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Abstract
Scavenger receptor class B type Ⅰ (SR-BI) is an important 
member of the scavenger receptor family of integral 
membrane glycoproteins. This review highlights studies 
in SR-BI knockout mice, which concern the role of SR-BI 
in cholesterol and steroid metabolism. SR-BI in hepato-
cytes is the sole molecule involved in selective uptake of 
cholesteryl esters from high-density lipoprotein (HDL). 
SR-BI plays a physiological role in binding and uptake 
of native apolipoprotein B (apoB)-containing lipopro-
teins by hepatocytes, which identifies SR-BI as a multi-
purpose player in lipid uptake from the blood circulation 
into hepatocytes in mice. In adrenocortical cells, SR-BI 
mediates the selective uptake of HDL-cholesteryl esters, 
which is efficiently coupled to the synthesis of glucocor-
ticoids (i.e. corticosterone). SR-BI knockout mice suffer 
from adrenal glucocorticoid insufficiency, which suggests 

that functional SR-BI protein is necessary for optimal 
adrenal steroidogenesis in mice. SR-BI in macrophages 
plays a dual role in cholesterol metabolism as it is able 
to take up cholesterol associated with HDL and apoB-
containing lipoproteins and can possibly facilitate cho-
lesterol efflux to HDL. Absence of SR-BI is associated 
with thrombocytopenia and altered thrombosis suscepti-
bility, which suggests a novel role for SR-BI in regulating 
platelet number and function in mice. Transgenic ex-
pression of cholesteryl ester transfer protein in human-
ized SR-BI knockout mice normalizes hepatic delivery of 
HDL-cholesteryl esters. However, other pathologies as-
sociated with SR-BI deficiency, i.e. increased atheroscle-
rosis susceptibility, adrenal glucocorticoid insufficiency, 
and impaired platelet function are not normalized, which 
suggests an important role for SR-BI in cholesterol and 
steroid metabolism in man. In conclusion, generation of 
SR-BI knockout mice has significantly contributed to our 
knowledge of the physiological role of SR-BI. Studies us-
ing these mice have identified SR-BI as a multi-purpose 
player in cholesterol and steroid metabolism because it 
has distinct roles in reverse cholesterol transport, adre-
nal steroidogenesis, and platelet function.
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INTRODUCTION
The scavenger receptor (SR) superfamily consists of  inte-
gral membrane glycoproteins that are involved in recogni-
tion of  polyanionic structures of  either endogenous [e.g. 
oxidized low-density lipoprotein (LDL)] or exogenous [e.g. 
bacterial lipopolysaccharide (LPS)] origin. The SR family 
is structurally diverse and can be classified into eight dif-
ferent classes (A-H) based on the multi-domain structure 
of  the individual members (reviewed by van Berkel et al[1]). 
The first SR to be cloned was the class A scavenger recep-
tor SR-AI, which was originally identified as a receptor 
that recognizes acetylated LDL (acLDL). However, due to 
the limited relevance of  acLDL in atherosclerosis, at that 
time it was primarily considered to be a receptor for nega-
tively charged macromolecules[2]. Macrophage-expressed 
SR-As can bind many polyanionic molecules such as lipo-
teichoic acid from Gram-positive bacteria, and lipid IVA, 
a precursor of  lipid A, from LPS of  Gram-negative bacte-
ria, as well as mediate uptake of  bacteria by phagocytosis. 
In line with their ability to bind bacteria, class A scavenger 
receptors play prominent roles in the host response to 
infection[3,4]. In parallel with SR-As, SR class B type Ⅰ (SR-
BI), also known as CD36 and lysosomal integral mem-
brane protein-Ⅱ analog-1 (CLA-1) in humans, has also 
been demonstrated to increase the uptake of  both Gram-
negative and Gram-positive bacteria in vitro[5,6].

