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Abstract

Cardiovascular disease (CVD) is the leading cause of mortality globally. There are few

useful markers available for CVD risk stratification that has proven clinical utility.

Scavenger receptor B type I (SR‐BI) is a cell surface protein that plays a major role in

cholesterol homeostasis through its interaction with high‐density lipoprotein‐
cholesterol (HDL‐C) esters (CE). HDL delivers CE to the liver through selective

uptake by the SR‐BI. SR‐BI also regulates the inflammatory response. It has been

shown that SR‐BI overexpression has beneficial, protective effects in atherogenesis,

and there is considerable interest in developing antiatherogenic strategies that

involve SR‐BI‐mediated increases in reverse cholesterol transport through HDL and/

or low‐density lipoprotein. Further investigations are essential to explore the clinical

utility of this approach. Moreover, there is growing evidence showing associations

between genetic variants with modulation of SR‐BI function that may, thereby,

increase CVD risk. The aim of the current review was to provide an overview of the

possible molecular mechanisms by which SR‐BI may affect CVD risk, and the clinical

implications of this, with particular emphasis on preclinical studies on genetic changes

of SR‐BI and CVD risk.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the most common prevalent types of

mortality globally (Sankar, Ramani, & Anantharaman, 2017). There

are various factors that are involved in the pathogenesis of CVD

including the formation of atheroma (mainly cholesterol) that

accumulates within the artery wall, thrombosis then further narrows

the arterial lumen and subsequently reduces the supply of oxygen to

the myocardium and other tissues (Alrawi, 2017). Environmental and

genetic factors, high blood pressure, plasma lipid–lipoprotein levels

and obesity also have major roles in the development of athero-

sclerosis (Khwaiter & Abed, 2017; Mamudu et al., 2016).

Scavenger receptor B type I (SR‐BI), is a cell surface protein that

plays a major role in the development of CVD. In CVD modified low‐
density lipoprotein (LDL) accumulates in the artery wall; this requires

the internalization of modified LDL. SR‐B1 is involved in mediating

high‐density lipoprotein (HDL)‐cholesterol reverse cholesterol trans-

port (Acton et al., 1996; Fazio and Linton, 2004; Linton, Tao, Linton, &

Yancey, 2017). SR‐BI signaling occurs in response to changes in
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plasma membrane cholesterol. HDL delivers cholesterol esters CEs

to the liver by selective uptake via the SR‐BI (Yancey et al., 2000).

Therefore, cellular cholesterol levels modulate the expression of SR‐
BI by both transcriptional and posttranscriptional mechanisms

(Rhainds & Brissette, 2004). This receptor is responsible for reducing

foam cell formation by mediating cholesterol removal from macro-

phages (Vergeer et al., 2011; Yancey et al., 2007). The SR‐BI is widely

expressed throughout the body. Multiple cell types and tissues can

theoretically contribute to the atheroprotective effects of SR‐BI.
Disruption of normal SR‐BI function predisposes subjects to the

development of atherosclerotic lesions and CVD (Hoekstra, 2017).

Consequently, the target of this review is to summarize the potential

of SR‐BI as both a diagnostic biomarker and a novel target for

therapeutic intervention in CVD.

1.1 | Scavenger receptor structure and function

Scavenger receptor class B (SR‐B) comprises two particular members

with analogous structure. They are the scavenger receptor CD36 and

SR‐B member 1 (SR‐BI; Kent & Stylianou, 2011). These receptors are

cell surface glycoprotein and can bind to oxidized LDL, very low‐
density lipoprotein (VLDL) and HDL cholesteryl ester (HDL‐CE;
Krieger, 2001). SR‐BI is encoded by the SCARB1 gene, located on

chromosome 12 at q24.31 (J. J. McCarthy et al., 2009). This receptor

comprises 509 amino acids with an approximate molecular weight of

57 kDa. SR‐BI contains an extracellular, ligand‐binding domain

extending over 410 amino acids. This domain is often glycosylated.

This domain is linked to the plasma membrane through two

transmembrane domains and two short cytoplasmic residues

(N‐ and C‐terminal; Goodarzynejad, Boroumand, Behmanesh, Ziaee,

& Jalali, 2016). Alternative splicing of SR‐BI messenger RNA leads to

translation of a SR‐BII variant, which differs from SR‐BI in the

C‐terminal cytoplasmic domain (Saddar, Mineo, & Shaul, 2010). The

extracellular domain of SR‐BI has a critical role in interaction with

multiple ligands, that include HDL‐CE. HDL binding to the receptor is

necessary for CE transport into cells: HDL binds to the extracellular

domain of SR‐BI in a protected conformation that permits effective

lipid transport (Liu & Krieger, 2002). Studies by Sahoo, Peng, Smith,

Darlington, & Connelly, 2007 showed that oligomers are formed in

the C‐terminal region of the extracellular domain, and CE transport

depends on the extent of oligomerization. A glycine dimerization

motif is a significant feature of the N‐terminal transmembrane

domain that is necessary for SR‐BI oligomerization (Sahoo, Peng,

Smith, Darlington, & Connelly, 2007). Two short cytoplasmic residues

(N‐ and C‐terminal) play a significant role in regulating signal

transduction (Guo, Chen, Song, Daugherty, & Li, 2011). At the

C‐terminal cytoplasmic tail, there are four remaining amino acid

residues (EAKL) that play an important role in protein interactions

with a multisubunit adapter protein (PDZK1, 2) in cytosol. This latter

protein is required for the stability of SR‐B1 in hepatocytes (Valacchi,

Sticozzi, Lim, & Pecorelli, 2011). SR‐B1 regulates the bidirectional

flux of unesterified cholesterol between cells and HDL (J. J.

McCarthy et al., 2009). When HDL is bound to the extracellular

domain of SR‐BI, SR‐BI, and HDL particles can enter the hepatocyte

and then undergo endocytosis. Cholesteryl esterase activity within

the endosome then releases cholesterol that can then enter the

biliary tract (Silver & Tall, 2001). Hepatocytes express SR‐B1 at high

densities, but it has also been found in macrophages and cells within

the arterial wall; for example, in human atherosclerotic lesions

(PrabhuDas et al., 2017). Studies have shown that SR‐B1 has a

potentially beneficial effect on preventing the expansion of athero-

sclerotic lesions (Braun et al., 2002) and scavenger receptors are

involved in inflammatory processes via migration and signaling of

macrophages (Ockenhouse & Chulay, 1988). Cholesterol efflux

requires SR‐BI expression by foam cells. These cells are mainly

derived from macrophage and are present at high abundance in

regions of atheroma (Larrede et al., 2009). More recent work has

proposed that, oxidized HDL may inhibit platelet activation via SR‐B1
(Valiyaveettil & Podrez, 2009). Furthermore, HDL binds to SR‐BI on
vascular endothelial cells and leads to increased endothelial nitric

oxide synthase (eNOS) activity, which causes to production anti-

atherogenic molecule NO (Mineo, Yuhanna, Quon, & Shaul, 2003;

Yuhanna et al., 2001). Some studies in mice have shown that, hepatic

overexpression of SR‐BI results in a reduction in serum LDL and

VLDL, which is likely to have an atheroprotective role (Kozarsky

et al., 1997).

