coronary
atherectomy [16]. Thus, essential infor-
mation on pathophysiological mechanisms
underlying complicated atherosclerotic
diseases may be derived from studies using
this technique.

NEOPTERIN

First isolated from larvae of bee in 1963
[17], neopterin has since then emerged as a
marker of an enhanced cell-mediated
immune response in a broad spectrum of
clinical disease entities. Eventually,
neopterin was identified as the fluorescent
component that was elevated in the urine
of mice with Ehrlich ascites tumor [18].
Somewhat later, it was demonstrated that
neopterin was elevated in the urine of
patients with various malignant disorders
or viral infections [19]. Nowadays it is

clear that neopterin can be detected in most
body fluids [20].
Neopterin is the exclusive product of
monocytes/macrophages that have been
stimulated by interferon-γ, a cytokine that
is produced by activated T-lymphocytes
and natural killer-cells [21]. Therefore,
neopterin provides an ideal diagnostic tool
for monitoring the cell-mediated innate
immune response in clinical disease.

Biochemistry of neopterin
Neopterin is synthesised in vivo by
activated monocytes from guanosine
triphospate (GTP) via GTP cyclohydrolase
I (GTP-CH). The activity of GTP-CH can
be greatly enhanced by interferon-γ
[22;23]. 7,8-dihydroneopterintriphosphate
(NH2TP) is on the biosynthetic pathway of
5,6,7,8-tetrahydrobiopterin (BH4). BH4
represents the electron donor in the
hydroxylation of phenylalanine to tyrosine
in the liver and of tyrosine to L-dopa and
tryptophan into 5-hydroxy-tryptophan in
neuroendocrine tissue synthesizing cate-
cholamines or serotonin. Human monocy-
tes/macrophages lack the enzyme 6-
pyruvoyl-tetrahydrobiopterin synthetase
which converts NH2TP to 6-pyrovoyl-
tetrahydropterin thus, in these cells NH2TP
accumulates and, after hydrolysis by
phosphatases, is excreted as dihydro-
neopterin or neopterin (figure 1) [23-25].
On the basis of biochemical in vitro
evidence it has been concluded that
increased neopterin biosynthesis during
inflammation is primarily derived from
interferon-γ activated monocytes/macro-
phages. Although IFN-γ is the most potent
inducer of neopterin production, neopterin
is also synthesised upon stimulation of
monocytes/macrophages by TNF-α and
lipopolysaccharide [26].

The physiological role of neopterin
The exact physiological role of neopterin is
still unclear. It is suggested that neopterin
acts as an endogenous inhibitor of folate
synthesis by intracellular pathogenic
micro-organisms [27]. In vitro experiments
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have suggested a role for neopterin in
oxygen free-radical mediated processes,
apoptosis and the activation of redox-
sensitive transcription factors [28-30].
Importantly, it was demonstrated that
neopterin attenuated the oxidation of low
density lipoprotein by Cu++ and peroxy-
nitrite [31]. Also, it stimulates the gene
expression of inducible nitric oxide
synthetase (iNOS) in vascular smooth
muscle cells [32]. Thus, it is likely that the
main physiological function of neopterin is
that of an anti-oxidant. However, unlike its
reduced form, 7,8-dihydroneopterin, neop-
terin does not function as a scavenger of
free radicals.

Factors influencing serum neopterin levels
Serum levels of neopterin can be easily
assessed but when applying the test some
considerations with respect to factors that
influence serum neopterin levels should be
made.

Schennach et al. reported the relation
between neopterin levels, and clinical and
environmental parameters in 1156 healthy
blood donors [33]. They and others [34-36]
found a rather strong correlation of
neopterin levels with age. Also a
correlation was found with diastolic blood
pressure and a much weaker relation with
body mass index.  Importantly, no relation
was found with serum cholesterol levels.
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secondary prevention with the same drug
[39]. There is evidence that supports a role
for monocyte activation in patients with
hypertension [40]. In healthy blood donors
a small, but highly significant correlation
was found between neopterin levels and
diastolic blood pressure [33]. No data have
been published on patients with
hypertension.
A remarkable, but consistent, finding is
that smokers have lower levels of
neopterin [33;34]. An explanation for this
apparently immunomodulating effect of
cigarette smoking has not yet been given.

Hyperhomocysteinemia is an indepen-
dent risk factor for cardiovascular disease.
It is also associated with enhanced
oxidative stress in patients with cardio-
vascular disease. Homocystein levels were
related to neopterin levels in both patients
with a disturbed glucose metabolism and
control subjects [41]. Intervention with
folates resulted in a decrease of homo-
cystein levels but not neopterin levels in
patients with hyperhomocysteinemia and
vascular disease [42].

Obesity is an emerging cardiovascular
risk factor, especially when it is part of the
metabolic syndrome. Neopterin levels were
related to both body mass index and
glucose levels [43]. Given the fact that
adipocytes are known to be potent
producers of pro-inflammatory cytokines
[44], this may not come as a surprise.
Another feature of the metabolic syn-
drome, hyperinsulinemia, did not lead to
elevation of neopterin levels in female
subjects who underwent euglycemic hyper-
insulinemic clamping [45].

Neopterin in coronary artery disease
Initially, neopterin emerged as a marker of
an enhanced cell-mediated immune res-
ponse in a variety of diseases such as HIV/
AIDS and other infectious diseases, auto-
immune diseases, transplant rejection and a
number of malignancies [46]. Several
authors have investigated the value of neo-
pterin in patients with coronary artery
disease.

Tatzber et al. [47] were the first to note
that in hospitalised patients with peripheral
vascular disease neopterin levels were
higher than in non-hospitalised patients.
They also found that patients with
peripheral vascular disease had higher
levels of neopterin than patients with
coronary artery disease. In a later report,
no difference between neopterin levels in
patients with coronary artery disease was
found [48]. Thirteen patients with severe
coronary artery disease (≥75% stenosis at
two or more sites as proven by coronary
angiography) were compared to 11 males
without or with minimal coronary athero-
sclerosis. Although the first group was
older no differences in levels of neopterin
(8.0 ± 2.7 versus 7.6 ± 2.5 mmol/L) as well
as antibodies against oxidized LDL, lipid
levels and fibrinogen levels were found. In
a larger group of 21 patients with acute
myocardial infarction (age 66 ± 1 5 years),
62 patients with chronic stable coronary
artery disease (age 61 ± 8 years) and 40
healthy controls (age 35 ± 13 years) out-
spoken differences in levels of neopterin
are found [49]. The highest levels are seen
in patients with acute myocardial infarction
but also patients with stable CAD have
elevated levels. However, data were not
corrected for age, and smoking behaviour
is not mentioned. Similar results were
reported by Gupta et al. [50] who found an
elevated neopterin/creatinine ratio in 10
male patients who suffered an acute
myocardial infarction and 17 patients with
unstable angina pectoris as compared to 60
patients who had a previous myocardial
infarction and 42 healthy controls.
However, Auer et al. were not able to
reproduce these results in a comparable
study with 25 patients suffering from
unstable angina or acute myocardial
infarction, 30 patients with stable CAD and
60 healthy controls [51]. Thus, only
limited information on neopterin in
patients with different stages of coronary
artery disease is present. The current
reports include only a limited number of
patients and the results are inconsistent.
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Neopterin levels are thought to reflect the
extent of coronary artery disease.
Gurfinkel et al. [52] reported that, in
patients with UAP, those who had elevated
levels of neopterin were more likely to
have a non Q-wave myocardial infarction
as compared to those who had UAP but
normal neopterin levels. Also, patients
with elevated neopterin levels suffered
more severe forms of angiographically
determined atherosclerosis. Comparative
results were reported by Garcia-Moll et al.
who found a higher number of complex
coronary artery lesions in patients with
UAP who had elevated levels of neopterin
[53], and by Erren et al. who related
neopterin together with other markers of
inflammation to the extent of coronary
atherosclerosis [54].

Few have addressed the prospective
value of neopterin levels in patients suffer-
ing from coronary artery disease. Women
with stable angina pectoris and elevated
levels of neopterin, had more cardiovas-
cular adverse events during a follow-up
period of one year. Patients with UAP had
higher levels of neopterin at baseline as
compared to women with stable disease,
but, in these patients, neopterin levels did
not prove predictive for an adverse
outcome [55].

CONCLUSIONS
Atherosclerosis is an inflammatory disease.
Neopterin, a marker of monocyte/macro-
phage activation is related to cardiovas-
cular risk factors as well as the clinical
presentation of cardiovascular disease.
Moreover, neopterin is thought to reflect
the extent of atherosclerosis in patients
with coronary artery disease. Only one
report established the prospective value of
neopterin as a predictor of adverse events
in women with stable angina pectoris.
Since other markers of inflammation such
as C-reactive protein, are currently advo-
cated as clinical tools to determine cardio-
vascular risk in patients, it is necessary to
establish a possible role of neopterin as a
risk marker in these patients as well.
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Inflammation is a hallmark of non Q-wave
myocardial infarction. Monocytes are
major contributors to plaque vulnerability.
In the present study we aimed to determine
if neopterin, a marker of monocyte/
macrophage activity predicts recurrent
cardiovascular events in patients with non
Q-wave myocardial infarction (NQMI).
Therefore we conducted a prospective
cohort study in a subgroup of patients
participating in a clinical trial. In 210
patients, admitted because of a NQMI,
levels of neopterin and C-reactive protein
(CRP) were determined. Follow-up
duration was one year and a combined
cardiovascular end point (death and
recurrent myocardial infarction) was
recorded. It was found that patients with
elevated neopterin more often met the
combined end point: 11 out of 64 (15.9%)
vs. 9 out of 14 1(6.4%). Also patients with
C-reactive protein levels above 5 mg/L had
more end points: 9 out of 54 (16.7%) vs. 12
out of 156 (7.1%). Patients with both
inflammatory markers elevated had the
highest risk for death or recurrent
myocardial infarction: 5 out of 22 (22.7%)
vs. 15 out of 188 (8.0%) with an adjusted
RR of 4.9 (95%CI1.4-17.3), P <0.01. We
conclude that neopterin alone or in
combination with CRP is predictive for an
adverse outcome following a NQMI. Our
findings suggest that activation of
monocytes/macrophages in patients with
NQMI is associated with an adverse
outcome and requires special attention.

