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Abstract

Purpose of Review Atherosclerosis is a chronic disease characterized by lipid retention and inflammation in the artery wall. The
retention and oxidation of low-density lipoprotein (LDL) in sub-endothelial space play a critical role in atherosclerotic plaque
formation and destabilization. Oxidized LDL (ox-LDL) and other modified LDL particles are avidly taken up by endothelial
cells, smooth muscle cells, and macrophages mainly through several scavenger receptors, including CD36 which is a class B
scavenger receptor and membrane glycoprotein.

Recent Findings Animal studies performed on CD36-deficient mice suggest that deficiency of CD36 prevents the development
of atherosclerosis, though with some debate. CD36 serves as a signaling hub protein at the crossroad of inflammation, lipid
metabolism, and fatty acid metabolism. In addition, the level of soluble CD36 (unattached to cells) in the circulating blood was
elevated in patients with atherosclerosis and other metabolic disorders.

Summary We performed a state-of-the-art review on the structure, ligands, functions, and regulation of CD36 in the context of
atherosclerosis by focusing on the pathological role of CD36 in the dysfunction of endothelial cells, smooth muscle cells,
monocytes/macrophages, and platelets. Finally, we highlight therapeutic possibilities to target CD36 expression/activity in

atherosclerosis.
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Introduction

Cardiovascular diseases (CVD) represent the main cause of
death worldwide and are often caused by atherosclerosis [1].
Atherosclerosis is a progressive inflammatory and lipid disor-
der, which commences with proteoglycan-mediated uptake of
low-density lipoprotein (LDL) that progress with endothelial
dysfunction and subsequent activation of a cascade of cellular
events that result in high inflammation [2]. Circulating mono-
cytes adhere and transmigrate through injured endothelium
and eventually differentiate into macrophages [3¢, 4¢°]. The
differentiated macrophages generate reactive oxygen species
(ROS) acting on vascular smooth muscle cells (VSMCs) to
induce proliferation, migration, and production of extracellu-
lar matrix (ECM) proteins [3¢]. Macrophages and VSMCs
express multiple scavenger receptors ingesting ox-LDL, orig-
inating from oxidative modification LDL in the
subendothelial space of vessel wall, and become foam cells,
which contribute to the formation of atherosclerotic plaques
[3¢, 4¢¢]. With the silent progression and destabilization of
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atherosclerotic plaques, the clinical symptoms and acute car-
diovascular events are likely to occur.

It has been well established that ox-LDL uptake by scav-
enger receptors could lead to macrophage-derived foam cell
formation and atherosclerosis [5, 6]. CD36, a major class B
scavenger receptor, exerts substantial effects on ox-LDL up-
take by macrophages [7]. Cumulative data have indicated the
important role of CD36 in regulating key physiological pro-
cesses and cellular events in the initial and progression phases
of atherosclerosis, such as inflammation, lipid metabolism,
endothelial dysfunction, smooth muscle cell dysfunction,
and foam cell formation [8]. In the present review, we elabo-
rate on the current knowledge as to the structure, ligands,
biological functions, and modulators of CD36. Moreover,
we highlight targeted anti-atherosclerotic therapies directed
against CD36.

The Structure and Ligands of CD36
The Structure of CD36

CD36 is an 88-kDa transmembrane glycoprotein receptor that
belongs to the class B scavenger receptor family [9]. CD36
gene is located on chromosome 7 (7q11.2) and encompasses
17 exons and 18 introns. CD36 is comprised of 472 amino
acids and folded into a single peptide chain, with two trans-
membrane domains, two very short cytoplasmic domains, and
a large glycosylated extracellular domain with hairpin-like
membrane topology [10]. Further research is needed to be
done to confirm the association of structural alternations of
CD36, plasma membrane trafficking, and ligand binding ca-
pacity, with the occurrence of cardiometabolic diseases [11].