1.2 | SR‐BI and signaling pathway (Figure 1)

SR‐BI plays a major role in cholesterol homeostasis via its interaction

with HDL. Apolipoprotein A1 (apoA‐I) is the major protein component

of HDL particles, and as the HDL particle incorporates lipid, it causes a

conformational change that leads to an interaction between HDL and

SR‐BI (D. L. Williams et al., 2000). Therefore, SR‐BI facilitates

bidirectional flux cholesterol ester (CE) and other lipids between cells

and lipoproteins such as LDL and HDL (Assanasen et al., 2005). After

F IGURE 1 Signaling pathways of SR‐BI. SR‐BI: scavenger receptor
class B member 1 [Color figure can be viewed at wileyonlinelibrary.com]
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HDL binds to SR‐B1 via the apoA1, Src becomes activated. Activated

Src leads to activation of phosphatidylinositol 3‐kinase (PI3K), followed

by Akt kinase and mitogen‐activated protein (MAP) kinase via PI3K. The

serine 1177 of eNOS is subsequently phosphorylated by activated Akt.

HDL can, therefore, stimulate endothelial nitric oxide synthase (eNOS)

and NO generation (Mineo et al., 2003). In human endothelial cells, the

expression of S1P‐induced adhesion molecules is inhibited by the

activation of eNOS (Kimura et al., 2006). PI3K activates both MAP

kinases and Akt that leads to cell migration and increased Rac activity

(Seetharam et al., 2006). The PI3K and protein kinase C (PKC) signaling

cascade can modulate SR‐BI activity. SR‐BI‐mediated selective choles-

terol uptake occurs after PKC activation and PI3K inhibition, whereas

PI3K activation and PKC inhibition decrease its efficiency (Zhang et al.,

2007). The transmembrane regions and C‐terminal cytoplasmic domains

are essential for SR‐BI signaling. The PDZ‐binding domain in the

C‐terminal cytoplasmic region interacts with PDZK1, which is an

adapter protein. Interactions between PDZK1 and SR‐BI and also

between SR‐BI and cell membrane cholesterol are necessary for

src activation (Ahmed, Ravandi, Maguire, Kuksis, & Connelly, 2003;

Zerrad‐Saadi et al., 2009; Figure 2).

1.3 | SR‐BI and lipoprotein and HDL metabolism

SR‐BI mediates the cellular absorption of several types of lipids

derived from HDL including lipid soluble vitamins (e.g. vitamin E)

and phospholipids (Al‐Jarallah & Trigatti, 2010). SR‐BI also

mediates selective cholesterol uptake among lipoproteins and

cells via a mechanism different from that associated with the

binding of LDL to its LDL receptor (LDLR; Acton et al., 1996). The

LDLR mediates endocytosis of the entire LDL particle via clathrin‐
coated pits, that lead to the formation of vesicles and hydrolysis in

lysosomes (Krieger, 2001). SR‐BI‐mediated transport does not

seem to be dependent on ATP and coated pits (Connelly et al.,

2001). Lecithin–cholesterol acyltransferase (LCAT) is an enzyme

that can esterify free cholesterol. After cholesteryl esters are

formed from HDL cholesterol (HDL‐C) by the action of LCAT, the

HDL transports them to the liver by via SR‐BI. SR‐BI binds HDL

with high affinity and the interaction of HDL with SR‐BI does not

result in its lysosomal degradation of the particle and its contents

(Rigotti, Miettinen, & Krieger, 2003). The selective uptake consists

of a multistep process: (a) binding of CE rich lipoprotein particles

to the extracellular domain of SR‐BI, (b) the transport of CE to the

plasma membrane, (c) the diffusion from the cholesterol‐poor
lipoprotein components back into the blood (Hoekstra, 2017;

Rigotti et al., 2003). The HDL particle is taken up by the liver and

cholesterol secreted into the bile, either as cholesterol or as bile

acids (Rigotti & Krieger, 1999). The processes of transport of

cholesterol from peripheral tissues by plasma HDL into the liver in

order to biliary secretion as bile acids or cholesterol is called

“reverse cholesterol transport” (Linton et al., 2017). The expres-

sion of SR‐BI is not essential for intestinal cholesterol absorption

(Mardones et al., 2001). Studies show that an increased hepatic

selective HDL uptake by SR‐BI, is also dependent on increasing

apo A‐I catabolism (Kozarsky et al., 1997). An increased expression

of SR‐BI in defective apo AI mice results in an accumulation of

small dense HDL and increased HDL apolipoprotein uptake by the

kidney and liver (de Beer, van der Westhuyzen, Whitaker, Webb, &

de Beer, 2005). Reductions in selective hepatic HDL‐C uptake and

plasma clearance of HDL‐CE are related to the decreased levels of

hepatic SR‐BI (Varban et al., 1998). In addition to interaction

between HDL‐C and SR‐BI, it is suggested that SR‐BI can also take

part in the metabolism of non‐HDL lipoproteins (Ueda et al., 1999).

Defects in SR‐BI may lead to an increased content of IDL/LDL‐
sized lipoproteins (Rigotti et al., 1997). Cholesterol attached to

SR‐BI directly in the surface of plasma membrane (Assanasen et al.,

2005). Also other reports demonstrate that, in a variety of cell

types, SR‐BI is localized in caveolae. P. y. Wang, Liu, Weng, Sontag,

and Anderson (2003) have reported that a caveolae‐cholesterol
associated cascade may exist by which the activity of a

phosphatase complex is adjusted. The activation of protein kinase

ERK1/2 signaling pathways is followed by a reduction in depho-

sphorylation (Al‐Jarallah & Trigatti, 2010; P. y. Wang, Liu, Weng,

Sontag, & Anderson, 2003). ERK1/2 is a well‐known downstream

target of SR‐BI and interferes with signaling; SR‐BI activates the

signaling pathways of ERK1/2 (Baranova et al., 2005; Zhang

et al., 2007).