INTRODUCTION

Atherosclerosis is nowadays recognized as
a chronic inflammatory disease. The acute
coronary syndromes (ACS) e.g. unstable
angina pectoris (UAP) and myocardial
infarction are often the result of rupture of
an unstable plaque in the coronary artery
[1]. Monocytes play a crucial role in the
pathogenesis of the acute coronary
syndromes. The atheromatous plaque in
ACS is characterised by the presence of T

cells and a large amount of monocytes/
macrophages in the so-called shoulder
region of the plaque [2]. Activated mono-
cytes/macrophages produce pro-inflam-
matory cytokines and matrix-degrading
products such as matrix-metalloproteinases
giving rise to an unstable, rupture prone
plaque [3]. Activation of monocytes/
macrophages may be the result of inter-
feron-γ produced by activated T-
lymphocytes and is reflected systemically
by levels of neopterin [4]. Neopterin levels
are elevated in patients with acute coronary
syndromes [5] and are associated with
more complex forms of coronary artery
disease [6]. Systemic inflammatory
activity, as reflected by levels of CRP, has
proven to predict an adverse short-term
outcome in patients with unstable angina
and non Q-wave myocardial infarction
(NQMI)[7].

The value of monocyte/macrophage
activity as a prognostic factor in patients
with NQMI has not yet been investigated.
Moreover, only scarce data are available
on the long-term predictive value of
markers of inflammation in patients
suffering from NQMI. The present study
aimed to determine the predictive value of
neopterin, alone and in relation with levels
of C-reactive protein, on the recurrence of
major clinical cardiovascular events in
patients who suffered a NQMI.

MATERIALS AND METHODS

Patients
The present study was undertaken in
patients with NQMI who participated in
the FLuvastatin On Risk Diminishment
after Acute myocardial infarction
(FLORIDA) study. This multi-center study
is described in detail elsewhere [8]. Figure
1 depicts the selection of the current study
population. In brief, patients of either sex
and at least 18 years of age, who were
admitted to the coronary care unit for the
diagnosis of myocardial infarction, were
included in the study. Myocardial
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infarction was defined as an elevation of
the myocardial band of creatinine
phosphokinase (CK-MB) ≥ two times the
upper limit in combination with the
presence of new of markedly increased
chest pain lasting longer then 30 minutes.
If CK-MB was not available, then CK
levels ≥ two times upper limit of the
normal local laboratory range were
permitted. A Q-wave myocardial infarction
was defined as a new pathological Q wave
of ≥ 0.04 seconds duration or ≥ 25% of the
corresponding R wave amplitude, or both
in at least two contiguous leads combined
with elevated CK-MB or CK levels as
mentioned above. Consequently, patients
with a MI who did not meet the ECG
criteria of QMI were considered to have a
NQMI. Main exclusion criteria were: use
of lipid-lowering agents within the
previous three months, triglyceride levels
over 4.5 mmol/L, a scheduled percuta-
neous coronary intervention or coronary
artery bypass operation and co-medication
known to influence the ST-segment. All
patients provided written informed
consent. The medical ethical committee
approved the study.  The current study
focussed on the patients of the original
cohort who suffered a NQMI and of whom
a baseline blood sample was available.

Laboratory assessments
Assessments were performed in venous
blood obtained within 48 hours from
admission and one year after discharge. The
samples had been stored at -20°C directly
after sampling.
Levels of C-reactive protein were measured
using a high-sensitivity C-reactive protein
ELISA assay using the anti-CRP polyclonal
antibodies A073 and P227, DAKO A/S
(Glostrup, DK) as reported [9]. Both
samples have been analyzed at the same
time in duplicate using the same batch of
reagents. Levels of neopterin were
determined using a commercially available
ELISA-kit (Neopterin ELISA, RE 593 21,
IBL, Hamburg, Germany).

Study endpoints
For this study, the primary endpoint was a
composite endpoint of all cause mortality
and recurrent myocardial infarction. An
Independent Monitoring Committee,
blinded for treatment groups, reviewed all
major clinical events.

Statistics
All randomized patients with available
neopterin level assessments were included
in the analysis of time to composite
endpoint event. Continuous data are
presented as mean and standard deviation
(SD). Group comparisons were made using

FLORIDA
N=540

PLACEBO
N=265

FLUVASTATIN
N=275

PLACEBO
NQMI N=102

FLUVASTATIN
NQMI N=108

PLACEBO
QMI N=84

FLUVASTATIN
QMI N=68

PLACEBO
186 samples available

FLUVASTATIN
176 samples available

Figure 1. Flow chart of patient selection for current study

The grey boxes represent the studied population, QMI=Q-wave myocardial infarction, NQMI=non Q-wave
myocardial infarction
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Table 1. Baseline characteristics

non Q-wave MI (N=210) Total population (N=540)

Age (years±±±±SD)* 63±0.7 61±0.5
Male 82% 83%
Current smoker 49% 52%
Hypertension 28% 24%
Diabetes 10% 11%
Family history for CHD 43% 43%
Previous MI 13% 11%
Medication on admission
(before any intervention occurred)
Salicylates 17% 16%
Beta blockers 17% 16%
ACE-inhibitors 7% 8%
long-acting nitrates 4% 4%
calcium antagonists 10% 9%
Therapeutic measures for MI
Fibrinolysis 42% 50%
PCI 2% 2%
Both 0% 1%
None 55% 47%
AMI related total CK (mmol/L±±±±SEM)# 1325±120 1676±90

* P <0.05, # P <0.01, MI= myocardial infarction, ACE= angiotensin converting enzyme, PCI= percutaneous coronary intervention, CHD=
coronary heart disease, SEM= standard error of the mean.

one-way analysis of variance if normally
distributed, or by (Mann-Whitney) Wil-
coxon’s two sample test if the distribution
was skewed. Categorical data are presented
by percentage and count of each category.
Group comparisons were made using
Fisher exact or Chi-square tests. CRP and
neopterin were treated as dichotomous
variables. The cut off value for CRP was
set at 5 mg/L according to previous reports
[10]. Neopterin levels have not yet been
evaluated in this setting, therefore, we
choose to set the cut off value at the upper
third tertile, which was 9.7 nmol/L. The
associations between inflammatory para-
meters and relevant baseline characteristics
were measured by the correlation coeffi-
cient. With normally distributed responses,
the Pearson correlation coefficient was
calculated. In case of a skewed distribution
the Spearman rank-correlation coefficient
was used (p-value Shapiro-Wilk test for
normality < 0.05). Time-to-event analysis
was performed using log rank tests and
these data are presented as Kaplan-Meier
survival curves. Adjusted relative risks
(RR) and 95% confidence intervals (95%

CI) are given for the results of multivariate
Cox regression analyses. Potential con-
founders, univariately significant at the
level of P <0.20 were included in the
multivariate Cox regression analysis.  A P-
value of <0.05 was considered statistically
significant. All analyses were performed
using commercially available computer
software (Statistical Analysis System
version 6.12, SAS Institute, Cary, NC).

RESULTS

Patients
Blood samples from 210 patients who suf-
fered a NQMI (figure 1) were available.
Patient characteristics are given in table 1.

Correlations
Correlations of neopterin levels, CRP levels
at baseline and after one year are displayed
in table 2. There was a strong correlation
between levels of neopterin at baseline and
neopterin levels after one year. No such
correlation was found for C-reactive
protein.
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Inflammation and cardiovascular events
Seven (10.1%) of 69 patients with
neopterin levels in the upper tertile (> 9.7
nmol/L) died and 4 (5.8%) of 69 suffered a
recurrent MI. Two (1.4%) of 141 patients
with lower neopterin levels died and 7
(5.0%) of 141 patients suffered a recurrent
MI. In patients with CRP levels above 5
mg/L, death occurred in 5/54 (9.3%) and
4/54 (7.4%) had a myocardial infarction as
compared to 4/156 (2.6%) patients with
CRP < 5 mg/L that died and 7/156 (4.5%)
of these who suffered a recurrent
myocardial infarction. There were 22
patients who had both elevated neopterin
and CRP levels. Of these, 3 died (13.6%)
and 2 (9.1%) had recurrent MI.

Multivariate analysis
A multivariate model was applied to
calculate risk ratios corrected for possible
confounding factors. When corrected for
age, sex, smoking, previous myocardial
infarction and therapeutic measures
applied at baseline, the relative risk in
patients with elevation of both
inflammatory markers was 4.9 (95%
confidence interval, 1.4-17.3, P = 0.01).
For patients with one of both markers
elevated the risk ratio was 2.9 (95%CI 1.0-
8.6), P <0.05, see figure 2.

The overall risk ratio for patients with
one or both markers elevated as compared
to patients with no elevated markers was
3.6 (95%CI 1.3-10.0), P =0.01.

DISCUSSION

The major finding of this study is that
neopterin, a marker for monocyte/
macrophage activation is predictive for
adverse events (death and recurrent
myocardial infarction) in patients who
suffered a non Q-wave myocardial
infarction. When levels of CRP were
added, the predictive value proved even
stronger. Remarkably, and in contrast to

Table 2. Correlations of CRP and neopterin with
clinical parameters

Variables Correlation
coefficient

p-value

Neopterin baseline and
CRP baseline

0.19 <0.001

Neopterin baseline and
neopterin 1 year

0.42 <0.001

CRP baseline and CRP 1
year

0.06 n.s.

*Correlations are calculated as Spearman’s Correlation Coefficients.
N.s.=not significant.
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Figure 2. Survival curves of patients displaying different levels of inflammation
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CRP levels, we found a strong correlation
between levels of neopterin at baseline and
after one year.

Inflammation in acute coronary syndromes
It is nowadays accepted that prognosis in
NQMI equals that in QMI [11]. However,
there are still many unresolved issues with
regard to the ideal treatment modality in
many categories of patients with UAP, non
ST elevation MI or NQMI [12]. Extensive
research in recent years has led to the
understanding that inflammation, as re-
flected by levels of several biomarkers, is a
major determinant of short- and long term
outcome in patients with unstable angina
or NQMI [7;13-16]. Enhanced inflam-
matory activity is frequently encountered
in these conditions and, often present at
presentation, it is predictive for recurrent
cardiovascular events [17]. It is hypo-
thesized that a sustained inflammatory
response in unstable angina and NQMI is
present up to six months after the initial
clinical event [18] and it was recently
reported that it is probably the result of
activity in the complete coronary vas-
culature instead of the site where the
culprit lesion is located [19].

