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Abstract

:

Atherosclerosis and its complications, including acute coronary syndromes, are the major cause of death worldwide. The two most important pathophysiological mechanisms underlying atherosclerosis include increased platelet activation and increased low-density lipoproteins (LDL) concentration. In contrast to LDL, oxidized (ox)-LDL have direct pro-thrombotic properties by functional interactions with platelets, leading to platelet activation and favoring thrombus formation. In this review, we summarize the currently available evidence on the interactions between LDL-cholesterol and platelets, which are based on (i) the presence of ox-LDL-binding sites on platelets, (ii) generation of ox-LDL by platelets and (iii) the role of activated platelets and ox-LDL in atherosclerosis. In addition, we elaborate on the clinical implications of these interactions, including development of the new therapeutic possibilities. The ability to understand and modulate mechanisms governing interactions between LDL-cholesterol and platelets may offer new treatment strategies for atherosclerosis prevention.






Keywords:


LDL-cholesterol; platelets; extracellular vesicles; atherosclerosis; treatment












1. Introduction


Atherosclerosis and its complications, including acute coronary syndromes, are the major cause of death worldwide [1]. New insights into the mechanisms of atherosclerosis development and progression, which allow us to develop novel treatment strategies, are of utmost importance both from the health and economic viewpoints [2]. Pathologically, atherosclerosis is a chronic inflammation of the vessel wall due to factors that disturb the endothelium-dependent regulation of the vascular tone by nitric oxide (NO) formed by the constitutive endothelial nitric oxide synthase [3]. Impaired NO release together with a local enhanced NO degradation by reactive oxygen species leads to the imbalance between vasoconstriction and vasodilation and initiates numerous mechanisms that promote or exacerbate atherosclerosis, including increased endothelial permeability, leukocyte adhesion and generation of cytokines [4]. Among these various mechanisms, the interactions between platelets and low-density lipoproteins (LDL) are of particular interest for this review [5]. Platelets are involved both in the initiation of the vascular inflammatory in course of atherosclerosis, and promote thrombus formation after the atherosclerotic plaque rupture [6]. Activated platelets adhere not only to the damaged endothelium, but also to the intact or minimally altered endothelium, thus aggravating inflammatory and thrombotic processes [7]. LDL, in turn, participate in the early phase of atherosclerosis by recruiting inflammatory cells to the sub-endothelium and eliciting prothrombotic changes on the endothelial cell surface [8]. Several cells including platelets, endothelial cells and macrophages are involved in the process of oxidized (ox)-LDL formation [9,10]. Platelets are traditionally not defined as cells, as they are fragments of the cytoplasm of megakaryocytes and have no nucleus. However, some authors justify that platelets might be perceived as immune cells in the context of atherosclerosis development due to their numerous interactions with other cells [11]. Therefore, in this review, we define platelets as cells, bearing in mind that there is a discussion on this topic in the literature [11].



Ox-LDL are defined as “circulating LDL-derived particle which have peroxides or their degradation products associated with the LDL particle” [12]. In contrast to LDL, ox-LDL have direct pro-thrombotic properties by functional interactions with platelets, leading to platelet activation [13,14] and favouring thrombus formation [15]. In this review, we summarize the currently available evidence on the interactions between LDL-cholesterol and platelets, which are based on (i) the presence of LDL-binding sites on platelets, (ii) generation of ox-LDL by platelets and (iii) the role of activated platelets and ox-LDL in atherosclerosis. In addition, we elaborate on the clinical implications of these interactions, including development of the new therapeutic possibilities.




2. LDL-Binding Sites on Platelets


Ox-LDL activate platelets via interaction with two types of platelet receptors: cluster of differentiation (CD) 36 and lectin-like oxidized low-density lipoprotein receptor-1 (LOX1) [16].