As its name indicates, SR-BI belongs to the class B 
subfamily of  SRs that also includes its splice variant SR-
BII and CD36 (previously known as the OKM5 antigen, 
platelet glycoprotein Ⅳ, or GP88). The three class B SR 
proteins show a highly similar structure, which consists of  
a heavily N-linked glycosylated and fatty acylated protein 
backbone, which contains a large extracellular loop, two 
transmembrane domains, and short intracellular N-ter-
minal and C-terminal domains (Figure 1). CD36 and SR-
BI represent two distinct proteins that are derived from 
two different genes located on chromosome 5 in mice 
and 7 and 12 in humans. SR-BII, however, constitutes an 
isoform of  the SR-BI gene, which represents around 40% 
of  total SR-BI/BII mRNA[7]. The SR-BII protein differs 
from SR-BI only in the C-terminal cytoplasmic tail and 
contributes to only 12% of  the immunodetectable SR-
BI/BII protein in mouse liver[7].

Importantly, although SR-BI also modulates suscepti-
bility to sepsis[8,9], it is predominantly known for its func-
tions in lipoprotein metabolism. Since the generation of  
SR-BI knockout mice that lack a functional SR-BI protein 
by the group of  Monty Krieger in 1997[10], it has become 
clear that SR-BI is a multi-purpose player in cholesterol 
and steroid metabolism. In this topic highlight, we review 
the data obtained from this widely used mouse model re-
garding the in vivo role of  SR-BI in cholesterol and steroid 
metabolism within a wide variety of  cells types in mice, 
including liver parenchymal cells (hepatocytes), adreno-
cortical cells, macrophages, and platelets. In addition, we 
discuss recent interesting findings from humanized SR-BI 
knockout mice that provide the first insight into an im-

portant contribution of  SR-BI to steroid metabolism and 
(patho)physiology in humans.

LIVER PARENCHYMAL CELLS
Initial in vitro cloning and purification studies performed 
by the group of  Krieger have shown that SR-BI, similar 
to CD36, displays a high affinity for acLDL, modified 
proteins (i.e. maleylated bovine serum albumin), and an-
ionic lipids[11,12]. Not long after, it became clear that SR-
BI, in addition to its ability to bind (modified) LDL and 
anionic lipids, can bind high-density lipoprotein (HDL) 
with a high affinity and saturability[13]. This provided the 
first evidence that SR-BI could be considered a functional 
HDL receptor. Immunoblotting on membranes of  dif-
ferent murine tissues has revealed that SR-BI protein is 
highly expressed in liver[13]. The liver is the primary organ 
that is involved in removal of  cholesterol from the body, 
therefore, much attention has been drawn to a possible 
role for SR-BI in hepatic lipid transport.

The liver consists of  a wide variety of  cells includ-
ing parenchymal cells (hepatocytes), endothelial cells, and 
Kupffer cells, which represent the largest majority of  all 
tissue macrophages found within the body. Expression 
profiling has indicated that SR-BI mRNA and protein 
are particularly high in parenchymal cells, the primary 
metabolic cell type of  the liver[14,15]. However, SR-BI is 
also detected in Kupffer cells, albeit at a lower expres-
sion level[14,16]. In accordance with a role for SR-BI in 
hepatocyte HDL-cholesterol clearance, liver parenchymal 
cells are responsible for 88% of  the hepatic uptake of  
cholesteryl esters from HDL in wild-type mice, when tak-
ing into account the contribution of  these cells to liver 
mass[17]. Importantly, we have been able to show that 
SR-BI is responsible for the majority of  the uptake of  
HDL-cholesteryl esters into the liver. Functional SR-BI 
deficiency in SR-BI knockout mice was associated with 
an 87% and 52% decrease in uptake of  HDL-cholesteryl 
esters in liver parenchymal and Kupffer cells, respectively, 
compared with wild-type littermate controls[17]. In vitro 
association studies showed uptake of  HDL-cholesteryl 
esters without whole particle internalization (selective up-
take) in isolated liver parenchymal cells of  wild-type mice, 
which was completely lost in those of  SR-BI knockout 
mice. This suggests that, at least in mice, SR-BI is the sole 
molecule that is involved in the selective uptake of  HDL-
associated cholesteryl esters in hepatocytes[17]. In parallel 
with the major role of  the liver in the clearance of  HDL-
associated cholesterol from the blood circulation, SR-BI 
knockout mice exhibit a marked increase in their plasma 
HDL-cholesterol levels. Already on a regular chow diet, 
in these mice an accumulation of  larger, but not more, 
cholesteryl-ester-rich HDL particles can be observed[10], 
probably as a result of  the diminished selective uptake of  
HDL-cholesteryl esters by SR-BI in the liver. In addition, 
SR-BI attenuated mice, with an SR-BI promoter mutation 
that resulted in 53% decreased expression of  the receptor 
in the liver, displayed a lower hepatic selective HDL-cho-
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lesteryl ester uptake and a higher plasma HDL-cholesterol 
level[18]. Furthermore, transgenic or adenoviral overexpres-
sion of  SR-BI in hepatocytes is associated with virtual dis-
appearance of  HDL from the plasma compartment[19-22]. 
These findings convincingly show that SR-BI in mice is a 
functional HDL receptor in liver parenchymal cells.