Monocyte/macrophage activation in the
acute coronary syndromes
A central role in the pathogenesis of the
acute coronary syndromes is attributed to
monocytes/macrophages. By producing
numerous pro-inflammatory mediators,
activated monocytes/macrophages together
with T lymphocytes give rise to the variety
of changes finally resulting in the rupture-
prone vulnerable plaque [1;20]. Regardless
of the fact that these mechanisms have
been extensively studied in vitro and in
animal models, it is remarkable how little
is known about monocyte/macrophage
activation in vivo.

Neopterin, a pteridine derivative, is
synthesised by monocytes/macrophages
upon stimulation with interferon-γ, a
cytokine originating mainly from activated
T helper type 1-lymphocytes [4].

Neopterin levels are a useful tool to
monitor monocyte/macrophage activation
in atherosclerotic vascular disease [5;21;
22]. Recently, a small series of patients has
been described, in which patients with
adverse outcomes after an ACS had higher
serum levels of neopterin shortly after the
event as compared to patients without
adverse events [23].

Interestingly, we found that there was
a rather strong correlation between levels
of neopterin determined within 48 hours
from admission and levels of neopterin
determined after one year. No such
correlation could be found for levels of C-
reactive protein, suggesting that neopterin
reflects another inflammatory process than
C-reactive protein. However, this issue
remains speculative.

Study limitations
This study has some limitations. At first it
is a post-hoc analysis in patients who
participated in a clinical trial. Therefore, a
selection bias in the patients studied cannot
be ruled out, although clinical characte-
ristics were comparable (table 1). The
original trial was a placebo-controlled trial
with a HMG CoA inhibitor in patients with
cholesterol levels below 6.5 mmol/L.
Importantly, the medication tested did not
influence the occurrence of adverse events,
nor did it affect levels of C-reactive protein
or neopterin in this patient group. The
latter is not surprising since levels of
neopterin and CRP were taken shortly after
the event and were repeated after one year.
This implies that a rigorous ‘natural’
decrease in biomarkers will probably have
disguised a possible treatment effect. Also,
in our subset of patients, the use of
medication or placebo was equal in both
patients with elevated and inflammatory
markers. No correlations with markers of
inflammation and lipid levels were found.

Conclusions
In this study we demonstrate for the first
time that monocyte/macrophage activation
reflected by levels of neopterin is
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predictive for adverse events in patients
with NQMI. We confirm that elevated
levels of C-reactive protein predict adverse
events in the same patient group. When
combined, the two markers of inflam-
mation were even stronger predictors for
adverse outcome following NQMI. Our
findings demonstrate that monocyte/
macrophage activity is an important
determinant of morbidity and mortality in
patients suffering from NQMI. Therefore,
we feel that more aggressive therapeutic
measures should be instituted in patients
with NQMI with evidence for monocyte/
macrophage activity. We speculate that
activated monocytes may prove a future
therapeutic target in patients with UAP and
NQMI.
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Acute coronary syndromes (ACS) are
associated with inflammation resulting
from monocyte activation. We sought
for differences in the production of
pro- and anti-inflammatory cytokines
by mono-cytes from patients with ACS.
C-reactive protein (CRP) and
neopterin were measured in 22
patients with acute coronary
syndromes, 50 patients with stable
vascular disease and 22 healthy
controls. Production of TNF-α and IL-
10 was determined after respectively 6
and 24 h of incubation of full blood
with LPS. Levels of CRP (median,
inter-quartile range (IQR);1.5 mg/L
(0.8-4.5) vs. 2.1 (0.9-3.6) vs. 0.4 (0.3-
1.2); P < 0.001) and neopterin (7.4
nmol/L (6.0-8.7) vs. 7.1 (6.0-8.9) vs.
6.4 (5.6-7.3); P = 0.07) were higher in
patients. IL-10 production after LPS
stimulation was greatly reduced in
patients with acute coronary
syndromes (16,175 pg/ml, 7,559-
28,470 pg/ml) as opposed to patients
with stable disease (28,379 pg/ml,
12,601-73,968 pg/ml) and healthy
controls (63,830 pg/ml, 22,040-
168,000 pg/ml; P = 0.003). TNF-α
production was not different between
groups (7,313 pg/ml (4,740-12,615) vs.
11,002 (5,913-14,190) vs. 8,229
(5,225-11,364); P = 0.24). We con-
clude that circulating monocytes in
unstable coronary syndromes produce
equal amounts of TNF-α but less IL-10
after stimulation with LPS in vitro. We
hypothesize that, in acute coronary
syndromes, the production pro-
inflammatory cytokines is not counter-
balanced by anti-inflammatory cyto-
kines such as IL-10.

INTRODUCTION

Atherosclerosis is an inflammatory
disease of multi-factorial origin, re-
sulting in vascular occlusion. Mono-
cytes/macrophages are culprit cells in

atherosclerotic plaque formation [1-3].
Recently, it was shown that patients
with coronary artery disease have
higher levels of neopterin, a marker of
monocyte/macrophage activation [4-6].
This implicates that monocyte/
macrophage activation is an important
determinant of the inflammatory res-
ponse in coronary artery disease
(CAD). Also, levels of IL-6, a pro-
inflammatory cytokine that is mainly
produced by activated monocytes/
macrophages, are elevated in patients
with CAD [7;8]. Finally, levels of C-
reactive protein (CRP), a systemic
marker of inflammation, are prognostic
for the development and outcome of
acute coronary syndromes.[9;10].

Thus, a pro-inflammatory immune
response, caused by monocyte/
macrophage activation, contributes to
the development of acute coronary
syndromes.

Less is known about the role of
anti-inflammatory cytokines in human
atherosclerosis. In mice, however,
recent reports suggest an important
role for IL-10 in preventing
atherogenesis [11;12]. Since an
adverse outcome in ACS is associated
with an elevated level of several pro-
inflammatory cytokines [10], and the
anti-inflammatory cytokine IL-10 is
supposed to be protective in athero-
sclerosis, we hypothesized that a
disturbed cytokine balance by mono-
cytes might be present in patients with
ACS.

MATERIALS AND METHODS

Patients and controls
Three groups of subjects were studied.
Group 1 consisted of 22 consecutive
patients admitted to our hospital with
an acute coronary syndrome. Seven-
teen patients had an acute myocardial
infarction defined as: typical chest
pain, ST-elevation > 0.1 mV in at least
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2 contiguous leads and creatin kinase
(CK) levels of more than twice the
upper limit or elevated troponin levels.
Unstable angina pectoris was
diagnosed in the other 7 patients and
was defined as: 2 episodes of chest
pain at rest or an episode of chest pain
lasting over 20 min in combination
with ST-elevations > 0.1 mV during
pain, without elevations of CK.

Group 2 comprised 50 consecutive
patients from our outpatient clinic with
stable vascular disease. This group had
either coronary artery disease (CAD)
(n =31), peripheral vascular disease
(PVD) (n =17) or both (n =2). CAD
was defined as a positive exercise test
result, significant stenosis (> 70%) at
coronary angiography, previous
admission for an ACS, previous
percutaneous trans-luminal coronary
angioplasty or previous coronary artery
bypass grafting. Patients had to be
stable for at least 6 months. Patients
with PVD were recruited from the
outpatient clinic for vascular surgery.
PVD was defined as the presence of
intermittent claudication, and was con-
firmed by a decreased ankle/brachial
index (<0.8), Doppler ultrasonography,
digital subtraction angiography or prior
vascular surgery. Twenty-two healthy
volunteers were recruited from the
hospital staff and served as controls.
Persons with evidence of recent
infectious disease, immunologic dis-
orders, fever, use of anti-inflammatory
drugs, major surgery or neoplastic dis-
ease were excluded from the study. All
subjects gave written informed con-
sent. The study was approved by the
local medical ethical committee.

Blood samples
From each patient 1 tube of 10 ml
containing NH 143 I.U. (Vacutainer
system, Becton, Dickinson and Com-
pany, Plymouth, UK) and 1 tube of 10
ml containing 0.12 ml EDTA-K3 15%
(Vacutainer system, Becton, Dickinson

and Company) was drawn by vena-
puncture. In case of an ACS this was
done immediately at admission, before
any intervention had occurred. The
tubes were transported on ice. A white
blood cell count was performed
immediately. Blood was then centri-
fuged at 1255 xg for 10 min. The
plasma supernatant was removed and
stored at -20ºC until further analysis.
The heparin tubes were immediately
used for lipopolysaccharide stimulation
tests.

In vitro whole blood lipopolysac-
charide (LPS) stimulation
Cytokine production was measured
using a whole blood culture system as
described elsewhere [13]. Briefly,
under sterile conditions, aliquots of 1
ml of heparinized whole blood were
drawn into blank 5ml tubes
(Vacutainer system, Becton Dickinson
and Company). The LPS stimulated
samples were treated with 20 µl LPS
(Escherichia Coli, serotype 0127-B8,
2,5 mg/ml, Sigma Chemical Co, St.
Louis, MO), to a final concentration of
2.5 µg/mL blood. All tubes were filled
up to 2 mL with RPMI 1640 (with
Hepes and L-glutamine, cat Nº BE12-
115F, Bio Whittaker Europe, Ver-
viers, Belgium). LPS-treated samples,
together with an untreated control
sample, were then incubated at 37ºC in
an atmosphere containing 5% CO2.
After 6 h of incubation the samples for
TNF-α measurement were centrifuged
at 1076 xg for 5 min. The IL-10
samples were centrifuged after 24 h of
incubation. The plasma supernatant
was removed and stored at -20ºC for
further analysis.The first 14 whole
blood cultures were co-incubated with
Polymixin B. Polymixin B occupies
the CD14 molecule, the major LPS-
receptor that is mainly present on
monocytes [14]. These samples
showed no enhanced production of
cytokines after stimulation. This shows
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that enhanced cytokine production
after LPS stimulation is brought off
exclusively by the CD14 molecule and
therefore by monocytes.