2.1. Class B Scavenger Receptor: CD36


CD36 belongs to the class B scavenger receptors (SR) family [17]. SR comprise a structurally diverse group of membrane-bound proteins that are involved in cholesterol and lipoprotein metabolism [18]. SR are present on various cells including macrophages, monocytes, platelets, endothelial cells, smooth muscle cells and epithelial cells [18]. These receptors bind multiple ligands, including LDL, ox-LDL, acetylated LDL, modified high density lipoproteins (HDL), Gram-positive and Gram-negative bacteria, β-amyloid and advanced glycation end products (AGE) [19]. Because of SR’s ability to bind diverse ligands, they are involved in many physiological and pathological processes such as homeostasis, innate immunity and apoptotic cell clearance. Importantly, SR play a crucial role in the atherosclerotic plaque formation and progression [20].



CD36, an 88-kDa transmembrane glycoprotein receptor, is constitutively expressed on various cell types, including platelets [21]. Expression levels substantially vary in the human populations and have been linked to specific polymorphisms associated with the risk of myocardial infarction [22]. It was shown that ox-LDL binding to CD36 receptor triggers signaling pathways that activate platelets, inducing the expression of P-selectin and activation of integrin αIIbβ3 (receptor for fibrinogen). Hence, ox-LDL binding to CD36 enables the formation of platelet-leukocyte complexes via P-selectin and cross-linking of the adjacent platelets via fibrinogen [15]. Further, the interaction between ox-LDL and CD36 was shown to trigger platelet hyperactivity in response to co-stimulation with ox-LDL and low-dose adenosine diphosphate (ADP) in a mouse model, as measured by flow cytometry [14,23].



The interaction between platelets and ox-LDL via CD36 is reciprocal. Not only ox-LDL activate platelets, but platelets bound to ox-LDL exert pro-atherogenic effects, including the release of atherosclerosis-promoting chemokines such as monocyte chemotactic protein-1 and interleukin 1β precursor [16,21]. Furthermore, platelets with internalized ox-LDL activate endothelial cells and inhibit endothelial regeneration [7]. Finally, in response to ox-LDL, platelets form aggregates with monocytes, and this aggregates facilitate the ox-LDL uptake by monocytes in a CD36-dependent manner [24]. Altogether, the interaction between ox-LDL and CD36 receptor on platelets triggers platelet activation and reciprocally facilitates ox-LDL formation, expanding endothelial injury and vascular inflammation. The interactions between LDL, ox-LDL and platelets are summarized in Figure 1.




2.2. Class E Scavenger Receptors: LOX-1


LOX-1 is a 50 kDa type 2 transmembrane glycoprotein that mediates the uptake of ox-LDL by endothelial cells and platelets [13,25]. Unlike CD36, which is constitutively expressed on platelets, LOX-1 is expressed in an activation-dependent manner [26]. Stimuli such as angiotensin II, cytokines, sheer stress, and AGE upregulate LOX-1 expression [27]. Clinical conditions including hypertension, diabetes, obesity, ischemia-reperfusion injury, heart failure and psychological stress have been shown to increase the LOX-1 expression as well [25].



LOX-1 effect on platelets resembles the effect of the well-established platelet activator ADP, which decreases the intracellular concentration of cyclic adenosine monophosphate (cAMP) [28]. Binding of ox-LDL to LOX-1 leads to activation of integrins αIIbβ3 and α2β1, which are receptors for fibrinogen and collagen, respectively, crucial in thrombus formation [29]. The prothrombotic effect of LOX-1 activation has been confirmed by the in vitro experiments using the specific antibody against LOX-1, which inhibited binding of ox-LDL to platelets [13]. Anti-LOX-1 inhibited ADP-induced platelet aggregation in a time- and concentration-dependent manner, implying that LOX-1 acts as a co-agonist during activation of platelets with ADP [13]. Further, LOX-1 binds to activated platelets, facilitating cross-linking of platelets and thus stabilizing the thrombus [16]. Finally, it modulates plaque stability by affecting matrix metalloproteinases expression and activity, smooth muscle cell apoptosis and collagen content within the atherosclerotic plaques [25]. Altogether, LOX-1-mediated interactions between ox-LDL and platelets provide the molecular link between increased concentration of LDL-cholesterol and platelet hyperreactivity in patients with dyslipidemia [30].