SR-BI knockout mice also display a significant increase 
in the level of  cholesterol associated with the plasma non-
HDL fraction[10,23,24]. In parallel, transgenic mice that have 
liver-specific overexpression of  SR-BI show a decrease in 
LDL- and very low density lipoprotein (VLDL)-cholesterol 
levels[20]. These observations suggest that SR-BI can also 
contribute to the clearance of  apoB-containing lipopro-
teins in vivo. To verify this hypothesis, several groups have 
studied uptake of  apoB100-containing LDL and VLDL 
lipoproteins, as well as apoB48-containing chylomicrons 
in hepatocytes from SR-BI knockout mice and their wild-
type littermate controls. Rhainds et al[25] and Bourret et al[26]  
have detected a dose-dependent decrease in the selec-
tive uptake of  cholesteryl esters associated with human 
LDL by liver parenchymal cells isolated from heterozy-
gous (-45%) and homozygous (-87%) SR-BI knockout 
mice[25,26]. In parallel, the uptake of  triglyceride-rich, 
chylomicron- remnant-like emulsion particles by liver pa-
renchymal cells of  homozygous SR-BI knockout mice is 
markedly lower compared to that of  wild-type controls[27]. 
Furthermore, the association with and apparent uptake of  
β-VLDL is 1.6-2.2-fold decreased in hepatocytes isolated 
from SR-BI knockout mice in vitro[24], whereas the serum 
decay and hepatic uptake of  β-VLDL is significantly di-

minished in response to SR-BI deficiency in vivo[24]. More-
over, SR-BI knockout mice show a higher postprandial 
triglyceride response to an intragastric fat load[27]. SR-BI 
deficiency, however, does not alter the ability of  oxidized 
LDL to associate with liver parenchymal cells in vitro[26]. 
It thus seems that SR-BI also plays a physiological role in 
the binding and uptake of  native, but not modified, apoB-
containing lipoproteins by liver parenchymal cells in vivo. 
Combined with the fact that SR-BI is a functional HDL 
receptor in vivo, SR-BI can be considered a multi-purpose 
player in lipid uptake from the blood circulation into he-
patocytes in mice.

