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ABSTRACT

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in the industrialized world and in the
future is expected to be the number one killer worldwide. The main cause underlying CVD is atherosclerosis. A key
event in atherosclerosis initiation and progression is oxidative stress through the production of reactive oxygen spe-
cies as well as endothelial dysfunction. Several pro- inflammatory and anti-inflammatory cytokines and proteins
are involved in this process, complemented by activation of adhesion molecules that promote leukocyte rolling,
tethering and infiltration into the sub-endothelial space. Statins represent the agent of choice since numerous clini-
cal trials have verified that their pharmacological action extends beyond lipid lowering. Statins demonstrate direct
anti-oxidant effects by scavenging free radicals and stimulating anti-oxidant enzymes while acting as regulators for
cytokine, protein and adhesion molecule expression, all of which are involved in the atherosclerotic process. Statin
use is considered one of the most efficient currently used interventions in managing CVD with the likely hood of
remaining so in the near future.
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H CARDIOVASCULAR DISEASE

Cardiovascular disease (CVD) is the leading cause of
death in the Western world and by 2020 it is estimated
that it will be the leading cause of mortality worldwide.
The main cause underlying the development of CVD is
atherosclerosis. The understanding of the pathophysi-
ology of atherosclerosis has evolved over the last few
decades. Previously considered as a lipid storage dis-
ease, atherosclerosis is now perceived as a low-grade
inflammatory disease of the vascular wall that leads,
through various processes, to the formation of ath-
erosclerotic plaques (figure 1). Oxidative stress plays
a key role in this process as it promotes oxidation of
low density lipoprotein (ox-LDL). This acts as a potent

chemoattractant enabling the recruitment of T-cells
and monocytes to the inflamed areas and their penetra-
tion into the sub-endothelial space where they uptake
ox-LDL. Eventually macrophages transform into foam
cells through several biochemical pathways. Over time
atherosclerotic plaques are formed, leading initially to
narrowing of the lumen and subsequently to occlusion
of the vessel. Under certain conditions, mainly due to
the presence of pro-inflammatory cytokines and pro-
teases, plaques can become unstable or even rupture.
In these occasions the lipid cap of the plaques, which is
highly pro-coagulant, results in clinical manifestations
such as stroke, acute myocardial infraction (AMI) or
acute vascular syndromes, depending on the area af-
fected.
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B OXIDATIVE STRESS AND ENDOTHELIAL
DYSFUNCTION IN ATHEROSCLEROSIS

Oxidative stress is termed as the imbalance between
the production of reactive oxygen species (ROS) and
the system’s ability to detoxify them [1]. Aberrant pro-
duction of ROS has been associated with most of the
classical risk factors responsible for the initiation and
progression of atherosclerosis. These include, among
other things, diabetes mellitus, smoking and hyperten-
sion [2]. As aforementioned the key event in the ath-
erosclerotic process is the oxidation of LDL to ox-LDL
in the areas of inflammation. This event takes place
mostly in the sub-endothelial space and not within
the circulatory system. LDL contains several different
types of particles including phospholipids, free cho-
lesterol, triglycerides and cholesteryl esters [3]. The
polyunsaturated lipids can undergo oxidation, form-
ing several by-products, such as aldehydes, like malon-
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dialdehyde (MDA), which in turn react with the lysine
and tyrosine amino acid residues of the apolipoprotein
B-100, thus impairing its function. The result is the
formation of minimally modified LDL, which exerts
highly pro-atherogenic actions. This can be recognized
by LDL but not by scavenger receptors. Nicotinamide
adenine dinucleotide phosphate (NADPH) is also a key
contributor of superoxide radicals in endothelial cells.
Furthermore, LDL has been known to activate NA-
DPH oxidase, which in turn oxidizes LDL, creating a
vicious circle. Oxidative stress also has a critical impact
on several redox-sensitive transcriptional pathways
such as the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) and the transcription fac-
tor AP-1 [2], both of which are involved in atherogen-
esis. It has recently been shown that products secreted
from perivascular adipose tissue, such as adiponectin,
can have paracrine and endocrine effects on the arterial
wall by attenuating NADPH-oxidase activity and en-