3. Platelets as a Source of Oxidized LDL


Reactive oxygen species (ROS) are highly reactive molecules, generated in response to both endogenous and exogenous stimuli, which promotes protein, lipid and DNA damage. Increased local and systemic levels of ROS induce endothelial cell activation, dysfunction, apoptosis and impaired vasorelaxation, and contribute to atherosclerosis development and progression [12]. Traditionally, smooth muscle cells and macrophages are perceived as the main source of ROS and consequently, the main LDL-oxidating cells. Due to the imbalance between the ROS generation and antioxidant mechanisms in atherosclerosis, activated platelets also generate ROS and contribute to ox-LDL formation. On the other hand, increased level of ox-LDL reciprocally leads to the increased ROS production and dose-dependent increase in endothelial cells apoptosis, as demonstrated in human umbilical vein endothelial cells culture [31]. This results in a vicious circle of ROS generation, LDL oxidation and platelet activation (Figure 1) [32].



ROS are physiologically produced by a cell membrane enzymatic complex, nicotinamide adenine dinucleotide phosphate oxidase (NOX), and by mitochondria in the electron transport chain [32]. The pivotal role of ROS and mitochondria in platelet function has recently emerged [33]. Since ROS act as second messengers, they regulate platelet recruitment to the site of vascular injury, activation and aggregation [34]. The formation of platelet aggregates is associated with the burst of ROS, including hydrogen peroxide (H2O2) [35]. H2O2 induces platelet aggregation mediated by fibrinogen binding to integrin αIIbβ3, which is independent of ADP secreted from platelet dense granules [36]. H2O2 also enhances aggregation induced by phospholipid-derived arachidonate [33]. Altogether, ROS are a part of the machinery used by platelets to oxidize LDL [37].



NOX isoforms are the main sources of ROS in platelets, followed by cyclooxygenase (COX), xanthine oxidase (XO) and mitochondrial respiration [33]. In human platelets, both NOX1 and NOX2 contribute to ROS production. Both isoforms are inactive in resting platelets and become activated upon stimulation by agonists [38]. Ox-LDL-induced ROS, generation was markedly reduced by pharmacological inhibition of NOX2 and completely abolished in CD36- and NOX2-deficient mice [39]. Concurrently, patients with genetically determined NOX2 deficiency have both impaired platelet activation and inability to oxidize LDL, further confirming the mutual interactions between platelets and LDL [40].




4. Platelets as a Target of Oxidized LDL


Resting platelets take up ox-LDL at different concentrations [41]. When platelets are activated, internalization of ox-LDL is markedly enhanced [7]. Ox-LDL is stored intracellularly in the dense granules, along with ADP, ionized calcium and polyphosphates, all of which are potent platelet activators [7]. LDL alters platelet function by remodeling of phospholipids in the cell membrane and by insertion of phospholipids from circulating lipoproteins, thereby changing the composition of membrane phospholipids [42]. Thus, platelets are sensitized by LDL through the activation of a signal transduction pathways, as well as by the exchange of lipids [16].



Whereas native LDL does not affect platelet activation [7], binding of ox-LDL to platelet receptor CD36 leads to ROS production and subsequently triggers the loop of LDL oxidation and platelet activation, as showed by enhanced surface expression of specific platelet activation markers: P-selectin and glycoprotein (GP) VI [43]. Compared with native platelets, ox-LDL-laden platelets show increased adherence to collagen type I, which represents the major extracellular matrix compound of the damaged arterial wall [7].