The Ligands of CD36

The extracellular domain of CD36 has several binding sites
that confer the ability to recognize a variety of endogenous
and exogenous ligands, which can be mainly classified into
four categories: (1) long-chain FAs, (2) pathogen-associated
molecules, (3) endogenous danger molecules, and (4) mole-
cules that contain the thrombospondin-1 (TSP-1) structural
homology region [12]. Upon binding to ligands, CD36 can
be involved in a variety of biological processes such as innate
immunity regulation, angiogenesis, thrombosis, inflamma-
tion, and atherosclerosis, but the detailed mechanisms are in-
completely established. TSP-1 binds to the CLESH-1 domain
that is located at amino acids 93 ~ 155 of CD36. Additionally,
the binding site of oxPL and ox-LDL resides in regions of
amino acids (157-171) and (155-183), respectively [13].
Moreover, many structurally distinct FAs (saturated, monoun-
saturated (cis and trans), polyunsaturated, and oxidized) can
bind to the ectodomain Lys-164 of CD36, promoting the up-
take of ox-LDL [14, 15]. Intriguingly, the binding sites for
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different ligands were not specific, as evidenced by different
ligands sharing the same binding sites. For instance, the FA-
binding site (amino 127-279) on CD36 overlaps that of ox-
LDL and oxidized phosphatidylcholine (amino 157-171) [16]
(Fig. 1).

Regulation of CD36 Expression
Transcription Factors

Many transcription factors are implicated in the regulation of
CD36, which mediates excessive ox-LDL uptake, thus pro-
moting the initiation and progression of atherosclerosis.
Peroxisome proliferator-activated receptor 'y (PPARY) repre-
sents a primary transcription factor that binds to the promoter
region of CD36 and modulates CD36 in a positive feedback
manner [17]. Activation of PPARY by its agonist, 1-O-alkyl
glycerophosphate (AGP), promotes the expression of CD36
and CD36-mediated ox-LDL uptake in microglial cells [18].
Additionally, protein kinase CO-dependent ATF2 activation
was required for thrombin-elicited CD36-dependent ox-LDL
uptake [19]. Recent data showed that STATS activated
PPARYy through inhibition of the 3’-untranslated region of
CD36 [20]. In addition, pregnane X receptor (PXR) increased
CD36 expression concomitant with lipid accumulation in
macrophages. However, depletion of myeloid PXR dimin-
ished the risk of atherosclerosis, most likely by suppressing
CD-36-mediated ox-LDL uptake [21]. Other transcription fac-
tors such as RCANT1 [22], AdipoR2 [23], and IRGM/IRMG1
[24] are also involved in the regulation of CD36 function and
suppression of ox-LDL uptake, which can eventually contrib-
ute to reduced risk and severity of atherosclerosis. A more
recent study has shown that inhibitors of the janus tyrosine
kinase (JAK)-STAT pathway (ruxolitinib and tofacitinib) sup-
pressed the uptake of Ac-LDL and the expression of both
CD36 and CD204 in LPS-activated macrophages [25].
Hence, modulation of these transcription factors might serve
as a potential therapeutic target for atherosclerosis.

miRNA

In addition to transcription factors, post-transcriptional regu-
lation by miRNAs is also involved in the modulation of CD36
expression and function. Ample evidence indicates that CD36
can be post-transcriptionally regulated by different miRNAs
in a tissue-specific manner. During bone marrow cell differ-
entiation, CD36 expression is associated with changes in
miRNA expression profile [26], suggesting that miRNAs
might be linked to CD36 function with respect to the macro-
phage activation. In fact, the interaction between miRNA and
CD36 is closely associated with lipid metabolic disorders. In
the diabetes populations and experimental diabetic models,
miR-320 translocates into the nucleus, subsequently
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Fig. 1 Ligands of CD36. The
structure of CD36 is depicted in
the figure with key binding
residues highlighted. Specific
ligands and their binding sites
were shown in the box
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activating CD36, which contributes to increased uptake of FA
that can lead to myocardial lipotoxicity [27]. Furthermore,
obese individuals also exhibited an altered miRNA expression
profile, which might be related to CD36-dependent macro-
phage cholesterol efflux [28]. Further direct evidence con-
firmed miRNA directly impacts CD36 function. miR-181a
overexpression can reverse the ox-LDL-induced upregulation
of CD36 in THP-1 macrophage and the formation of foam
cells [29]. In line with the above results, miR-758-5p overex-
pression also diminished CD36 expression by targeting the
CD36 3'-UTR concomitant with the improved lipid metabo-
lism in macrophages [30]. Although the current results indi-
cated that miRNAs can influence the expression of CD36,
precision role of CD36 in miRNA-regulated atherosclerosis
needs further investigation.

