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Abstract 

Atherosclerosis is a chronic inflammatory disease associated with cardiovascular 

dysfunction including myocardial infarction, unstable angina, sudden cardiac 

death, stroke and peripheral thromboses. It has been predicted that 

atherosclerosis will be the primary cause of death in the world by 2020. 

Atherogenesis is initiated by endothelial injury due to oxidative stress associated 

with cardiovascular risk factors including diabetes mellitus, hypertension, 

cigarette smoking, dyslipidemia, obesity, and metabolic syndrome. The 

impairment of the endothelium associated with cardiovascular risk factors 

creates an imbalance between vasodilating and vasoconstricting factors, in 

particular, an increase in angiotensin II (Ang II) and a decrease in nitric oxide. 

The renin-angiotensin system (RAS), and its primary mediator Ang II, also have 

a direct influence on the progression of the atherosclerotic process via effects on 

endothelial function, inflammation, fibrinolytic balance, and plaque stability. 

Anti-inflammatory agents [statins, secretory phospholipase A2 inhibitor, 

lipoprotein-associated phospholipase A2 inhibitor, 5-lipoxygenase activating 

protein, chemokine motif ligand-2, C-C chemokine motif receptor 2  pathway 

inhibitors, methotrexate, IL-1 pathway inhibitor and RAS inhibitors (angiotensin-

converting enzyme inhibitors)], Ang II receptor blockers and ranin inhibitors 

may slow inflammatory processes and disease progression. Several studies in 

human using anti-inflammatory agents and RAS inhibitors revealed vascular 

benefits and reduced progression of coronary atherosclerosis in patients with 

stable angina pectoris; decreased vascular inflammatory markers, improved 

common carotid intima-media thickness and plaque volume in patients with 

diagnosed atherosclerosis. Recent preclinical studies have demonstrated 

therapeutic efficacy of vitamin D analogs paricalcitol in ApoE-deficient 

atherosclerotic mice. 
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Core tip: There are several reviews in the literature contributed to the 

pathophysiology, therapeutic options and clinical trials for atherosclerosis. 

However this is a first review to report the latest cellular and molecular 

mechanisms of the pathways of atherosclerosis including inflammation, renin-

angiotensin system, oxidants/antioxidants imbalance and the efficacy of several 

therapeutic strategies in improving cardiovascular outcomes, and recent clinical 

trials reducing the progression of the pathogenesis of atherosclerosis.  
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INTRODUCTION 

Atherosclerosis, a continuing chronic disease with inflammation manifesting in 

the vascular system of blood vessels is the primary origin of cardiovascular 

diseases in the developed countries of the globe. Its burden is higher in 

developing countries of Asia, Africa and South America (> 5000 per 100000) than 

in the developed countries of North America, Europe and Australia (< 3000 per 

100000). The mortality due to this disease is anticipated to be at the first place in 

the globe by 2020[1]. It is represented by the development of vascular lesions or 

plaques in the blood vessels following inflammatory/oxidant response to 

endothelial damage[2,3]. The plaque mainly composed of blood cells, foam cells, 

lipids and proteins with calcium accumulation[3-5].  Finally it results to vascular 

expansion, vascular blockage, and inhibition of vascular blood flow leading to 

burst of the vascular wall[6,7]. In cardiovascular disease, blockage and rupture of 

atherosclerotic coronary arteries cause myocardial infarction, whereas blockage 

of carotid arteries cause stroke[2,6,8]. The impairment of the physiological 

functions of the endothelium is seen during initial phases of the atherosclerotic 

lesions due to oxidant damage. Endothelial damage is linked with heart and 

blood vessels risk factors such as diabetes, high blood pressure, nicotine, lipid 

disorders, obesity, and disorders of the metabolism[2,6,9,10]. The renin-angiotensin 

system (RAS) also plays an important role in the advancement of atherosclerosis 

by influencing on physiology of the endothelium, inflammatory reactions, 

thrombosis, and oxidant injury[9,10]. Ang II causes oxidant damage in vascular 

system by inducing oxidant species generation via activation of NADPH oxidase 

and these oxidant species oxidize cellular biomolecules including lipids, 

lipoproteins and DNA leading to endothelial impairment. The relationship 

between inflammation, oxidative stress, RAS system, endothelial dysfunction 

and atherosclerosis is depicted in Figure 1.  This mini review presents precisely 

the mechanistic aspects of the events associated with atherosclerosis, 

implications of the inflammation, RAS and oxidative stress as well as the efficacy 
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of several therapeutic strategies in improving cardiovascular system, physiology 

of the endothelium, and ameliorating the advancement of atherosclerotic events. 

