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ABSTRACT

Atherosclerosis has gained a lot of attention imlebterol and heart related diseases and is of majo
concern in cardiovascular health. Most of the reshgreviously conducted on atherosclerosis traited
root cause to high blood cholesterol levels. Emeggitudies have drawn attention to immune response
and inflammation as very important factors that ienggt the entire process of atherosclerosis. Rekearc
conducted over the years has thrown more light rdtarinmatory responses in atherosclerosis giving
compelling evidences to suggest that inflammasdhé key contributor to atherogenesis. Atherostier
lesions show similar features of inflammation assthfound in typical inflammatory and auto immune
disease such as rheumatoid arthritis. Experimedtth and results from clinical trials have iderddi
various risk factors including hypercholesterimiahesity and infection together with biomarkers of
inflammation such as C-reactive protein and Intekie-18 to be associated with atherosclerosis. Most
therapies for atherosclerosis produce anti-inflantomg effects. The most knowledge we have on
atherosclerosis, the easier it would be to prevanture it entirely. This article reviews evidendbat
lendcredencéo the proposition that atherosclerosis is an inffaatory disease.

Keywords: atherosclerosis, artery, hypercholesterimia, opesitflammatory response, C-
reactive protein, cardiovascular disease.

Abbreviations

SMCs: smooth muscle cells, NO: nitrogen oxide, E€rothelin-1, VCAM-1: vascular cell adhesion ncole-1, ICAM-1:
intercellular adhesion molecule-1, MCP-1: monocgtemoattractant protein-1, IFN- y-interferon, TNF: tumour necrosis
factor f, MCSF: macrophage-colony stimulating factor, R@Sactive oxygen species, PDGF: platelet derivedagiofactor,
NFxB: nuclear factor kappaB TF: tissue factor, MMP: tnta metalloproteinases, IL-1: interleukin-1, Alntiotensin I, Lp(a):
lipoprotein (a) , AGE: advanced glycosylation emdduct, HDL: high density lipoprotein, LDL: low deity lipoprotein, oxLDL:
oxidized LDL, VLDL: very low density lipoproteinR@: c-reactive protein, eNOS: endothelial nitrogeride synthase, PAR:
protease activated receptor, IL-18: Interleukin-18)X-1: lectin-like oxidized low-density lipopratereceptor-1, Lp-PLA2:
lipoprotein-associated phospholipase, HMGCoA: 3rbyg-3-methyl-glutaryl-CoA, HMGR: 3-hydroxy-3-métbiutaryl-CoA
reductase.
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INTRODUCTION

It is predicted that in the next 15 years, cardsovdar diseases arising from atherosclerosis will
be the major cause of death globally [1]; prevatéerschigh in most developed countries and
some developing nations [1] and [2]. Cardiovascdlaease contributes to 38% of the deaths in
North America and is the primary cause of deatBunopean men below the age of 65 while for
the women, it falls into second category [1]. Atemierosis is the most significant underlying

causes of heart failures, coronary artery disesisgkes and infarction (resulting from ischaemia
of heart, brain or extremities) [3] and [1].

Atherosclerosis is derived from the Greek wordéiéad’ meaning paste and ‘sclerosis’ which
means hardening. It can be described as an artBs@hse characterized by the formation of
atheromatous plaques (composed of cholesterol amctophages) and the narrowing of the
artery (stenosis). Atherosclerosis develops mainlyelastic and muscular arteries that are
medium or large in size [4] and [1]. Inflammatiand biological process that occurs in response
to stimulus arising from substances (pathogensadanchcells, toxins, irritants) that pose threats
to the survival of cells and the organism as a ehdl involves the immune system (which
produces white blood cells to destroy the harmfuh@us) and the vascular system (aids in
leukocyte transport into cells). Atheroscleroseelops due factors including failure of the
immune system to counteract or destroy modified Like radicals, infectious and or other
harmful agents detected by the system as foreigrelated diseased conditions [4-9]. The
problem emanates from the inability of leukocyte®ocytes and T lymphocytes) to destroy or
remove these foreign molecules resulting in thggert of further immune response which causes
the artery to become inflamed [7], [4], [8], [9] d&afE]. Inflamed cells produce free radicals,
which participate in cell degradation. Atheroscteréesions can remain asymptomatic for years
and either disappears with time or progress intealie stages where clinical manifestations such
as unstable angina pectoris and myocardial infarctcan be observed [1] and [3].
Atherosclerosis is a chronic disease since it @sggs over years and is cumulative.