LncRNA

CD36 can also be regulated by long noncoding RNAs
(LncRNA), which serve as important regulators in the patho-
logical processes of cardiovascular disease. LncRNA
MALAT]I, an abundantly expressed IncRNA in THP-1 cells,
was correlated with 3-catenin-dependent CD36 expression
and CD36-mediated lipid uptake by macrophages, partially
though suppressing 3-catenin binding to the CD36 promoter
[31]. It remains to be investigated whether MALAT1 regulat-
ed CD36 through changing the nucleosome organization of
CD36. Silencing the IncRNA NEAT]I also inhibited CD36
expression and lipid uptake. However, overexpression of
NEAT]1 showed opposite effects in RAW264.7 cells [32].
Moreover, overexpression of IncRNA E330013P06 induced
CD36 upregulation, contributing to atherogenic phenotype in
macrophages isolated from diabetic mice [33]. Co-expression
network analysis showed co-expressed IncRNAs n382000
and n341587 had a high correlation coefficient with CD36

CD36
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Thrombospondin 93-120

Plasmodium falciparum 97-110
Fatty acids 127-279

Oxidized LDL 157-171

164 is the common binding site
for oxLDL and FA

Qg

The position of 164 in the 3D
structure of the protein
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mRNA expression in patients with type II diabetes [34].
Notably, ultraconserved RNAs, a novel conserved class of
IncRNAs, were identified to regulate CD36-related lipogene-
sis genes through interaction with pri-miR-195/pri-miR-4668
in macrophages [35]. A more recent study has shown that
PELATON, a novel IncRNA enriched in unstable atheroscle-
rotic plaques, was also involved in the regulation of CD36
expression. Silencing of PELATON markedly diminished
phagocytosis, lipid uptake, and the expression of CD36 in
macrophages. Considering CD36 is a key mediator of phago-
cytosis of lipoproteins, it is plausible that PELATON may
regulate the progression of atherosclerotic plaques though
the modulation of CD36-mediated ox-LDL phagocytosis
[36].

DNA Methylation

DNA methylation can epigenetically regulate gene expression
via hypermethylation of CpG islands in promoter regions.
Several promoter sequences and distal cis-regulatory elements
of the human CD36 gene contain a number of CpG methyla-
tion sites. Currently, genome-wide or epigenome-wide studies
in metabolic disorders indicated that CD36 DNA was less
methylated in obesity population compared with the normal
BMI subjects [37]. Furthermore, the CD36 SNPs variants
were associated with CD36 expression due to the methylation
of CD36, indicating that SNPs and methylation appear to reg-
ulate CD36 mRNA expression [38].

In obese patients, significant downregulation of CD36
methylation level was observed, especially the triglyceride-
associated CpG in a regulatory region of CD36, therefore
impacts the CD36 level and expression of CD36 variants
[39]. Identifying the active regulatory regions for
atherosclerosis-associated DNA methylation sites could be
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an effective method to identify traits-associated methylation
changes in the research field of atherosclerosis.

Histone Modification

Cumulative evidence has indicated that histone modification
affects CD36 expression in various cell types under distinct
pathological conditions. Long-term exposure to ox-LDL in-
duced histone trimethylation at CD36 promoters and induced
CD36 expression and proinflammatory phenotype in mono-
cytes, while the phenotype was abolished by histone methyl-
transferase inhibitor [40]. In addition, H3K4me3 modification
at the CD36 promoter affected hematopoietic stem cell differ-
entiation [41].

It has been reported that HDAC inhibitor, trichostatin A,
promotes the acetylation status of H4 at the CD36 promoter
and increased CD36 expression, followed by excessive uptake
of ox-LDL into the macrophages, and exacerbated atheroscle-
rosis [42]. In contrast, CD36 expression also was decreased by
HDAC inhibitor, MPTOEO14 [43]. Additionally, transcrip-
tional repression of CD36 was induced by lysophosphatidic
acid though inhibition of HDAC?7 translocation to nucleus in
microvascular endothelial cells [44]. It warrants further eval-
uation whether individual HDAC isoform elicits a differential
effect on CD36 expression and downstream atherosclerotic
events.