Current clinical trials using anti-inflammatory, RAS blockers and antioxidants in 

attenuating the atherosclerotic lesions and preserving the pathophysiology of the 

endothelium is also reviewed.  

 

INFLAMMATION AND ATHEROSCLEROSIS 

Atherosclerosis is a concurrent inflammatory disease which first starts in the 

endothelium of the arterial wall[3,4,11]. Impairment of the endothelium is the first 

physiological alteration in the pathophysiology of this disorder which is 

manifested by enhanced vascular constriction and depressed dilatation of the 

vascular endothelium as well as changes in the mediators of thrombosis. 

Endothelium-derived relaxing factor or nitric oxide (NO) plays an important role 

in preserving the endothelial vasodilatation and inhibiting the  vasoconstriction 

triggered by angiotensin II and endothelin[3]. Inflammatory processes are 

manifested by enhanced biosynthesis of mediators of inflammation and 

thrombosis. The mediators and reactions include interleukin-6, monocyte 

chemoattractant protein-1 (MCP-1), intercellular adhesion molecule-1 (ICAM-1), 

endothelial-selectin, adhesion/infiltration of monocytes, oxidation of low density 

lipoprotein (LDL) and production of foam cells[12]. Foam cells are formed due to 

storage of excess cholesterol ester in the macrophages[12]. The transport of 

cholesterol regulated by ATP-binding cassette transporter A1 and transport of 

oxidized LDL through CD36 regulate the excess of cholesterol ester in the 

macrophages[12]. Apart from excess foam cells, growth of smooth 

muscle/endothelial cells[3,13], collagens, matrix metalloproteinases, fibronectin, 

and elastin are also responsible for plaque development[2,3,11]. Evidences suggest 

that cytokines and tissue factors also regulate pathophysiology of the 

endothelium due to inflammatory reactions. The influence of different cytokines 

and factors modulating the pathophysiology of the vessel wall is depicted in 
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Table 1. Among the biomarkers of inflammation C-reactive protein (CRP) is 

important which is generated by hepatic cells and is also modulated by IL-6, IL-1 

and TNF-α[14]. Evidences suggest that raised blood CRP level is one of the 

inflammatory biomarkers and predictors of cardiovascular diseases[15,16]. It is also 

implicated in the advancement of atherosclerotic lesions by regulating 

physiology of endothelium[3,17,18]. It enhances the production of VCAM-1, ICAM-

1, selectins, and MCP-1 in the endothelium through induction of powerful 

constrictor of the vessels ET-1 and IL-6[3,17]. It ameliorates the synthesis of NO in 

the endothelium by depressing the transcription and translation of enzyme NO 

synthase[3,19]. It also plays a significant role in cooperating with the activities of 

other cytokines and factors. CRP induces the biochemical synthesis and 

physiological functions of PAI-1 in the endothelium[19]. PAI-1 is known to be 

actively involved  in thrombosis during atherosclerosis process and inhibits 

destruction of the fibrin clot by suppressing plasminogen activation [20]. There is 

a good correlation between elevated blood PAI-1 concentration and death rate in 

patients with coronary heart diseases[20]. Apolipoprotein E as well as low-density 

lipoprotein (LDL)-receptor knock out animals display speedy atherosclerotic 

lesions[21,22]. These animals also have sizeable counts of macrophages/T cells in 

their plaques. Cross breading of apolipoprotein-E knock out with T-cell knock 

out and mice with deficient macrophages (osteoporotic op/op) revealed the 

influence of immune cells in the progression of atherosclerosis[23]. Inflammatory 

reactions are not only involved in progression of human vascular plaques 

generation but also have important role in the rupture of internal arterial plaques 

transforming chronic disorder into an acute thrombo-embolic disease. Several 

factors are implicated in the rupture of internal arterial plaques comprise of 

cytokines, cyclooxygenase-2, matrix metalloproteinases, and tissue factors[1,4,23]. 