Té . monocyte
= T-cell
& oL P @
B 5
k=
<
Random Rollmg—tetherlng ®
. contact Transmlgratlon
Endothelial cell o ® 0
° % o o = /
e
\ EC activation \ h ll
Increased . |
EB , ROS permeability {:ft 1
g 1
¢  Stimulation by \ Y W {:}‘
2 growth factors {:} — - ||
'S and cytokines Foam cell ~254 \
5 Ox LDL % \
E cytokine production 1
Atherosclerosis «— Smooth muscle cell '

Smooth muscle cells

Proliferation and migration

Figure 1. Key mechanisms involved in the progression of atherosclerosis. Initially low-density lipoprotein enters into the
sub-endothelial space, where under the effect of reactive oxygen species it is oxidized into ox-LDL. This results in activa-
tion of the endothelium which subsequently leads to facilitated transmigration of leukocytes and T-cells. The former
uptake ox-LDL and turn into foam cells, while the latter differentiate into Th1 cells. These events favour the production of
pro-inflammatory cytokines, which in combination with various growth factors stimulate smooth muscle cell proliferation
and migration into the sub-endothelial space as a response to vascular injury, contributing to fibrous cap formation. Ab-
breviations: EC: Endothelial Cell, LDL: Low density lipoprotein, MHC 2: major histocompatibility complex) class Il, Ox-LDL:
Oxidized low density lipoprotein, ROS: Reactive oxygen species.
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dothelial nitric oxide synthase coupling in human ath-
erosclerosis. This highlights the novel role of adipose
tissue as a regulator of vascular redox state [4-7].

Another key event in the initiation of atherosclero-
sis is endothelial dysfunction. This process involves
the reduction of the availability of nitric oxide (NO),
a gaseous molecule that once diffused in the vascular
smooth muscle cells (VSMC), inducing vasorelaxa-
tion via intracellular cyclic guanosine monophosphate
(cGMP) increase. The major enzymatic source of NO
production is endothelial nitric oxide synthase (eNOS),
located primarily in endothelial cells. This enzyme is a
homodimer that utilizes l-arginine and molecular oxy-
gen as substrates to produce NO and I-citrulline [8].
The reaction uses nicotinamide adenine dinucleotide
phosphate (NADPH) as an electron donor. The elec-
tron flow is increased by the presence of calmodulin,
which in turn is mediated by calcium binding. In order
for this process to take place the presence of tetrahyd-
robiopterin (BH,) is imperative. The limiting enzyme
for the BH, synthesis pathway is the enzyme guanosine
triphosphate cyclohydrolase (GTPCH). Under physi-
ological conditions BH, is “coupled” to eNOS in order
for NO to be produced. However, ROS and more spe-
cifically peroxynitrite (ONOO-) lead to “uncoupling”
of the enzyme, causing a dissociation of its complex
and shifting of the production from NO to superoxide
radicals (O,) [9]. These rapidly react with NO form-
ing ONOO- which further oxidizes BH, to dihydro-
biopterin (BH,) creating a loop by further eNOS un-
coupling [10]. This results in further reduction of NO
availability, greatly affecting the ability for vasorelaxa-
tion thus impairing proper endothelial function [11].
Genetic polymorphisms in eNOS have been associated
with a higher risk of premature myocardial infraction
by affecting the inflammatory response [12]. Further-
more, 5-methyltetrahydrofolate (5-MTHF) was shown
to rapidly improved endothelial function and vascular
superoxide production in human atherosclerosis, by
preventing peroxynitrite-mediated BH, oxidation and
improving eNOS coupling [13]. Previous studies re-
vealed that asymmetrical dimethylarginine (ADMA),
an endogenous inhibitor of eNOS was associated with
important measures of vascular function in human
vessels [14-16]. Recent research has also revealed the
important role of perivascular adipose tissue and its in-
teraction with the vascular wall, highlighting the role
of adiponectin as a regulator of BH, bioavailability and
eNOS activation in human vessels [6].
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B PRO-INFLAMMATORY AND ANTI-INFLAM-
MATORY CYTOKINES AND PROTEINS IN
ATHEROSCLEROSIS