Following ox-LDL intake and adherence to collagen, platelets lead to immune cells accumulation at the sites vascular injury [7]. Moreover, such platelets activate endothelial cells, which is reflected by increased intercellular adhesion molecule 1 (ICAM-1) expression [7]. The endothelial expression of ICAM-1 is increased in atherosclerotic cell cultures and in animal models of atherosclerosis. However, in vitro studies showed that ox-LDL may either activate or inhibit platelet function such as aggregation and β-thromboglobulin secretion [44], depending on the oxidized domain and the degree of oxidation [45]. These contradictions about platelet function inhibition and activation appear to stem from the heterogeneous nature of ox-LDL.



Altogether, following activation by ox-LDL, platelets seem to have increased prothrombotic, pro-inflammatory and proatherogenic properties. However, some controversies regarding the effect of different ox-LDL phenotypes on platelets remain to be elucidated.




5. Role of Activates Platelets and Ox-LDL in Atherosclerosis


The atherosclerotic process can either be clinically silent, or result in plaque expansion and vessel constriction, causing anginal symptoms. More dangerously, plaques may rupture, leading to a clinically manifest acute coronary syndrome, stroke or acute limb ischemia, depending on their location. There are various factors that determine plaque stability, including platelets function and their interaction with LDL.



Platelets are the first circulating blood cells that adhere to the sites of vascular injury [46]. Beyond their role in hemostasis and thrombosis, platelets play a critical role in atherogenesis [47]. Elevated plasma concentration of LDL is a well-established risk factor for atherosclerosis as well [48]. The interactions between platelets and ox-LDL affect (i) inflammatory cells activation, (ii) endothelial cells regeneration and (iii) foam cell generation, all of which contribute to atherosclerosis.



Both activated platelets and ox-LDL exert proinflammatory and procoagulant effects on several vascular cells (e.g., neutrophils, monocytes/macrophages, smooth muscle cells, endothelial cells, and platelets), thus supporting that atherosclerosis is a chronic inflammatory disease [44,49].



Activated platelets interact with endothelium and change the chemotactic and adhesive properties of endothelial cells, a critical initial step in atherogenesis [50]. In the presence of ox-LDL-laden platelets, endothelial cells are unable to generate an intact monolayer [7]. In this context, oxLDL-laden platelets promote vascular inflammation and inhibit vascular regeneration [7]. Ox-LDL were showed to impair adhesive, migratory and tube formation capacities of endothelial progenitor cells by an inhibitory effect on endothelial nitric oxide synthase, which was reversed by inhibition of the LOX-1 receptor [51].



Foam cell generation from macrophages with subsequent fatty streak formation plays a key role in the early atherogenesis [52]. Ox-LDL-laden platelets induce CD34+ progenitor cells transformation into macrophages or foam cells, depending on the microenvironment [53]. A two-fold increase in foam cell formation was observed in presence of oxLDL-positive platelets, compared with native LDL or native platelets [7]. In fact, reduction of platelet-induced foam cell generation is likely one of the mechanisms underlying the pleiotropic effects of statins [53].



The role of activated platelets and ox-LDL in atherosclerosis development and progression is presented in Figure 2.




6. Role of Platelet-Derived Extracellular Vesicles in Atherosclerosis


The mechanisms underlying platelet activation in atherosclerosis are still incompletely understood. Platelet-derived extracellular vesicles (PEVs) disseminate the procoagulant and proinflammatory effects of activated platelets, thus contributing to platelet interactions with other cells and with ox-LDL particles [54].



EVs are a diverse group of membrane-enclosed structures, released from cells to bloodstream in physiological and pathological conditions [55]. EVs act on target cells by delivering ligands and signaling complexes. For example, EVs transfer microRNAs and transcription factors that epigenetically reprogram the target cells [55]. EVs are shed by cells into the extracellular space during activation, maturation, proliferation, stress, aging, or apoptosis [56]. About 30% of all EVs present in normal plasma originated from platelets, as estimated by cryo-electron microscopy [57].