Autophagy-Lysosome-Dependent and Ubiquitin-Proteasome
Degradation

Autophagy, a biological process that degrades and recycles
organelles, exerts a key role in maintaining the balanced en-
ergy in response to nutrient stress. Autophagy modulates cho-
lesterol mobilization from macrophage to reverse cholesterol
transport, which is deregulated in advanced atherosclerosis.
Previous studies have shown that macrophage-specific dele-
tion of ATGS leads to proatherogenic inflammasome activa-
tion in macrophages, thus contributing to the consecutive in-
filtration of macrophages and destabilization of atherosclerot-
ic plaques [45]. Therefore, maintaining the appropriate activa-
tion of autophagy might be a beneficial strategy for the treat-
ment of atherosclerosis. It has been recently shown that
SGLT?2 inhibitor empagliflozin administration ameliorated
cardiac lipotoxicity, activated energy sensor AMPK, and in-
duced autophagy in experimental diabetic models.
Importantly, CD36 expression was also decreased due to the
activation of autophagy upon empagliflozin treatment [46].
Recent results demonstrated the existence of crosstalk be-
tween autophagy and CD36 [47]. It remains to be evaluated
how the crosstalk operates and whether the correlation be-
tween autophagy and CD36 is linked to the pathogenesis of
atherosclerosis. Moreover, exogenous addition of CTRP13
activated autophagy-lysosomal system and inhibited CD36
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expression, and foam cell formation. Importantly, the authors
found that autophagy-lysosomal system mediated CD36 deg-
radation, suppressed macrophage lipid uptake and retention;
this mechanism was implicated in the beneficial effects of
CTRP13 in atherosclerosis [48]. Notably, ubiquitin-
proteasome system, another protein degradation system, was
also implicated in the regulation of CD36 and generated ben-
eficial effects under atherosclerotic condition. The ingestion
of ox-LDL was inhibited by ubiquitin-proteasome system via
promoting CD36 degradation [49]. In conclusion, manipula-
tion of intracellular protein degradation though pharmacolog-
ical and genetic approaches might present a valuable thera-
peutic strategy for atherosclerosis treatment.

CD36-Mediated Signal Transduction

Although CD36 lacks well-characterized intracellular signal-
ing domains such as kinase, phosphatase, or G protein binding
domains, it can function as a signaling hub molecule through
interacting with many membrane-localized receptors. For ex-
ample, CD36 can transduce src family non-receptor tyrosine
kinases, JNK, ERK 1/2, IRGM1 and TLR2/6-dependent sig-
naling [8]. Upon CD36 binding to various types of ligands, the
Src family kinase initiates the CD36-mediated intracellular
signaling, which is implicated in angiogenesis, inflammation,
and atherosclerosis [16]. The binding of CD36 to TSP-1 pro-
motes the Src homology 2 domain—containing protein tyro-
sine phosphatase-1 (SHP-1) to form a complex with vascular
endothelial growth factor receptor 2 (VEGFR2). Then, the
formation of SHP-1/VEGFR2 complex dephosphorylates
VEGFR2, leading to anti-angiogenesis effects in microvascu-
lar endothelial cells [50]. In addition, lysophosphatidic acid
interacts with protein kinase D1 and leads to HDAC7/FoxO1
interaction that inhibits CD36 transcription in microvascular
endothelial cells, thereby contributing to proangiogenic and
proarteriogenic reprogramming [44].