CRP, TNF-α, IL-10 and neopterin
measurement
CRP, TNF-α and IL-10 levels were
determined by using a validated sand-
wich enzyme-linked immunosorbent
assays (ELISA) [15-17]. In brief,
Costar plates number 9018 (Costar,
Badhoeve-dorp, The Netherlands) were
respectively coated with antibodies to
CRP (A-073, Dakopatts, Glostrup,
Danmark), TNF-α (MAB610, R&D
systems inc., Minneapolis, USA) and
IL-10 (Moab 18551D, BD Pharmigen,
Bedford, USA) overnight. Sub-
sequently, for CRP measurements
plates were incubated with samples in
duplo in a 1:125 dilution and samples
were diluted with incubation buffer
containing: 0.05 M Tris-HCl, 0.30 M
NaCl and 0.05% Tween-20. For TNF-
α and IL-10 measurements plates were
incubated with TNF-α and IL-10
samples in 1:2, 8, 32 and 128 dilutions,
whereas these samples were diluted
with incubation buffer containing: 0.01
M PBS, 0.05% Tween-20 and 0.2%
gelatin. CRP, TNF-α and IL-10
standards were made respectively with:
4 µg/ml ORCE 02/03 (Boehringer,
Mannheim, Ger-many), 20 µg/ml r-h
TNF-α (Boehrin-ger) and 500ng/ml r-h
IL-10 (BD Pharmigen). CRP, TNF-α
and IL-10 detection was respectively
done with 1:2000 rat anti-human CRP
bound to horseradish peroxydase
(HRP) (P-227, Dakopatts), 1:2000 goat
anti-human TNF-α-Biotin (Nr. 21335,
Pierce, Rock-ford, USA) and 1:500
monoclonal antibody 18562D (BD
Pharmigen). The TNF-α and IL-10
plates were then treated with 1:8000
Streptavidin labeled with poly-HRP
(CLB, Amsterdam, The Netherlands).

Between each step the plates were
washed 5 times with washing buffer
containing: 0.025 M Tris-HCl, 0.15 M
NaCl and 0.05% Tween-20. In all 3
ELISA’s tetramethylbenzidin (TMB;
Brunschwig Chemie, Amsterdam, The
Netherlands) was used as chromogen.
The chromogen reaction was stopped
by adding 2N sulphuric acid.
Extinctions were measured with an
Emax scanner (Molecular devices,
Sunnyvale, USA) at 450-575 nm and
calculated with Softmax Pro software
(Molecular devices, Sunnyvale, USA).
Neopterin levels were measured by
commercially available ELISA
(Brahms Diagnostica GmbH,
Germany). All ELISA’s had a C.V. of
less than 10%.

Cytokine production in whole
blood after LPS-stimulation was
calculated by subtracting the cytokine
concentration in the unstimulated
sample from that in the LPS-incubated
sample. Cytokine production per 10E6
monocytes was calculated by dividing
the total cytokine production by the
number of monocytes in the peripheral
blood smear.

Statistical analysis
For the comparison of the baseline
characteristics between groups, contin-
uous variables were analysed by
Kruskall-Wallis or Wilcoxon's 2-
sample test. In case of categorical
variables, a Chi-square test or a
Fisher's exact test was used, when
appropriate. Descriptive statistics are
presented as median values and
interquartile range or as percentages.
Univariate ANOVA was performed to
identify factors influencing the inflam-
matory parameters. Variables having a
univariate P-value <0.15 where
included
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Table 1. Baseline characteristics.

Acute coronary
syndromes (n=22)

Stable athero-
sclerosis (n=50)

Healthy
controls (n=22)

P-value*

Age, y 52(41-65) 54(46-60) 48(44-53)   0.09
Sex (M/F,(%M)) 21/1(95) 33/17(66) 15/7(68)   0.03
Systolic blood pressure (mmHg) 135(115-153) 140(130-158)   0.24
Total cholesterol (mmol/L) 5.8(5.3-6.9) 5.6(4.7-6.2)   0.11
Medication

Aspirin, n(%) 14(64) 33(66)   1.00
Nitrates, n(%) 10(45) 8(16)   0.02
Statins, n(%) 4(18) 36(72)   <0.001
Beta-blockers, n(%) 6(27) 33(66)   0.04
ACE-inhibitors, n(%) 2(9) 16(32)   0.04
Calcium antagonists, n(%) 4(18) 9(18)   1.00
Diuretics, n(%) 1(5) 6(12)   0.43

Risk factors
Smoking, n(%) 14(64) 38(76)   0.39
Family history, n(%) 7(32) 25(50)   0.20

* The P-values for three groups were calculated with the Kruskall-Wallis or Chi-square test, where appropriate.
The P-values for two groups were calculated using either Wilcoxon's two sample test or Fisher's exact test.

in a multivariate analysis. Backward
selection was used to construct a multi-
variate model. Correlations were cal-
culated using Spearman’s Rho. A two-
sided P-value < 0.05 was considered
statistically significant. All statistical
analyses were carried out using SAS
version 6.12 (Cary, NC).

RESULTS

Patient characteristics are presented in
table 1. The patients with ACS were
predominantly male as compared to the
patients with stable vascular disease
and the healthy controls (95 vs. 66 vs.
68 % male, P =0.03). However,
multivariate analysis showed that
gender was not a major determinant
influencing outcome. Risk factors for
cardiovascular disease were not
different between the patients groups.

With respect to cardiovascular
medication patients with stable
vascular disease used more lipid-
lowering medication, beta-blockers,
ACE- inhibitors and nitrates, whereas
the use of aspirin, diuretics and

calcium antagonists did not differ
between both groups.

Levels of CRP, neopterin and white
blood cell counts
As expected CRP levels were higher in
patients suffering from vascular
disease compared with the healthy
controls (P <0.001). However, no
difference was found between CRP
values of both patient groups (P =0.90;
table 2, figure 3). CRP levels cor-
related with neopterin levels (r = 0.401,
P <0.001) and white blood cell count (r
= 0.272, P=0.004).

White blood cell counts were
highest in patients with ACS as
compared to patients with stable
atherosclerotic disease and healthy
control groups respectively (P <0.001;
table 2, figure 2).

LPS-induced IL-10 production
IL-10 levels are provided in table 2 and
graphically displayed in figure 1. IL-10
production per 10E6 monocytes (P =
0.002) as well as total IL-10
production (P = 0.003) after LPS
stimulation was markedly and
significantly lower in the ACS group
as compared to patients with
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Table 2. Biological and experimental parameters.

Acute coronary
syndromes (n=22)

Stable athero-
sclerosis (n=50)

Healthy controls
(n=22)

P-value*

CRP, mg/L 1.51(0.84-4.50) 2.09(0.91-3.57) 0.43(0.30-1.20)   <0.001
IL-10 after LPS
challenge (pg/mL)

16,175(7,559-28,470) 28,379(12,601-
73,968)

63,830(22,040-
168,000)

  0.003

IL-10  (pg per
10E6 monocytes)

30,339(15,150-
44,049)

45,730(22,876-
189,000)†

110,000(38,259-
357,000)

  0.002

TNF-αααα after LPS
challenge (pg/mL)

7,313(4,740-12,615) 11,002(5,913-14,190) 8,229(5,227-11,364)   0.29

TNF-αααα (pg per
10E6 monocytes)

15,234(9,263-20,356) 17,950(11,585-
25,670) †

18,980(11,616-25,827)   0.35

White blood cell
count, (*10E6 cells)

9.2(7.5-12.4) 7.1(6.3-8.4) 5.7(5.2-6.7)   <0.001

Neopterin (nmol/L) 7.4(6.0-8.7) 7.1(6.0-8.9) 6.4(5.6-7.3)   0.07
* The P-values for three groups were calculated with the Kruskall-Wallis or Chi-square test, where
appropriate. † n=49

stable atherosclerosis and healthy con-
trols. In the unstimulated samples, an
insignificant spontaneous production
of cytokines was found (data not
shown). IL-10 production in stable
atherosclerosis patients was not
significantly lower as compared to
healthy controls (P = 0.163). In the
overall population, IL-10 production
after monocyte activation was ne-
gatively correlated with neopterin
levels (r = -0.192, P = 0.042) and white
blood cell count (r = -0.276, P= 0.003).

LPS-induced TNF-α production
LPS-induced TNF-α per 10E6 mono-
cytes as well as total TNF-α levels for
the ACS-, stable vascular disease- and
healthy control group were not signifi-
cantly different between the groups (P
= 0.29; table 2, figure 4) Linear
correla-tions for the whole population
were found between TNF-α and
monocyte count (r = 0.347, P<0.001).

DISCUSSION

The pathogenesis of plaque rupture is
characterised by an inflammatory
process in which activated monocytes

play an important role [2]. Monocyte
activation in unstable coronary syn-
dromes is thought to be a result of
enhanced cytokine production by T-
lymphocytes [18;19]. Pro- and anti-
inflammatory cytokines can either
activate or deactivate this inflam-
matory reaction.

We demonstrate, for the first time,
that in patients with acute coronary
syndromes, activated monocytes
produce lower amounts of IL-10 after
LPS-stimulation, but that the LPS-
induced production of TNF-α, a pro-
inflammatory cytokine, by monocytes
did not differ between stable and
unstable atherosclerotic disease.
Patients with stable and unstable
atherosclerotic disease displayed a
comparable inflammatory state, reflect-
ed by elevated levels of CRP and white
blood cell counts. Furthermore, levels
of neopterin tended to be higher in our
patients as well, indicating monocyte/
macrophage activation as was reported
previously [4-6]. Our findings suggest
that a lack of anti-inflammatory
counterbalance might be the culprit for
enhanced inflammation as found in
patients with unstable atherosclerotic
disease.
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Interleukin-10 is a major immuno-
modulatory cytokine that is produced
by monocytes/macrophages, T helper
type 2 cells , regulatory T-cells and B-
cells. It inhibits a broad array of
inflammatory processes such as T
helper type 1 cell (pro-inflammatory)
cytokine production, antigen presen-
tation and antigen-specific T-cell
proliferation [20]. It is demonstrated
that IL-10 decreases inflammatory
activity in vivo, as shown in T helper
type 1 mediated diseases such as
psoriasis [22].