ADRENOCORTICAL CELLS
Although SR-BI plays a widely recognized role in hepatic 
clearance of  lipids, the highest protein expression of  SR-
BI is actually found in the adrenal glands[13]. More spe-
cifically, adrenocortical cells (i.e. Y1-BS1 murine adrenal 
cells) contain relatively high levels of  SR-BI protein that 
are predominantly localized in cholesterol-rich caveolin-
1-containing domains within the plasma membrane[28]. 
Cells within the adrenal cortex are involved in the syn-
thesis of  cholesterol-derived steroid hormones, including 
mineralocorticoids (i.e. aldosterone) and glucocorticoids 
(i.e. cortisol in humans and corticosterone in rodents). 
In the original 1997 study on the effect of  the targeted 
mutation in the SR-BI gene on cholesterol metabolism  
in vivo, it was described that the adrenal cholesterol con-
tent was dose-dependently decreased in heterozygous 
(-42%) and homozygous (-72%) SR-BI knockout mice[10]. 
In accordance, the uptake of  cholesteryl esters from HDL 
by the adrenals of  SR-BI knockout mice is reduced[17]. 
Strikingly, however, in 2008, we and others were able to 
show that the impaired uptake of  HDL-cholesteryl esters 
by the adrenal glands translates into functional changes in 
the adrenal steroidogenesis rate in SR-BI knockout mice. 
Adrenal SR-BI deficiency is associated with increased ad-
renal weight as a result of  long-term overstimulation of  
adrenocortical cell proliferation by the pituitary-derived 
adrenocorticotropic hormone (ACTH)[10,29]. Under basal 
non-stressed conditions, plasma glucocorticoid levels (i.e. 
corticosterone) in SR-BI knockout mice are maintained 
within the normal range, probably as a result of  the high 
level of  circulating ACTH, a potent activator of  adrenal 
steroidogenesis[8,29]. In contrast, SR-BI knockout mice are 
unable to increase plasma corticosterone levels upon a 
variety of  stress triggers that activate the hypothalamus-
pituitary-adrenal axis, which results in increased secretion 
of  glucocorticoids by adrenocortical cells in the zona fas-
ciculata. We have shown that the fasting-induced adrenal 
glucocorticoid response is significantly diminished in SR-
BI knockout mice, resulting in a approximately 50% lower 
fasting plasma glucocorticoid level[29,30]. The adrenal cortex 
is virtually depleted of  neutral lipids (i.e. cholesteryl esters) 
in SR-BI knockout mice under fasting stress conditions, 
which is associated with a visual change in the appear-
ance of  the adrenal glands (red/brownish color instead of  
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Figure 1  Schematic representation of the scavenger receptor class B type Ⅰ  
protein. Structural elements include a heavily N-glycosylated and fatty-acylated 
protein backbone that contains a large extracellular loop, two transmembrane 
domains, and short intracellular N-terminal and C-terminal domains.
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white)[10,29]. In parallel with fasting-induced glucocorticoid 
insufficiency, adrenals of  SR-BI knockout mice are also 
unable to respond to a potent inflammatory stress trigger. 
Upon LPS exposure, wild-type mice show a significant 
increase in their plasma corticosterone levels. Plasma 
corticosterone levels, however, are not induced in SR-BI 
knockout mice challenged with LPS[8,30]. Glucocorticoids 
are important signaling molecules that through the action 
of  their cognate nuclear receptor mediate downstream ef-
fects on energy homeostasis and the control of  immune 
responses. In accordance, SR-BI knockout mice exhibit 
fasting hypoglycemia, which is paralleled by reduced ex-
pression of  hepatic glucocorticoid targets involved in fatty 
acid utilization[29]. Furthermore, the LPS-induced cytokine 
(i.e. tumor necrosis factor-α and interleukin-6) response is 
enhanced, probably due to an impaired suppressive action 
of  glucocorticoids on pro-inflammatory gene expression 
in macrophages and other immune cells, which leads to an 
overall higher LPS-induced mortality rate in SR-BI knock-
out mice[8]. In line with a prominent role for SR-BI in the 
generation of  the substrate used for adrenal steroidogen-
esis under stress conditions, SR-BI expression in adre-
nocortical cells is tightly controlled by the steroidogenic 
activator ACTH in vitro and in vivo[31,32]. These findings sug-
gest that functional SR-BI protein is necessary for optimal 
adrenal steroidogenesis in mice.

MACROPHAGES
Macrophages cannot limit the uptake of  excess choles-
terol and thus rely on active cholesterol efflux processes 
to maintain their intracellular cholesterol balance. As a 
result, disruption of  the function of  proteins crucially 
involved in macrophage cholesterol efflux is associated 
with the formation of  so-called foam cells, which are 
large lipid-filled macrophages. The cholesterol transport 
protein ATP-binding cassette transporter A1 (ABCA1) 
has been shown to be a major player in macrophage cho-
lesterol efflux. Ablation of  ABCA1 function is associated 
with almost complete shutdown of  cholesterol efflux 
from macrophages to apolipoprotein AI (apoAI), and 
enhanced foam cell formation in vitro and in vivo[33-35]. Lipi-
dation of  apoAI is the primary step in the formation of  
HDL, which executes the transport of  cholesterol from 
peripheral cells (i.e. macrophages) back to the liver for 
subsequent excretion into the bile, a process also known 
as reverse cholesterol transport (reviewed by Van Eck  
et al[36]). SR-BI is a major player in the final step of  reverse 
cholesterol transport because it, as discussed previously, 
mediates the selective uptake of  HDL-cholesteryl esters 
into the liver.