F IGURE 2 In adipocytes, cholesterol is transmitted through two
ways (a) SR‐BI‐ independent and (b) SR‐BI‐ dependent. In a SR‐BI
dependent mechanism, after interaction of HDL with SR‐BI, the CE

transfers to the cytoplasm via receptor. In a SR‐BI‐independent
mechanism the movement CE is performed through CETP, which is a
transmembrane protein. In an independent manner, apoE is required as a
mediator for efflux HDL‐CE. On the other hand, Ox‐LDL can also affect

the expression and secretion of adiponectin, by activating stress and
stimulating ER, which triggers inflammatory processes. CETP: cholesterol
ester transfer protein; DL‐CE: high‐density lipoprotein cholesteryl ester;

Ox‐LDL: oxidized low‐density lipoprotein SR‐BI: scavenger receptor class
B member 1 [Color figure can be viewed at wileyonlinelibrary.com]
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1.4 | SR‐BI in adipocytes

Adipocytes, sometimes referred to as lipocytes, are the cells that

comprise the major portion of the adipose tissue, and specialized in

energy storage as fat (Birbrair et al., 2013). Adipocytes have a unique

ability to accumulate cholesterol because of their restricted capability to

cholesterol synthesis. This can be due to the reduced efficiency of the

enzymes involved in the cholesterol synthesis pathways. (Van Eck, Bos,

Hildebrand, Van Rij, & Van Berkel, 2004). Furthermore, there is a major

content of cholesterol in the membrane of fat cells. When the

membrane expands quickly, cellular membrane cholesterol preserves

cellular integrity against hypertrophy. (Krause & Hartman, 1984). So,

the adipocytes extracted cholesterol from circulating lipoproteins like

the HDL (Vassiliou & McPherson, 2004a). SR‐BI is highly expressed in

adipocytes. Remarkable levels of cholesterol are absorbed by these cells

via the direct pathways HDL delivery process (Song et al., 2016). In

addition to direct pathway, adipocytes expressed CE transfer protein

(CETP) and CETP uptake the CE from lipoprotein. CETP transfers

CE into adipocyte with the accompaniment apoE. This pathway is called

SR‐BI‐Independent (Vassiliou & McPherson, 2004b). The advantage

of dependent SR‐BI pathways to SR‐BI independent pathways

is it is not necessary for an apoE‐mediated for efflux HDL‐CE
(Hoekstra, 2017).

1.5 | SR‐BI and inflammation process

Inflammation is involved in several stages of atherogenesis, from

the development of fatty streaks to progressive atherosclerotic

damage, including plaque rupture. SR‐BI may be a protective

molecule against atherosclerosis by modulating the inflammatory

response (Fuller et al., 2014). Furthermore, the elimination of

cholesterol from macrophage (MQ) may be an important compo-

nent of decreasing atherosclerosis (Zhang et al., 2003). SR‐BI is

found in tissue MQ, such as Kupffer cells (Hoekstra, Kruijt, Van Eck,

& Van Berkel, 2003) and the uptake of modified lipoproteins may be

mediated by SR‐BI in these cells. Furthermore, SR‐BI has a critical

role in the selective uptake of CE from HDL in MQ (Van Eck et al.,

2004). Studies have shown that ox‐LDL reduces SR‐BI mRNA in MQ

and in response to stressors like ox‐LDL, the nuclear factor kappa B

is activated (Babaev et al., 2008; Han et al., 2001). Consequently,

increased transcription of proinflammatory cytokines, such as

tumor necrosis factor alpha (TNFα) and interleukin 6 (IL‐6) may

subsequently occur (Linton et al., 2017). MacRae and colleagues

have shown that, in a mouse model, MQ in which the expression of

the SR‐BI was inhibited (knocked‐out), high levels of inflammatory

interleukins such as IL1, 6 and increased reactive oxygen species

were found. While the expression of the anti‐inflammatory

cytokine, IL10, was reduced. These events caused the pathway of

apoptosis to be inhibited and necrosis pathway occurs in MQ, which

leds to an enhanced inflammatory response (Fuller et al., 2014;

Linton et al., 2017; Tao et al., 2015). It was also observed that in

MQ, in which the SR‐BI was knocked‐out, transforming growth

factor beta (TGFβ) decreases and a defect in efferocytosis resulted

(Tao et al., 2015). Efferocytosis is a process that causes the

elimination of dead cells caused by necrosis and apoptosis occurs by

phagocytic cells like macrophages (Seetharam et al., 2006).

1.6 | Genetics of scavenger receptors

The SR‐BI is encoded by the SCARB1 gene that is located on

chromosome 12. The concentration of plasma lipids is a complex

trait, which is determined by genetic and environmental factors.

Genetic factors are attributable for almost half of the variation in

plasma HDL‐C and TG (Austin, KING, Bawol, Hulley, & Friedman,

1987; Pérusse et al., 1997). Studies have indicated that single‐
nucleotide polymorphisms (SNPs) of the SCARB1 gene are related to

plasma lipid levels, the size of the lipoprotein particles and CVD (Bild

et al., 2002; Nelson et al., 2005). Increased plasma TGs levels and

reduced HDL‐C are important risk factors for atherosclerosis

(Rapaport et al., 1993). Several polymorphisms have been found in

population studies, and have been reported to be associated with

plasma lipid levels (Acton et al., 1999; Trigatti et al., 1999).

Furthermore, an association between the rs10846744 variant of

SCARB1 locus has been shown with carotid intimal‐medial artery

thickness (CCIMT) and may also be related to CVD risk and

subclinical atherosclerosis (Naj et al., 2009). A sex‐dependent
association of rs10846744 with CCIMT has been observed, which

may indicate more association with a causal allele related to CCIMT

(Golden et al., 2016; Naj et al., 2009). Ritsch et al. (2007) suggested a

combination of SCARB1 polymorphisms at intron 5 and exon 8 are

associated with an abnormal lipid profile in women with CVD. In

agreement with Ritsch study, Knott et al. (1986) have shown

accompaniment C→T transition in intron 5 and exon 8 SCARB1

polymorphism was associated with abnormal lipid profile. Further-

more, there is an association with CVD in carriers who have specific

exon 8 allele (Rodríguez‐Esparragón et al., 2005). In addition, the risk

of CAD increased in men who carried Intron 5 variant allele and in

women who carried exon 8 common allele. Also, this polymorphism

was significantly higher in the PAD. Surprisingly, some reviews have

shown that there was a major incidence of PAD in women with

heterozygosity for exon 8 polymorphism than the women with

homozygousity for the same allele. This phenomenon may be owing

to the effect of a gene dose (Ritsch et al., 2007). In fact, the

significant relationship between the combination of exon 8/intron

5 genotypes in the SCARB1 gene and total plasma LDL cholesterol

shows, maybe the associations are in a sex‐dependent manner.

Increasing the incidence of exon 8 variants in women can be affected

by the possible interaction between the SCARB1 genotype and SR‐BI
estrogen regulation which can affect cholesterol levels. (Ritsch et al.,

2007). So, SCARB1 polymorphisms not only display correlation with

plasma levels of LDL cholesterol, but also Increases the risk of

developing PAD. Research also indicates that the expression of

SCARB1 is regulated by estrogen and rat's estrogen treatment has

shown to downregulate the SR‐B1 in the liver (Fluiter, van der

Westhuijzen, & van Berkel, 1998; Landschulz, Pathak, Rigotti,

Krieger, & Hobbs, 1996). J. McCarthy et al. (2003) revealed that
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SCARB1 genetic variants have been affected on the regulation of

SCARB1 by estrogen, which may have to be used for the cure of

postmenopausal women with hormone replacement therapy (HRT).