Cytokines are small molecules that mediate cell signal-
ling in an autocrine/paracrine manner. They can be
subcategorized into several families with distinct ac-
tions. Cytokines play important roles in both early and
later stages of the atherosclerotic process [17]. They can
also induce the up-regulation of adhesion molecules
[15-18].

Interleukin-6

Interleukin-6 (IL-6) is a pro-inflammatory cytokine
produced by different cell types including adipocytes
[19-21]. In healthy individuals, IL-6 is regulated by a
complex hormonal network related to glucocorticoid
and catecholamine secretion. Increased IL-6 expres-
sion and circulating levels have been associated with
a variety of pathological conditions such as vascular
disease, central obesity, metabolic syndrome, athero-
sclerosis and atherosclerotic coronary artery disease
(CAD) [20-21]. IL-6 is a key risk factor for the devel-
opment of atherosclerosis mainly due to its effect on
plaque development and destabilization through the
release of other pro-inflammatory cytokines, oxidation
of lipoproteins by phospholipases, stimulation of acute
phase protein secretion and release of pro-thrombotic
mediators [20-22]. Furthermore, increased reactive ox-
ygen species (ROS) formation under pro-inflammatory
conditions, may play a critical role in the interactions
between IL-6 and other vasoactive substances such as
angiotensin II and catecholamines [23-24]. Increased
levels of IL-6 have been associated with elevated lev-
els of adhesion molecules. Furthermore IL-6 travels
to the liver and induces the acute-phase response, re-
sulting in synthesis and release of the aforementioned
proteins [18].

Interleukin-1f3

Interleukin-13 (IL-1p) is a pyrogenic cytokine pro-
duced mainly by monocytes. It is usually produced
as a result of an infection, immune or injury response
[25]. Even low concentrations of IL-1f can cause fever
and hypotension, while at the same time stimulating
the production of additional cytokines, such as IL-6.
It is part of the IL-1 family, which also includes IL-1a
and IL-1 receptor antagonist (IL-1Ra). Recently, due
to structural and amino acid sequence similarities,
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other interleukins have been added to this group, nota-
bly IL-18 and IL-33 [26-27]. Synthesis and circulation
levels of IL-1P are tightly regulated at all stages of IL-
1B production. This ranges from the expression of the
IL-1B gene, the production of the 35kDa pro-IL-1f, to
its cleavage that yields the 17kDa mature product [28].
Several molecules such as caspase 1 inhibitor protein-
ase inhibitor 9 (PI-9), pyrin, ICEBERG and CARD-on-
ly protein (COP) are involved in this process, by either
directly neutralizing caspase 1 activity or by inhibiting
its recruitment [25].

Interleukin-10

Human interleukin-10 (IL-10) is an 18.5 kDa protein
composed of 160 amino acids and is encountered as
a homodimer with a molecular weight of 37kDa. Hu-
man and murine IL-10 share a homology of approxi-
mately 80%. There are several cells able to synthesize
IL-10 [29] including macrophages, monocytes and T
and B cells. It is structurally related to five other human
molecules, I1L-19, IL-20, IL-22, IL-24 and IL-26. IL-10
exhibits significant anti-inflammatory effects and acts
via a feedback loop as a response to excessive inflam-
matory effects. Its primary role in atherosclerosis is to
inhibit macrophage activation via NF-Kb signalling
and cell death as well as to attenuate production of ma-
trix metalloproteases (MMPs) and pro-inflammatory
cytokines [30]. There is also recent evidence that mac-
rophage produced IL-10 also facilitates cholesterol me-
tabolism in the same cells [31].

