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Abstract The physiological role of murine scavenger re-
ceptor class B type I (SR-BI) was evaluated by in vivo clear-
ances of human HDL

 

3

 

 and LDL in normal and SR-BI knock-
out (KO) mice. In normal mice, cholesteryl esters (CEs) were
removed faster than proteins, indicating a selective uptake
process from both HDL

 

3

 

 and LDL. SR-BI KO mice showed
80% losses of HDL-CE selective uptake and the complete
loss of LDL-CE selective uptake in the first phase of clearance.
However, the second phase was characterized by an acceler-
ation of CE disappearance in SR-BI KO mice. Thus, SR-BI
is the only murine receptor mediating HDL-CE selective up-
take, whereas a SR-BI-independent pathway specific to LDL
can rescue SR-BI deficiency. The analysis of LDL recovered
3 h after injection in mice from different genotypes revealed
that LDLs are significantly depleted in CE (reduction from
19% to 50% of the CE/protein ratios). A smaller LDL size in
comparison with that of noninjected LDL was also detectable
but was more evident for LDL recovered from normal mice.
All LDL preparations migrate faster than noninjected LDL
on agarose-barbital gels.  Thus, both SR-BI-dependent and
-independent pathways lead to substantial changes in LDL.
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Numerous epidemiological studies have demonstrated
that the risk of developing coronary artery diseases is di-
rectly related to plasma concentrations of LDL cholesterol
(1) and inversely associated with plasma levels of HDL (2).
Plasma levels of LDL cholesterol are in large part regulated
via the LDL receptor (LDLr), which mediates the clearance
of LDL through a well-defined process involving endocy-
tosis and degradation of the entire LDL particle (3, 4). In
contrast, clearance of HDL cholesterol seems to be accom-

 

plished by another pathway called selective uptake, which
involves the extraction of cholesteryl esters (CEs) from lipo-
proteins without concomitant degradation of its apolipo-
proteins (5). Although selective uptake is usually associated
with HDL cholesterol, evidence suggests that this pathway
may also act on other lipoproteins, such as LDL (6–9).

The scavenger receptor class B type I (SR-BI) is a cell
surface receptor that was initially found as a receptor for
modified LDL (oxidized or acetylated) and maleylated BSA
and was later shown to bind native lipoproteins (5, 10,
11). Although SR-BI can bind LDL with high affinity, at-
tention has mainly been devoted to the relation between
SR-BI and HDL, and SR-BI was demonstrated to mediate
the selective uptake of HDL-CE in transfected cells (5, 12,
13). The abundance of SR-BI in steroidogenic organs and
liver, the principal sites of cholesteryl ester selective up-
take in vivo, has also been cited as an indication of SR-BI
involvement in HDL metabolism (5, 14). However, the
most convincing evidence for a role of SR-BI in HDL me-
tabolism has come from studies using genetically manipu-
lated mice. These studies demonstrated that a disruption
of the SR-BI gene generates an increase in total plasma
cholesterol levels, which is mainly associated with the ap-
pearance of large HDLs enriched in CE and containing
less apolipoprotein A-II (apoA-II) and more apoE than
normal mouse HDL (15). Similar results were obtained
using mice having attenuated hepatic SR-BI expression at-
tributable to a promoter mutation (SR-BIatt mice) (16).
Recently Out et al. (17) and Brundert et al. (18) showed
that SR-BI is solely responsible for the selective uptake of
CE from HDL by the liver and the adrenals in mice. How-
ever, these studies did not address the issue of whether SR-
BI has a similar importance in male and female mice. This
is an important issue because hepatic SR-BI expression
has been shown to be weaker among female than male
rats; inversely, SR-BII, an alternatively spliced product of
the SR-BI gene that only differs in the C-terminal cytoplas-
mic domain, was higher in female rats (19). Also, injections
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of high concentrations of estrogens were shown to de-
crease rat SR-BI expression in parenchymal cells, whereas
increasing SR-BI expression in Kupffer cells (20) and ad-
ministration of pharmacological levels of estrogens pro-
duced a decrease in CE selective uptake in rats (21).

The physiological role of SR-BI in the metabolism of
apoB-containing particles is not yet established. However,
it has been suggested by in vitro studies of SR-BI-overex-
pressing cells (22, 23) and HepG2 cells deficient in SR-BI
as well as primary cultures of hepatic cells from SR-BI knock-
out (KO) male mice (24). The involvement of SR-BI in non-
HDL lipoprotein metabolism is also supported by in vivo
studies using mice expressing different levels of SR-BI.
Transgenic mice overexpressing hepatic SR-BI show lower
than normal levels of plasma LDL-cholesterol and apoB
and a reduction in VLDL and intermediate density lipo-
protein/LDL sizes (25–27). This last finding can be ex-
plained by a selective lipid uptake of LDL-CE by SR-BI. In
view of the results obtained by Ueda et al. (26) showing an
accelerated clearance of LDL-protein in SR-BI transgenic
mice, it can be suggested that SR-BI leads to some LDL
holoparticle uptake and degradation either directly or in-
directly. This is supported by the study of Murao et al. (28),
which showed a greater degradation of LDL in HEK293
cells overexpressing SR-BI. On the other hand, a recent study
using human apoB transgenic mice overexpressing SR-BI
demonstrated that plasma apoB concentration was not af-
fected, and a turnover study showed a very small increase
of LDL-CE clearance with no difference in LDL-protein
disappearance (29). Thus, the physiological impact of SR-BI
in vivo on LDL metabolism needs to be further investigated.

Our overall goal was to determine in vivo the role of SR-
BI in HDL and LDL metabolism in male and female mice.
To achieve this, we compared HDL- and LDL-protein and
-CE disappearances between normal mice and SR-BI KO
mice of both genders. We found that selective uptake
from HDL is not influenced by mouse gender and that
SR-BI has the same importance in the two genders and is
fully responsible for HDL-CE selective uptake. We show
for the first time that LDL-CE selective uptake occurs in
mice of both genders. Furthermore, our results demon-
strate the involvement of normal mouse SR-BI in this
pathway. However, the loss of this receptor can be rescued
by another pathway in both mouse genders. We also show
that LDLs injected in mice are depleted in CE and that
they are smaller and show changes in their charges com-
pared with noninjected LDL.