In this review, we seek to fully elucidate the radad significance of inflammation in
atherosclerosis by examining the structure and timcof the artery, mechanisms of
atherogeneis and its progression, risk factorsptbmarkers associated with atherosclerosis as
well as the treatments available. The therapeuerventions made by drug discovery and
nutrition experts aimed at limiting atherosclerosisattenuating its sequelae would also be
discussed.

2.0 The Artery

Morphological studies of the artery have shown thigtcomposed of an outer layer (adventia), a
tunica media (multiple layers of smooth musclesjedind an interior (tunica intima) lined with
endothelium. When a balance exists between theeotrations of nitrogen oxide (NO: a
vasodilator) and endothelin-1, ET-1 (a vasocorsiricin the arteries, the endothelium is
shielded from injury, inflammation and thrombosH. [Also, leukocytes are unable to bind
endothelium, smooth muscle cells (SMCs) do notifameite and platelet aggregation is
minimized [5]. However, when risk factors of athesterosis set in, the protection conferred on
the endothelial cells by such balance is removedeshitrogen oxide production and activity is
inhibited.
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3.0 Stages / Disease Progression of Atherosclerosis

3.1 Initiation

The regulatory mechanisms of low density lipoprmot@iDL) receptors function in such a way
that the expression of these receptors is haltezhwime cell has taken up enough cholesterol for
its metabolic needs. This is not the situation oleskin excessive lipid collection: lipoprotein
particles can build up in the intima of arteriesaaesult of increase in fat diet (cholesterol and
saturated fat) in the blood, faulty LDL-receptomtrol mechanism or genetic defects in LDL-
receptor (which causes familial hypercholesterodgnais described by [6] and [7]. The LDL
assembles on the proteoglycan of the endotheliuhbard together to form aggregates [8] and
[9]. Once attached to the proteoglycan, lipoprote@#eome highly susceptible to oxidation and
other chemical modifications; a very important ¢eat of the pathogenesis of early
atherosclerosis [8]. Oxidative stress brought alhguflADH/NADPH oxidases of vascular cells,
lipooxygenases of infiltrating leukocytes (monosyteand T-lymphocytes) or the
myeloperoxidase enzyme can set in at this stagepdtlized LDL (oxLDL) increases leukocyte
adhesiveness and permeability to the endotheliunchwinduces procoagulant instead of
anticoagulant properties [4] and [10].
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Fig. 1. Leukocyte adhesion and platelet aggregatian the endothelium of the artery together with T-&ll activation

The endothelium is induced to express leukocyteesidn molecules (vascular cell adhesion
molecule-1(VCAM-1), intercellular adhesion molecile(ICAM-1) and P-selectins in the
development of atherosclerotic lesions [11], [8{ §b2]. Signals produced by chemoattractants
when monocytes adhere to endothelium (fig.1) alle@nocytes to migrate into the arterial wall,
monocyte chemoattractant protein-1 (MCP-1) is sgsitted by endothelial and SMCs [8], [4]
and [11]. VCAM-1 expression rises as atheroma startform (fig. 2); this occurrence was
observed to be interrupted in genetically modifreide with defective VCAM-1 expression [9].
Experiments conducted using rabbit and mice indatahat VCAM-1 concentration in the
endothelium increased prior to leukocyte recruittrj@B8] and [11]. Subsequent research using
MCP-1 mutant mice detected a delay and attenuatighe formation of atheroma when such
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mice were exposed to hyperlipidimic conditions [8].

Dendritic cells, T-cells and mast cells are takeninto the endothelium to assist formation of
atherosclerotic plagues; T cells can enter thenmtf endothelium by binding to VCAM-1 [11]
and [5]. T-cells respond to inflammatory signalsdrghestrating the production ¢finterferon
(IFN-y) and the lymphotoxin, tumour necrosis factpr (TNF-B) [11]. These stimulate
macrophages, vascular endothelium and SMCs to fateethe inflammatory response [11] and

[4].
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Fig. 2: Attachment of monocytes to VCAM-1 and infitration of monocytes into sub-endothelial layer ofhe artery.