In recent years a lot of attention
has been given to the role of IL-10 in
the pathogenesis of atherosclerosis and
the acute coronary syndromes. A
protective role for IL-10 in athero-
sclerosis has been emphasised by a
number of studies. Uyemura et al. [20]

demonstrated that IL-10 was virtually
absent in atherosclerotic plaques and
that it had deactivating properties on
the T helper 1 immune response. Re-
cently, a protective role for IL-10 in
atherosclerosis was suggested by
demonstrating that IL-10 transgenic
mice had reduced lesion size after an
atherogenic diet [11], and Mallat et al.
[12] demonstrated abundant athero-
sclerosis in IL-10 -/- mice, a process
that could partly be prevented by the
transfer of murine IL-10. In a clinical
study, Smith et al. [23] noticed that
levels of IL-10 were decreased in
patients with acute coronary syn-
dromes. In line with their findings, we
demonstrate that in particular mono-
cytes of these patients have a deficient
production of this apparently important
cytokine.
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The study as presented here is cross-
sectional and samples are small, there-
fore we can not provide insight in
whether the lack of IL-10 production
by monocytes is transient or persistent
in our patients. It may, therefore, have
been that the monocytes of the patients
with ACS were 'exhausted' in their IL-
10 production, this could explain the
negative overall correlation that was
found between IL-10 levels and levels
of neopterin and white blood cell
counts. However, one would have
expected a lower TNF-α production as
well. The fact that patients with stable
atherosclerotic disease have a de-
creased IL-10 production as compared
to healthy controls, but higher than in
patients with ACS, suggests that it is a
chronic feature of atherosclerotic
cardiovascular disease that may be
enhanced by an acute exacerbation. It
can therefore be speculated that
restoration of the inflammatory cyto-
kine balance, e.g. by supplying recom-
binant IL-10, may prove beneficial in
patients with ACS. However, this issue
remains speculative, but it provides a
challenge for future research.
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Summary, discussion & future perspectives:

Tackling inflammation in cardiovascular disease
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Atherosclerosis is nowadays regarded as
an inflammatory disease. The compli-
cations as well as the prognosis in
atherosclerotic cardiovascular disease are
related to inflammation. Moreover, several
therapies aiming to prevent cardiovascular
disease are thought to exhibit their
beneficial effects through modulation of
the inflammatory response. The first part
of this thesis emphasised the role of the
inflammatory response in atherosclerotic
cardiovascular disease. The second part
focused on the role of leukocyte activation
as an important contributor to the
pathogenesis and outcome of the acute
coronary syndromes.

PART I: THE INFLAMMATORY RESPONSE
IN ATHEROSCLEROSIS

The first part of this thesis has focused on
the systemic representatives of the ongoing
vascular inflammation that characterises
atherosclerosis in all its clinical stages.
Chapter 1 provided an overview of the
current views on the role of inflammation
in the pathogenesis of atherosclerosis.
From a historical point of view it can be
learned that the concept of atherosclerosis
as an inflammatory disease is not novel.
Already in the nineteenth century, Virchow
proposed intimal inflammation to be the
underlying cause of ‘endarteritis defor-
mans’, later known as atherosclerosis.
Another view on the disease was given by
Rokitansky who blamed elements from the
blood to be responsible for the vascular
occlusion that causes ischemia in tissues.
Later, the focus turned to cholesterol as a
dietary as well as an inheritable factor that
causes lipid accumulation in the vessel
wall. Eventually, it turned out that all
theories held some truth and Ross
integrated them in his response-to-injury
theory. It is now conceived that
cardiovascular risk factors such as
smoking, hypercholesterolemia, diabetes
mellitus and hypertension cause endo-
thelial dysfunction and provoke an

inflammatory response. The precise
mechanism for each risk factor to cause
inflammation is not precisely known, but
mechanisms involving oxidative stress are
considered common denominators. The
low-grade inflammation triggers circu-
lating monocytes to attach to the vessel
wall. This promotes further inflammation,
finally resulting in the complicated
atherosclerotic plaque that gives rise to
clinical manifestations of cardiovascular
disease.

The important role of the immune
system in atherogenesis has led to
numerous investigations aiming to identify
systemic markers of inflammation that
would be able to predict the existence and
course of cardiovascular disease. The most
prominent biomarker in atherogenesis is C-
reactive protein (CRP). This acute phase
protein proved predictive for cardio-
vascular events in patients at risk for
cardiovascular disease as well as for the
outcome of patients that already suffered a
cardiovascular event. Other markers of
vascular inflammation such as soluble cell
adhesion molecules and levels of cytokines
have provided insight in pathogenetic
mechanisms underlying clinical cardio-
vascular disease. However, their use in
clinical practice is not yet opportune since
a lot of controversy on the validation of
measurements remains. Also, study results
are conflicting and there is doubt about the
evidence that these markers add to risk
prediction by established risk factors.

In Chapter 2 the relation between two
hallmarks of early atherosclerosis, inflam-
mation and endothelial function, has been
investigated. We studied a group of, yet
clinically unaffected, patients with familial
hypercholesterolemia. Although both
enhanced inflammation, as defined by
elevated levels of CRP, and endothelial
dysfunction, as defined by a decreased
flow-mediated vasodilatation, were present
in these patients, no relation between the
two entities could be established. Our
findings in this study were not in
accordance with reports by others. The
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pros and contras of endothelial function
testing as tools for cardiovascular risk
stratification were discussed. Also, the
relationship between inflammation and
endothelial function was discussed in the
light of the current knowledge. Others have
described a relation between inflammation
and endothelial function in patients with
severe vasculitis or patients that had
received a S. Typhi vaccination. A relation
between the two aspects of atherosclerotic
disease has also been reported in patients
with an acute coronary syndrome. We
conclude that more outspoken inflam-
mation is required to coincide with
endothelial dysfunction in patients without
clinically overt atherosclerosis.

Chapter 3 described the results of a
small intervention trial in which patients
with established atherosclerotic cardio-
vascular disease were treated with
fluvastatin, a HMG CoA inhibitor. We
found that upon treatment, besides lipid
lowering, there was a decrease of levels of
the soluble cell adhesion molecules ICAM-
1 and E-selectin as well as a transient
reduction in levels of neopterin and a
reduction in levels of CRP. These findings
support for the hypothesis that statin
therapy in patients with cardiovascular
disease is beneficial due to a combined
effect on monocyte/macrophage activity,
endothelial function and inflammatory
activity.

Another intervention trial has been
described in Chapter 4. Inflammation in
cardiovascular disease is thought to be
partly the result of an activated renin
angiotensin system. Considering the effects
of angiotensin II on the immune system
and the vessel wall, a qualification for
angiotensin II as a pro-inflammatory
cytokine is well merited. We demonstrated
that treatment with an angiotensin-
converting enzyme (ACE)-inhibitor re-
duced levels of the adhesion molecule s-
ICAM-1 but not CRP. Only recently, the
first prospective studies confirmed the
long-standing thought that ACE-inhibitors
are effective in reducing coronary

atherosclerotic events. The findings in our
study contribute to the hypothesis that this
reduction is the result of anti-inflammatory
properties of ACE-inhibitors. However,
CRP levels were not lowered by the study
drug, and, until today, ACE-inhibitors have
not been reported to reduce CRP levels.
We hypothesised that ACE-inhibitors
affect the inflammatory cascade via a
different mechanism than other drugs
known to reduce CRP levels, such as
statins or aspirin. The debate is still out on
whether the beneficial effects of ACE-
inhibitors could be the result of their blood
pressure lowering effects. Other blood
pressure lowering therapies, however, have
not yet been reported to induce a reduction
in inflammation. There is also evolving
evidence that treatment with ACE-
inhibitors results in a reduced prevalence
of diabetes mellitus, probably by a
decrease in insulin resistance. This could
also account for a reduced inflammatory
response, since diabetes and the associated
metabolic syndrome are both known to be
strong pro-inflammatory conditions. Thus,
much of the potential anti-inflammatory
capacity of ACE-inhibitors has yet to be
elucidated.

In Chapter 5 we addressed the
hypothesis that an autoimmune phenome-
non may be responsible for the fact that
some patients experience so-called pre-
mature atherosclerosis. In a large cohort of
patients we determined the presence of
anti-neutrophil cytoplasmatic antibodies
(ANCA). These antibodies are found in
patients with vasculitis, where they are
supposed to induce the pathophysiological
process of vasculitis. We hypothesised that
premature atherosclerosis could be a form
of low-grade vasculitis and that ANCA
may be present in a substantial proportion
of patients. This hypothesis could not be
confirmed. The prevalence of ANCA
positive patients in our cohort was not
different from the prevalence found in
population-based studies. Moreover, in the
ANCA-positive patients we found no
evidence for enhanced inflammation,
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vasculitis, or other autoimmune pheno-
mena. On the other hand, we confirmed
that patients with premature atherosclerosis
are exposed to a substantial number of
established cardiovascular risk factors.

PART II: LEUKOCYTE ACTIVATION IN
ATHEROSCLEROSIS

The pathogenesis of early as well as
advanced atherosclerosis is dominated by a
constant input of monocytes/macrophages,
T-lymphocytes and even mast cells from
the circulation to the site of the athero-
sclerotic plaque. In the second part of this
thesis, the role of leukocyte activation in
the acute coronary syndromes was
investigated.

Histologic studies have reported that,
besides activated monocytes/macrophages,
T-lymphocytes, smooth muscle cells and
endothelial cells, activated mast cells are
also present in specimen of atherosclerotic
plaque. Mast cells localise especially in the
rupture prone shoulder region, albeit in far
lower numbers than the other cellular
components of the plaque. Given the fact
that activated mast cells are capable of
producing a large number of pro-
inflammatory substances and proteolytic
enzymes, it is likely that they also
contribute to plaque disruption.

In Chapter 6 we have investigated if
tryptase, a very sensitive marker of mast
cell activation, is elevated in patients with
acute coronary syndromes. No elevation of
tryptase was found in patients with acute
myocardial infarction and unstable angina
pectoris as compared to patients who
presented with atypical chest pain. Also,
levels of tryptase did not correlate with
those of CRP. Therefore, we concluded
that mast cell activation, if any, in acute
coronary syndromes is not reflected
systemically.