Experimental evidences support crucial role for inflammatory reactions as a 

connection between risk factors for atherosclerotic disorder and 

pathophysiologic complexity of the disease[2]. Serum amyloid A protein has also 
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been implicated in the  inflammatory reactions associated with atherosclerotic 

disorder and used as a biomarker for cardiac and vascular disorders as well as 

heart and vessels outcome[24]. TNF-α is one of the inflammatory cytokines 

involved in commencement as well as development of atherosclerosis. It induces 

transcription factor nuclear factor-κB (NF-κB), a key factor in the pathways of 

inflammation.  In the process of atherosclerosis NF-κB induces the transcription 

of VCAM-1, ICAM-1, MCP-1, and E-selectin in smooth muscle/endothelial cells 

of the blood vessels[25]. TNF-α depletes NO levels in the endothelium causing 

decrease of endothelial dilatation leading to dysfunction of the endothelium[26,27]. 

TNF-α has been reported to cause apoptosis of the endothelial cells through 

dephosphorylation of protein kinase B (Akt) leading to endothelial damage[28,29]. 

Resistin exerts inflammatory reactions/vasoactive effects in cultured cells of the 

endothelium[8].   In atherosclerotic process resistin induces transcription of 

cellular factors such as VCAM-1 and MCP-1[30]. Cells from endothelium exposed 

to resistin deplete the levels of TNF receptor-associated factor (TRAF-3) which is 

a well known inhibitor of the endothelial activation[31]. It is suggested that 

augmented resistin concentration causes a significant dysfunction of the 

endothelium through activation of endothelial system. Furthermore, resistin 

exposure activates endothelial cells by increasing ET-1 release through induction 

of transcription of ET-1 indicating its role in the impairment of the 

endothelium[32]. Leptin up regulates ET-1 as well as NO synthase biosynthesis in 

the endothelial cells and augments generation of free radicals and oxidants[33,34], 

causing oxidative stress[35]. Leptin also increases the cellular growth as well as 

migration of cells of the endothelium[36] and cells of smooth muscle[37]. It induces 

the synthesis of MCP-1 in the cells of the aortic endothelium[38]. It enhances the 

aggregation of the platelets and vascular thrombus formation through leptin 

receptor pathways[33,34]. It directly augments concentrations of monocyte colony-

stimulating factor[39], increases cholesterol levels in hyperglycemia[40], and 

promotes new blood vessel formation[41]. We have shown in our earlier studies 
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elevated concentrations of factors involved in inflammatory pathway namely 

TNF-α, MCP-1, Cox-2, TGF-β1, iNOS, and Mn-SOD in ApoE-deficient 

atherosclerotic mice[42,43] proving the vascular inflammation as an integral 

process in the atherosclerotic pathophysiology. 

 

OXIDATIVE STRESS AND ATHEROSCLEROSIS 

Oxidative stress is referred as imbalance of the cellular oxidants and antioxidants 

in the body. In atherosclerosis process Ang II causes oxidants/antioxidants 

imbalance in the vascular system by inducing oxidant species generation via 

activation of NADPH oxidase[44,45]. Earlier studies have shown that excess 

superoxide generation due to NADPH oxidase activation causes inflammation 

and further generation of inflammatory cytokines (TNF-alpha) through NF-kB 

activation[46-48]. The role of NF-kB activation is also demonstrated in 

atherosclerosis[47,49]. These reactive oxygen species (ROS) initiate vascular 

membrane lipid peroxidation leading to inflammation and production of TNF-α 

via NF-κB induction[46,47] and other factors namely VCAM-1, MCP-1, TGF- β1, 

Matrix metalloproteinase 9, iNOS and Mn-SOD[50-52]. The ROS up regulate 

atherosclerotic events namely cell infiltration, migration, adhesion and platelet 

activation. These ROS oxidize cellular biomolecules including lipids, proteins 

and nucleic acids  causing endothelial impairments[53]. However, cells are 

equipped with an intricate cellular defense system that includes antioxidant 

enzymes namely superoxide dismutase (SOD), catalase and glutathione 

peroxidase (GSHPx), tripeptide glutathione (GSH), antioxidant vitamins A, C, 

and E to scavenge oxidant species thereby attenuate oxidant injury[54]. Most 

importantly, depletion of a major cellular antioxidant such as GSH has been 

reported to cause vascular dysfunction[42,55-57]. The vascular system has also been 

shown to be equipped with antioxidant defense to combat oxidant damage[42,55,56]. 