3.2 Formation of Foam cells / Fatty Streak

When monocytes are sequestered into the intimg, ‘theb up’ the modified LDLs to form
lipid-laden macrophages (fig.1), a process medi@ganacrophage-colony stimulating factor
(MCSF) which enables the conversion of monocytés macrophages [11] and [14]. MCSF
facilitates the expression of the scavenger receptamily which bind modified LDL to form
foam cells by internalizing modified LDL [11] and][ MCSF provide a rich source of
inflammatory activators such as cytokines (lfzN-lymphotoxin, TNFe), chemokines,
eicosanoids and platelet activating factor. Sughagocytic environment becomes prone to the
generation of reactive oxygen species (ROS) likeesaxide anion [11] and [8]. When the
production of ROS exceeds the host’s antioxidapiciy, oxidative stress sets leading to the
damage of molecules or cells of the artery [15]] [And [8]. Continuous inflammation leads to
macrophage and lymphocyte activation which resitisrelease of hydrolytic enzymes,
cytokines, chemokines and growth factors that cause damage [4], [9], [11], [10] and [5]. A
variety of molecules (oxLDL, bacterial toxins, ar@mnants from apoptosis) are absorbed into
macrophages through scavenger and toll-like recepiwork done by Bjorkbacka et al. [16]
using knockout mice (with deleted apo-E and tié&lireceptors) revealed that atherosclerotic
lesions did not develop in these mice. They replttiat toll-like receptors generated signals that
activated macrophages.
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3.3 Atheromatous Plaque

As atherosclerosis persists, a complex lesion siéd from the fatty streak with continuous
migration and proliferation of SMC [5], [6] and [8When this occurs, an intermediate lesion is
formed followed by the thickening and subsequeldtidn of arterial wall [4]. Extracellular
matrix also accumulates and its dissolution leamlgdsitive remodelling or compensatory
enlargement to accommodate arterial growth. Caldifon can also occur to further harden the
plague [7]. With time, the activated leukocytes dancert with the arterial cells produce
fibrogenic mediators and growth factors that enba®®IC division and subsequent formation of
a dense extracellular matrix, a fibrous cap [S&télet derived growth factor (PDGF) secreted by
activated macrophages is involved in the high ohteigration and proliferation of SMCs (from
the tunica media into the intima) and is over egpeel in human atherosclerosis; SMC death is
mediated by T-cell, an occurrence which complicétesatherosclerosis plaque [9].

3.4 Thinning and Rapture of Fibrous Cap

At advanced stages of atherosclerosis, activateniaphages decrease the stability of the fibrous
cap by producing proteolytic enzymes that breakdthercollagen constituent of the cap (fig. 2).
Inflammatory response is perpetuated by CD40/CD#fdéraction with activated T-cells and
macrophages, an activity that yields tissue fafidt), matrix metalloproteinases (MMP) and
proinflammatory cytokines [11], [5] and [17]. MMB & protease that cleaves gelatins and type
IV collagen component of basement membranes. Ipithgence of oxLDI, ROS, TFN-and IL-

1 (interleukin-1) within the endothelium, MMP isleased from foam cells and SMCs; its
proteolytic activity makes atherosclerotic plaguesak and less stable [18]. According to
Szmitko et al. [5] and [17], cytokines (TNE-IL-1B), oxLDL and CD40L are involved in
making the fibrous cap thin by enabling over expi@s of MMP. High expressions of MMP,
activated T-cells and TF lead to weakening of tiet@sclerotic plaques and to the formation of
thrombus respectively [8].

As the fibrous cap grows weaker, it becomes highisceptible to hemodynamic stresses. Such
stress results in disruption of the atherosclerplque which can trigger thrombosis and
possibly lead to acute myocardial infarction [50d®]. Prothrombotic stimulus is generated
when plaques rapture and their contents leak @pid kpillage causes more inflammation.
Dendritic cells in atherosclerotic lesion presemtigens to T-cells: modified lipoproteins, heat
shock proteins, beta-2-glycoprotein and infecti@agents can serve as antigens. Thrombin
formation is accelerated as tissue factor, von abfithnd factor and subendothelial collagen
(substances whose expression is mediated by IINE- &, and CD40L) come into contact with
components of blood [5]. As a result, platelets aotivated and clump together to form
aggregates. More platelets are released and a thatlemplifies inflammation as well as the
disease progression of atherosclerosis is created.