EXPERIMENTAL PROCEDURES

 

Materials

 

Newborn calf serum and gentamycin were purchased from
Life Technologies (Burlington, Ontario, Canada). 1,2-[

 

3

 

H]Cho-
lesteryl ether oleate (50 mCi/mmol) was bought from Amersham
Pharmacia Biotech (Laval, Quebec, Canada), and 

 

125

 

I (as sodium
iodide; 100 mCi/mmol) was bought from ICN Canada (Mon-
treal, Quebec, Canada). Anti-SR-BI polyclonal antibodies were
obtained from Novus Biologicals (Littleton, CO), anti-LDLr anti-

bodies were from Research Diagnostics (Flanders, NJ), and goat
anti-rabbit IgG coupled to horseradish peroxidase was from Chemi-
con (Temecula, CA). Enhanced chemiluminescence substrate and
Complete Protease Inhibitor Cocktail tablets were from Roche
Diagnostics (Laval, Quebec, Canada). Nondenaturing polyacryl-
amide gradient gels were from Alamo Gels, Inc. (San Antonio, TX).

 

Animals

 

Three heterozygous B6/129S-

 

Srb1

 

tm1Kri

 

 breeding pairs were
obtained from Jackson Laboratories (Bar Harbor, ME) to gener-
ate a colony. These generated mice with a 1:2:0.46 ratio of nor-
mal, heterozygous, and homozygous KO mice as determined by
the PCR method of Rigotti et al. (15). Because female SR-BI KO
mice are infertile (30), male homozygous KO mice were crossed
with heterozygous females. Normal mice were generated from
the normal background. Animals were provided with a standard
mouse chow diet and drinking water and were subjected to a 14 h
light/10 h dark cycle. This study was conducted according to
protocols approved by the Animal Care and Use Committee of
the Université du Québec à Montréal (No. 0901-424-0904). Six
to eight week old male and female mice were used.

 

Isolation and radiolabeling of lipoproteins

 

Lipoproteins were isolated from human plasma obtained
from the Royal Victoria Hospital (Montreal, Quebec, Canada).
Before isolation, plasma was adjusted to 0.01% EDTA, 0.02% so-
dium azide, 10 

 

�

 

M PMSF, and 10 

 

�

 

M Trolox. Human LDL (d 

 

�

 

1.025–1.063 g/ml) and HDL

 

3

 

 (d 

 

�

 

 1.125–1.21 g/ml) were pre-
pared by ultracentrifugation as described by Brissette, Charest,
and Falstrault (6). Both lipoproteins contained no detectable
amount of apoE as assessed by immunoblotting. LDL and HDL

 

3

 

were iodinated by a modification (31) of the iodine monochlo-
ride method of McFarlane (32). One millicurie of sodium 

 

125

 

I
was used to iodinate 2.5 mg of LDL or HDL

 

3

 

 in the presence of
30 nmol (10 nmol for HDL

 

3

 

) of iodine monochloride in 0.5 M
glycine-NaOH, pH 10. Free iodine was removed by gel filtration
on Sephadex G-25 followed by dialysis in TBS. Specific radioac-
tivity ranged from 100,000 to 250,000 cpm/

 

�

 

g protein. LDL and
HDL

 

3

 

 were labeled with [

 

3

 

H]cholesteryl oleoyl ether (CEt) es-
sentially as described by Roberts et al. (33). Thereafter, labeled
lipoproteins were reisolated by ultracentrifugation. The specific
activities of CE-labeled lipoproteins ranged from 6,800 to 11,900
cpm/

 

�

 

g protein.
Mildly oxidized LDL (OxLDL) was prepared as described previ-

ously (34). LDLs (200 

 

�

 

g protein/ml) were incubated with 5 

 

�

 

M
CuSO

 

4

 

 at 37

 

�

 

C for 4 h. Mildly OxLDL typically resulted in 1.5-
fold increases in electrophoretic mobility relative to native LDL
on 0.5% agarose-barbital gels.

 

Preparation of parenchymal and nonparenchymal cells 
from mouse livers

 

Hepatic cells were isolated from mouse liver as described pre-
viously (9, 35). Briefly, the portal vein was cannulated with a 23
gauge plastic cannula. The liver was perfused with calcium-free
HBSS, pH 7.4, pregassed with 95% O

 

2

 

/5% CO

 

2

 

 at a flow rate of
5 ml/min. The liver was then perfused with collagenase solution
(25 mg collagenase/100 ml HBSS containing 5 m

 

M

 

 calcium) for
7 min. Hepatic cells were gently released from the Glisson cap-
sule, and isolated hepatic cells were maintained in Williams’ E
medium (WME) containing 10% newborn calf serum and 0.5%
gentamycin. The viability of hepatic cells was assessed by trypan
blue exclusion immediately after isolation and was 

 

�

 

85%. Differ-
ential centrifugations were used to separate parenchymal (hepa-
tocytes) from nonparenchymal liver cells (liver endothelial and
Kupffer cells). Briefly, parenchymal liver cells from total cells
were sedimented by centrifugation for 5 min at 50 

 

g

 

, and the pellet

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


 

Brodeur et al.

 

In vivo cholesteryl ester selective uptake from LDL and HDL 689

 

was washed three times in WME. The supernatants were centri-
fuged twice (5 min at 50 

 

g

 

) to eliminate any remaining hepato-
cytes, and nonparenchymal liver cells were sedimented by centrif-
ugation for 10 min at 220 

 

g

 

. Finally, nonparenchymal cells were
washed three times in WME.

 

Immunoblotting of SR-BI and LDLr

 

Total cell proteins of parenchymal and nonparenchymal liver
cells from normal male or female mice were extracted by 1% Tri-
ton X-100 solubilization. Proteins (50 

 

�

 

g) were separated by 10%
reducing SDS-PAGE and immunoblotted on nitrocellulose with
anti-mouse SR-BI polyclonal antibody (1:5,000) or with anti-LDLr
antibody (1:500) followed by enhanced chemiluminescence de-
tection on Kodak Biomax ML film. Protein expression was mea-
sured by densitometric scanning and analyzed with ImageQuant
5.2 software (Molecular Dynamics, Sunnyvale, CA).