However, multiple types of SCARB1 variants may modify the effect

of HRT on plasma lipid amount in women (J. McCarthy et al., 2003).

Further studies demonstrated that the presence of allele A in SR‐BI
exon 1 in patients with CHD resulted in an increase in serum levels of

HDL‐C and Apo‐a1 (H. Wang, 2016; Wu et al., 2012). The level of

SR‐BI protein can be reduced by point mutation at the 4th site of

SR‐BI exon through the effect on SR‐BI protein expression and

increased plasma HDL‐C concentration by weakening the reverse

cholesterol transport pathway. This process may increase the risk of

CHD (H. Wang, 2016). In another study by Golden et al. (2016), the

rs10846744 noncoding variant of the SCARB1 illustrated a

considerable association with atherosclerosis disease. This noncoding

variant has a novel relevance with immune checkpoint inhibitor

lymphocyte activation gene 3 (LAG3). The plasma level of LAG3,

independent of HDL‐C, represents the risk of coronary heart disease

CHD (Golden et al., 2016). Increasing odds for CVD and MI in

homozygous carriers of the rs10846744 are highlighted by the risk

genotype (CC). Also, in the risk genotype (CC), LAG3 RNA has been

recognized as the main target and its expression is low in

homozygous carriers (Golden et al., 2016; Manichaikul et al., 2012).

Another variant of gene SCARB1 that it plays an important role in

CVD is rs5888. Behmanesh and colleagues in a study of the cohort of

young Iranian patients showed that SNP rs5888 is presumably to be

a separate risk factor for initiating CAD and linked with patients with

premature CAD through a sex‐dependent way (Goodarzynejad et al.,

2016). This variant, particularly in younger women, correlates with

lipoprotein particle size and lipid levels (Richard et al., 2005; Roberts

et al., 2007). Recent studies suggest that in spite of the fact that some

variants, such as C allele of rs10846744, are high‐risk for CHD‐
related with higher HDL‐c, others like the C allele of rs2278986 are a

protective factor for CHD (Zeng, Tang, Ye, Su, & Jiang, 2017). In a

study by Zanoni et al., 2016, performance impairment in the P376 L

variant (a rare loss‐of‐function variant of SCARB1) promotes the

increased level HDL‐C and increases the risk of CHD. Recent studies

on human and mice have revealed that breakdown the HDL/SR‐BI
interactions, not only increases plasma HDL‐C levels, but also

enhances the risk of atherosclerotic lesions in CVD (Yang et al.,

2016; Zanoni et al., 2016). In addition, the comparison between wild‐
type mice versus those of SR‐BI knockout (KO) showed that in KO

group, have been observed, a significant increase in HDL‐C level

(Van Eck et al., 2003). Likewise mentioned before, the mutation that

can result in loss‐of‐function in the P376 L variant increases the risk

of coronary artery disease (Zanoni et al., 2016). Gene transfer in

SR‐BI−/− mice by using adenoviral vector showed that AdSR‐BI
gene transfer abolished increased plasma IL‐6 levels that are

involved in inflammatory processes, increased levels of plasma lipid

peroxidation and increased nitro‐oxidative myocardial stress in SR‐BI
/− mice (Muthuramu, Amin, Abou Msallem, & De Geest, 2017).

Consequently, SR‐BI can be considered as a putative novel

cardiovascular therapeutic target.

1.7 | SR‐BI as a biomarker

CVD diagnosis is based on physical examination, electrocardiography

(ECG), and serum biochemistry markers such as troponin I (TnI) and

so forth (Members et al., 2011). Although some factors like troponin I

is a proprietary diagnostic marker but in the absence of MI and the

presence of diseases, such as renal insufficiency, this factor may

increase and cause a false diagnosis (Alcalai et al., 2007). Against this

information, it has been shown that genetic biomarker can be used as

risk stratification biomarker. There is growing body of data showing

the prognostic and diagnostic value of some genetic markers in CVD

(Dhingra & Vasan, 2017; Gutierrez‐Pajares, Hassen, Chevalier, &

Frank, 2016). In 2017, Hoekstra and Sorci‐Thomas (2017) revealed

that increasing level of HDL cholesterol and risk of CVD is related to

mutation form of SR‐BI gene (heterozygous for the P376 L). SR‐BI
plays a critical role in cholesterol uptake, in turn SR‐BI gene defecting

causes in the increasing cholesterol and risk of CVD (Linton et al.,

2017). Also in 2002, Braun et al. (2002) demonstrated that knockout

SR‐BI gene could loss of SR‐BI expression, leading to the early onset

of occlusive atherosclerotic coronary artery disease, suggesting its

value as biomarker in CVD.

1.8 | SR‐BI as therapeutic target

Liao et al. (2017) suggested that double knockout (dKO) mice for

SR‐BI/LDL receptor genes, compared with control group, increased

the risk of developing CVD. In line with this data, Cui, Chen, and Shen

(2018) showed that Urolithin A led to reducing angiotensin II (Ang II)

and plasma lipids levels via increased expression of SR‐BI. Also they

suggested that this process could attenuate atherosclerosis. In

another research Ren et al. (2018) proposed that targeting 3´UTR

of SR‐BI by miR‐24 suppressed the SR‐BI expression, decreased

selective lipid uptake and promoted atheromatous plaque in mice

(Ren et al., 2018).

2 | CONCLUSION

SR‐BI is recognized as an HDL receptor. It plays a critical role in the

homeostasis of cholesterol and is also essential for its absorption and

metabolism. SR‐BI is also involved in the other processes including,

inflammation, membrane lipid expression, and apoptosis. Some studies

have shown that SR‐BI plays a antiatherogenic role through its

involvement in reverse cholesterol transport. The interaction between

SR‐BI and HDL triggers a kinase cascade. SR‐BI exists in several cell

types that include: hepatocytes, adipocytes, and macrophages. In the

vascular endothelium SR‐BI signaling is involved in the generation of

NO. In experimental models, overexpression of SCARB1 leads to a

reduction in serum HDL levels but a reduction in atherosclerosis lesion

formation. Alteration in the expression levels of SR‐BI can lead to

inflammatory response and CDV. Thus SR‐BI is a novel target that may

be used for developing new therapeutic or genetic therapies to prevent

or treat a number of human conditions.

SAHEBI ET AL. | 5



CONFLICT OF INTERESTS

The authors declare that they have no conflict of interests.

FUNDING INFORMATION

This study was supported by grant awarded (ID: 931753; A.A) by the

Mashhad University of Medical Sciences.

ORCID

Majid Ghayour‐Mobarhan http://orcid.org/0000-0001-5947-8904

Majid Rezayi http://orcid.org/0000-0003-1024-3906

Amir Avan http://orcid.org/0000-0002-4968-0962

REFERENCES

Acton, S., Rigotti, A., Landschulz, K. T., Xu, S., Hobbs, H. H., & Krieger, M.

(1996). Identification of scavenger receptor SR‐BI as a high density

lipoprotein receptor. Science, 271(5248), 518–520.