4.0 Triggers and Risk Factors of Atherosclerosis
A number of factors that contribute to the pathwges of atherosclerosis have been identified.
These factors appear to be closely knitted wittammatory response or to accentuate it.

4.1 Hypercholesterimia
A high level of LDL cholesterol in the blood is tipeincipal cause of injury to the artery and
vascular SMCs [6], [4], [19] and [20]. Defects hretgenes that code for LDL-receptors (familial
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hypercholesterolemia), abnormalities in the reguiatmechanisms of LDL-receptors and fatty
diet can result in hypercholesterimia [6], [7] ar@0] which can eventually lead to
atherosclerosis (fig.3).

Hypercholesterimia 4—— Genetic Factors \

Obesity Diabetes |« SNInsulin Resistance  [> High free fatty
\ / \ \ \ acids levels
. Dyslipidaemia
Hypertension Glacated

proteins

Procoagulant factors
(NO, fibrinogen)

| Atherosclerosis

Fig. 3. Pathways and interactions of risk factors foatherosclerosis

Hypercholesterimia appear to activate the inflanamatesponse by causing expression of
mononuclear leukocyte recruitimgechanisms [12] and 21. The gene for VCAM-1 is latga
partly by transcriptionalactors influenced by oxidative stress [12]. Mediatof inflammation
(TNF-a, IL-1 and MCSF) accelerate binding of LDL to erttedium and SMC by increasing the
expression of genes that encode LDL receptorsr@][d@]. With high levels of LDL in vascular
endothelium, leukocytes starts to 'cling' to theathelium and cause further accumulation of
lipids which result in foam cells formation [7] af®2ll]. Further research established that oxLDL
hasvariable biological consequences on the vessel vigiibition of endotheliatell vasodilator
function, [22] stimulation of cytokine productiof23] and [24] and stimulation of growth factor
production.

High density lipoprotein cholesterol (HDL) or "gdocholesterol inhibits oxidativenodification

of LDL and blocks the proinflammatory effectsaxfLDL [14]. HDL provides protection against
atherosclerosis by promoting the activity of aniaaat enzymes like platelet activation factor,
acetyl hydrolase and paraoxonase [11] and [14]di&uin transgenic mice show that the key
protein of HDL, apolipoprotein A-l, may hinder tbgidation of LDL [25].

Lipoprotein (a), [Lp(a)] resembles LDL but possasseunique glycoprotein apolipoprotein a
(apo a) group and exists in different isoforms wktingle domains that are similar to those
found in plasminogen [26] and [27]. An elevated elewf Lp (a) is a risk factor for

atherosclerosis and coronary heart disease bettgusenotes inflammation [26-28]. Its activity
appears to be facilitated by increased levels ohdaysteine, LDL [28] and in diabetics [19].
Apo (a) acts as a ligand that binds specifically p@integrin Mac-1; this enhances the
recruitment of adhesion molecules and their migrainto the endothelium [28]. The authors
indicated that through such interaction with Mactp(a) induce the nuclear factor kappaB,
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NF«B, (a transcriptiorfactor that controls proinflammatory genes) actoatresulting in the
synthesis of tissue factor (which is prothrombotis)well as other proinflammatory molecules
[27]. Lp (a) inhibits fibrin formation by prevengn TGF{$ activation [27] and [26]. The
physiological role of TG is to restrain inflammatory responses and hindernhigration and
proliferation of SMC. Studies involving apo (arisgenic mice show that apo (a) decreases the
amount of plasmin and TGJFin the aortic wall [27].