PEVs are secreted during platelets activation and share many functional features with activated platelets, this having a crucial role in platelet aggregation and thrombus formation [58]. For example, PEVs expose multiple prothrombotic molecules, including glycoproteins and phospholipids such as GP Ib, P-selectin and phosphatidylserine [59]. Further, PEVs activate platelets, as measured by the expression of platelet activation markers, secretion of soluble P-selectin and platelet aggregation [59]. Finally, PEVs and other extracellular vesicles accumulate in the lipid core of plaques and thrombi [60].



Similarly to platelets, PEVs may carry the CD36 receptor for LDL, resulting in generation of a PEV–LDL complexes [59]. It was shown that PEVs enhanced platelet ROS production in a CD36- and phosphatidylserine-dependent manner [59]. The formation of tissue factor-expressing EVs by a monocytic cell line was significantly enhanced in the presence of ox-LDL [61]. In addition, one clinical study comprising 41 patients with acute coronary syndrome (ACS), 22 patients with unstable angina (UA) and 20 healthy controls showed that elevated plasma concentrations of PEVs in ACS, compared to UA and controls. Among ACS patients, platelet EVs were higher in patients with a high level of ox-LDL, compared to those with low ox-LDL [61]. In addition, plasma concentrations of PEVs are affected both by antiplatelet drugs [62,63] and lipid-lowering drugs (statins) [64].



Altogether, the release of PEVs during platelet activation may not only have direct, but also indirect prothrombotic effect via interactions with ox-LDL, and both antiplatelet and lipid-lowering therapies may modulate PEV concentrations.




7. Clinical Implications


In patients with hypercholesterolemia, the abnormalities in platelet composition and function indicate that circulating lipoproteins in blood influence platelet properties [65,66]. Hypercholesterolemia is associated with increased platelet reactivity, which is reduced after administration of lipid-lowering therapies [67,68]. Platelets from hypercholesterolemic patients were found to have a higher potential to oxidize LDL and to promote LDL uptake by macrophages, compared to platelets from healthy donors [40]. Pharmacological modulation of platelet-LDL interaction via NOX-2, LOX-1 and CD-36 might potentially create new therapeutic opportunities to combat atherosclerosis.



7.1. NOX-2


NOX-2 dependent production of ROS is increased in platelets in presence of ox-LDL. ROS play an important role in platelet activation process. Inhibition of NOX2-derived ROS may represent a novel pathway to inhibit platelet aggregation and eventually thrombus growth [9]. At the moment, it remains an area of active research.




7.2. LOX-1


LOX-1 play an important role in ADP-induced activation of fibrinogen receptors, contributing to platelet aggregation and thrombus formation [29]. There are three main groups of drugs that can inhibit LOX-1.



7.2.1. Antihypertensive Agents


Calcium channel blockers (CCB) and angiotensin II receptor blockers (ARB) decrease the progression of atherosclerosis and decrease the incidence of cardiovascular events [69]. CCB with proven inhibitory effects on LOX-1 include nifedipine, amlodipine and diltiazem [70,71,72]. ARB have also been postulated to inhibit LOX-1 expression [73].




7.2.2. Hypoglycemic Agents


In chronic hyperglycemia, glucose reacts with proteins to form AGE, which on one hand are ligands for LOX-1, and on the other hand upregulate LOX-1 [25]. Sulfonylureas, biguanides and peroxisome proliferator-activated receptor-γ (PPAR-γ) agonists used in patients with diabetes mellitus were demonstrated to decrease LOX-1 expression independent of their hypoglycemic or insulin-sensitizing actions [25], thus decreasing the interactions via ox-LDL and LOX-1.