 

In vivo clearance of HDL

 

3

 

 and LDL

 

Six to eight week old male and female mice (normal, heterozy-
gous, and homozygous KO mice) were injected by the tail vein with
a bolus of human HDL

 

3

 

 or LDL containing 480 

 

�

 

g of nonradio-
labeled lipoproteins and 20 

 

�

 

g of lipoproteins radiolabeled with
either 

 

125

 

I or [

 

3

 

H]CEt in 150 

 

�

 

l of saline. At 2, 5, 10, 20, 30, 60,
180, 360, and 1,440 min, blood samples were collected in mi-
crovette tubes coated with heparin (Sarstedt, Laval, Quebec, Can-
ada) from exposed saphenous veins and centrifuged at 10,000 

 

g

 

for 5 min at 4

 

�

 

C. [

 

3

 

H]CEt was directly radioassayed from plasma,
whereas 

 

125

 

I was measured in the trichloroacetic acid-precipita-
ble fraction of plasma to eliminate the contribution of protein
degradation. The plasma disappearance curves were generated
by dividing the plasma radioactivity at each point by the radioac-
tivity determined 2 min after tracer injection. At 24 h after injec-
tion, animals were killed and livers and intestines were collected.
Tissue [

 

3

 

H]CEt was assessed after homogenization and lipid ex-
traction. Radioactivity found in the gut was attributed to uptake
by the liver (36, 37). With the help of plasma decay curves, plasma
fractional catabolic rates (FCRs) were calculated using a two-com-
partment model according to the model of Matthews (38). Initial
FCRs were calculated with the same model, and values expressed
the catabolic rates in the first phase of the decay curve.

Injections into the vena cava were also made. Briefly, normal
and KO mice were anesthetized, their abdomens opened, and 20

 

�

 

g of LDL labeled with [

 

3

 

H]CEt was injected into the inferior
vena cava. One hour after injection, the livers were perfused and
parenchymal liver cells were isolated. Then, the cells were solubi-
lized and their protein contents and radioactivity were measured.

 

Other methods

 

Free cholesterol and CE were measured by the enzymatic pro-
tocol of Deacon and Dawson (39). Protein content was determined
by the method of Lowry et al. (40). Student’s 

 

t

 

-test was used to
obtain statistical comparisons of the data. Differences were con-
sidered significant at 

 

P

 

 

 

�

 

 0.05.

 

RESULTS

 

Western blot analysis of hepatic SR-BI and LDLr 
expression in normal male and female mice

 

Because physiological levels of estradiol are more in-
creased in females than in males, we undertook to exam-
ine the expression of this receptor in different subtypes of
hepatic cells from normal male and female mice. SR-BI
expression was found to be 55% lower in female (

 

P

 

 

 

�

 

0.01) than in male parenchymal cells (

 

Fig. 1A

 

); inversely,

it was 65% higher in female than in male nonparenchy-
mal cells (

 

P

 

 

 

�

 

 0.01) (Fig. 1B). Given that nonparenchy-
mal cells represent less than 10% of the total amount of
liver proteins, total hepatic SR-BI expression is therefore
higher in males. LDLr levels were similar in female and
male cells (data not shown).

 

Importance of gender-related differences in SR-BI 
expression in the in vivo catabolism of HDL

 

Lower SR-BI expression in female parenchymal cells
could theoretically translate itself into gender differences
in HDL metabolism. To verify this possibility, in vivo clear-
ance of the protein or lipid moiety of human HDL

 

3

 

 was ex-
amined in normal male and female mice. Plasma FCRs were
calculated from plasma decay curves by the use of a two-
compartment model (

 

Table 1

 

). Using this model, compara-
ble FCR values for plasma clearance of 

 

125

 

I-HDL

 

3

 

 and [

 

3

 

H]
CEt-HDL

 

3

 

 were obtained in male and female animals (Table
1). FCRs generated from the selective uptake data (the
difference between [

 

3

 

H]CEt and 

 

125

 

I FCRs) show that a
lower level of hepatic SR-BI expression in females did not
affect the rate of selective uptake from human HDL

 

3

 

 (Ta-
ble 1). Experiments were also conducted in heterozygous
and homozygous SR-BI KO male and female mice to estab-
lish whether the gender affects HDL fate more strongly when
SR-BI is half than when it is normal or absent. The loss of
SR-BI expression caused a complete loss of selective uptake,
as demonstrated by FCR selective uptake data (Table 1).
These data show that heterozygous SR-BI KO male mice
lost 40% of their ability to selectively take up CE from
HDL

 

3

 

, whereas homozygous SR-BI KO male mice lost 80%.
No significant differences were found between the FCRs of
female and male mice. The only difference found between
males and females was that 24 h after HDL injection, CE
uptake by the liver of heterozygous SR-BI KO males was as
affected as in homozygous SR-BI KO females (

 

Fig. 2A

 

).
Overall, our work on HDL confirms the loss of CE-selec-

tive uptake from HDL observed in SR-BI KO mice by Out
et al. (17) and Brundert et al. (18) in male mice; in addi-

Fig. 1. Immunoblot analysis of scavenger receptor class B type I
(SR-BI) expression in male and female mouse liver parenchymal
and nonparenchymal cells. Liver cells were isolated and their pro-
teins extracted as described in Experimental Procedures. Fifty micro-
grams of proteins from parenchymal cells (A) or from nonparen-
chymal cells (B) were separated by SDS-PAGE and immunoblotted
with anti-mouse SR-BI polyclonal antibody followed by enhanced
chemiluminescence detection. Three experiments gave essentially
identical results, and differences in expression were quantified by
densitometric scanning.
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tion, we show the same phenomenon in females. How-
ever, as the results can also reflect a competition by the en-
dogenous HDLs of SR-BI KO mice that are larger and of
different composition than those found in normal mice,
we engineered in normal mice the in vivo disappearance
of [

 

3

 

H]CEt-HDL in the presence of a bolus of HDL from
homozygous SR-BI KO and normal mice. The results pre-
sented in 

 

Fig. 3A

 

 show that both types of HDL similarly af-
fect the disappearance of labeled HDL, indicating that
HDLs from SR-BI KO mice are not responsible for the ob-
served reduced clearance of HDL-CE in SR-BI KO mice.
Thus, our work demonstrates conclusively the importance
of SR-BI in HDL-CE selective uptake.