4.2 Haemodynamics

Sites of the artery highly susceptible and vulnkrad atherogenesis are the branches, curvatures
and bifurcations (areas of hemodynamic strain) ehaood flow can be disturbed due to
upsurge in turbulence and lowered shear stresand][1]. Haemodynamic strain coupled with
lipid accumulation provides a favourable environiviem the initiation of atherosclerosis. Low
shear stress coupled with increased oscillatoryarsk&ress result in expression of adhesion
molecules [1]. At these sites, production of thektecyte adhesion molecule, ICAM-1, can be
stimulated and anti-inflammatory function of nitesgoxide inhibited [11]. Due to these, SMC
synthesis is induced and evokes an inflammatoporese.

Sections of the artery that experience laminar feoe less susceptible to atherogenesis; genes
that contain shear-stress response elements aenpia such regions and have atheroprotective
properties since they express enzymes that inAMGQAM-1 expression [11]. Superoxide
dismutase synthesized in areas of laminar flonglga¢s the breakdown of superoxide anion, a
reactive oxygen species, to relieve endothelialscel oxidative stress [29]. Nitrogen oxide
synthase is also a product of these genes; it ptewxpression of VCAM-1 through the nuclear
factor kappaB (NkB) pathway [30].

4.3 Hypertension

Angiotensin 1l (All) is considered as a powerful seaonstrictor and plays a role in
atherosclerosis by enhancing growth of SMCs [31].speeds up inflammation by facilitating
smooth muscle lipooxygenase activity, an activibatt yields oxLDL [4]. Free radicals
(superoxide anion and hydroxy radicals) generatethé plasma due to hypertensive reactions
decrease nitrogen oxide synthesis and increasedgték adhesion [32]. All produced during
hypertension can orchestrate inflammation of tr@o#relial intima causing the endothelium and
SMC of the artery to produce superoxide anion Ad].and VCAM-1 also promotes expression
of cytokines (IL-6) and MCP-1 which serve as adtiva of inflammation. Hypertension in
animal models is associated wignkocyte adhesion, macrophage accumulation, snmoatitle
cell migrationand proliferation, and intimal thickening [33-35].

4.4 Diabetes

Lipoproteins can undergo glycation in conditionsbfonic hyperglycaemia; the modified lipids
form advanced glycosylation end product (AGE) whazn be recognized by AGE receptors
present on macrophages 9] and [15]. Oxidative sirediabetics is due to the formation of ROS
which promotes inflammation [9]. Glycated lipopriot support the action of proinflammatory
cytokines in the arterial endothelium [9]. Insulgsistance in patients with type 2 diabetes leads
to hypertriglyceridaemia and dyslipidaemia (fig, 8pnditions that are characterized by low
HDL levels with high VLDL (very low density lipoptein) and LDL levels [19]. In such
patients, NO activity is impaired which implies tledothelium function is hindered. Colwell,
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[19] noted that glyco-oxidation, production of freadicals, and reduced antioxidant defence
systems are common in diabetics. These enhancerdimn oxidation and promote
atherosclerosis.

4.5 Obesity

When visceral fat is high, more free fatty acids generated and this leads to elevated levels of
VLDL that can decrease HDL by the action of cha@egdtester transfer protein which converts
HDL into VLDL [9]; high levels of VLDL can instiga& atherosclerosis. TN&-and IL-6
synthesis by adipose tissue participate in inflationaesponse [9] and [36]. Adiponeotin, leptin
and resistin are cytokines produced from adipasgué which can influence inflammation [1].
These inflammatory processes and high levels of VcBn bring about atherosclerosis (fig. 3).

4. 6 Smoking

Nicotine and carbon monoxide contents of cigartediee damaging effects on arteries by causing
them to lose their compliance and to set up a stagplaque development. Cigarette smoking
results in high levels of circulating non estedfitty acids which can be injurious to the cell by
eliciting inflammatory response [7]. The free radéc generated from smoking results in
oxidative stress and increases oxidation of LDLolHrigger the recruitment of monocytes and
T cells; these lead to formation of macrophagesahdr processes that promote atherosclerosis
[7]. The authors explained that the toxins in tamasmoke lower a person's HDL while raising
levels of LDL cholesterol or "bad" cholesterol.

4.7 Homocysteine

Homocysteine has prothrombotic properties; it iftkibitrogen oxide activity, it is lethal to the
endothelium and increases collagen synthesis [d][34]. Severe atherosclerosis was observed
in patients with defects in one or both of the eneg (cystathionine beta-synthase,
methylenetetra- hydrofolate) necessary for homeaysnetabolism ; most of these patiens had
myocardial infarction by the age of 20 [37] .