The hyperlipidemic environment in the plasma and athero-
sclerotic plaques also fosters clinically manifested thrombotic
events. In the platelets, the binding of ox-LDL to CD36 initi-
ated protein kinase C-dependent NOX-2 activation and exces-
sive ROS generation in blood platelets through inhibition of
cGMP signaling [51]. In addition, damaged mitochondria
could generate ROS due to the impaired ROS clearing mech-
anisms. Interestingly, increased CD36 expression leads to mi-
tochondrial ROS overproduction in aortic lesion macrophages
upon stimulation of pro-atherogenic ox-LDL, which could
switch the mitochondrial metabolism to superoxide produc-
tion. However, inhibition of mitochondria-derived superoxide
generation suppresses ox-LDL induced NF-kB activation and
pro-inflammatory cytokine production [52¢¢]. These findings
suggest the therapeutic possibility to treat chronic inflamma-
tion and atherosclerosis by targeting oxidized LDL/CD36 sig-
naling in macrophages via modulating dysregulated fatty acid
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metabolism and mitochondria ROS production [52¢¢]. Foam
cell formation is the hallmark in atherosclerotic plaque forma-
tion and progression, which is also mediated by CD36-related
signaling. Wnt5a enhanced CD36 expression and lipid depo-
sition, eventually leading to increased foam cell formation
[53]. SNX10 deficiency reduced the interactions between
CD36 and Lyn, thus inhibiting CD36-mediated lipoprotein
uptake and foam cell formation [54]. Therefore, uncovering
CD36-related signaling pathways and elucidating their specif-
ic mechanisms would help identify potential targets for thera-
peutic intervention in atherosclerosis.

Molecular Mechanisms of CD36 in Atherosclerosis
CD36 and Endothelial Dysfunction

The trans-endothelial transport of LDL to the subendothelial
space, where LDL is oxidized, is an initiating event in athero-
sclerosis. Recent single-cell transcriptome analyses have re-
vealed that endothelial cells are one main cell population of
the aorta. CD36 is extensively expressed on the surface of
endothelial cells throughout the aorta [55]. Notably, CD36
expression was increased upon simulation with ox-LDL or
high-fat diet feeding, which promoted aortic uptake of ox-
LDL or other modified lipids. In contrast, CD36-mediated
ox-LDL uptake was attenuated in CD36 7 mice.
Consistently, there was a decreased lipid and arterial stiffness
in CD36 " mice compared with wild-type mice fed with
high-fat diet [56, 57]. Importantly, CD36-mediated endocyto-
sis of LDL into rat aorta or coronary artery is a crucial mech-
anism in atherogenesis [58]. Moreover, endothelial cell spe-
cific CD36 knockout mice showed diminished long-chain FA
transfer across endothelial cells, improved glucose tolerance,
and decreased lipid deposition in the heart [59]. This phenom-
enon is most likely due to the fact that CD36-mediated uptake
of ox-LDL is FA-dependent. Importantly, CD36 can take up
FAs through enhancing the rate of intracellular esterification
[60¢¢]. Therefore, FAs bind to CD36 and enhance CD36-
mediated ox-LDL uptake, and finally contribute to
atherosclerosis.

CD36 and Vascular Smooth Muscle Cell (VSMC) Dysfunction

VSMCs, another major cell population in the arterial wall, are
essential for maintaining vascular tone. Aberrant changes in
VSMC behavior, function and antioxidant status contribute to
atherosclerotic plaque progression. CD36 is expressed on
VSMCs and is associated with disturbed lipid metabolism
and deregulated immune response of the arterial wall in re-
sponse to ox-LDL [60+¢]. CD36 functions as a pattern recog-
nition receptor in innate immunity. Ox-LDL-induced G-CSF
and GM-CSF expression and increased migration capacity of
VSMCs were reversed by CD36 siRNA in primarily cultured

VSMCs [61]. Previous studies have revealed that obstructive
vessels highly expressed CD36. VMSCs proliferate and mi-
grate from media to intima and cause the thickening of the
arterial wall (neointima formation), which is a strong risk fac-
tor for thrombogenesis. Both global or VSMC-specific
CD36 " mice had significantly reduced neointimal thicken-
ing [62]. In agreement with the in vivo results, cultured
VSMCs isolated from thoracic aorta of CD36 *~ mice failed
to proliferate, and this phenotype might be mediated by
inhibited cyclin A expression [62]. Collectively, targeting
CD36 in vasculature represents a potentially promising thera-
peutic target for vascular damage and other vascular disorders.