Acton, S., Osgood, D., Donoghue, M., Corella, D., Pocovi, M., Cenarro, A., …

Ordovas, J. M. (1999). Association of polymorphisms at the SR‐BI
gene locus with plasma lipid levels and body mass index in a white

population. Arteriosclerosis, Thrombosis, and Vascular Biology, 19(7),

1734–1743.

Ahmed, Z., Ravandi, A., Maguire, G. F., Kuksis, A., & Connelly, P. W. (2003).

Formation of apolipoprotein AI–phosphatidylcholine core aldehyde

Schiff base adducts promotes uptake by THP‐1 macrophages.

Cardiovascular Research, 58(3), 712–720.

Alcalai, R., Planer, D., Culhaoglu, A., Osman, A., Pollak, A., & Lotan, C.

(2007). Acute coronary syndrome vs nonspecific troponin elevation:

Clinical predictors and survival analysis. Archives of Internal Medicine,

167(3), 276–281.

Al‐Jarallah, A., & Trigatti, B. L. (2010). A role for the scavenger

receptor, class B type I in high density lipoprotein dependent

activation of cellular signaling pathways. Biochimica et Biophysica

Acta (BBA)‐Molecular and Cell Biology of Lipids, 1801(12),

1239–1248.

Alrawi, R. (2017). Conventional concepts in coronary heart disease and

new thoughts in its prediction. Insight in Medical Physics, 2(2), 5.

Assanasen, C., Mineo, C., Seetharam, D., Yuhanna, I. S., Marcel, Y. L., &

Connelly, M. A. (2005). Cholesterol binding, efflux, and a PDZ‐
interacting domain of scavenger receptor–BI mediate HDL‐
initiated signaling. Journal of Clinical Investigation, 115(4),

969–977.

Austin, M. A., KING, M. ‐C., Bawol, R. D., Hulley, S. B., & Friedman, G. D.

(1987). Risk factors for coronary heart disease in adult female twins:

Genetic heritability and shared environmental influences. American

Journal of Epidemiology, 125(2), 308–318.

Babaev, V. R., Chew, J. D., Ding, L., Davis, S., Breyer, M. D., & Breyer, R.

M. (2008). Macrophage EP4 deficiency increases apoptosis

and suppresses early atherosclerosis. Cell Metabolism, 8(6),

492–501.

Baranova, I. N., Vishnyakova, T. G., Bocharov, A. V., Kurlander, R., Chen, Z., &

Kimelman, M. L. (2005). Serum amyloid A binding to CLA‐1 (CD36 and

LIMPII analogous‐1) mediates serum amyloid A protein‐induced activa-

tion of ERK1/2 and p38 mitogen‐activated protein kinases. Journal of

Biological Chemistry, 280(9), 8031–8040.

de Beer, M. C., van der Westhuyzen, D., Whitaker, N. L., Webb, N. R., & de

Beer, F. C. (2005). SR‐BI‐mediated selective lipid uptake segregates

apoA‐I and apoA‐II catabolism. Journal of Lipid Research, 46(10),

2143–2150.

Bild, D. E., Bluemke, D. A., Burke, G. L., Detrano, R., Diez Roux, A. V., &

Folsom, A. R. (2002). Multi‐ethnic study of atherosclerosis: Objectives

and design. American Journal of Epidemiology, 156(9), 871–881.

Birbrair, A., Zhang, T., Wang, Z. ‐M., Messi, M. L., Enikolopov, G. N., &

Mintz, A. (2013). Role of pericytes in skeletal muscle regeneration and

fat accumulation. Stem Cells and Development, 22(16), 2298–2314.

Braun, A., Trigatti, B. L., Post, M. J., Sato, K., Simons, M., & Edelberg, J. M.

(2002). Loss of SR‐BI expression leads to the early onset of occlusive

atherosclerotic coronary artery disease, spontaneous myocardial

infarctions, severe cardiac dysfunction, and premature death in

apolipoprotein E–deficient mice. Circulation Research, 90(3), 270–276.

Connelly, M. A., de la Llera‐Moya, M., Monzo, P., Yancey, P. G., Drazul, D., &

Stoudt, G. (2001). Analysis of chimeric receptors shows that multiple

distinct functional activities of scavenger receptor, class B, type I (SR‐BI),
are localized to the extracellular receptor domain. Biochemistry, 40(17),

5249–5259.

Cui, G.‐H., Chen, W.‐Q., & Shen, Z.‐Y. (2018). Urolithin a shows anti‐
atherosclerotic activity via activation of class b scavenger receptor

and activation of nef2 signaling pathway. Pharmacological Reports,

70(3), 519–524.

Dhingra, R., & Vasan, R. S. (2017). Biomarkers in cardiovascular disease:

Statistical assessment and section on key novel heart failure

biomarkers. Trends in Cardiovascular Medicine, 27(2), 123–133.

Fazio, S., & Linton, M. F. (2004). Unique pathway for cholesterol uptake in

fat cells. Arteriosclerosis, Thrombosis, and Vascular Biology, 24(9),

1538–1539.

Fluiter, K., van der Westhuijzen, D. R., & van Berkel, T. J. (1998). In vivo

regulation of scavenger receptor BI and the selective uptake of high

density lipoprotein cholesteryl esters in rat liver parenchymal and

Kupffer cells. Journal of Biological Chemistry, 273(14), 8434–8438.

Fuller, M., Dadoo, O., Serkis, V., Abutouk, D., MacDonald, M., & Dhingani, N.

(2014). The effects of diet on occlusive coronary artery atherosclerosis

and myocardial infarction in scavenger receptor class B, type 1/low‐
density lipoprotein receptor double knockout mice. Arteriosclerosis,

thrombosis, and vascular biology, ATVBAHA, 114, 304200–2403.

Golden, D., Kolmakova, A., Sura, S., Vella, A. T., Manichaikul, A., & Wang,

X.‐Q. (2016). Lymphocyte activation gene 3 and coronary artery

disease. JCI Insight, 1(17).

Goodarzynejad, H., Boroumand, M., Behmanesh, M., Ziaee, S., & Jalali, A.

(2016). The rs5888 single nucleotide polymorphism in scavenger

receptor class B type 1 (SCARB1) gene and the risk of premature

coronary artery disease: A case‐control study. Lipids in health and

disease, 15(1), 7.

Guo, L., Chen, M., Song, Z., Daugherty, A., & Li, X.‐A. (2011). C323 of SR‐BI
is required for SR‐BI‐mediated HDL binding and cholesteryl ester

uptake. Journal of Lipid Research, 52(12), 2272–2278.

Gutierrez‐Pajares, J. L., Hassen, C. B., Chevalier, S., & Frank, P. G. (2016).

SR‐BI: Linking cholesterol and lipoprotein metabolism with breast and

prostate cancer. Frontiers in Pharmacology, 7, 7.

Han, J., Nicholson, A. C., Zhou, X., Feng, J., Gotto, A. M., & Hajjar, D. P.