However depletion of cellular antioxidants increases oxidant species build up 

leading to pathological and physiological impairments[42,43,55-57]. Several studies 
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in ApoE knock out mouse model revealed down regulation of antioxidants in 

atherosclerosis[42,43,58] which suggests a relationship between declined 

antioxidants and enhanced pathological lesions. On the contrary, over expression 

of catalase which hydrolyses H2O2, suppressed tissue injury in ApoE knock out 

mouse model[21] indicating the implications of H2O2 degrading enzyme in 

atherosclerosis. Furthermore, additional studies suggest defensive capacity of 

glutathione peroxidase (GPx1) in atherosclerosis[58]. Down regulation of 

erythrocyte GPx1 level was linked with enhanced risk of heart and blood vessel 

injury and patients with atherosclerosis of carotid artery posses declined GPx1 

levels[58]. Knock down of GPx1 in animal enhanced lipoprotein oxidation and 

depleted NO levels causing impairment of endothelium[58]. Diabetes-related 

atherosclerotic events are enhanced with deficit of GPx1 through increased 

inflammation and thrombosis in ApoE-deficient mouse model[58]. Several studies 

reported a lower level of tissue antioxidants in patients with renal and 

cardiovascular diseases[6,59-61].   

 

RAS AND ATHEROSCLEROSIS 

The renin-angiotensin system is thought to have an important implication in the 

pathophysiologic injury in atherosclerosis through induction of various 

cellular/molecular reactions[10,61,62]. Previous studies showed that angiotensin II 

(Ang II) produced by vascular tissues increases generation of ROS and induces 

synthesis of several factors via induction of AT II type 1 receptor (AT1R), leading 

to stockpile of inflammatory mediators and proliferation/migration of vascular 

cells[1,10,62]. These findings indicate that regional impact of AT1R activation in 

vascular wall plays a critical role in pathophysiology of concurrent inflammatory 

reactions through a direct action on local vascular cells. Several studies 

demonstrated an essential part of RAS in pathophysiology of heart and vascular 

system, including atherosclerotic disease[1,6,10,62,63]. Angiotensinogen (ANGT), a 

precursor of ANG II, is synthesized in fat cells[64]. Angiotensin II causes oxidative 
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stress in cardiovascular systems by inducing ROS production via induction of 

NADPH oxidase[44,49]. These oxidant species begin oxidation reaction of  lipids in 

the membranes of the blood vessels leading to inflammation and generation of 

inflammatory cytokines (TNF-α) through NF-κB activation[1,2,11,23,63,65]. These ROS 

oxidize cellular biomolecules namely lipids, proteins and nucleic acids causing 

oxidation of membrane phospholipids resulting in the impairments of  the heart 

and blood vessels[1,2,11,23,57,63,65,66]. Vasoconstrictor Ang II instantly triggers the 

synthesis of ICAM-1, VCAM-1, MCP-1, and macrophage colony stimulating 

factor (M-CSF) in the walls of the blood vessels through induction of NF-κB-

regulated genetic products[67]. Moreover Ang II stimulates production of oxidant 

species from NO leading to depletion of NO causing injury to blood vessels[3]. 

Enhanced ANGT 2 levels is associated with new blood vessels formation[68] and 

elevation of blood pressure[44,56,57]. These two disorders are closely linked with 

impairments of the endothelium. Additionally, CRP induces ATR1-receptor 

transcription and translation as well as enhanced AT1-receptor levels in blood 

vessel wall[69]. Importantly, activation of ATR1-receptors promote Ang II-

induced ROS generation, migration/proliferation/remodeling of the cells of the 

blood vessels[70].  

 

TREATMENT OF ATHEROSCLEROSIS  

Use of anti-inflammatory agents  

The influence of inflammatory reactions on the progression/maturation and 

rupture of thrombus in the vascular lumen of the blood vessels opens new 

therapeutic strategies for atherosclerotic disorder. One of the clinical trials 

corroborates clinical advantage of the evaluation of the degree of inflammation 

in managing the therapeutic intervention to restrict the occurrence of the injury 

to the heart and vascular system. Academic and theoretical concepts of 

inflammatory reactions are being now utilized as a therapeutic tool in the clinics 

for the risk assessment as well as targeted therapeutics[2]. Current therapeutics 



 12 / 31 

 

effectiveness in preventing atherosclerosis such as HMG-CoA reductase 

inhibitors (statins), acetylsalicyclic acid, and RAS blockers deploy their influence 

through modulation of inflammation in the blood vessels[71]. Attentions are also 

focused to various therapeutic agents decreasing different modulators of 

inflammation process. Among these drugs are derivatives of thiazolidinedions 

(glitazones), HMG-CoA reductase inhibitors (statins), acetyl salicylic acid, ACE 

inhibitors, and ATR blockers. Glitazones are activators of nuclear peroxisome 

proliferator-activated receptor-γ.  Glitazones are known to down regulate 

various factors involved in the process of inflammation and their activities 

therefore they can ameliorate the advancement of atherosclerotic events. 