In Chapter 7, monocyte/macrophage
activity in atherosclerotic disease is
reviewed, focussing on the role of neop-
terin, a marker of monocyte/macrophage
activity. Multiple studies have investigated

this biomarker in patients with different
stages of atherosclerosis. It is concluded
that neopterin levels in serum are elevated
in patients with acute coronary syndromes
as compared to patients with stable disease.
Also, it can be assumed that serum
neopterin levels reflect the extent of
cardiovascular disease. Importantly, it
should be noticed that neopterin is elevated
in a number of inflammatory diseases and
that especially infectious and/or malignant
diseases are known to elevate neopterin
levels as well. This could also explain the
fact that age is an important determinant of
neopterin levels. Cross-sectional studies in
healthy blood donors, demonstrated that
neopterin levels strongly correlated with
age.

Most studies investigating neopterin in
cardiovascular disease that were performed
to date, were associative and no data were
yet available on the prognostic value of
neopterin in patients with coronary artery
disease. This issue was addressed in
Chapter 8. In the acute coronary syn-
dromes, i.e. unstable angina pectoris and
myocardial infarction, there is an enhanced
inflammatory response accompanying the
clinical events. This inflammation is
especially important in unstable angina
pectoris and non-Q wave myocardial
infarctions since the level of inflammation
in these disease entities is highly predictive
for the outcome of the event. Remarkably,
this is not the case in the Q-wave
myocardial infarctions, perhaps because of
the fact that in the latter there is substantial
myocardial necrosis that causes an inflam-
matory response itself. We investigated
levels of neopterin and CRP in a cohort of
210 patients who suffered a non-Q wave
myocardial infarction. After one year of
follow-up, patients with elevated levels of
neopterin or CRP more often met the end
point. The risk for an adverse event during
follow-up was most outspoken in patients
who had both biomarkers elevated. These
data confirm that monocyte/macrophage
activity is an important feature in the acute
coronary syndromes.
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In Chapter 9 we investigated the func-
tional qualities of peripheral monocytes
from patients with acute coronary
syndromes and stable coronary artery
disease. It proved that, upon activation
with bacterial endotoxin (lipopoly-
saccharide) the production of the anti-
inflammatory cytokine interleukin-10 was
drastically diminished in patients with
acute coronary syndromes. On the other
hand there was no substantial difference in
the production of the pro-inflammatory
cytokine TNF-α. Therefore, it is likely that
there is a disrupted anti-inflammatory
counterbalance in these patients. These
results, combined with the finding that IL-
10 protects against atherosclerosis in
animal models of atherosclerosis, may
shed new lights on the pathophysiology of
the acute coronary syndromes and suggest
that restoration of the anti-inflammatory
mechanisms may become a therapeutic
goal in the acute coronary syndromes

INFLAMMATION AND THE IMMUNE
SYSTEM IN ATHEROSCLEROSIS: FUTURE
PERSPECTIVES.

The rapid evolution of molecular
techniques in medicine has provided us
with an enormous amount of information
regarding pathophysiological mechanisms
in almost all known diseases. Interestingly,
diseases with completely different clinical
presentations or even etiologies, appeared
to have a lot in common. Atherosclerosis
has been demonstrated to have striking
pathophysiologic similarities with seem-
ingly unrelated diseases such as cirrhosis,
rheumatoid arthritis, chronic pancreatitis,
pulmonary fibrosis and glomerulosclerosis
[1]. Therefore, a lot can be learned from
the pathophysiology of other inflammatory
diseases. Since inflammation has been
identified as a major component of
atherosclerotic vascular disease it seems
rational to further explore the inflam-
matory response as 1) a prognostic tool in
clinical management and 2) a possible
target for intervention.

The inflammatory response as a clinical
tool
Abundant evidence has emerged demon-
strating that CRP has the potential to be
used as a risk indicator in cardiovascular
disease [2]. In a recent report by the
American Heart Association and the
Centers for Disease Control, the first
guidelines for the use of biomarkers in
cardiovascular disease were provided [3].
Although most of the statements were
Class IIa or b evidence based (conflicting
evidence) the Writing Group concluded
that high sensitivity CRP testing should be
performed as an adjunct to major risk
factors in patients with an intermediate risk
cardiovascular profile. However, a lot of
issues concerning CRP testing in
cardiovascular disease remain unresolved.
Firstly, no clinical trials have been
published in which an inflammation guided
treatment modality is tested [4]. Since, for
example, a post-hoc analysis of the CARE
study has suggested that patients with
elevated levels of CRP but normal lipid
values should benefit from statin treatment
[5], this should be investigated in a
prospective manner. Also, CRP testing
should be further explored in patients with
acute coronary syndromes. Several smaller
studies have demonstrated that CRP values
at admission in patients with unstable
angina pectoris are predictive for an
adverse outcome [6-8]. However, no
inflammation-guided trials have been
performed to date in these patients as well.
Importantly, known risk factors such as
smoking and obesity are associated with
elevated CRP levels either. Also, other
biomarkers such as neopterin, cytokines,
cell adhesion molecules and potential new
ones should be further investigated for the
picture has not yet been completed. For
example, it was demonstrated that
pregnancy-associated plasma protein A
(PAPP-A), a metalloproteinase, was abun-
dantly present in unstable coronary plaques
but not in stable plaques. Although novel,
this is not really surprising, since it is
thought that metalloproteinases are largely
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responsible for degrading the fibrous cap
of the atherosclerotic plaque, thus inducing
an unstable plaque fenotype [9]. Serum
levels of PAPP-A were strongly elevated
in patients with acute myocardial infarction
and unstable angina pectoris as compared
to stable angina and controls [10] and
PAPP-A identified patients with unstable
angina who had both low levels of troponin
I or CRP. Other biomarkers, that are not
specifically linked to inflammation may
hold promises for the future as well. The
neurohormone B-type natriuretic peptide
(BNP) has been demonstrated to predict
the short- and long-term occurrence of
adverse events in patients with different
kinds of acute coronary syndromes[11;12].
BNP is a natriuretic and vasodilatory
peptide that is regulated by ventricular wall
tension. It has proved useful as a
prognostic marker in patients with heart
failure [13]. The fact that different
processes reflected by different markers
have proven predictive in patients with
acute coronary syndromes has led to the
first attempts in defining a multi-marker
strategy to predict adverse events in the
acute coronary syndromes [14].

The value of CRP testing alone or in
combination with other biomarkers to
evaluate therapeutic measures needs
further exploration, since the degree of
inflammation may discriminate between
patients who need specific treatments and
those who do not. Currently, we are in-
vestigating whether statin therapy is able to
attenuate the inflammatory response as
measured by serum levels of various
markers.

Inflammation as a therapeutic target
All stages of atherogenesis can be
considered as an inflammatory response to
injury. Many of the underlying mecha-
nisms have been elucidated, providing the
basis for potential new therapeutic
strategies, such as treatment with anti-
bodies targeted to molecules involved in
atherogenesis or modification of genetic
processes. But also established therapies

are able to affect the atherosclerotic
process through modulation of the
inflammatory response. It is now clear that
therapies such as HMG CoA inhibitors
exert their beneficial effects partly through
modulation of the immune system [15;16].
Statin therapy is likely to reduce the levels
of inflammatory biomarkers [17]. Statins
display a broad array of pleiotropic effects
and are even reported to influence bone
metabolism. There is still a debate whether
these effects are the result of lower serum
cholesterol levels or the result of other
mechanisms. From epidemiologic studies
we know that the prevalence of athero-
sclerotic cardiovascular disease is lowest in
those countries were people have the
lowest levels of serum cholesterol. It is
also known that dietary measures such a
lower intake of saturated fats and
cholesterol, high intake of polyunsaturated
fats and moderate alcohol consumption are
associated with a lower rate of cardio-
vascular diseases [18]. In an animal model
it was demonstrated that dietary lipid
lowering reduced atherosclerotic plaque
inflammation [9]. Other established
cardiovascular therapies such as inhibition
of the renin-angiotensin system with ACE-
inhibitors [19;20] and aspirin [21] are also
thought to modulate the inflammatory
response. Other drugs that are currently in
use for patients with acute coronary
syndromes such as clopidogrel [22], a
platelet aggregation inhibitor, and
abciximab [23], a glycoprotein IIbIIIa
blocker, are thought to have anti-
inflammatory effects as well, although the
mechanisms are not completely clear. The
inflammatory response at cellular level is
regulated by transcription factors. In
atherosclerosis the most important tran-
scription factors are nuclear factor κB
(NFκB), and the peroxisome proliferator-
activator receptors α and γ (PPARα and
PPARγ). NFκB is the most important
mediator of inflammation in atherogenesis.
Almost all known cardiovascular risk
factors are known to activate NFκB
transcription. It is activated in the
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cytoplasm of different inflammatory cells
by binding of angiotensin II, oxidised
LDL, cytokines, lipopolysaccharide or
advanced glycosylated endproducts to their
respective receptors on the cell membrane.
From the cytoplasm, NFκB is translocated
to the nucleus, where it binds to target
genes that are subsequently transcribed.
Theoretically, suppression of the NFκB
system could prove beneficial in treating
cardiovascular disease. On the other hand
it is known that NFκB activation leads to
the production of antiapoptotic factors and
also the cardioprotective effects of
ischemic preconditioning are in part
attributed to NFκB activation [24].
Inhibition of NFκB in macrophages of
LDL-receptor knock-out mice, para-
doxically led to more severe athero-
sclerosis. Possibly because NFκB in-
hibition resulted not only in a decrease in
pro-inflammatory but also in anti-inflam-
matory cytokines such as IL-10 [25]. To
date, no direct therapies influencing NFκB
are available [26].

The PPARs are important mediators of
the inflammatory response as well. Both
PPARα and PPARγ influence the
inflammatory response in atherogenesis,
and currently therapies are available that
act through activation of PPAR meta-
bolism. PPARα, for example, is activated
by fibrates whereas PPARγ is induced by a
new group of anti-diabetic medication the
so-called glitazones. The beneficial effects
of fibrates on preventing cardiovascular
events have already been established in
large clinical trials [27], whereas those of
the glitazones are merely supported by a
large amount of pre-clinical studies. Their
use as anti-atherogenic medication in
clinical practice has not yet been
established [28].