The Role of CD36 in Macrophage Dysfunction

Under dyslipidemia scenario, LDL particles accumulation in
the subendothelial space is subject to oxidative modification,
which then triggers the transmigration and differentiation of
monocytes. Ox-LDL can induce CD36 expression though
PPARy, which in turn promotes ox-LDL uptake by the mac-
rophages and entrapment of macrophages within the plaques,
allowing for macrophages to become lipid-laden foam cells
[9]. Intracellular ROS is a main contributor to the pro-
atherogenic effect of CD36. Unexpectedly, inhibition of
NADPH oxidase failed to completely block the pro-
atherogenic effects of CD36 [63], which implies that there
are other key modulators associated with the pro-atherogenic
effect of CD36. Interestingly, mitochondria, the main source
of ROS, could serve as the downstream effector of the ox-
LDL/CD36 axis. CD36 also regulated ROS generation and
impacted inflammatory status though mitochondria pathway.
Mechanistically, macrophages from CD36 /~ mice exhibited
increased oxidative phosphorylation upon ox-LDL treatment,
displaying a probable M1 macrophage phenotype, while wild-
type macrophages switched to glycolysis [52¢¢]. The above
results indicated that mitochondrial metabolic reprogramming
was closely associated with the CD36-mediated effects.
Impaired migration of macrophages fosters macrophage
trapping in the subendothelial space. Ox-LDL inhibited the
mobile capacity and actin polymerization, which was blocked
in CD36-deficient cells. Further data revealed that CD36 reg-
ulated the migration of macrophages via NADPH oxidase-
dependent ROS generation, resulting in inactivation of SHP-
2 and FAK activation [63]. This research provided insight into
ox-LDL-induced macrophage trapping under athero-
inflammatory lesions. Intriguingly, treatment with a CD36
ligand EP80317 (300 pg/kg) leads to reduced recruitment of
macrophages to atherosclerotic lesions in ApoE /" mice,
which was prevented in CD36 " mice, suggesting that this
ligand may decrease oxLDL binding to CD36 in a competitive
manner [64]. Additionally, CD36 could regulate the cell po-
larization that commonly termed M1 macrophages to M2
macrophages. This process is a prerequisite step that
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empowers the migrative capacity of macrophages. Ox-LDL
incubation resulted in the retraction of macrophage front end
lamellipodia concomitant with impaired cell polarity [65]. Of
note, the M2 macrophage activation requires FA oxidation to
support the loss of macrophage polarization. Interestingly,
CD36 takes up the triacylglycerol substrates, producing
enough FA to fuel the polarity loss [66]. Importantly, testicu-
lar orphan nuclear receptor 4 (TR4) can sensor the increased
generation of FA and promote the expression of CD36, which
forms a vicious cycle that finally contributes to the formation
of form cells [67]. CD36 is recently shown to be involved in
oxLDL-induced secretion of vimentin and the release of pro-
inflammatory cytokines (such as TNF-cc and IL-6) in activated
macrophages [68]. The finding provides a novel mechanistic
explanation for trapping macrophages within atherosclerotic
plaque. Taken together, these studies support the notion that
inhibition of CD36 prevents macrophage polarization, migra-
tion and contributes to atherosclerosis prevention.

CD36 and Platelet Activation

Chronic vascular injury occurs throughout the lifetime of a
human but remains silent until a plaque develops high inflam-
mation in the endothelium and fibrous cap with ensuing rup-
ture. When this acute injury occurs, platelets are recruited and
attached to the endothelial surface of injury sites. Then, coor-
dinated molecules mobilize, resulting in platelets aggregation
and finally formation of fibrin clot and thrombi. Delineation of
the mechanisms that contribute to pro-thrombotic phenotype
of platelets could provide novel therapeutic targets for
thrombi-related diseases. Various endogenous or exogenous
molecules, such as ox-LDL, can bind CD36 and drive the
platelets to become hyperactivated via Src family kinases,
Vav-guanine nucleotide exchange factors, cGMP, and

Fig. 2 Role of CD36 in

NADPH oxidase [69]. Moreover, advanced glycation end
product directly and specifically interact with platelet-
derived CD36, promoting rapid thrombosis, while CD36
mice had a delayed time to form the occlusive thrombi [70].
TSP-1, another CD36 ligand, was abundantly present in the oc-
granules of platelets. Importantly, both CD36 "~ and TSP-1~"
~ mice showed apparently enhanced dissolution of thrombi
formed on collagen [71]. These data imply that TSP1/CD36
(ligand/receptor axis) was involved in the maintenance of a
stable thrombus.