4.8 Infection

Some Infections (chronic types) that occur outsidevascular system (e.g. gingivitis, prostatitis,
bronchitis) and intracellulr infections usually awent the synthesis of cytokines that activate
inflammation; these cytokines increase the ratel@felopment of atherosclerotic lesion [9].
Following herpesvirus, cytomegalovirus @&hlamydia pneumoniaénfection, compliment
activation and inflammation can be observed in ragwerotic plaques [38]. A couple of
atherosclerotic plaques isolated from humans weeodered to be infected witBhlamydia
pneumoniaeThe microorganisms synthesize lipopolysaccharittesn) and heat shock proteins
that incite the endothelium and SMCs to releasemflammatory mediators and to facilitate the
influx of leukocytes [9] and [36].The authors expkd that results obtained from using
antibodies raised againShlamydia pneumonia® predict and or prevent vascular risk have not
been conclusive.

5.0 Systemic Indicators of inflammation — Biomarkes

Biomarkers are molecules that serve as indicatéra diological state (e.g. biologic and
pathogenic processes) in living systems. Most efttftomarkers associated with atherosclerosis
are indicators of inflammatory response.
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5.1 C-Reactive Protein (CRP)

There has been growing evidence to suggest that, @RPacute phase protein, is a very
important biomarker of inflammation. CRPs are vitalpredicting atherosclerosis and as such
serve as valuable tools in the diagnosis and pignaf atherosclerosis [38] and [39]. CRP
synthesis is induced in the liver by IL-6 and playsajor role in innate immune defences [38]
and [36]. To determine whether CRP is indeed ptasestherosclerotic plaque, [38], studied the
expression levels of CRP and determined that CRRAnRvels of plague tissues were 10.2
fold higher than that of normal artery. It was atBscovered that there was an up regulation of
CRP and complement proteins levels in plaque tsd38]; CRP promotes complement
activation in order to stage an inflammatory regsofi36].The researchers detected strong
signals for CRP mRNA in macrophages and cells. &Heglings support the hypothesis that
CRP may play a direct role in promoting the inflaatary component of atherosclerosis and
present a potential target for the treatment okratbclerosis. CRP prevents nitrogen oxide
release into the endothelium by down regulatingodimelial nitrogen oxide synthase (eNOS)
expression [38] and [40]. Subsequently, CRP enlsartbe release of endothelin (ET-1),
adhesion molecules (VCAM-1, ICAM), chemoattractafN&CP-1), migration of SMCs as well
as facilitate LDL uptake by macrophage [38] and][4ndothelium responds to CRP by
intensifying the release of NFKB which initiatese thelease of cytokines and mediates cell
apoptosis [38] and [5]. According to research bl {3RP incites processes like angiogenesis
inhibition and cell death while it increases ETeVdls; these disrupt proper functioning of the
endothelium.

5.2 Protease Activated Receptor (PAR)

High rates of PAR (G-protein coupled receptor) espron is induced by IL-6 secretion in
atherosclerotic lesions and areas of vasculardiggury [36] and [17]. Of the four types of PAR
(PAR-1, -2, -3, -4), it is proposed that PAR-1 aation in the endothelium facilitates the binding
of monocytes when N&B is stimulated - a process that supports ICAM-fpregsion [17] and
[42]. Likewise, with PAR-3 serving as cofactor, PARactivation promotes leukocyte
recruitment in atherosclerosis [17]. PAR-1 and PARelease Weibel Palade bodies which
contain p-secretin and von Willebrand factor, males that increase the adhesion of leukocytes
and platelet to the endothelium [17] and [43].dslbeen shown that IL-1 and TNFRA inflamed
cells induce the proinflammatory property of PARY. [PAR activity in SMC has been
implicated in the translocation of SMCs from mettidhe intima and collagen synthesis: critical
requirements for the formation of fibrous cap [BAd [42]. In vitro experiments using PAR-2
blocking antibody revealed that SMC migration wasibited [44].