 

Role of SR-BI in the in vivo catabolism of LDL and 
importance of gender-related differences in 
SR-BI expression

 

The results presented in 

 

Fig. 4A

 

, 

 

B

 

 and 

 

Table 2

 

 show
that CEs from LDL are more rapidly cleared from the

plasma than LDL protein in normal males. This clearly in-
dicates the presence of an in vivo mechanism of CE selec-
tive uptake from LDL. In SR-BI KO male mice, the rate of
removal of CE was also faster than the rate of removal of
LDL-protein, indicating selective lipid uptake activity de-
spite the absence of SR-BI expression (Fig. 4A, B). How-
ever, the disappearance of CE from LDL in homozygous
SR-BI KO male mice was reduced in the first phase of
clearance compared with normal mice (Fig. 4B). Indeed,
the initial LDL-CE FCR was reduced by 63% in homozy-
gous SR-BI KO male mice compared with normal male
mice, and their CE selective uptake was completely abol-
ished, as indicated by the identical removal rate of LDL-
CE and proteins (Table 2). After that period, a curve in-
version between normal and homozygous SR-BI KO mice
was observed (Fig. 4B). This accelerated clearance of CE
in homozygous SR-BI KO mice affected the FCR, which
was 46% greater in homozygous SR-BI KO mice (Table 2).
It is worth noting that curve inversion was not detectable

 

TABLE 1. FCRs for 

 

125

 

I- and [

 

3

 

H]CEt-labeled HDL

 

3

 

 from plasma of normal, heterozygous,
and homozygous SR-BI KO mice

 

Males Females

Mice

 

125

 

I-HDL [

 

3

 

H]CEt-HDL

 

3

 

H 

 

�

 

 

 

125

 

I

 

125

 

I-HDL [

 

3

 

H]CEt-HDL

 

3

 

H 

 

�

 

 

 

125

 

I

 

�

 

/

 

�

 

0.078 

 

	

 

 0.002 0.181 

 

	

 

 0.012 0.104 

 

	

 

 0.013 0.077 

 

	

 

 0.002 0.182 

 

	

 

 0.010 0.105 

 

	

 

 0.010

 

�

 

/

 

�

 

0.077 

 

	

 

 0.008 0.139 

 

	

 

 0.008 0.062 

 

	

 

 0.005

 

a

 

0.073 

 

	

 

 0.004 0.128 

 

	

 

 0.003

 

a

 

0.055 

 

	

 

 0.002

 

a

 

�

 

/

 

�

 

0.072 

 

	

 

 0.002 0.093 

 

	

 

 0.002

 

a,b

 

0.021 

 

	

 

 0.004

 

a,b

 

0.098 

 

	

 

 0.001

 

a,b,c

 

0.108 

 

	

 

 0.014

 

a

 

0.010 

 

	

 

 0.014

 

a,b

 

CEt, cholesteryl oleoyl ether; FCR, fractional catabolic rate; KO, knockout; SR-BI, scavenger receptor class B
type I; 

 

�

 

/

 

�

 

, normal; 

 

�

 

/

 

�

 

, heterozygous; 

 

�

 

/

 

�

 

, homozygous. Male and female mice expressing various levels of
SR-BI were injected via the tail vein with a bolus of human HDL

 

3

 

 (480 

 

�

 

g of nonradiolabeled HDL

 

3

 

 and 20 

 

�

 

g of
lipoprotein HDL

 

3

 

 radiolabeled with either 

 

125

 

I or [

 

3

 

H]CEt). Blood samples were taken at selected intervals and
counted for radioactivity as described in Experimental Procedures. The FCRs were calculated using a two-compart-
ment model and are expressed as pools per hour. All values are given as means 

 

	

 

 SEM of three mice.

 

a

 

 

 

Statistically different (

 

P

 

 

 

�

 

 0.05) from 

 

�

 

/

 

�

 

 mice.

 

b

 

 

 

Statistically different (

 

P

 

 

 

�

 

 0.05) from 

 

�

 

/

 

�

 

 mice.

 

c

 

 

 

Statistically different (

 

P

 

 

 

�

 

 0.05) from male mice.

Fig. 2. Liver uptake of cholesteryl ester (CE) from HDL3 or LDL in normal or SR-BI knockout (KO) male
and female mice. Human [3H]cholesteryl oleoyl ether ([3H]CEt)-HDL3 (A) or [3H]CEt-LDL (B) (480 �g of
nonradiolabeled lipoprotein and 20 �g of radiolabeled lipoprotein) was injected into wild-type (�/�), het-
erozygous (�/�), and homozygous (�/�) SR-BI KO male and female mice by the tail vein. At 24 h after in-
jection, animals were humanely killed and the radioactivity in the liver was measured. Values represent
means 	 SEM from three mice. a Statistically different (P � 0.05) from �/� mice; b statistically different (P �
0.05) from �/� mice from the same gender and injected with the same type of lipoprotein.
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in heterozygous mice (Table 2). Some differences were
observed with females (Fig. 4C, D, Table 2). Thus, the ini-
tial and total LDL-CE FCRs were 49% and 20% lower, re-
spectively, for normal females than for males. Also, the
lack of SR-BI expression in females caused an accelerated
elimination of LDL-protein in the first step of clearance
(Fig. 4C), as demonstrated by a 60% higher initial FCR in
homozygous SR-BI KO female mice compared with nor-
mal mice (Table 2). Conversely, the initial catabolism of
LDL-CE was unaffected (Fig. 4D, Table 2). This difference
in the initial FCR of protein and CE moieties of LDL be-
tween normal and homozygous SR-BI KO female mice re-
sulted in the complete loss of CE selective uptake in the
last mouse genotype during the first step of clearance.
However, when total clearance was considered, homozy-
gous SR-BI KO females showed 70% greater selective up-
take activity than normal mice. This was caused by an im-
portant acceleration of the elimination of LDL-CE at 20
min after injection in SR-BI KO female mice. Although
this inversion was observed in male SR-BI KO mice, it oc-
curred earlier in SR-BI KO female mice. Also, in contrast
to the heterozygous males, heterozygous females were not
affected, at any time, by the lack of half SR-BI expression,
as demonstrated by the FCR values (Table 2). Figure 3B
shows that the endogenous pool of HDL in SR-BI KO or
normal mice (LDLs are barely affected by the lack of SR-
BI) (15) cannot explain our results, because labeled LDL-
CEs disappear similarly in the absence or presence of a
bolus of HDL from normal or SR-BI KO mice.