Interleukin-18

Interleukin-18 (IL-18) is a pleiotropic pro-inflamma-
tory cytokine with a pivotal role in the inflammatory
cascade. It shares a homology with IL-1f and exists as
a 25kDa pro-peptidemwhich is cleaved to yield the 18
kDa biologically active mature molecule [32]. IL-18
can enhance T and natural killer (NK) cell maturation
as well as increase cytokine production. Having strong
immunomodulatory effects, it is also a key molecule for
orchestrating the host defence systems against various
infections. This is achieved at multiple points and by ac-
tivation of cytokine cascades [32]. IL-18 has also been
related to vascular events in patients with stable or un-
stable angina or coronary heart disease (CHD) [33-34].

C-reactive Protein

C-reactive protein (CRP) is an acute phase protein
with a pivotal role in immunity. It is composed of five
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identical subunits arranged in a cyclic symmetry [35].
Given the fact that recent techniques measuring CRP
utilize high sensitivity methods, it is also commonly
referred to as high sensitivity CRP (hs-CRP). It is syn-
thesized in the liver, after stimulation by IL-6, and then
secreted into the circulation. CRP is also expressed in
macrophages, atherosclerotic plaque tissue and VSMCs
[36-37]. In cases of low-grade inflammation, such as
in atherosclerosis, CRP levels increase [36] and due to
CRP having a half-life of 19 hours, elevated levels can
be detected in serum [38]. Other studies have demon-
strated a link between elevated levels of hs-CRP and
CVD [39]. Its long half-life, combined with its resil-
ience to several freeze-thaw cycles, establishes CRP as
a reliable biomarker with high accuracy and reproduc-
ibility [40]. A disadvantage lies in the fact that CRP is
nonspecific, hence elevated levels of CRP due to other
factors, such as illness and infection might lead to false
positive results [40].

Serum Amyloid A

Serum amyloid A (SAA) is another acute phase re-
sponse protein synthesized in the liver as a response to
tumour necrosis factor (TNF), IL-1 and IL-6 cytokine
stimulation [41]. The SAA family consists of isoforms
SAA-1 and SAA-2 as well as a constitutive SAA-4 iso-
form. In humans, SAA-3 isoform does not appear to
participate in the acute phase response, despite sharing
60% homology with its acute phase counterparts. Dur-
ing an acute phase event, SAA levels may rise 100-1000
fold and return to baseline within 2 weeks. During this
phase SAA is the primary apolipoprotein for high den-
sity lipoprotein (HDL), taking the position of apoAl.
Rapid elevation of SAA levels is due to transcriptional
and post-transcriptional regulation of isoforms SAA-
1 and SAA-2 [41]. There are studies highlighting the
association between low-grade inflammation and el-
evated levels of SAA [42].

Lipoprotein-associated Phospholipase A,

Lipoprotein-associated phospholipase A, (Lp-PLA,),
also termed platelet-activating factor acetylhydrolase
(PAF-AH), is an enzyme that belongs to the PLA, su-
perfamily. It has a unique role in cleaving oxidized
phospholipids, as its acts through a diverse catalytic
pathway, accessing the substrate from the aqueous
phase [43]. Given the fact that Lp-PLA, cleaves oxi-
dized phosphatidylcholine produced during the oxi-
dation of LDL and lipoprotein(a) (Lp(a)), several pro-
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inflammatory and pro-apoptotic lipid products are
created, promoting atherosclerotic plaque formation
[44]. Lately several studies demonstrate that Lp-PLA,
can be used as an independent risk marker for predict-
ing acute coronary syndromes, myocardial infraction
and death, as elevated serum levels correlated with the
severity of the disease [45].