5.3 CD40

CD40 is a protein located on antigen presentings aahd stimulates their activation. CD40
receptor and its ligand, CD40L (o €ells), belonging to the TNF family have beered&td in
atherosclerotic plagues and found to be jointlyregped by activated macrophages, SMCs,
vascular endothelial cells and T lymphocytes [4%] §] . Mice lacking LDL receptors were fed
with a high cholesterol diet followed by the inttmtion of a neutralizing anti-CD40L antibody;
the results showed that there was a considerableake in the development and progression of
atherosclerotic lesions [46]. Such experimentatlifigs lend credence to the claim that the
CD40/CD40L is a proinflammatory system; it is liokéo atherosclerosis through soluble
CD40L (sCD40L) derived from activated platelet [4T is reported that in patients with
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moderate hypercholesterolemia and type 1 or 2 thabéigher amounts of sCD40L has been
identified [48] and [49]. Binding of sCD40L to CD4éh SMC and endothelium initiates a
cascade of events that lead to endothelial dysfum@nd inflammation. ROS formed due to
CD40 and CD40L binding antagonises the activitiN@f causing a decline in its synthesis [17].
In response to this, proinflammatory cytokines @lLiL-1), VCAM-1, ICAM and MCP-1 are
produced [17] and [2] .

VCAM-1
-1 ICAM-1
2. Initiation 3. Progression

MCP-1
Foam cell formation

Platelet Adhesion
ROS l NGO
MMP Activity

EC & SMC apoptosis

1. Endothelium Dysfunction

ET-1 ECLOX-1
A oxLDL uptake
oxLDL

>

4. Plague destabilization
and rapture

Fig. 4. Flow chart showing mechanism of the variouprocesses and inflammatory responses involved ihe
generation and maintenance of atherosclerosis witteference to the typical biomarker, LOX-1.

5.4 Interleukin-18

Interleukin-18 (IL-18) is a cytokine that is madeg imacrophages; IL-18 binds to its receptor
expressed on lymphocytes (T-helper (Th) 1), ECsCSMind macrophages [50]. Cytokines (IL-
1, TNF«, and IL-6) prompt IL-18 gene expression in maceg®s and leukocyte adhesion is
increased as more IL-18s are synthesized sinceBlaccentuates VCAM-1 and ICAM-1 levels
[5]. IL-18 binds to its receptors and primes theduction of its activators (ILf, TNF-u) to
establish a positive feedbback mechanism that pefes inflammation and plaque formation.
Plague stability is lowered because IL-18 causesirmmease in MMP expression [5].
Blankenberg et al [51], reported that the quargtiGElL-18 detected in patients with myocardial
infarction or unstable angina were greater thanammal patients. Research done by [52] using
apolipoprotein E—deficient mice revealed that wie@&ngenous IL-18 was introduced into such
mice (at constant serum cholesterol concentratjotit®re was an increase in the size of
atherosclerotic lesion and the number of lesiom@ased T cells.
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5.5 Lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1)

LOX-1 is expressed in endothelial cells, macropbamed SMCs. LOX-1 recognises and binds
specifically to oxLDL [53]. High levels of LOX-1 & been detected in all stages of
atherosclerosis; its production is mediated hyadd ET-1 [17]. LOX-1 has been discovered to
also bind apoptotic cells, activated platelets,aaded glycation end products, and pathogenic
organism [54]. LOX-1 provides a route of entry fxLDL into endothelium, an action that
disrupts normal endothelial function by encouragimgnocyte adhesion and infiltration (fig. 4).
With regards to studies undertaken by [55] and,[f¥§ oxLDL/LOX-1 complex enhances ROS
production, death of SMCs and MMP influence ondus cap.

5.6 Lipoprotein-associated phospholipase (Lp-PLA

Results from in-situ hybridization and immunohisiopatibility studies indicate that
macrophages in rabbit and human atherosclerotionesexpressed LpPLA56]. There has
been some evidence to suggest that LpPth#s proinflammatory and proatherogenic functions
by generating lysophosphatidylcholine (lysoPC) arwh-esterified fatty acid moieties [57].
LysoPC promotes monocyte chemotaxis and increasgession of mononuclear leukocyte
adhesion molecules in endothelial cells; LysoPCsispected to facilitate initiation of
atherosclerotic lesion through such activities [IThe authors suggest that lysoPC binds to
peptides and become antigenic and in turn, stiradlatells.