Liver uptake of [

 

3

 

H]CEt-LDL was determined 24 h after
LDL injection. The results shown in Fig. 2B demonstrate
that the loss of SR-BI did not affect the uptake of LDL-CE.
However, this was specific to male mice, because CE up-
take was significantly reduced in heterozygous and homozy-
gous SR-BI KO mice compared with normal female mice.
Intrigued by the lack of effect of SR-BI in LDL-CE uptake
by the liver of male mice and interested in defining the

contribution of parenchymal and nonparenchymal cells
in LDL-CE uptake, we injected LDLs into the vena cava of
male mouse liver. One hour later, the liver was perfused,
parenchymal and nonparenchymal cells were harvested,
and the radioactivity associated with these cells was quanti-
fied. 

 

Table 3

 

 shows that both cell types were able to take
LDL-CE, but when the contribution of each type of cell in
the liver was considered, parenchymal cells were involved
in 83% of LDL-CE uptake. We also found that 1 h after in-
jection, LDL-CE uptake by liver parenchymal cells was 183%
greater in normal mice than in SR-BI KO male mice,
whereas SR-BI KO does not affect nonparenchymal activ-
ity. From these findings, we conclude that at early times,
the lack of parenchymal SR-BI reduces LDL-CE uptake by
male mouse liver, but not at later times.

 

Effect of CE selective uptake activity on LDL

 

As we demonstrated that CEs disappear faster than pro-
teins from LDLs, LDLs were injected in normal and SR-BI
KO male mice, recovered after 3 h, isolated, and analyzed.
Notably, at most, one-tenth of these LDLs originate from
endogenous LDLs, based on calculation from the blood
of normal and SR-BI KO mice. Thus, those should not sig-
nificantly affect our results. 

 

Table 4

 

 shows that LDLs that
were injected in mice of all genders and genotypes were
significantly reduced in their CE content; accordingly,
their CE/protein ratios averaged 31% lower than those of
noninjected LDLs. There seems to be no significant dif-
ference between the CE/protein ratios of LDLs injected
into normal and SR-BI KO mice, suggesting that SR-BI-
dependent and -independent pathways are as potent for
the capture of CEs from LDLs when they are harvested af-
ter a 3 h period in mice. An increase in free cholesterol level
and free cholesterol-protein ratio was also observed in the
LDL preparations derived from SR-BI KO male mice. When
analyzed by nondenaturing polyacrylamide gradient gel
electrophoresis (NDGGE), we were able to detect a faster

Fig. 3. Effect of coinjection of HDL from normal and SR-BI KO mice on HDL3-CE and LDL-CE disappear-
ance in normal mice. HDLs (d � 1.075–1.21 g/ml) were isolated from the plasma of normal and SR-BI KO
mice. HDLs (480 �g of protein) from normal or SR-BI KO mice were injected together with [3H]CEt-HDL3
(20 �g of protein) (A) or [3H]CEt-LDL (B) in normal male mice, and the disappearance of the labeled lipo-
proteins was followed in the blood. The value at 2 min after injection was defined as 100%. Each point repre-
sents the mean 	 SEM derived from three mice.
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migration for LDLs that had been injected in normal fe-
male or male mice than for noninjected LDLs (

 

Fig. 5A

 

).
This reduction in size was not detectable for LDLs derived
from SR-BI KO mice. LDL sizes were also determined as a
function of time after the injection of 

 

125

 

I-LDL in normal
and SR-BI KO mice. This experimental setup excludes any
contribution of mouse LDL in the electrophoretic pattern
and eliminates the need for reisolating injected LDLs. Fig.
5B clearly shows that with time, LDLs injected in normal
mice gradually become smaller. Similar results were ob-
tained with SR-BI KO mice. Isolated LDLs were also sub-
jected to electrophoresis on agarose-barbital gels to search
for charge changes. The samples were run along with mildly
OxLDL. As shown in 

 

Fig. 6A

 

, independent of the geno-
types or genders, all LDLs migrated between noninjected
LDL and mildly OxLDL, including murine LDL. Fig. 6B
shows that 

 

125

 

I-LDL contained in the plasma of mice in-
jected with this labeled LDL also migrated faster on agarose-
barbital gels than did noninjected 

 

125

 

I-LDL, indicating that
the results shown in Fig. 6A are not a consequence of lipo-

protein isolation from mouse plasma. Furthermore, Fig.
6B reveals that most of the change in the ability of LDL to
migrate on the gel occurs soon after the injection. Thus,
overall, these in vivo studies reveal that LDL-CE selective
uptake being mediated or not by SR-BI has an impact on
LDL composition and physiology.