Recent data have also indicated that platelet CD36 en-
hanced caspase-dependent procoagulant activity in vivo via
ERKS [72]. Furthermore, when subjected to ox-LDL stimula-
tion, platelets form aggregates with monocytes, which in turn
promotes ox-LDL uptake by monocytes in a CD36-dependent
manner [8]. Interestingly, the platelets from patients with cor-
onary artery disease expressed higher levels of CD36 than
disease-free population. More importantly, the co-culture of
platelets derived from patients with coronary artery disease
with monocytes induced polarization and foam cell formation
[73]. These findings suggest complex interactions between
various CD36-expressing cell types drive the onset and pro-
gression of atherosclerosis. The role of CD36 in atherosclero-
sis is summarized in Fig. 2.

Pharmacological Modifiers of CD36

CD36 represents a promising therapeutic target for atheroscle-
rosis. Statins, the most widely used lipid-lowering drugs, can
inhibit CD36 expression/activity via a PPARy-dependent
pathway in macrophages [74]. Statins (fluvastatin and
pitavastatin) also decreased CD36 expression in aortic
VSMCs [75]. The inhibitory action of statins against CD36
was further validated by the observation that monocytes from
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statin-treated patients with acute coronary syndromes exhibit-
ed lower expression of CD36 [76]. Moreover, statin-treated
subjects diminished the proportion of macrophage with low-
CD36 in adipose tissue [77]. Another commonly-used anti-
hypertensive drug, nifedipine, also suppressed CD36 expres-
sion and lipid uptake and deposition in macrophages [78].
Consistent with the previous studies, ezetimibe, a selective
inhibitor of intestinal cholesterol absorption, decreased
CD36 expression and foam cell formation [79].
Interestingly, apart from the traditional cardioprotective drugs,
tamoxifen, an anti-breast cancer medicine also decreased
CD36-dependent foam cell formation [80].

Besides the above synthetic modulators of CD36, increas-
ing evidence has shown that bioactive compounds from herbal
products also exert anti-atherosclerotic actions though
inhibiting CD36 expression and CD36-mediated key cellular
events in atherosclerosis. For example, andrographolide
inhibited CD36 level by promoting the degradation of CD36
and blunting ox-LDL-induced foam cell formation in mouse
macrophages [81]. In addition, pomegranate peel polyphe-
nols, spiromastixones, and puerarin could suppress CD36 ex-
pression, thereby decreasing CD36-mediated lipid uptake,
promoting cholesterol efflux, and reducing foam cell forma-
tion [82—84]. Tanshinone IIA, a multi-target compound from
traditional Chinese herb-Danshen [85, 86], prevented athero-
thrombosis by targeting platelet CD36 and MKK4/INK2-me-
diated platelet activation [87]. More recently, Orientin, a fla-
vonoid from plants, inhibited ox-LDL induced inflammatory
response and lipid droplet formation [88]. Furthermore, quer-
cetin also generated the anti-atherosclerotic effect in ApoE '~
mice [89]. Similar CD36-inhibitory and anti-atherosclerotic
effects has been observed in other bioactive compounds, such
as quercetin [90] and curcumin [91].

In summary, these synthetic and herbal compounds are
promising agents to halt CD36-dependent atherogenic events.

Conclusion and Perspectives

CD36 coding mutations have been shown to be associated
with altered lipid/fatty acid metabolism, glucose intolerance,
type 2 diabetes, and cardiovascular diseases in mice and
humans [11]. CD36 acts a multi-functional inflammatory-
metabolic receptor by physiologically regulating lipid homeo-
stasis and immune homeostasis. Imbalanced expression of
CD36 is associated with the occurrence and development of
atherosclerosis. Thus, it is particularly important to find the
“prime protection window” to early block the progression of
atherosclerosis. Future studies are encouraged to focus on the
following: (1) post-transcriptional regulation of CD36 by nov-
el long non-coding RNAs and the impact on vascular dysfunc-
tion, (2) focus on the impact of histone modifications (such as
acetylation and methylation) on CD36, (3) characterization of

the pathogenic role of single nucleotide polymorphisms of
CD36 in atherosclerosis, and (4) the potential role of the sol-
uble form of CD36 (sCD36) as a reliable biomarker for ath-
erosclerosis diagnosis in patients.
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