6.0 Treatment
Since inflammation has been implicated as the akntrechanism for the pathogenesis of
atherosclerosis, most therapies are designed thupeocanti inflammatory effects.

Antioxidants (e.g. vitamins A, C, E) are known tavh anti-inflammatory effects on cells.
Studies carried out indicate that antioxidants cedtatty streaks in arteries of animals and
improves the resistance of human LDL (in vitro)otddation [58] and [59]. Administration of
high doses of vitamin En{tocopherol) reduces the release of proinflammastgtgkines levels
and decreases adhesion of monocytes to endothgfiOnVitamin E reduces CRP levels in
patients with cardiovascular disease and in thadengk factors for it [58] and [59]. Vitamin E
enrichment has been found to hinder LDL oxidatioihjbit platelet adhesion and aggregation,
restrain the increase of smooth muscle cells, slown the expression and function of adhesion
molecules, attenuate the production of leukotriesv@s increase the release of prostacyclin by
means of up-regulating the expression of cytosatiospholipase A2 and cyclooxygenase [58-
61]. Cooperatively, these biological functions @amin E could account for its shielding effect
against the development of atherosclerosis. An lamga between oxidative stress and
antioxidant status is present in patients with aded atherosclerosis [61]. Vitamin E
supplementation improves this imbalance in plasotanbt in plaques [62] and [61] Peluso, [63],
proposed that flavonoids act in the artery waltdpress LDL oxidation caused by macrophages
and inflammatory responses; intake of flavonoidsiited in a decline in coronary heart diseases.
There are six main classes of flavonoids (flavasprigavones, flavonols, isoflavonoids,
anthocyanins, and flavans); flavanones occur mostlycitrus fruits, flavones in herbs,
isoflavonoids in legumes, anthocyanins and catechnfruits and flavonols in all fruits and
vegetables. Flavonoids in plants (soybean isoflaspand in red wine decrease ROS production
and maintains or enhances the balance between MOE®-1 in the endothelium [63]. By
performing this role, flavonoids help to maintaiormal vascular cell functions. Anthony et al
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[64] found out that atherosclerosis is lessenecanimals fed diets containing soy protein
compared with those fed diets with animal protditrobable mechanisms by which soy
isoflavones may avert atherosclerosis include adeable effect on plasma lipid concentrations,
antiproliferative and antimigratory effects on sriobanuscle cells, effects on thrombus
formation, antioxidant effects and maintenancearhmal vascular reactivity [64].

Statin is a drug administered to patients with atbeerosis. It inhibits cholesterol synthesis by
inactivating the rate limiting enzyme, 3-hydroxyygethyl-glutaryl-CoA reductase (HMGR)
responsible for the formation of mevalonate from GB®bA [6]. Cholesterol synthesis is halted
because other isoprenoids necessary for the proaesst be formed. Statin has a positive effect
on eNOS mRNA expression while it inhibits the pratilon of ET-1; these assist in establishing
the balance required for the proper functioninghef endothelium (i.e. less vasoconstriction and
more relaxation). The administration of statin tatignts with hyperlipidemia resulted in a
considerable decrease in CRP concentrations [18fluéed NFKB activity was observed in
circulating mononucleasells in the presence of statin, an indication pgrainflammatory genes
were being suppressed [10].

CONCLUSION

Inflammation participates in all stages of athelmrasis; all risk factors of atherosclerosis as
well as the disease progression have been shoeficitoinflammatory response. Clinical trials,
laboratory experiments on animals and tissues muoation with population studies have
yielded vital clues that lend credence to the cldiat atherosclerosis is a chronic inflammatory
disease. Atherosclerosis is evidently an inflammyadiisease and does not result merely from the
build up of lipids: macrophage colony-stimulatiragtor plays a key role in the regulation of the
amounts of macrophages and monocytes and in lésioration but lipids and other molecules
have minimal effect on atherosclerosis development.

Theapeutic measures designed to target the inflaompnanechanisms as well as healthy
lifestyles (e.g. good nutrition, exercise) can corbcompletely eliminate atherosclerosis. The
possibility that members of this clasiscompounds might also ameliorate hypertensivewas
injury deservefurther investigation.
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