B ADHESION MOLECULES IN
ATHEROSCLEROSIS

The release of cytokine and chemokine triggers the
over-expression of leukocyte adhesion molecules by
endothelial cells (ECs), most notably selectins (P-, E-
and L-) and immunoglobulin-like molecules. These are
the intracellular adhesion molecules (ICAMs), ICAM-
1,ICAM-2, ICAM-3, vascular cell adhesion molecule-1
(VCAM-1) and platelet endothelial cell adhesion mol-
ecule (PECAM-1) [46].

Selectins

Selectins are C-type lectins sharing a conserved struc-
ture and mediate capture, rolling and tethering on the
endothelium [47]. L-selectin is expressed by circulat-
ing leukocytes and mediates T and B lymphocyte traf-
ficking and homing in areas of chronic inflammation
[48]. It is also involved in the capture of flowing leuko-
cytes to rolling ones on the endothelium, also known
as secondary capture [49]. P-selectin is present in ath-
erosclerotic endothelium but is not found on non-in-
flamed endothelium. Ox-LDL and minimally modified
LDL (mmLDL) activate P-selectin expression which in
turn promotes monocyte adhesion to the endothelium
[50]. Studies have also demonstrated that P-selectin is
expressed at the beginning of the atherosclerotic pro-
cess [51]. E-selectin can be found on both cytokine
stimulated ECs and on the surface of fibrous lipid rich
atherosclerotic plaques [52-53]. It is synthesized only
under inflammatory conditions and not by healthy
non-inflamed endothelium.

The mechanisms under which selectins are down-
regulated and removed after cell activation are of great
importance, as this is required to terminate the inflam-
matory process. Inability to do so has detrimental ef-
fects on the inflammatory process and on vascular wall
integrity. P- and E- selectins are removed through inter-
nalization and lysosomal degradation, whereas L- and
E-selectin can undergo proteolytic cleavage [54]. As a
result, soluble forms of these molecules may be found

The Journal of Critical Care Medicine 2015;1(2) « 47

in the circulation and may interact with their normal
counter-receptors. All selectins interact with sialylated
and highly fucosylated carbohydrates in addition to
possessing an affinity for mucin-like glycoproteins. As
a result of interaction with their ligands, selectins cre-
ate weak bonds with the active ECs and leukocytes pro-
moting inflammation and thrombus formation [46].

Immunoglobulin-Like Molecules

Members of the immunoglobulin family, including
glycoprotein membrane receptors with extracellular Ig
domains of 70-100 amino acids, are present at adhe-
sion sites. Genes of this family give rise to multiple iso-
forms as a result of alternative splicing.

Intercellular Adhesion Molecules

Intercellular Adhesion Molecules (ICAMs) belong
to a subfamily of five members, although only ICAM
-1, -2 and -3 participate in the inflammatory process.
ICAM-1 is regulated by pro-inflammatory stimuli (i.e.
ox-LDL) and in turn regulates monocyte adhesion to
the activated endothelium. ICAM-2 is detected in leu-
kocytes, platelets and the endothelium with inflamma-
tory mediators down-regulating its expression. ICAM-
3 is present in leukocytes and ECs and is also the sole
ICAM family member found in neutrophils [46,50,55].
Common ligands for ICAM molecules are B2 integrins
although each ICAM molecule can bind to multiple
ligands by utilizing different binding domains. The
strong bonding between ICAMs and integrins allows
for firm attachment of inflammatory cells to ECs [56].

Vascular Cell Adhesion Molecule-1 and Platelet En-
dothelial Cell Adhesion Molecule