(2001). Oxidized low density lipoprotein decreases macrophage

expression of scavenger receptor BI. Journal of Biological Chemistry,

276(19), 16567–16572.

Hoekstra, M. (2017). SR‐BI as target in atherosclerosis and cardiovascular

disease‐A comprehensive appraisal of the cellular functions of SR‐BI
in physiology and disease. Atherosclerosis, 258, 153–161.

Hoekstra, M., & Sorci‐Thomas, M. (2017). Rediscovering SR‐BI: Surprising
New Roles for The HDL Receptor. Current Opinion in Lipidology, 28(3),

255–260.

Hoekstra, M., Kruijt, J. K., Van Eck, M., & Van Berkel, T. J. (2003). Specific

gene expression of ATP‐binding cassette transporters and nuclear

hormone receptors in rat liver parenchymal, endothelial, and Kupffer

cells. Journal of Biological Chemistry, 278(28), 25448–25453.

Kent, A. P., & Stylianou, I. M. (2011). Scavenger receptor class B member 1

protein: Hepatic regulation and its effects on lipids, reverse

6 | SAHEBI ET AL.

http://orcid.org/0000-0001-5947-8904
http://orcid.org/0000-0003-1024-3906
http://orcid.org/0000-0002-4968-0962


cholesterol transport, and atherosclerosis. Hepatic medicine: evidence

and research, 3, 29.

Khwaiter, S. H., & Abed, A. (2017). Risk factors associated with coronary

artery disease in Gaza. Global Journal of Medical Research.

Kimura, T., Tomura, H., Mogi, C., Kuwabara, A., Damirin, A., & Ishizuka, T.

(2006). Role of scavenger receptor class B type I and sphingosine

1‐phosphate receptors in high density lipoprotein‐induced inhibition

of adhesion molecule expression in endothelial cells. Journal of

Biological Chemistry, 281(49), 37457–37467.

Knott, T. J., Pease, R., Powell, L., Wallis, S., Rall, S., & Innerarity, T. (1986).

Complete protein sequence and identification of structural domains

of human apolipoprotein B. Nature, 323(6090), 734–738.

Kozarsky, K. F., Donahee, M. H., Rigotti, A., Iqbal, S. N., Edelman, E. R., &

Krieger, M. (1997). Overexpression of the HDL receptor SR‐BI alters
plasma HDL and bile cholesterol levels. Nature, 387(6631), 414–417.

Krause, B. R., & Hartman, A. D. (1984). Adipose tissue and cholesterol

metabolism. Journal of Lipid Research, 25(2), 97–110.

Krieger, M. (2001). Scavenger receptor class B type I is a multiligand HDL

receptor that influences diverse physiologic systems. Journal of Clinical

Investigation, 108(6), 793–797.

Landschulz, K. T., Pathak, R. K., Rigotti, A., Krieger, M., & Hobbs, H. H.

(1996). Regulation of scavenger receptor, class B, type I, a high

density lipoprotein receptor, in liver and steroidogenic tissues of the

rat. Journal of Clinical Investigation, 98(4), 984–995.

Larrede, S., Quinn, C. M., Jessup, W., Frisdal, E., Olivier, M., & Hsieh, V.

(2009). Stimulation of cholesterol efflux by LXR agonists in

cholesterol‐loaded human macrophages is ABCA1‐dependent but

ABCG1‐independent. Arteriosclerosis, Thrombosis, and Vascular Biology,

29(11), 1930–1936.

Liao, J., Guo, X., Wang, M., Gao, M., Shen, Q., & Wang, Y. (2017).

Deficiency of scavenger receptor class B type 1 leads to increased

atherogenesis with features of advanced fibroatheroma and expan-

sive arterial remodeling. Cardiovascular Pathology, 27, 26–30.

Linton, M. F., Tao, H., Linton, E. F., & Yancey, P. G. (2017). SR‐BI: A

multifunctional receptor in cholesterol homeostasis and atherosclero-

sis. Trends in Endocrinology & Metabolism.

Liu, B., & Krieger, M. (2002). Highly purified scavenger receptor class B,

type I reconstituted into phosphatidylcholine/cholesterol liposomes

mediates high affinity high density lipoprotein binding and selective

lipid uptake. Journal of Biological Chemistry, 277(37), 34125–34135.

Mamudu, H. M., Paul, T. K., Wang, L., Veeranki, S. P., Panchal, H. B., &

Alamian, A. (2016). The effects of multiple coronary artery disease

risk factors on subclinical atherosclerosis in a rural population in the

United States. Preventive Medicine, 88, 140–146.

Manichaikul, A., Naj, A. C., Herrington, D., Post, W., Rich, S. S., &

Rodriguez, A. (2012). Association of SCARB1 variants with subclinical

atherosclerosis and incident cardiovascular disease. Arteriosclerosis,

Thrombosis, and Vascular Biology, 32(8), 1991–1999.

Mardones, P., Quiñones, V., Amigo, L., Moreno, M., Miquel, J. F., &

Schwarz, M. (2001). Hepatic cholesterol and bile acid metabolism and

intestinal cholesterol absorption in scavenger receptor class B type I‐
deficient mice. Journal of Lipid Research, 42(2), 170–180.

McCarthy, J., Lehner, T., Reeves, C., Moliterno, D., Newby, L., & Rogers, W.

(2003). Association of genetic variants in the HDL receptor, SR‐B1,
with abnormal lipids in women with coronary artery disease. Journal of

Medical Genetics, 40(6), 453–458.

McCarthy, J. J., Somji, A., Weiss, L. A., Steffy, B., Vega, R., & Barrett‐
Connor, E. (2009). Polymorphisms of the scavenger receptor class B

member 1 are associated with insulin resistance with evidence of

gene by sex interaction. The Journal of Clinical Endocrinology &

Metabolism, 94(5), 1789–1796.

Members, A. T. F., Hamm, C. W., Bassand, J. ‐P., Agewall, S., Bax, J., &

Boersma, E. (2011). ESC Guidelines for the management of acute

coronary syndromes in patients presenting without persistent ST‐
segment elevation: The Task Force for the management of acute

coronary syndromes (ACS) in patients presenting without persistent

ST‐segment elevation of the European Society of Cardiology (ESC).

European Heart Journal, 32(23), 2999–3054.

Mineo, C., Yuhanna, I. S., Quon, M. J., & Shaul, P. W. (2003). High density

lipoprotein‐induced endothelial nitric‐oxide synthase activation is

mediated by Akt and MAP kinases. Journal of Biological Chemistry,

278(11), 9142–9149.

Muthuramu, I., Amin, R., Abou Msallem, J., & De Geest, B. (2017).

P1340Hepatocyte‐restricted SR‐BI gene transfer corrects cardiac

dysfunction in SR‐BI deficient mice and improves pressure overload‐
induced cardiomyopathy. European Heart Journal, 38(suppl_1).