Initial overexpression studies by Ji et al[37] have shown 
a clear correlation between the level of  cellular cholesterol 
efflux to mature HDL and the expression levels of  SR-BI 
protein in vitro, which suggests that SR-BI also mediates 
the primary step in reverse cholesterol transport in vivo. 
Follow-up studies have indicated that SR-BI does indeed 
mediate cholesterol efflux to HDL in cells that have been 

labeled with unesterified cholesterol[38]. Strikingly, how-
ever, SR-BI has been shown not to influence the efflux 
of  cholesterol from macrophages that are loaded with 
cholesterol packaged in acLDL[38]. Furthermore, it actually 
decreases the efflux of  cholesterol to apoAI via ABCA1 
in RAW macrophages, which could be attributed the 
ability of  SR-BI to re-uptake cholesterol after ABCA1-
mediated efflux[38]. These studies were the first to show 
that SR-BI and ABCA1 have distinct and competing roles 
in mediating cholesterol flux between (pre-β) HDL and 
macrophages. In line with a role for SR-BI in cholesterol 
uptake, the association of  β-VLDL and HDL in perito-
neal macrophages is reduced in response to SR-BI defi-
ciency[39]. Studies in vitro, however, have either shown that 
SR-BI does modulate cholesterol efflux[37] or have argued 
against a role for SR-BI in efflux in general[40-42]. To date, 
the quantitative role for SR-BI in macrophage cholesterol 
efflux has therefore been under discussion and this has 
contributed to the mystification of  SR-BI as a player in 
cholesterol efflux from macrophages.

Thioglycolate-elicited peritoneal macrophages from 
SR-BI knockout mice loaded with unesterified cholesterol 
in vivo and subsequently subjected to cholesterol efflux 
in vitro displayed a 20% reduced efflux to mature HDL 
as compared to wild-type macrophages[39]. To study the 
quantitative role of  different transport proteins in choles-
terol efflux in mice, the group of  Dan Rader has devel-
oped an experimental in vivo reverse cholesterol transport 
model. In vitro cholesterol-labeled bone marrow-derived or 
peritoneal macrophages from specific knockout mice are 
injected into recipient mice and subsequently the appear-
ance of  cholesterol in the plasma compartment, uptake by 
the liver, and the rate of  sterol excretion into the feces are 
monitored. Using this experimental model, no effect of  
macrophage SR-BI deficiency on macrophage cholesterol 
efflux/reverse cholesterol transport was detected, because 
the cholesterol distribution in plasma as well as fecal tracer 
levels were no different upon injection of  peritoneal or 
bone-marrow-derived macrophages from SR-BI knock-
out mice and their wild-type littermates into C57BL/6 
recipient mice[43]. However, macrophages were cultured  
in vitro for at least 24 h before injection into recipient mice. 
In-vitro-cultured macrophages might display an altered 
expression of  cholesterol transport proteins as compared 
to macrophages in vivo. In this respect, the absence of  an 
effect of  macrophage SR-BI deficiency in the described 
reverse cholesterol transport model might not necessarily 
imply that SR-BI does not affect the cholesterol efflux po-
tential of  macrophages in vivo.

In our opinion, too little knowledge is currently pres-
ent about which type of  macrophage and cholesterol 
acceptor combination in vitro best represents the in vivo 
situation. We anticipate that large-scale genomic and pro-
teomic analysis on freshly isolated (tissue) macrophage 
foam cells, as well as peritoneal and bone-marrow-derived 
macrophages cultured under different loading conditions 
(i.e. unesterified cholesterol, acLDL, oxidized LDL) is 
needed to provide clues as to which setting might actually 
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be useful to study functional consequence of  specified 
gene targets on cholesterol efflux in vivo. Although we ap-
preciate an important role for SR-BI in cholesterol efflux, 
we encourage novel research into this interesting topic, 
which will unravel not only the contribution of  SR-BI, 
but also clarify the interaction between the different cho-
lesterol efflux pathways.