Vascular Cell Adhesion Molecule-1 (VCAM-1) is pri-
marily expressed on ECs although it can also be ex-
pressed by other cell types, including macrophages,
dendritic cells and myoblasts. It aids in the recruit-
ment of blood cells by firmly binding them to the ac-
tivated endothelium. It interacts with integrin a4f1,
also referred to as very late antigen 4 (VLA4), through
a process by which a change in endothelial cell mor-
phology is initiated allowing for leukocyte migration
[57]. VCAM-1 over-expression is affected by proather-
ogenic molecules such as ox-LDL. Proteolytic cleavage
of VCAM-1 gives a soluble form (sVCAM-1) which
can be a strong independent biomarker for predict-
ing future fatal cardiovascular events in patients with
CAD [58].
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Another member of the Ig family is the platelet
endothelial cell adhesion molecule (PECAM-1). It is
expressed by haematopoietic, immune and ECs [59].
PECAM-1 molecules can be involved in both homo-
philic and heterophilic interactions, the former tak-
ing place in adjacent cells and the latter mostly on the
same one [60]. PECAM-1 plays a key role in leukocyte
transmigration which is achieved in multiple ways. In
addition, the role of PECAM-1 has been investigated
in several disease models such as ischemia/reperfu-
sion injury, atherosclerosis and other inflammatory
diseases [59].

Junctional Adhesion Molecules

Junctional adhesion molecules (JAMs) represent an-
other branch of the Ig family and are normally located
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in the intracellular junctions of polarized endothelial
and epithelial cells but can also be encountered on leu-
kocytes and platelets. They are involved in homophilic
and heterophilic cell interactions and regulate diapede-
sis of leukocytes to tissues [61]. There is evidence that
JAMs participate in atherosclerosis as JAM-A over-ex-
pression has been reported in atherosclerotic plaques of
patients suffering from CVD [62]. In addition, JAM-A
has been implemented in the recruitment of T cells and
monocytes into arteries [63]. JAM-A deficiency is asso-
ciated with significant reduction in neo-intimal lesion
formation after wire injury of carotid arteries. JAM-B
was reported to interact with very late antigen-4 (VLA-
4) and most likely be associated with leukocyte homing
[64]. JAM-C has a role in early atherosclerosis and is
also up-regulated by ox-LDL [65].

Table 1. Overview of the pharmacological and chemical properties of statins

Chemical structure

Derivation

Half-life

Metabolic Bio-

Solubility

OH OH O

pathway availability (hours)

Atorvastatin Synthetic lipophilic ~ CYP450 3A4 14% 14
: . . ) - Biliary, o
Pitavastatin Synthetic lipophilic CYP2C9/2C8 50% 12
: Fermentation s
Pravastatin derived hydrophilic Non CYP 17% 77
PO on on o
N7 CYP2C9
) | ) . , o
Rosuvastatin Hac\rlq)\n/ Synthetic hydrophilic CYPICL9 20% 19
OFP~cn F
o] 3
HO. O
o \Cg/ Synthetic deriva-
Simvastatin g tive ofafermen- ) Lk cvpaso 3a4 <5% 1.9

tation derived
product
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Figure 2: Overview of the mechanism of action of statins. Statins interfere with the mevalonate synthesis pathway by
inhibiting the action of the enzyme HMG-CoA. This inhibition results in reduced cholesterol as well as other several iso-
prenoid molecule synthesis, attenuation of Rac and Rho isoprenylation and subsequent reduction in Rac mediated NADPH
oxidase activity and Rho mediated increase in eNOS activity, thus improving NO bioavailability in endothelial cells.

Abbreviations: eNOS: endothelial nitric oxide synthase, NADPH: Nicotinamide adenine dinucleotide phosphate, PP: pyro-

phosphate.

B STATINS AND THEIR PLEIOTROPIC ACTIONS

The most promising available therapy for treating CVD
are the 3-hydroxy-3-methyl-glutaryl-CoA-reductase
(HMG-Co0A) reductase inhibitors which are better
known as statins (Table 1). Apart from the direct lipid
lowering effects due to inhibition of the mevalonate
pathway, which is involved in cholesterol synthesis
in the liver (Figure 2), it has now been confirmed by
a large number of clinical trials (Table 2) that statins
also exert several pleiotropic effects and can be used in
both primary and secondary preventive interventions.
Indeed, this highlights the unique role of statins in both
primary and secondary preventive measures.