The immune system itself may prove
an interesting target in anti-atherosclerotic
therapy. Especially anti-inflammatory me-
chanisms provide an interesting target for
future developments. In animal studies as
well as in clinical studies, a pivotal role for
IL-10, has come forward [29]. IL-10 is a

pleiotropic cytokine that is produced by
Th2 type T lymphocytes, monocytes/
macrophages and B cells. It exerts strong
anti-inflammatory effects on a broad range
of cells by blocking NFκB activity [30].
Studies in patients with inflammatory
bowel disease, using recombinant IL-10,
were rather disappointing and surprisingly
resulted in induction of the pro-
inflammatory cytokine IFNγ and higher
neopterin levels [31]. But, recently,
promising results have been presented in
animal models using gene therapy for the
induction of IL-10 [32;33]. Another
immunological mechanism that holds
promises for the future, is the CD40-
CD40ligand (CD154) signalling system.
The CD40 receptor is expressed on T-
lymfocytes and binding activates these
cells to promote an inflammatory response
[34]. Antibody treatment directed against
CD40 ligand in atherosclerotic mice has
proven to delay plaque formation [35].
Currently, anti-CD154 therapy is under
investigation in patients with systemic
lupus erythematosus. Although the therapy
proved safe, no beneficial effects have yet
been reported [36].

Modulation of inflammation can also
be expected from therapies that enhance
serum levels of  HDL-cholesterol. HDL
itself has anti-inflammatory activity, pos-
sibly through inhibition of NFκB or
through scavenging effects attributed to its
apolipoprotein A1, but this needs further
investigation [30].

A major concern for public health is
the evolving epidemic of the metabolic
syndrome. This syndrome is defined as the
combination of at least three of the
following factors: abdominal obesity,
hypertension, hypertriglyceridemia, low
HDL-cholesterol levels and an impaired
glucose tolerance. The syndrome is
strongly associated with enhanced in-
flammatory activity supposedly arising
from IL-6 production by adipocytes [37]
and patients with the metabolic syndrome
are at increased risk for developing
diabetes mellitus and cardiovascular
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disease. In a large cohort of apparently
healthy women it was demonstrated that
elevated levels of CRP added to the risk
profile of patients with the metabolic
syndrome [38]. Thus, besides life-style
modification, strategies aimed at reducing
inflammation may also prove beneficial in
these patients.

Recently, a set of so-called
‘protective’ genes has gained attention.
One of them is the gene encoding for
hemeoxygenase-1 (HO-1). HO-1 is an
enzyme that is upregulated in most human
cells upon a large number of (oxidative)
stressors. It is believed that it exerts its
protective effects partly via the production
of carbon monoxide (CO) through the
degradation of heme [39]. Very recently it
was demonstrated that CO inhibits athero-
sclerotic lesion formation, possibly through
a mechanism involving the generation of
cGMP, the activation of p38 mitogen-
activated protein kinases and the expres-
sion of the cell cycle inhibitor p21(Cip1)
[40]. Also, exogenous suppletion of low
doses of CO inhibit monocyte activation
[41].

The most potent anti-inflammatory
and immunomodulating drugs that are in
use for a long time are corticosteroids.
Historically, they are known to protect the
heart from ischemic injury [42]. However,
their use in a clinical setting has been
hampered by their ability to reduce wound
healing and scarring, leading to the
development of cardiac aneurysms and
potentially fatal cardiac ruptures [43]. New
investigations have re-opened this line of
research and have shown that corti-
costeroids protect the ischemic myo-
cardium by activating endothelial nitric
oxide synthetase [44]. Moreover, in a
clinical trial of patients with stable angina
pectoris awaiting revascularisation, pred-
nisone therapy after stent implantation was
found to reduce clinical events as well as
the angiographic restenosis rate [45]. Thus,
it can be postulated that a reappraisal of
corticosteroids is warranted in acute coro-
nary syndromes in which myocardial

damage is limited, such as unstable angina
pectoris and non Q-wave myocardial
infarction. Local coronary drug delivery
via drug eluting stents, may prove an
interesting option for many new therapies,
since systemic side effects often limit the
use of new drugs.

Conclusion
Atherosclerosis and its clinical sequelae
are the result of a longstanding, low grade
inflammatory response in which there is an
interplay between the cells of the immune
system, and those of the vessel wall such
as endothelial cells and smooth muscle
cells. The current insights in the patho-
physiology of atherosclerosis have led to
new ways of identifying patients at risk by
measuring levels of inflammatory markers,
such as CRP and neopterin. Today’s
knowledge has opened directions for new
therapies and it has shed new light on
established therapies. Inflammation in
cardiovascular disease is the response to
multiple injuries by modifiable risk factors
such as smoking, dyslipidemia, diabetes
mellitus, obesity and hypertension.
Therefore, the greatest efforts should still
be reserved for prevention programmes,
because the Western world is facing an
epidemic of obesity and diabetes, whereas
the incidence of atherosclerotic cardio-
vascular diseases is rising globall
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Hart- en vaatziekten zijn nog steeds de
belangrijkste oorzaak van sterfte in de
Westerse wereld. Zij zijn veelal het gevolg
van een chronisch proces dat leidt tot
vaatvernauwing: atherosclerose. Athero-
sclerose wordt tegenwoordig beschouwd
als een inflammatoire aandoening. Zowel
de complicaties als de prognose van
atherosclerotische hart- en vaatziekten
hangen nauw samen met ontsteking.
Belangrijk is dat veel van de behan-
delingen gericht tegen het voorkómen van
hart- en vaatziekten, hun gunstige werking
deels hebben te danken aan een
ontstekingsremmend effect. Dit proefschrift
behandelt de rol van ontsteking bij
atherosclerotische hart- en vaatziekten.
Het eerste deel van het proefschrift gaat
over de rol van de ontstekingsreactie bij
patiënten met verschillende manifestaties
van atherosclerotisch hart- en vaatlijden.
Het tweede deel beschrijft de rol van
activatie van witte bloedcellen als
onderdeel van het ziekteproces en als
prognostische factor bij patiënten met
acute coronaire syndromen.

DEEL I: DE ONTSTEKINGSREACTIE BIJ
PATIËNTEN MET ATHEROSCLEROSE.

Het eerste deel van het proefschrift spitst
zich toe op de systemische merkers van de
chronische vaatontsteking die het athero-
sclerotische proces tijdens alle stadia
kenmerkt.

In Hoofdstuk 1 wordt een overzicht
gegeven van de huidige inzichten in de
pathogenese van atherosclerose. Vanuit
historisch oogpunt wordt duidelijk dat het
concept van atherosclerose als een
ontstekingsziekte niet nieuw is. In de
negentiende eeuw werd reeds door
Virchow gesteld dat ontsteking van de
intima wel eens de onderliggende oorzaak
kon zijn van wat toentertijd ‘endarteritis
deformans’ werd genoemd. Later werd dit
ziektebeeld bekend onder de naam
atherosclerose. Een andere visie werd
uitgedragen door Rokitanski, die van

mening was dat elementen in het bloed
verantwoordelijk waren voor de vaatob-
structie die aanleiding gaf tot ischemie in
de weefsels. Enige tijd later ging men zich
met name bezighouden met het cholesterol.
Het bleek namelijk dat zowel diëten met
een hoog cholesterolgehalte alsook
erfelijke aandoeningen waardoor het
serumcholesterol verhoogd raakt, vetop-
hoping in de vaatwand en hart- en
vaatziekten veroorzaken. Uiteindelijk
blijken alle theorieën een kern van
waarheid in zich te hebben. Ross heeft dit
geïntegreerd in zijn ‘antwoord-op-schade’
theorie. Tegenwoordig worden cardio-
vasculaire risicofactoren zoals roken,
hypercholesterolaemie, diabetes mellitus
en hypertensie gezien als de schadelijke
factoren die een ontstekingsreactie
uitlokken en endotheeldysfunctie veroor-
zaken. Het precieze mechanisme waardoor
elke risicofactor tot ontsteking leidt is
evenwel niet bekend. De gedachte is dat
oxidatieve stress hierbij een centrale rol
speelt.

Atherosclerose begint met een
laaggradige ontstekingsreactie, waarbij
circulerende monocyten aan de vaatwand
hechten. Hierdoor wordt een cascade van
processen op gang gebracht die resulteert
in het onderhouden van deze ontstekings-
reactie. Het uiteindelijke resultaat is een
gecompliceerde atherosclerotische plaque
die aanleiding geeft tot de bekende
klinische manifestaties van athero-
sclerotisch hart- en vaatlijden, zoals het
hartinfarct.

De belangrijke rol die het
immuunsysteem lijkt te hebben bij het
ontstaan van atherosclerose heeft tot een
groot aantal onderzoeken geleid, met als
doel systemische inflammatiemerkers te
iden-tificeren die het mogelijk zouden
maken om het bestaan en het beloop van
hart- en vaatziekten te voorspellen. De
meest gebruikte ontstekingsmerker is het
C-reactief proteïne (CRP). Dit acute-fase
eiwit is voorspellend gebleken voor het
optreden van hart- en vaatziekten binnen
een schijnbaar gezonde populatie. Ook was
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het sterk voorspellend voor het optreden
van recidief hart- en vaatziekten bij pa-
tiënten die reeds een cardiovasculaire
complicatie doormaakten. Andere merkers
van vaatontsteking zoals circulerende cel
adhesie moleculen, en cytokinespiegels
hebben inzicht gegeven in de pathogenese
die ten grondslag ligt aan hart- en
vaatziekten. Hun gebruik in de dagelijkse
praktijk lijkt echter nog ver weg, aan-
gezien er nog al wat tegenstrijdigheden
bestaan met betrekking tot de betrouw-
baarheid van de metingen. Ook is het zo
dat onderzoeksresultaten met deze mer-
kers niet eenduidig zijn, én er bestaat
twijfel over hun bijdrage aan het in-
schatten van het cardiovasculair risico bij
de individuele patiënt.