DISCUSSION

In accordance with studies conducted with rats (14, 19,
20), we found that the level of expression of SR-BI is higher
in male mouse hepatic parenchymal cells and lower in
nonparenchymal cells compared with female cells (Fig. 1).
Lower SR-BI expression in female parenchymal cells could
theoretically translate into gender differences in HDL me-
tabolism, but the similarity in fractional clearance rates of
the HDL protein and CE observed between male and fe-
male mice clearly proves that this is not the case (Table 1).
Our results also show similar levels of hepatic CE uptake

Fig. 4. Turnover studies of 125I- and [3H]CEt-labeled LDL in normal and SR-BI KO male and female mice.
A bolus of 480 �g of nonradiolabeled human LDL and 20 �g of LDL labeled with 125I (A, C) or with [3H]CEt
(B, D) was injected into the tail vein of either male (A, B) or female (C, D) �/� or �/� SR-BI KO mice. At
the indicated times, blood samples were collected from the saphenous vein into heparinized tubes, and the
radioactivity remaining in the plasma was determined as described in Experimental Procedures. The value at
2 min after injection was defined as 100%. Each point represents the mean 	 SEM derived from three mice.
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between sexes, which suggests either that the expression
of SR-BI in female liver parenchymal cells is sufficient to
achieve optimal levels of selective uptake or that the low
levels of parenchymal SR-BI of female liver are counter-
balanced by higher expression in nonparenchymal cells.
The first possibility is more likely, given that Pieters et al.
(21) previously observed selective uptake to be exerted
only by parenchymal cells in the rat. Accordingly, the liv-
ers of heterozygous SR-BI KO males that have parenchy-
mal SR-BI expression levels similar to those of normal fe-
male livers selectively take up as much CE as normal male
livers. However, a minimum level of SR-BI expression ap-
pears to be required to ensure optimal liver HDL-CE up-
take, because this pathway is reduced in heterozygous fe-
males. The nearly total loss of HDL-CE selective uptake
observed in homozygous SR-BI KO mice suggests that SR-
BI is the only efficient receptor mediating this function in
vivo in both mouse genders. Alternatively, the loss of CE
uptake that we observed in SR-BI KO mice could be attrib-
uted to HDL modifications in these mice (15). Indeed,
HDLs were shown to be 30% and 125% richer in CE than
those of normal mice in heterozygous and homozygous
SR-BI KO mice, respectively (15). Disappearance assays of
HDL-CE in normal mice in the presence of a 24-fold ex-
cess of HDL isolated from either normal mice or homozy-

gous SR-BI KO mice showed no difference between curves
(Fig. 2A). Consequently, we demonstrate for the first time
that the endogenous pool of HDL in SR-BI KO mice does
not influence the fate of injected human HDL; thus, the
FCR data can be irrefutably attributed to the action of SR-
BI toward injected HDL. Overall, our work on HDL con-
firms the recent findings of Out et al. (17) and Brundert
et al. (18), extends the knowledge related to mouse gen-
ders, and clearly demonstrates that the encountered ef-
fect of SR-BI KO on HDL-CE fate is not a consequence of
the endogenous HDLs of these mice.

The role of SR-BI in the in vivo metabolism of LDL-pro-
tein and -CE remains poorly understood. Our study dem-
onstrates the existence of a CE selective uptake mechanism
from LDL in normal male mice. Although this pathway is
also present in females, the FCR data indicate that selec-
tive uptake is faster in males. The low level of SR-BI in fe-
male livers suggests that this receptor is indeed respon-
sible for LDL-CE selective uptake. This is supported by
kinetic experiments conducted with male heterozygous and
homozygous SR-BI KO mice showing an important de-
crease in the initial plasma clearance of LDL-CE compared
with normal mice. It is unlikely that SR-BI KO mouse lipo-
proteins could explain our results, as LDL concentrations
are barely affected by SR-BI gene KO (15, 41), and we
showed that the HDLs isolated from either normal or SR-
BI KO mice when injected in normal mice in conjunction
with LDL do not affect the fate of LDL-CE. Furthermore,
the human LDLs that we injected can also be considered
as a mouse LDL tracer, because Webb et al. (29) have
shown that human and mouse LDLs behave similarly to-
ward SR-BI.

Although there was no removal of LDL-CE in SR-BI KO
male and female mice during the first phase of clearance,
the selective uptake mechanism became visible when total
FCRs were considered. This strongly suggests the exist-
ence of a SR-BI-independent pathway, at least in homozy-
gous SR-BI KO mice. Although the SR-BI-independent
pathway shows a low efficiency in taking up CE during the
initial clearance, as seen in homozygous SR-BI KO mice,
its ability becomes more important with time. Indeed, a
complete inversion was observed between normal and ho-

 

TABLE 2. FCRs for 

 

125

 

I- and [

 

3

 

H]CEt-labeled LDL from plasma of 

 

�

 

/

 

�

 

, 

 

�

 

/

 

�

 

, and 

 

�

 

/

 

�

 

 SR-BI KO mice

 

Males Females

Mice FCR 125I-LDL [3H]CEt-LDL 3H � 125I 125I-LDL [3H]CEt-LDL 3H � 125I

�/� FCR 0.100 	 0.007 0.249 	 0.018 0.148 	 0.017 0.104 	 0.008 0.223 	 0.011 0.119 	 0.007
Initial FCR 2.069 	 0.566 5.257 	 0.488 3.190 	 0.226 1.855 	 0.167 2.562 	 0.029a 0.706 	 0.196a

�/� FCR 0.100 	 0.005 0.161 	 0.003b 0.061 	 0.007b 0.086 	 0.003 0.196 	 0.020 0.110 	 0.019
Initial FCR 1.723 	 0.186 5.442 	 0.806 3.719 	 0.629 1.221 	 0.345 3.669 	 0.082b 1.449 	 0.406a

�/� FCR 0.108 	 0.009 0.383 	 0.009b,c 0.275 	 0.017b,c 0.090 	 0.004 0.487 	 0.057b,c 0.398 	 0.054b,c

Initial FCR 1.947 	 0.061 1.960 	 0.089b,c 0.011 	 0.052b,c 4.590 	 0.543a,b,c 2.588 	 0.167a,b,c �2.001 	 0.625a,b,c

Male and female mice expressing various levels of SR-BI were injected via the tail vein with a bolus of human LDL (480 �g of nonradiolabeled
LDL and 20 �g of lipoprotein LDL radiolabeled with either 125I or [3H]CEt). Blood samples were taken at selected intervals and counted for radio-
activity as described in Experimental Procedures. The FCRs were calculated using a two-compartment model and are expressed as pools per hour.
The initial FCRs were calculated during the first phase in the model. All values are given as means 	 SEM of three mice.

a Statistically different (P � 0.05) from male mice.
b Statistically different (P � 0.05) from �/� mice.
c Statistically different (P � 0.05) from �/� mice.