Interestingly, statins have been found to affect ad-
hesion molecule expression. For example, lymphocyte
function-associated antigen-1 (LFA-1), a part of the 2
integrin sub-family, has been found to be blocked by
lovastatin and more potently by its derivatives without
affecting HMG-CoA reductase. LFA-1 plays an impor-
tant role in both lymphocyte and leukocyte functions

[66-67]. Fluvastatin treatment demonstrated reduced
levels of P-selectin and ICAM-1 in patients with hy-
percholesterolemia [68]. Atorvastatin and simvastatin
were found to have similar effects in markedly reducing
soluble E- and P- selectin as well as ICAM-1, although
in the case of simvastatin this effect was accompanied
with an increase in soluble VCAM-1 [69].

Statins have been also associated with regulation of
pro-inflammatory cytokine expression. Studies per-
formed in vivo and in vitro have revealed that simv-
astatin reduced the levels of IL-8, IL-6 and monocyte
chemoattractant protein-1 (MCP-1) in circulating
monocytes from patients with hypercholesterolae-
mia [70]. Furthermore, statins have been also found
to down-regulate several MMPs, which contributes to
their overall anti-inflammatory and cardio-protective
effects [71].

Direct anti-oxidant effects are mostly dependent
on the structural properties of statins. In a compara-
tive in-vitro study of several statins, all demonstrated
anti-oxidant functions, however there were still signifi-
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Table 2. Overview of high impact clinical trials with statins for primary and secondary prevention.

Aim of study

Study name

Population

Intervention Outcome

Secondary prevention, pa-

Simvastatin 40mg/d

Intensive simvastatin
for 1 m and then

Ato Z trial . ) .
to Ztria tients with acute coronary 4,497 ACS patients 80mg/d vs. placebo treatment demonstrated
(78] a favorable trend toward
syndrome for 4 mand then reduction of MACE
simvastatin 20 mg/d
Secondary prevention in 12]:;?:{1%:22':;&?_
ALLHAT-LLT patients with or at high » YP Pravastatin 40mg/d  No effect on all-cause mor-

[79] risk for developing Coro-
nary Heart Disease

patients (>55 y) with at
least 1 additional CHD
risk factor

vs. usual care tality nor CHD

Secondary prevention in
ASCOT-LLA Patients with or at high
[80] risk for developing Coro-

nary Heart Disease CHD

10,305 hypertensive
patients, with at least
3 other risk factors for

Reduced risk for primary
events (HR=0.64; 95%ClI
0.50-0.83)

Atorvastatin 10mg/d
vs. placebo

5,011 ischemic, sys-

CORONA Secondary prevention, ! . Rosuvastatin 10mg/d  No difference in coronary
[81] atients with Heart Failure tolic HF patients (=601, vs. placebo events or death
P NYHA II- V) P :
Simvastatin reduced all
Secondary prevention, pa- 20,536 patients with Simvastatin vs cause and coronary mor-
HPS [82] tients with stable coronary  CHD, occlusive arterial lacebo ' tality, and vascular
disease disease, ordiabetes P events by 24% (95%Cl
19-28%)
17,802 subjects RosUvastatin vs Rosuvastatin reduced risk
JUPITER [83] Primary prevention (LDL<130mg/dL, lacebo ’ for MACEs (HR=0.56; 95%
CRP>2.0mg/L P Cl, 0.46-0.69)
Secondary prevention, pa- Pravastatin vs. pla- Pravastatin reduced coro-
LIPID [84] tients with stable coronary 9,014 CHD patients cebo P nary mortality risk by 24%
disease (95%Cl, 12-35%)
Pravastatin reduced
. coronary events by 31%
W p p . pla-
[SS]SCO > Primary prevention 6,595 men without CHD ravasts:;ovs pia (95%Cl, 17-43%) and

coronary mortality by
32%(95%Cl, 3-53%)

Abbreviations: ACS: Acute coronary syndrome, CHD: Coronary heart disease, CRP: C-reactive protein, d: day LDL: Low den-
sity lipoprotein, m: Months, MACE: Major adverse cardiac events, w: weeks, y: years.