Naj, A. C., West, M., Rich, S. S., Post, W., Kao, L., & Wasserman, B. A. (2009).

Association of scavenger receptor class B type I polymorphisms with

subclinical atherosclerosis: The multi‐ethnic study of atherosclerosis.

Circulation: Cardiovascular Genetics, CIRCGENETICS, 109, 903195.

Nelson, J. C., Kronmal, R. A., Carr, J. J., McNitt‐Gray, M. F., Wong, N. D., &

Loria, C. M. (2005). Measuring coronary calcium on CT images

adjusted for attenuation differences. Radiology, 235(2), 403–414.

Ockenhouse, C. F., & Chulay, J. D. (1988). Plasmodium falciparum

sequestration: OKM5 antigen (CD36) mediates cytoadherence of

parasitized erythrocytes to a myelomonocytic cell line. The Journal of

infectious diseases, 157(3), 584–588.

Pérusse, L., Rice, T., Despres, J., Bergeron, J., Province, M. A., & Gagnon, J.

(1997). Familial resemblance of plasma lipids, lipoproteins, and post-

heparin lipoprotein and hepatic lipases in the HERITAGE Family Study.

Arteriosclerosis, Thrombosis, and Vascular Biology, 17(11), 3263–3269.

PrabhuDas, M. R., Baldwin, C. L., Bollyky, P. L., Bowdish, D. M., Drickamer,

K., & Febbraio, M. (2017). A consensus definitive classification of

scavenger receptors and their roles in health and disease. The Journal

of Immunology, 198(10), 3775–3789.

Rapaport, E., Bilheimer, D. W., Chobanian, A. V., Hajjar, D. P., Hawkins, C.

M., & Hutchins, G. M. (1993). Triglyceride, high‐density lipoprotein,

and coronary heart disease. Journal of the American Medical Associa-

tion, 269(4), 505–510.

Ren, K., Zhu, X., Zheng, Z., Mo, Z. ‐C., Peng, X. ‐S., & Zeng, Y. ‐Z. (2018).
MicroRNA‐24 aggravates atherosclerosis by inhibiting selective lipid

uptake from HDL cholesterol via the post‐transcriptional repression
of scavenger receptor class B type I. Atherosclerosis, 270, 57–67.

Rhainds, D., & Brissette, L. (2004). The role of scavenger receptor class B

type I (SR‐BI) in lipid trafficking: Defining the rules for lipid traders.

The International Journal of Biochemistry & Cell Biology, 36(1), 39–77.

Richard, E., von Muhlen, D., Barrett‐Connor, E., Alcaraz, J., Davis, R., &

McCarthy, J. J. (2005). Modification of the effects of estrogen therapy

on HDL cholesterol levels by polymorphisms of the HDL‐C receptor,

SR‐BI: The Rancho Bernardo Study. Atherosclerosis, 180(2), 255–262.

Rigotti, A., & Krieger, M. (1999). Getting a handle on “good” cholesterol

with the high‐density lipoprotein receptor. New England Journal of

Medicine, 341(26), 2011–2013.

Rigotti, A., Miettinen, H. E., & Krieger, M. (2003). The role of the high‐
density lipoprotein receptor SR‐BI in the lipid metabolism of

endocrine and other tissues. Endocrine Reviews, 24(3), 357–387.

Rigotti, A., Trigatti, B. L., Penman, M., Rayburn, H., Herz, J., & Krieger, M.

(1997). A targeted mutation in the murine gene encoding the high

density lipoprotein (HDL) receptor scavenger receptor class B type I

reveals its key role in HDL metabolism. Proceedings of the National

Academy of Sciences, 94(23), 12610–12615.

Ritsch, A., Sonderegger, G., Sandhofer, A., Stanzl, U., Tancevski, I., & Eller, P.

(2007). Scavenger receptor class B type I polymorphisms and peripheral

arterial disease. Metabolism: Clinical and Experimental, 56(8), 1135–1141.

Roberts, C. G., Shen, H., Mitchell, B. D., Damcott, C. M., Shuldiner, A. R., &

Rodriguez, A. (2007). Variants in scavenger receptor class B type I

gene are associated with HDL cholesterol levels in younger women.

Human Heredity, 64(2), 107–113.

Rodríguez‐Esparragón, F., Rodríguez‐Pérez, J. C., Hernández‐Trujillo, Y.,
Macías‐Reyes, A., Medina, A., & Caballero, A. (2005). Allelic Variants

SAHEBI ET AL. | 7



of the Human scavenger receptor class B type 1 and paraoxonase 1

on coronary heart disease. Arteriosclerosis, Thrombosis, and Vascular

Biology, 25(4), 854–860.

Saddar, S., Mineo, C., & Shaul, P. W. (2010). Signaling by the high‐affinity
HDL receptor scavenger receptor B type I. Arteriosclerosis, Thrombosis,

and Vascular Biology, 30(2), 144–150.

Sahoo, D., Peng, Y., Smith, J. R., Darlington, Y. F., & Connelly, M. A. (2007).

Scavenger receptor class B, type I (SR‐BI) homo‐dimerizes via its

C‐terminal region: Fluorescence resonance energy transfer analysis.

Biochimica et Biophysica Acta (BBA)‐Molecular and Cell Biology of Lipids,

1771(7), 818–829.

Sankar, N. M., Ramani, S. S., & Anantharaman, R. (2017). Coronary artery

disease in women. Indian Heart Journal, 69, 807–808.

Seetharam, D., Mineo, C., Gormley, A. K., Gibson, L. L., Vongpatanasin, W., &

Chambliss, K. L. (2006). High‐density lipoprotein promotes endothelial

cell migration and reendothelialization via scavenger receptor‐B type I.

Circulation Research, 98(1), 63–72.

Silver, D. L., & Tall, A. R. (2001). The cellular biology of scavenger receptor

class B type I. Current Opinion in Lipidology, 12(5), 497–504.

Song, G., Wu, X., Zhang, P., Yu, Y., Yang, M., & Jiao, P. (2016). High‐density
lipoprotein inhibits ox‐LDL‐induced adipokine secretion by upregulat-

ing SR‐BI expression and suppressing ER Stress pathway. Scientific

Reports, 6, 30889.

Tao, H., Yancey, P. G., Babaev, V. R., Blakemore, J. L., Zhang, Y., & Ding, L.

(2015). Macrophage SR‐BI mediates efferocytosis via Src/PI3K/Rac1

signaling and reduces atherosclerotic lesion necrosis. Journal of Lipid

Research, 56(8), 1449–1460.

Trigatti, B., Rayburn, H., Viñals, M., Braun, A., Miettinen, H., & Penman, M.

(1999). Influence of the high density lipoprotein receptor SR‐BI on
reproductive and cardiovascular pathophysiology. Proceedings of the

National Academy of Sciences, 96(16), 9322–9327.

Ueda, Y., Royer, L., Gong, E., Zhang, J., Cooper, P. N., & Francone, O. (1999).