TABLE 3. [3H]CEt association of injected LDL with parenchymal 
and nonparenchymal cells of normal and SR-BI KO mice in vivo

Cell Type
SR-BI �/� CEt

Association 
SR-BI �/� CEt

Association

�g/mg cell protein

Parenchymal cells 0.017 	 0.0003 0.006 	 0.0008a

Nonparenchymal cells 0.036 	 0.008 0.042 	 0.007

CE, cholesteryl ester. Normal (SR-BI �/�) and SR-BI KO (SR-BI
�/�) male mice were injected with 20 �g/ml radiolabeled LDL. The
liver perfusion was started at 60 min. The [3H]CEt associations (�g/
mg cell protein) with the subsequently isolated parenchymal and non-
parenchymal cells were determined. Results are shown as means 	
SEM of three to four experiments.

a Statistically significant difference (P � 0.05) between the associa-
tion of LDL with normal or SR-BI KO liver parenchymal or nonparen-
chymal cells.
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mozygous SR-BI KO mouse CE-disappearance curves. Such
a phenomenon was not observed with HDLs (data not
shown); thus, it is specific to LDL metabolism. This curve
inversion suggests that the SR-BI-independent pathway
has a greater capacity to deplete CEs from LDLs when
those are not processed by SR-BI. SR-BI-independent path-
ways for LDL-CE selective uptake were suggested in the
past by in vitro assays using CHO (42), COS (22), and Y1
2/3 adrenal cells (43). The first study revealed the impor-
tance of lipoprotein lipase, and the last showed a role for
LDLr-related protein and apoE. It is possible that one or
both of these pathways is (are) responsible for the non-SR-BI
LDL-CE selective uptake pathway that we encountered.
Given that the loss of SR-BI in females causes a more im-
portant catabolism of LDL-CE compared with homozy-
gous SR-BI KO males and that the expression of CD36 is
higher in female than in male human and rat livers (44),

it is possible that CD36 is the SR-BI-independent pathway
that we detected. Furthermore, considering the existence
of SR-BI-dependent and -independent pathways for LDL-
CE selective uptake, it is not surprising that the liver of
male SR-BI KO mice accumulates as much LDL-CE as that
of normal mice. Although SR-BI KO females showed higher
SR-BI-independent activity, we noted a significant decrease
of LDL-CE uptake by their livers. The reasons for this are
obscure, but they may indicate that in female mice defi-
cient in SR-BI a greater uptake occurs by a tissue/organ
that was not investigated in this study. If this is true, it will
highlight another difference between murine genders.

To further demonstrate that LDL-CE selective uptake
occurs in vivo, injected LDLs in normal and SR-BI KO
mice were recovered and analyzed. We found that SR-BI-

TABLE 4. Lipid profiles of noninjected and injected LDLs into normal and SR-BI KO female and male mice

Noninjected
LDL (n � 3)

LDL Injected in Male Mice LDL Injected in Female Mice

Lipid �/� (n � 2) �/� (n � 2) �/� (n � 3) �/� (n � 1)

CE 81.3 	 3.9 35.4 	 2.8a 53.6 	 5.1a,b 49.8 	 1.3a,c 56.2
Free cholesterol 16.4 	 1.1 12.5 	 2.5a 28.1 	 4.0a,b 14.5 	 1.4 27.5
CE/protein 1.6 	 0.1 0.8 	 0.05a 1.1 	 0.2a 1.3 	 0.2 1.2
Free cholesterol/protein 0.3 	 0.01 0.3 	 0.05 0.5 	 0.1 0.4 	 0.1 0.6
CE/FC 5.0 	 0.1 2.9 	 0.4a 1.9 	 0.1a,b 3.5 	 0.3a 2.0

FC, free cholesterol. LDLs (1 mg of protein) were injected into normal and SR-BI KO female and male mice.
Mice were bled 3 h after injection. Blood samples were pooled from five to six mice according to different genders
and genotypes, and LDLs were reisolated by ultracentrifugation. Their protein and cholesterol (CE and free cho-
lesterol) levels were measured in �g/ml LDL preparation. Results are shown as means 	 SEM of the number of
experiments indicated in parentheses.

a Statistically significant difference (P � 0.05) between the values of injected and noninjected LDLs.
b Statistically significant difference (P � 0.05) between the values of injected LDLs in normal versus SR-BI KO

mice of the same gender.
c Statistically significant difference (P � 0.05) between the values of injected LDLs in normal male and female

mice.

Fig. 5. Polyacrylamide gradient gel electrophoresis of noninjected
or injected LDL into normal and SR-BI KO female or male mice. A:
LDLs (1 mg of protein) were injected into normal and SR-BI KO
female and male mice. Mice were bled 3 h after injection. Blood
samples were pooled from five to six mice according to different
genders and genotypes, and LDLs were reisolated by ultracentrifu-
gation. LDLs were subjected to nondenaturing polyacrylamide gra-
dient gel electrophoresis (NDGGE). Lanes 1, 2, injected LDL from
normal or SR-BI KO males, respectively; lanes 3, 4, injected LDL
from normal and SR-BI KO females, respectively; lane 5, nonin-
jected LDL. B: 125I-LDLs (480 �g of nonradiolabeled human LDL
and 20 �g of LDL labeled with 125I) were injected into normal or
SR-BI KO male mice. Blood samples were taken at different times,
and the plasma was subjected to NDGGE. The gel was dried and ex-
posed to a film. Lane 1, noninjected 125I-LDL; lanes 2–4, plasma
from normal mice injected with 125I-LDL and recovered at 2, 60,
and 180 min, respectively; lanes 5–7, plasma from SR-BI KO mice
injected with 125I-LDL and recovered at 2, 60, and 180 min, respec-
tively. These results are representative of at least two different ex-
periments.