In hoofdstuk 2 is de relatie be-
studeerd tussen 2 belangrijke exponenten
van vroege atherosclerose: endotheel
dysfunctie en ontsteking. Patiënten met
familiaire hypercholesterolaemie, die nog
geen klinische uitingen van hart- en
vaatziekten hadden, werden bestudeerd.
Alhoewel er bij deze hoogrisico patiënten
sprake was van zowel toegenomen
ontstekingsactiviteit (verhoogd CRP)
alsook van endotheeldysfunctie (gedefi-
nieerd als een gestoorde endotheelcel-
afhankelijke vasodilatatie), was er geen
relatie tussen beide factoren. Ook
resulteerde een interventie met een HMG
CoA-remmer (statine), niet in een
vermindering van ontsteking, noch in een
verbeterde endotheelfunctie. De resultaten
zijn in tegenspraak met wat anderen
eerder rapporteerden. De relatie tussen
endotheeldysfunctie en inflammatie wordt
besproken. Zo werd eerder een relatie
gevonden tussen de mate van ontsteking
en endotheeldysfunctie bij patiënten die
een ernstige actieve vorm van vasculitis
hadden of bij patiënten die recent tegen S.
Typhi gevaccineerd werden. Ook werd
een dergelijk verband gezien bij patiënten
met een acuut coronair syndroom. De
conclusie lijkt te moeten luiden dat meer
ontstekingsactiviteit vereist is om samen
te gaan met endotheeldysfunctie bij

patiënten zonder klinisch manifest
vaatlijden.

Hoofdstuk 3 is het verslag van een
kleine interventiestudie waarbij patiënten
met bewezen atherosclerotisch hart- en
vaatlijden behandeld werden met fluva-
statine, een HMG CoA-remmer. Deze
behandeling resulteerde, behoudens de
verwachte daling van serumlipiden, in een
daling van plasmaspiegels van de
celadhesiemoleculen s-ICAM-1 en s-E-
selectine. Ook werd een tijdelijke daling
gezien van het plasma neopterine, een
weerspiegeling van monocyten/macro-
fagen activatie. Bovendien daalden de
waarden van het CRP. Deze bevindingen
ondersteunen de hypothese dat behande-
ling van patiënten met hart- en vaatziekten
met een statine mede gunstig is dankzij een
effect op monocyt/macrofaag activiteit,
endotheelfunctie en ontstekingsactiviteit.

Een andere interventiestudie staat
beschreven in hoofdstuk 4. Verondersteld
wordt dat een geactiveerd renine-angio-
tensine systeem verantwoordelijk is voor
een deel van de ontstekingsactiviteit ver-
oorzaakt bij atherosclerose. Met name de
pro-inflammatoire effecten van het hor-
moon angiotensine II zijn zodanig dat
sommigen het als cytokine kwalificeren.
Behandeling met een angiotensine-con-
verterend-enzym (ACE)-remmer bleek de
plasmawaarden van s-ICAM-1 te re-
duceren, maar niet die van het CRP.
Recent werd in grote prospectieve studies
de langbestaande gedachte bevestigd dat
behandeling met ACE-remmers resulteert
in een verminderd heroptreden van
coronaire hartziekten. De bevindingen in
onze studie dragen bij aan de hypothese dat
ACE-remmers dit mogelijk deels via een
een ontstekingsremmend effect bewerk-
stelligen. Omdat het CRP niet daalde werd
de mogelijkheid geopperd dat ACE-
remmers het onstekingsproces via een
andere weg beïnvloeden dan andere
medicamenten die wel het CRP doen
verlagen, zoals aspirine of statines. Daarbij
is het nog steeds de vraag of het effect kan
worden toegeschreven aan bloeddruk-
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verlaging, echter andere bloeddruk-
verlagende therapieën bewerkstelligen
geen modulatie van de ontstekingsreactie.
Een andere reden dat ACE-remmers het
ontstekingsproces bij atherosclerose moge-
lijk gunstig beïnvloeden, zou de vermin-
derde incidentie van diabetes mellitus
kunnen zijn, die bij patiënten die met
ACE-remmers worden behandeld.

In de studie die in hoofdstuk 5 werd
beschreven, wordt de hypothese getoetst
dat auto-immuun fenomenen ten grondslag
liggen aan het vóórkomen van premature
atherosclerose. In een groot cohort van
patienten met premature atherosclerose
werd de aanwezigheid van anti-neutrofiele
cytoplasmatische antilichamen (ANCA)
bepaald. Deze antilichamen worden
normaliter aangetroffen bij patiënten met
vasculitis van de kleine bloedvaatjes, waar
ze verondersteld worden het patho-
fysiologische proces te initiëren. De
hypothese luidde dat premature athero-
sclerose een vorm van laaggradige vas-
culitis zou zijn, en dat ANCA aanwezig
zouden zijn bij een substantieel aantal
patiënten met premature atherosclerose. De
hypothese kon evenwel niet worden
bevestigd. De prevalentie van ANCA
binnen ons cohort was vergelijkbaar met
de prevalentie zoals die gerapporteerd
wordt binnen de normale populatie. Ook
vonden we geen aanwijzingen voor
verhoogde ontstekingsactiviteit, vasculitis
of andere auto-immuun fenomenen.
Anderzijds bevestigen we de waarneming
dat patiënten met premature atherosclerose
veelal blootgesteld zijn aan een sub-
stantieel aantal ‘klassieke' cardio-
vasculaire risicofactoren.

DEEL II: LEUCOCYTEN-ACTIVATIE BIJ
PATIËNTEN MET ATHEROSCLEROSE.

De vroege zowel als de late pathogenese
van atherosclerose wordt gekenmerkt door
een continue bijdrage van monocyten/
macrofagen, T-lymfocyten en zelfs mest-
cellen die vanuit de circulatie naar de

atherosclerotische plaque migreren. In het
tweede deel van dit proefschrift onder-
zochten we de rol van leucocyten-activatie
bij patiënten met acute coronaire
syndromen.

Uit histologische studies van
gecompliceerde atherosclerotische plaques,
hebben we geleerd dat, naast geactiveerde
monocyten/macrofagen, T-cellen, gladde
spiercellen en endotheelcellen, er ook een
rol lijkt weggelegd te zijn voor
geactiveerde mestcellen bij de acute
coronaire syndromen. Mestcellen worden
vooral aangetroffen in de regio’s waar de
plaque kan scheuren. Mestcellen kunnen
bovendien een groot aantal pro-
inflammatoire mediatoren en proteo-
lytische enzymen produceren.

Dit gegeven leidde tot het onderzoek
beschreven in hoofdstuk 6. Onderzocht
werd of tryptase, een zeer gevoelige
merker van mestcelactivatie, verhoogd was
bij patiënten met een acuut coronair
syndroom. Er werd geen verhoogd tryp-
tasegehalte gevonden bij patienten met een
myocardinfarct of instabiele angina
pectoris in vergelijking met patiënten die
atypische (niet-cardiale) pijn op de borst
bleken te hebben. We concluderen dat
mestcelactivatie, zo het al een rol speelt,
niet systemisch kan worden gemeten aan
de hand van trypasespiegels, bij patiënten
met acute coronaire syndromen.

In hoofdstuk 7 wordt een overzicht
gegeven van de huidige kennis over
monocyt/macrofaag activatie bij athero-
sclerotisch hart- en vaatlijden. Met name
de rol van het neopterine, een merker van
monocyt/macrofaag activatie, wordt
besproken. Geconcludeerd wordt dat
neopterine spiegels verhoogd zijn bij
patiënten met acute coronaire syndromen
in vergelijking met patiënten stabiel hart-
en vaatlijden hebben. Aangenomen wordt
dat neopterine spiegels ook de
uitgebreidheid van het atherosclerotische
proces weerspiegelen. Belangrijk is te
realiseren dat neopterine spiegels ook
verhoogd zijn bij een groot aantal andere
inflammatoire aandoeningen zoals infectie-
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ziekten en maligniteiten. Dit kan ook een
verklaring zijn voor het feit dat leeftijd een
belangrijke determinant is van de hoogte
van de neopterinewaarden. De meeste
onderzoekingen naar de rol van het neop-
terine in cardiovasculaire ziekten die tot op
heden werden gerapporteerd, waren asso-
ciatief. Tot op heden waren nog geen data
bekend over de prognostische waarde van
het neopterine bij patiënten met coronaire
hartziekten.

In hoofdstuk 8 wordt hierop ingegaan.
Bij acute coronaire syndromen, zoals
onstabiele angina pectoris en het acute
myocardinfarct, worden de klinische
symptomen vaak begeleid door een
verhoogde ontstekingsreactie. Deze on-
tstekingsreactie lijkt met name belangrijk
te zijn bij patiënten met onstabiele angina
pectoris en non-Q golf myocardinfarcten,
aangezien de ontste-kingsreactie bij deze
ziektebeelden sterk voorspellend is
gebleken voor het ziektebeloop. Opmerke-
lijk is dat dit niet het geval is bij de
patiënten die een Q-golf myocardinfarct,
doormaken, mogelijk omdat bij deze
patiënten er sprake is van een ontstekings-
reactie die mede wordt geluxeerd door
uitgebreide myocard-necrose. Wij onder-
zochten de waarde van het neopterine en
CRP binnen een cohort van 210 patiënten
die een non-Q golf myocardinfarct
doormaakten. Een jaar na het infarct
hadden patiënten die een verhoogd neop-
terine hadden tijdens het infarct, vaker een

recidief infarct of kwamen zij te overlijden.
Bij patiënten die zowel een verhoogd
neopterine als een verhoogd CRP hadden
was dit het meest uitgesproken. Deze
studie bevestigt het belang van
monocyt/macrofaag activatie bij patiënten
met acute coronaire syndromen.

Hoofdstuk 9 gaat over de functionele
kwaliteiten van perifere monocyten uit het
bloed van patiënten met acute coronaire
syndromen en patiënten met stabiel
coronarialijden. Nadat deze monocyten
werden geactiveerd met bacterieel
endotoxine (lipopolysaccharide), werd
duidelijk dat de productie van het anti-
inflammatoire cytokine interleukine-10 bij
patiënten met acute coronaire syndromen
drastisch verminderd was in vergelijking
met patiënten met stabiel coronarialijden of
gezonde vrijwilligers De productie van het
pro-inflammatoire cytokine Tumor Ne-
crose Factor-α was niet verschillend. Het
lijkt dus aannemelijk dat er bij deze
patiënten sprake is van verstoorde pro- en
anti-inflammatoire cytokinebalans. Teza-
men met de bevinding dat het interleukine-
10 in proefdiermodellen beschermend
werkt tegen atherosclerose, bieden deze
resultaten een nieuwe invalshoek voor de
pathofysiologie van de acute coronaire
syndromen. Mogelijk zal in de toekomst
blijken dat het herstel van de anti-
inflammatoire mechanismen bij acute
coronaire syndromen een nieuw therapeu-
tisch doelwit vormt.
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