Lower plasma levels and accelerated clearance of high density lipoprotein

(HDL) and non‐HDL cholesterol in scavenger receptor class B type I

transgenic mice. Journal of Biological Chemistry, 274(11), 7165–7171.

Valacchi, G., Sticozzi, C., Lim, Y., & Pecorelli, A. (2011). Scavenger receptor

class B type I: A multifunctional receptor. Annals of the New York

Academy of Sciences, 1229(1), E1–E7.

Valiyaveettil, M., & Podrez, E. A. (2009). Platelet hyperreactivity,

scavenger receptors and atherothrombosis. Journal of Thrombosis

and Haemostasis, 7(s1), 218–221.

Van Eck, M., Bos, I. S. T., Hildebrand, R. B., Van Rij, B. T., & Van Berkel, T. J.

(2004). Dual role for scavenger receptor class B, type I on bone

marrow‐derived cells in atherosclerotic lesion development. The

American Journal of Pathology, 165(3), 785–794.

Van Eck, M., Twisk, J., Hoekstra, M., Van Rij, B. T., Van der Lans, C. A., &

Bos, I. S. T. (2003). Differential effects of scavenger receptor BI

deficiency on lipid metabolism in cells of the arterial wall and in the

liver. Journal of Biological Chemistry, 278(26), 23699–23705.

Varban, M. L., Rinninger, F., Wang, N., Fairchild‐Huntress, V., Dunmore, J. H.,

& Fang, Q. (1998). Targeted mutation reveals a central role for SR‐BI in
hepatic selective uptake of high density lipoprotein cholesterol.

Proceedings of the National Academy of Sciences, 95(8), 4619–4624.

Vassiliou, G., & McPherson, R. (2004a). A novel efflux–recapture process

underlies the mechanism of high‐density lipoprotein cholesteryl ester‐
selective uptake mediated by the low‐density lipoprotein receptor–related

protein. Arteriosclerosis, Thrombosis, and Vascular Biology, 24(9), 1669–1675.

Vassiliou, G., & McPherson, R. (2004b). Role of cholesteryl ester transfer

protein in selective uptake of high density lipoprotein cholesteryl

esters by adipocytes. Journal of Lipid Research, 45(9), 1683–1693.

Vergeer, M., Korporaal, S. J., Franssen, R., Meurs, I., Out, R., & Hovingh, G.

K. (2011). Genetic variant of the scavenger receptor BI in humans.

New England Journal of Medicine, 364(2), 136–145.

Wang, H. (2016). Relationship between SR‐BI genetic polymorphism and

coronary heart disease and blood lipid level. International Journal of

Clinical and Experimental Medicine, 9(10), 19886–19892.

Wang, P. y, Liu, P., Weng, J., Sontag, E., & Anderson, R. G. (2003). A

cholesterol‐regulated PP2A/HePTP complex with dual specificity

ERK1/2 phosphatase activity. The EMBO Journal, 22(11), 2658–2667.

Williams, D. L., de la Llera‐Moya, M., Thuahnai, S. T., Lund‐Katz, S.,

Connelly, M. A., & Azhar, S. (2000). Binding and cross‐linking studies

show that scavenger receptor BI interacts with multiple sites

in apolipoprotein AI and identify the class A amphipathic α‐helix
as a recognition motif. Journal of Biological Chemistry, 275(25),

18897–18904.

Wu, D. ‐F., Yin, R.‐X., Yan, T.‐T., Aung, L. H. H., Cao, X.‐L., & Miao, L. (2012).

The SCARB1 rs5888 SNP and serum lipid levels in the Guangxi Mulao

and Han populations. International Journal of Medical Sciences, 9(8),

715–724.

Yancey, P. G., de la Llera‐Moya, M., Swarnakar, S., Monzo, P., Klein, S. M., &

Connelly, M. A. (2000). High density lipoprotein phospholipid composi-

tion is a major determinant of the bi‐directional flux and net movement

of cellular free cholesterol mediated by scavenger receptor BI. Journal of

Biological Chemistry, 275(47), 36596–36604.

Yancey, P. G., Jerome, W. G., Yu, H., Griffin, E. E., Cox, B. E., & Babaev, V. R.

(2007). Severely altered cholesterol homeostasis in macrophages

lacking apoE and SR‐BI. Journal of Lipid Research, 48(5), 1140–1149.

Yang, X., Sethi, A., Yanek, L. R., Knapper, C., Nordestgaard, B. G., &

Tybjærg‐Hansen, A. (2016). SCARB1 gene variants are associated

with the phenotype of combined high HDL‐C and high Lp (a).

Circulation: Cardiovascular. Genetics, CIRCGENETICS, 116, 001402.

Yuhanna, I. S., Zhu, Y., Cox, B. E., Hahner, L. D., Osborne‐Lawrence, S., &

Lu, P. (2001). High‐density lipoprotein binding to scavenger receptor‐
BI activates endothelial nitric oxide synthase. Nature Medicine, 7(7),

853–857.

Zanoni, P., Khetarpal, S. A., Larach, D. B., Hancock‐Cerutti, W. F., Millar, J.

S., & Cuchel, M. (2016). Rare variant in scavenger receptor BI raises

HDL cholesterol and increases risk of coronary heart disease. Science,

351(6278), 1166–1171.

Zeng, T.‐T., Tang, D.‐J., Ye, Y.‐X., Su, J., & Jiang, H. (2017). Influence of

SCARB1 gene SNPs on serum lipid levels and susceptibility to

coronary heart disease and cerebral infarction in a Chinese popula-

tion. Gene, 626, 319–325.

Zerrad‐Saadi, A., Therond, P., Chantepie, S., Couturier, M., Rye, K. ‐A., &
Chapman, M. J. (2009). HDL3‐mediated inactivation of LDL‐asso-
ciated phospholipid hydroperoxides is determined by the redox status

of apolipoprotein AI and HDL particle surface lipid rigidity. Arterio-

sclerosis, Thrombosis, and Vascular Biology, 29(12), 2169–2175.

Zhang, Y., Zanotti, I., Reilly, M. P., Glick, J. M., Rothblat, G. H., & Rader, D.

J. (2003). Overexpression of apolipoprotein AI promotes reverse

transport of cholesterol from macrophages to feces in vivo. Circula-

tion, 108(6), 661–663.

Zhang, Y., Ahmed, A. M., McFarlane, N., Capone, C., Boreham, D. R., &

Truant, R. (2007). Regulation of SR‐BI‐mediated selective lipid uptake

in Chinese hamster ovary‐derived cells by protein kinase signaling

pathways. Journal of Lipid Research, 48(2), 405–416.

How to cite this article: Sahebi R, Hassanian SM,

Ghayour‐Mobarhan M, et al. Scavenger receptor Class B type

I as a potential risk stratification biomarker and therapeutic

target in cardiovascular disease. J Cell Physiol. 2019;1–8.

https://doi.org/10.1002/jcp.28393

8 | SAHEBI ET AL.

https://doi.org/10.1002/jcp.28393