Glitazones are also known to deplete TNF-α level in fat cells and abrogate TNF-

α-induced synthesis of VCAM-1 and ICAM-1 in the endothelium of the blood 

vessels[8,17]. Rosiglitazone has been shown to reverse the progression of 

atherosclerotic activities of CRP in the endothelium of the blood vessels [8]. 

Glitazones  also depress leptin-induced migration of the cells of the endothelium 

[33 ]. Glitazones inhibit resistin concentration in fat tissues[72,73]. Alternatively, 

inhibitors of matrix metalloproteinase activity as well as vaccines are presently 

under developmental processes and clinical trials[23]. There are several anti-

inflammatory agents have been used pre-clinically and clinically in the treatment 

of atherosclerotic cardiovascular diseases such as phospholipase A2 inhibitors[74], 

phospholipase A2 of lipoproteins inhibitors[75],  5-lipoxygenase-activating 

protein[76], arachidonate 5-lipoxygenase[77], chemokine motif ligand 2, chemokine 

motif receptor 2 inhibitors [78], methotrexate[15,65], and IL-1 pathway inhibitor[79].  

 

Use of Antioxidants  

Antioxidant therapy has been shown to ameliorate cardiovascular oxidative 

stress by scavenging excess ROS and up regulating the antioxidant defense 

system[54,80]. The antioxidant N-acetylcysteine is reported to abrogate accelerated 

atherosclerotic events in ApoE knockout mouse models[80]. Our recent study 
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demonstrated that vitamin D analog paricalcitol ameliorated the oxidative 

vascular injury by suppressing ROS-generating enzyme NADPH oxidase activity 

and inflammatory mediators and by up regulating the antioxidant defense 

system in ApoE-deficient mice[42,43]. There is a novel strategy against 

inflammation is being used by inhibiting the oxidation of lipoproteins to stop 

their entry into the cells of the blood vessels. The ARISE clinical trial investigated 

the influence of antioxidant succinobucol (AGI-1067) in patients who had 

myocardial infarction/ruptured atherosclerotic plaques had significant curative 

effects[81]. In preclinical investigation using antioxidant enzyme GPx1 afforded 

significant protection in a mouse model of atherosclerosis[58].  

 

Use of RAS inhibitors  

In preclinical and clinical investigations putative drugs used for high blood 

pressure have been reported to adequately suppress the events of 

atherosclerosis[6,62,63]. The inhibitors or blockers/antagonists of RAS such as ACE 

inhibitors and ATR blockers act either by depleting the generation of Ang II or 

by blocking the binding of Ang II to its receptors. RAS inhibitors or 

blockers/antagonists have both ancillary and concurring actions that enhance the 

NO concentration, decrease oxidants/antioxidants imbalance, inhibit RAS-

induced inflammation, as depicted by actions of these drugs on several 

biomarkers of inflammation[6,10,17,23,62,63,82]. The above biochemical alterations 

achieve amelioration in the activities of the endothelium and pathophysiology of 

the vascular system in atherosclerosis. Additionally above biochemical 

alterations are also linked with advantage over lowering the blood pressure in 

patients with atherosclerosis and high blood pressure. These investigations have 

demonstrated that olmesartan medoxomil administration suppress the 

advancement of atherosclerotic process and significantly ameliorate the 

cardiovascular dysfunctions[10,63]. ATR1 blockers  have been shown to decrease 

the new blood vessel formation in ApoE-deficient mouse model of 
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atherosclerosis, through toll like receptor 2 and 4-arbitrated events of 

inflammation and activation of MMP, consequently inhibiting the proliferation 

of the vascular lesions as well as rupture of the plaques[83]. Our recent studies 

have shown that ACEI enalapril ameliorated the oxidative vascular injury by 

suppressing ROS-generating enzyme NADPH oxidase activity and inflammatory 

mediators and by up regulating the antioxidant defense system in ApoE-

deficient mice[42,43].   