PLATELETS
Early evidence in several disease states in humans (e.g. 
familial hyperlipidemia) has suggested an interaction be-
tween cholesterol-containing lipoproteins and platelets[44,45]. 
As a consequence, the modulation of  platelet functions 
by lipoproteins has been investigated intensively both in 
humans and animal models. Due to the large fluctuation 
in their plasma concentrations, the data on the influence 
of  triglyceride-rich lipoproteins, such as chylomicrons and 
VLDL, are limited. In contrast, numerous studies have 
demonstrated a distinctive interaction of  platelets with 
LDL and HDL (reviewed by Korporaal et al[46]).

Platelets are able bind to rapidly and reversibly to 
HDL in an activation-state- and temperature-independent 
manner with a Kd of  11-60 nmol/L[47,48]. The number 
of  HDL binding sites expressed on the platelet surface 
ranges from 1200 to 3200 copies[47,48]. Koller et al[48,49] have 
observed that LDL interferes with the binding of  HDL 
to platelets as a result of  overlapping affinities for differ-
ent receptors. In 1986, the same group described CD41 
and CD61, the two constituents of  integrin αⅡbβ3, as 
binding proteins for HDL on the platelet surface. An 
antibody directed against the integrin β3-subunit blocked 
the binding of  HDL to integrin αⅡbβ3 on the platelet 
surface, thereby identifying αⅡbβ3 as the platelet recep-
tor for HDL[49]. In contrast with these observations, others 
have reported that αⅡbβ3 is not involved in binding of  
HDL to platelets, because: (1) antibodies directed against 
integrin αⅡbβ3 have no effect; (2) HDL does not alter 
agonist-induced fibrinogen binding or platelet aggrega-
tion[50,51]; (3) HDL-induced platelet signaling is similar in 
control platelets and platelets from thrombasthenic pa-
tients with abnormal levels of  αⅡbβ3 and fibrinogen[52]; 
(4) treatment of  platelets with EDTA, which causes disso-
ciation of  the integrin complex and fully inhibits fibrinogen 
binding and platelet aggregation[53], does not inhibit the 
interaction between HDL and platelets[54]; and (5) αⅡbβ3 
ligands like fibrinogen, fibronectin, vitronectin, and von 
Willebrand factor do not affect HDL binding[52]. It there-
fore remains unclear which receptor is the actual binding 
site for HDL in platelets.

In 2003, Imachi et al[55] identified SR-BI as being ex-
pressed on human platelets, which opened up the pos-
sibility that, as in the liver, adrenals, and macrophages, SR-
BI acts as a functional HDL receptor in platelets. In vitro 
association studies by Valiyaveettil et al[56] have proved that 
oxidized HDL (oxHDL) binds to isolated platelets in an 
SR-BI-dependent manner. Binding of  oxHDL could be 
diminished by pre-incubation of  platelets with an SR-BI 