cant differences in the potency and the type of radicals
that are scavenged [72]. Studies showed that fluvastatin
had a greater capability for scavenging peroxyl radicals
whereas simvastatin showed a superior capability for
scavenging for hydroxyl radicals [72]. Another impor-
tant parameter for the anti-oxidant effects of statins is
the target substrate. Fluvastatin treatment in rat liver
microsomes offered protection from NADPH-mediat-
ed lipid peroxidation whereas pravastatin demonstrat-
ed a much weaker effect. In a similar study, atorvastatin
was more effective in inhibiting hydroperoxide forma-
tion compared to vitamin E for a prolonged period of

time [73]. Ample data exists verifying that statins can
modulate NADPH oxidase enzyme activity thus at-
tenuating ROS production and exerting an antioxidant
effects. This is mostly mediated through inhibition of
rac-1 translocation, a critical component for the activ-
ity of NADPH oxidase [74]. Our studies revealed that
short-term treatment with 40 mg of atorvastatin per
day before coronary artery bypass graft, inhibits vas-
cular Racl-mediated activation of NOX independently
of LDL levels thus improving redox state in saphenous
vein grafts [75]. Furthermore, daily administration of
atorvastatin at the same dose, had a direct effect in arte-
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rial redox state by improving NO bioavailability, while
reducing eNOS derived-O,- in humans [76-77].

Statins also have distinct direct effects on several
anti-oxidant enzymes. Atorvastatin and lovastatin in-
crease catalase synthesis, while rosuvastatin increases
glutathione synthesis. There are also reports that pita-
vastatin directly inhibits ROS formation in endothelial
cells [74].

B CONCLUSIONS

As knowledge regarding the pathophysiology of CVD
increases, it is becoming more obvious that atheroscle-
rosis, the major underlying cause of CVD, represents
a multivariable disease with several molecules and
signalling pathways actively involved in each stage of
this process. While this makes treatment a much more
complicated issue, it also offers a wide range of poten-
tial therapeutic approaches. Statins have so far proven
to offer the best “anti-inflammatory” and “antioxidant”
solution in humans since they have direct effects on
most of the critical pathways involved in the disease
progress. It is certain that they will remain the spear-
head for combating CVD and atherosclerosis in the
near future.
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ADMA: Asymmetrical Dimethylarginine
AMLI: Acute myocardial infraction
BH,: Dihydrobiopterin
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CAD: Coronary artery disease

CHD: Coronary heart disease
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CVD: Cardiovascular disease

EC: Endothelial cells

eNOS:  Endothelial nitric oxide synthase
GTPCH: Guanosine triphosphate cyclohydrolase
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HDL: High density lipoprotein

Hs-CRP: High sensitivity C-reactive protein

ICAM: Intracellular adhesion molecule

IL-10: Interleukin-10

IL-1B:  Interleukin-1f

IL-6: Interleukin-6

JAM: Junctional adhesion molecule

LFA-1:  Lymphocyte function-associated antigen-1
Lp-PLA,: Lipoprotein-associated phospholipase A2
MCP-1:  Monocyte chemoattractant protein-1
MDA:  Malondialdehyde

mmLDL: Minimally modified LDL

NADPH: Nicotinamide adenine dinucleotide phos-
phate

NO: Nitric oxide

ONOO-: Peroxynitrite

Ox-LDL: Oxidized low density lipoprotein

PAF-AH: Platelet-activating factor acetylhydrolase

PECAM-1: Platelet endothelial cell adhesion mol-
ecule-1

PI-9: Proteinase inhibitor 9

ROS: Reactive oxygen species

SAA: Serum amyloid A

sVCAM-1:Soluble vascular cell adhesion molecule-1
TNE: Tumor necrosis factor

VCAM-1: Vascular cell adhesion molecule-1
VLA-4:  Very late antigen-4

VSMC:  Vascular smooth muscle cell
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