 

Use of other agents   

Preclinical as well as clinical studies have clearly demonstrated  and provided 

the evidence that vitamin D and its analogues suppresses the various factors and 

biomarkers  associated with disorders of vascular system and permeate cells of 

the immune system against the activities of the inflammation[5,9,84-87]. The knock 

down of vitamin D receptor (VDR) and VDR-mediated signaling pathways in 

animals induces hypertension by elevating renin release from the kidneys and 

stimulates the process of atherosclerosis conceivably through regional induction 

of cellular RAS[9]. The insufficiency or depletion of vitamin D causes 

hypertension and enhances the progression of atherosclerotic lesions in animals[5]. 

Our recent study demonstrated that vitamin D analog paricalcitol ameliorated 

the oxidative vascular injury by suppressing ROS-generating enzyme NADPH 

oxidase activity and inflammatory mediators and by up regulating the 

antioxidant defense system in ApoE-deficient mice[42,43].  In animal model when 

vaccines derived against oxidized LDL and heat shock protein administered 

have demonstrated inhibition of inflammation and progression of atherosclerotic 

lesions[88]. The prospect of clinical application of vaccines for prevention or 

treatment of atherosclerosis is presently under exploration[23]. The antibodies 

raised against the oxidized lipoproteins not only reveal activity of the disorder 

but also confer the prevention and treatment of atherosclerosis[7,63].  
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CONCLUSION 

The investigations delineated in the present mini review furnish to our 

comprehending the role of inflammatory events, oxidants/antioxidants 

imbalance and RAS pathways in the pathophysiology of atherosclerosis as well 

as targeted therapeutic intervention. Preclinical as well as clinical investigations 

clearly demonstrate that inflammatory reactions operates all stages of 

atherosclerotic events, including commencement, advancement, and the 

complexity of the lesions. Inflammatory process is commonly associated with 

several risk factors for atherosclerotic plaque formation and modified 

pathophysiology of the blood vessels. Alteration of implicated risk factors has a 

clinical advantage through abrogating the inflammatory reactions and its 

consequences. Convincing verifications from clinical studies authenticates the 

application of the drugs inhibiting the inflammation process; RAS blockers and 

antioxidants as a therapeutic regimen that can prevent and treat the 

atherosclerotic lesions. 
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Figure 1 Relationships between inflammation, oxidative stress, renin-

angiotensin system, endothelial dysfunction and atherosclerosis. RA: Renin-

angiotensin. 
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Table 1 Cytokines and Factors implicated in causing inflammation in 

atherosclerosis 

Cytokines/factors Abbreviations 

Tumor necrosis factor-alpha TNF-α , TNF-a 

Interleukine-6   IL-6 

Interleukine-1beta   IL-1β, IL-1beta 

Nuclear factor-kappa B NF-κB 

Monocyte chemoattractant protein-1 MCP-1 

C-reactive protein CRP 

Intracellular adhesion molecule-1 ICAM-1 

Vascular cell adhesion molecule-1 VCAM-1 

Monocyte colony-stimulating factor M-CSF, MCSF 

Transforming growth factor beta1 TGFβ1, TGF-β1 

Plasminogen activator inhibitor-1 PAI-1 

Macrophage migration inhibitory 

factor 

MIF 

Cyclooxygenase-2 COX-2 

Endothelin-1 ET-1 

Angiotensin 2 Ang II, ANG II 

Endothelial-selectin E-selectin 

Platelet-selectin P-selectin 

Angiotensinogen 2 ANGT 2 

Leptin LEP 

Inducible nitric oxide synthase iNOS 

Matrix metalloproteinase  MMP 

Low density lipoprotein LDL 

Serum amyloid A SAA 

Apolipoprotein E ApoE 
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Tumor necrosis factor receptor –

associated factor  

TRAF 

Reactive oxygen species ROS 

Angiotensin type 1 receptor  ATR1 

Glutathione peroxidase 1 GPx1 

Phospholipase A2 PLA2 

Lipoprotein-associated phospholipase 

A2 

Lp-PLA2 

5-Lipoxygenase-activating protein 

(FLAP) 

FLAP 

5-Lipoxygenase 5-LO 

Chemokine motif ligand 2  CCL2  

Chemokine motif receptor 2 (CCR2) CCR2 

Toll like receptor 2 TLR2 

Hear shock protein  HSP 

 