blocking antibody, whereas native HDL decreased oxH-
DL binding to human platelets[56]. In parallel, the oxHDL-
induced repression of  platelet aggregation in vitro was 
almost fully blocked by inhibiting SR-BI binding, which 
suggests that a direct interaction of  HDL with SR-BI is 
necessary to alter normal platelet function[56]. To validate 
the functional role of  SR-BI in platelets in vivo, the group 
of  Monty Krieger has evaluated platelet function in SR-BI 
knockout mice and their littermate controls. SR-BI knock-
out mice suffer from thrombocytopenia, because their 
blood platelet counts are markedly reduced as a result of  
enhanced clearance of  platelets by the reticuloendothelial 
system[57]. Probably as a compensatory response, splenic 
megakaryocyte (platelet precursor) counts are increased in 
SR-BI knockout mice[57]. Elegant crossover platelet infu-
sion studies have shown that the increased turnover of  
platelets is not primarily due to genotype-induced changes 
in the platelets themselves, but rather is secondary to the 
high level of  HDL-associated unesterified cholesterol 
that circulates in the plasma of  SR-BI knockout mice. As 
unesterified cholesterol rapidly exchanges between the 
plasma compartment and blood cells, including platelets, 
SR-BI knockout platelets contain relative high cellular 
levels of  cholesterol, which is associated with a functional 
impairment of  the aggregation in response to ADP[57]. 
In parallel, we have shown that SR-BI deficiency and the 
dyslipidemia associated with it lead to thrombocytopenia 
and impaired platelet reactivity ex vivo as a result of  the in-
creased platelet cholesterol content[58]. In addition, SR-BI 
deficiency in mice is associated with enhanced thrombosis 
susceptibility[58]. However, platelet-specific deficiency of  
SR-BI is associated with resistance to hyper-reactivity in-
duced by increased platelet cholesterol content[59], which 
suggests that SR-BI contributes to platelet function in vivo. 
In accordance, platelet-specific SR-BI modulates throm-
bosis susceptibility in SR-BI knockout mice[59]. These 
findings highlight an interesting novel role for SR-BI in 
regulating platelet number and function and thrombosis 
susceptibility in mice.

POTENTIAL FOR SR-BI IN CHOLESTEROL 
AND STEROID METABOLISM IN 
HUMANS: INSIGHTS FROM HUMANIZED 
SR-BI KNOCKOUT MICE
From the combined findings in SR-BI knockout mice it 
can be concluded that SR-BI is a multi-purpose player in 
cholesterol and steroid metabolism in mice. Several clini-
cal studies have detected significant associations between 
several polymorphisms at the SR-BI locus and changes in 
plasma lipid levels and lipoprotein particle sizes[60-62]. Hu-
man subjects, in contrast to rodents, express cholesteryl 
ester transfer protein (CETP) that is able to transfer cho-
lesteryl esters from HDL to the apoB-containing lipopro-
teins VLDL and LDL, in exchange for triglycerides. As a 
result, human subjects carry most of  their cholesterol in 
the LDL fraction, whereas mice predominantly transport 
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their plasma lipids in HDL. The CETP→LDL→LDL re-
ceptor route provides an alternative for HDL-cholesteryl 
ester delivery from the blood circulation to the liver, 
which might be associated with a relatively limited uptake 
of  HDL-cholesteryl esters via SR-BI into the liver in hu-
mans compared with mice. To date, no functional muta-
tions in the SR-BI gene have been identified, therefore, the 
relative contribution of  SR-BI to lipoprotein metabolism 
in humans is therefore still unclear.

To gain insight in the importance of  SR-BI in the 
human situation, studies have been performed in human-
ized SR-BI knockout mice that express the CETP gene 
under the control of  its natural regulatory elements. In 
these SR-BI knockout/CETP transgenic mice, similar to 
the human situation, relatively high mRNA expression 
levels of  CETP can be detected in adipose tissue and 
macrophage-rich tissues such as the liver and spleen[30]. In 
accordance with the assumption that the CETP→LDL
→LDL receptor route can provide an alternative for the 
delivery of  HDL-associated cholesteryl esters to the liver 
in humans, transgenic expression of  CETP is able to nor-
malize almost fully the serum decay and hepatic uptake 
of  HDL-cholesteryl esters in SR-BI knockout mice[63,64]. 
As a result, plasma total cholesterol levels are signifi-
cantly lower in SR-BI knockout/CETP transgenic mice 
as compared to SR-BI knockout mice[30,63,64]. Importantly, 
plasma lipid levels as well as lipoprotein particle sizes are 
not fully restored. Plasma unesterified cholesterol levels, 
the unesterified cholesterol to total cholesterol ratio, and 
HDL particle size are only mildly decreased by CETP 
expression[63]. In parallel with previous findings of  Dole 
et al[57], the increased unesterified cholesterol levels in SR-
BI knockout mice with or without CETP expression are 
associated with a lower platelet count and reduced platelet 
aggregation[63]. CETP expression increases, but does not 
normalize, adrenal uptake of  HDL-associated choles-
teryl esters in SR-BI knockout mice. Strikingly, the stress-
induced adrenal glucocorticoid insufficiency, however, is 
equally severe in SR-BI knockout mice with or without 
CETP expression[30]. Furthermore, the higher tissue oxida-
tive status previously detected in SR-BI knockout mice[65] 
does not return to basal levels in mice that express the 
CETP transgene[63]. Changes in plasma lipid levels (i.e. an 
increase in apoB-containing lipoproteins or a decrease in 
HDL)[66], an increased adrenal steroidogenesis rate[67] as 
well as modified platelet function[68] underlie the process 
of  atherothrombosis, the primary cause of  cardiovascular 
disease mortality and morbidity. SR-BI deficiency in mice 
is associated with enhanced susceptibility to atheroscle-
rotic lesion development[23]. This finding indicates that 
high HDL-cholesterol levels per se do not protect against 
atherosclerosis and underlines that other parameters re-
garding HDL function should be established and evalu-
ated in the clinical setting. Expression of  CETP also does 
not provide protection against atherosclerosis in SR-BI 
knockout mice[63]. Overall, it thus seems that, although 
CETP activity can restore the transport of  HDL-choles-
teryl esters to the liver in SR-BI knockout mice, it cannot 