Sodium-glucose co-transporter-2 (SGLT2) inhibitors have recently emerged as a breakthrough therapy in diabetic patients due to substantial improvements in overall and cardiovascular outcomes [74]. SGLT2 inhibitors dapagliflozin and ipragliflozin were showed to suppress macrophage foam cell formation and normalize expression of LOX-1 receptor gene in a diabetic mouse model [75]. Moreover, in a recent prospective, randomized study including 126 patients with diabetic nephropathy, dapagliflozin decreased ROS generation and ox-LDL concentration, which was associated with improved outcomes during 1-year observation period [76]. Hence, the benefits of SGLT2 inhibitors seem to expand far beyond the pure anti-diabetic actions, with ox-LDL being one of their pharmacological targets, potentially underlying favorable clinical outcomes in patients treated with these drugs.




7.2.3. Statins


Anti-inflammatory pleiotropic effects of statins are increasingly recognized as being responsible for the improved outcomes in atherosclerotic patients, including patients after myocardial infarction, stroke and those with peripheral artery disease [77]. Statins (i) reduce platelet-induced foam cell generation, (ii) promote formation of endothelial cells derived from CD34+ progenitor cells [53], and (iii) enhance plaque stability [25]. Statins may exert their beneficial effects via downregulation of the LOX-1 expression in vascular lesions [25]. Indeed, aspirin and pravastatin were showed to synergistically reduce LOX-1 expression on platelets [26]. Due to these pleiotropic properties, including modulation of the interactions between ox-LDL and platelets, statins are recommended in high cardiovascular risk patients regardless of the serum cholesterol level.





7.3. CD36


The presence of CD36 on platelets was confirmed by inhibition studies with antibodies directed against the ox-LDL binding domain of CD36 [78]. CD36 inhibition resulted in a reduction of ox-LDL binding to platelets [79]. Apolipoprotein E (apoE), in turn, plays an important role in lipid metabolism and clearance. In hyperlipidemic CD36−/−apoE−/− mice, the absence of CD36 significantly protected the mice from the hyperlipidemia-related prothrombotic phenotype, when compared to hyperlipidemic apoE−/− mice without CD36 deficiency [15]. Hence, inhibition of CD36 is a potentially promising therapeutic strategy in atherosclerosis. However, CD36 is present on a multiple type of cells, for example platelets, macrophages and monocytes, so that its selective inhibition is challenging.



Ox-LDL-CD36 combination acts via activation of extracellular signal-regulated kinase 5 (ERK5) kinase from mitogen-activated protein kinase (MAPK) kinase family [80]. ERK5 was recently identified in platelets and showed to function as a redox switch to promote maladaptive platelet signaling during myocardial infarction [81]. ERK5 pathway is a critical modulator of thrombosis in hyperlipidemic conditions. ERK5 is an effector to integrate the non-classic activation pathway of CD36 signaling into known platelet activation pathways [80]. ERK5 was activated in platelets by ox-LDL in a CD36-dependent manner and this activation requires generation of specific ROS. Pharmacological inhibition or targeted genetic interruption of CD36/ROS/ERK5 signaling pathway results in decreased platelet activation by ox-LDL ex vivo and ameliorated arterial thrombosis in a hyperlipidemic mouse model [80]. Hence, inhibition of this pathway might stop the reciprocal loop of platelet activation and LDL oxidation.



The PEV–CD36 complex also activates MAPK signals and contributes to platelet activation. In addition, PEVs aggravate oxidative stress in a CD36- and phosphatidylserine-dependent manner. It was observed that PEV concentrations are reduced in patients treated with P2Y12 antagonists, statins and eicosapentaenoic acid [82,83]. Hence, both PEVs and CD36 are potential targets to hamper the development and progression of atherosclerosis.