normalize many other processes associated with disrup-
tion of  the SR-BI gene in mice.

CONCLUSION
The initial generation of  the SR-BI knockout mice by the 
group of  Monty Krieger has significantly contributed to 
our knowledge of  the physiological role of  SR-BI. Studies 
using these mice have identified SR-BI as a multi-purpose 
player in cholesterol and steroid metabolism, because it 
has distinct roles in reverse cholesterol transport, adrenal 
steroidogenesis, and platelet function (summarized in 
Figure 2). Recent studies have suggested a potential role 
for HDL and SR-BI in the control of  endothelial cell[69-71] 
and stem and progenitor cell[72,73] physiology, and we are 
confident that upcoming research using SR-BI knockout 
mice will also reveal the importance of  SR-BI in these ad-
ditional cell systems.

Based upon the findings from humanized CETP trans-
genic SR-BI knockout mice, we anticipate that functional 
SR-BI mutations in humans who do naturally express 
CETP will be associated with various diseases (i.e. adrenal 
glucocorticoid insufficiency, impaired platelet function, 
and enhanced atherogenesis) similar to those observed in 
SR-BI knockout mice. We hope that functional mutations 
in the SR-BI gene will be identified in the near future as 
a result of  large-scale DNA screening studies in human 
subjects that have relatively high plasma HDL-cholesterol 
levels. If  changes in SR-BI function in humans are indeed 
associated with an increased susceptibility for atheroscle-
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Figure 2  Overview of the diverse role of scavenger receptor class B type Ⅰ  
in cholesterol and steroid metabolism in mice. (1) In liver, scavenger recep-
tor class B type Ⅰ (SR-BI) mediates the selective uptake of cholesterol (C; 
yellow) from high-density lipoprotein (HDL) that is subsequently converted to 
bile acids (BA; green) for biliary excretion; (2) HDL-associated cholesteryl es-
ters are taken up via SR-BI in adrenocortical cells, which is efficiently coupled 
to the synthesis and subsequent secretion of glucocorticoids (GC; blue) into 
plasma; (3) SR-BI binds apolipoprotein (apo)B-containing lipoproteins, i.e. chy-
lomicrons and very low density lipoprotein (VLDL), in liver and macrophages, 
which contributes to macrophage foam cell formation; (4) SR-BI is able to efflux 
cholesterol from macrophages to small HDL particles, which inhibits foam cell 
formation; and (5) HDL can interact with platelets, in part via the direct action of 
SR-BI, to modulate platelet aggregation and susceptibility to thrombosis. 
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rosis, this will further establish the importance of  SR-BI 
as a therapeutic target for increasing HDL-mediated re-
verse cholesterol and lowering clinical atherosclerosis and 
the associated cardiovascular disease risk.
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