8. Ox-LDL as a Biomarker in Cardiovascular Disease


High concentration of ox-LDL in vascular wall may be associated with higher risk of future plaque rupture, potentially making ox-LDL an important marker of the ‘vulnerable plaque’, as well as offering opportunities for diagnostic imaging and the targeted delivery of therapeutic agents [84]. LDL concentrations are a well-established circulating biomarker reflecting general cardiovascular risk and a therapeutic target in patients with atherosclerosis. However, there is still scope for more specific biomarkers with pathophysiological relevance to improve the clinical risk prediction of cardiovascular events [85]. Elevated ox-LDL levels or PEVs concentrations may prove to be more causally-associated with cardiovascular events than LDL due to their central role in atherosclerotic plaque biology [48]. Considering this, oxLDL and PEVs may have a clinical potential to improve risk prediction beyond LDL. A recent meta-analysis revealed that elevated ox-LDL levels is associated with an increased risk of CVD events [86]. In turn, recent studies also showed that PEVs are promising biomarkers of platelet activation in atherosclerosis.




9. Conclusions


Platelets and ox-LDL interactions play a key role in atherosclerosis development and progression due to (i) the presence of LDL-binding sites on platelets, (ii) generation of ox-LDL by platelets and (iii) targeting platelet by ox-LDL. The ability to understand and modulate mechanisms governing these interactions may offer new treatment strategies for atherosclerosis prevention. At the moment, the interactions between ox-LDL and platelets may be alleviated using three major groups of drugs: antihypertensive agents, antihyperglycemic agents and statins. However, since CD36 and LOX-1 are molecules in atherosclerosis development and progression, their pharmacological inhibition would be an exciting and promising avenue in developing therapeutic agents to alleviate or even reverse the atherosclerotic plaque formation. Modulation of proinflammatory and prothrombotic properties of PEVs-ox-LDL interactions are another potential future therapeutic option. Further research on the interactions between platelets and ox-LDL is urgently needed to optimize primary and secondary prevention of atherosclerosis.
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	ACS
	acute coronary syndrome



	ADP
	adenosine diphosphate



	AGE
	advanced glycation end products



	apoE
	apolipoprotein E



	ARB
	angiotensin II receptor blockers



	cAMP
	cyclic adenosine monophosphate



	CCB
	calcium channel blockers



	CD
	cluster of differentiation



	COX
	cyclooxygenase



	EC
	Endothelial cells



	ERK5
	extracellular signal-regulated kinase 5



	EVs
	extracellular vesicles



	GP
	glycoprotein



	H2O2
	hydrogen peroxide



	HDL
	high density lipoproteins



	ICAM-1
	intercellular adhesion molecule 1



	LDL
	low-density lipoproteins



	LOX1
	lectin-like oxidized low-density lipoprotein receptor-1



	MAPK
	mitogen-activated protein kinase



	NO
	nitric oxide



	NOX
	nicotinamide adenine dinucleotide phosphate oxidase



	oxLDL
	oxidized low-density lipoproteins



	PEVs
	Platelet-derived extracellular vesicles



	PPAR-γ
	peroxisome proliferator-activated receptor-γ



	ROS
	reactive oxygen species



	SGLT2
	sodium-glucose co-transporter-2



	SMC
	smooth muscle cells



	SR
	scavenger receptors



	UA
	unstable angina



	XO
	xanthine oxidase
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Figure 1. Interactions between low-density lipoproteins (LDL), oxidized LDL (ox)-LDL and platelets. LDL oxidation is assisted by reactive oxygen species (ROS). Ox-LDL bind to resting platelets by cluster of differentiation 36 (CD36), leading to platelet activation and expression of lectin-like oxidized low-density lipoprotein receptor-1 (LOX1) on platelets. Ox-LDL bind to activated platelets by LOX-1. As a result, activated platelets produce ROS, which results in a vicious circle of LDL oxidation and platelet activation. 
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Figure 2. Role of activated platelets in atherosclerosis onset and development. EC—endothelial cells; LOX-1—lectin-like oxidized low-density lipoprotein receptor-1; ox-LDL—oxidized low-density lipoproteins; ROS—reactive oxygen species; SMC—smooth muscle cells. 
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