Fig. 6. Agarose-barbital gel electrophoresis of noninjected or in-
jected LDL into normal and SR-BI KO female or male mice. A: LDLs
(1 mg of protein) were injected into normal or SR-BI KO female
and male mice. Mice were bled 3 h after injection. Blood samples
were pooled from five to six mice according to different genders
and genotypes, and LDLs were reisolated by ultracentrifugation.
LDLs were thereafter loaded on a 0.5% agarose-barbital gel. Lane
1, noninjected LDL; lanes 2, 3, injected LDL from normal and SR-
BI KO males, respectively; lanes 4, 5, injected LDL from normal
and SR-BI KO females, respectively; lane 6, mouse LDL; lane 7,
mildly oxidized LDL. B: 125I-LDLs (480 �g of nonradiolabeled hu-
man LDL and 20 �g of LDL labeled with 125I) were injected into
normal or SR-BI KO male mice. Blood samples were taken at differ-
ent times, and the plasma samples were subjected to electrophore-
sis on an agarose-barbital gel that was dried and exposed to a film.
Lanes 1, 6, noninjected LDL; lanes 2–5, plasma from normal mice
injected with 125I-LDL and recovered at 2, 30, 60, and 180 min, re-
spectively; lanes 7–10, plasma from SR-BI KO mice injected with
125I-LDL and recovered at 2, 30, 60, and 180 min, respectively. These
results are representative of at least two different preparations.
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dependent and -independent pathways are able to cap-
ture CEs from LDLs (�30%) when those are harvested af-
ter a 3 h period in mice (Table 4). This experimental
setup allowed the detection of a LDL size reduction only
when recovered from normal mice (Fig. 5). However,
when 125I-LDL injected in normal or SR-BI KO mice were
recovered and applied to NDGGE, the LDL size reduction
was detectable with the two mouse genotypes. Further-
more, independent of the genotypes or genders, all LDLs
migrate between noninjected LDLs and mildly OxLDLs
on agarose-barbital gels (Fig. 6). This faster migration in-
dicates that LDLs in the mouse blood suffered from a very
mild oxidation by simple contact with blood constituents
or vessels or by CE depletion. Alternatively, it is possible
that the LDL charge-surface ratio increased because of
the size reduction. Other experiments are required to dis-
criminate between these possibilities.

Furthermore, as the LDL/HDL ratio is higher in hu-
mans than in rodents, it is tempting to speculate that un-
der physiological conditions, CE selective uptake plays a
greater role in human than in mouse LDL metabolism. In
accordance with this notion, a very recent study by Schwartz,
VandenBroek, and Cooper (45) conducted in vivo in hu-
mans showed that irreversible CE output was from VLDL,
intermediate density lipoprotein, and LDL, and little was
from HDL. Thus, our study in the mouse may give clues to
the understanding of human LDL metabolism.

In summary, this in vivo study demonstrated that liver
selective uptake from HDL and the catabolism rate of HDL
are not influenced by mouse genders, despite significantly
lower hepatic SR-BI expression in females. It also showed
that SR-BI acts alone in HDL-CE selective uptake in both
mouse genders. In contrast, LDL-CE selective uptake is ac-
complished by SR-BI-dependent and -independent path-
ways, and both have an impact on LDL composition and
physiology.

The authors acknowledge Dr. David Rhainds for helpful scien-
tific discussion and the animal facility unit for useful technical
advice. This work was supported by Canadian Institutes for
Health Research Grant MOP-53095 to L.B. L.B. was the recipient
of a senior scientist scholarship from the Fonds de la Recher-
che en Santé du Québec (FRSQ). G.B. was the recipient of a
studentship from the Fonds pour la Formation des Chercheurs
et l’Aide à la Recherche (FCAR) and FRSQ-FCAR Health.

REFERENCES

1. Castelli, W. P., J. T. Doyle, T. Gordon, C. G. Hames, M. C. Hjort-
land, S. B. Hulley, A. Kagan, and W. J. Zukel. 1977. HDL choles-
terol and other lipids in coronary heart disease. The Cooperative
Lipoprotein Phenotyping Study. Circulation. 55: 67–72.

2. Gordon, D. J., and B. M. Rifkind. 1989. High-density lipoprotein:
the clinical implications of recent studies. N. Engl. J. Med. 321:
1311–1316.

3. Brown, M. S., and J. L. Goldstein. 1986. A receptor-mediated path-
way for cholesterol homeostasis. Science. 232: 34–47.

4. Goldstein, J. L., and M. S. Brown. 1974. Binding and degradation
of low density lipoproteins by cultured human fibroblasts. Com-
parison of cells from a normal subject and from a patient with ho-

mozygous familial hypercholesterolemia. J. Biol. Chem. 249: 5153–
5162.

5. Acton, S., A. Rigotti, K. T. Landschulz, S. Xu, H. H. Hobbs, and M.
Krieger. 1996. Identification of scavenger receptor SR-B1 as a high
density lipoprotein receptor. Science. 271: 518–520.

6. Brissette, L., M. C. Charest, and L. Falstrault. 1996. Selective up-
take of cholesteryl esters of low-density lipoproteins is mediated by
the lipoprotein-binding site in HepG2 cells and is followed by the
hydrolysis of cholesteryl esters. Biochem. J. 318: 841–847.

7. Green, S. R., and R. C. Pittman. 1991. Selective uptake of choles-
teryl esters from low density lipoproteins in vitro and in vivo. J.
Lipid Res. 32: 667–678.

8. Rinninger, F., S. Jaeckle, H. Greten, and E. Windler. 1993. Selec-
tive association of lipoprotein cholesteryl esters with liver plasma
membranes. Biochim. Biophys. Acta. 1166: 284–299.

9. Truong, T. Q., A. Auger, F. Denizeau, and L. Brissette. 2000. Analy-
sis of low-density lipoprotein catabolism by primary cultures of he-
patic cells from normal and low-density lipoprotein receptor knock-
out mice. Biochim. Biophys. Acta. 1484: 307–315.

10. Acton, S. L., P. E. Scherer, H. F. Lodish, and M. Krieger. 1994. Ex-
pression cloning of SR-BI, a CD36-related class B scavenger-recep-
tor. J. Biol. Chem. 269: 21003–21009.

11. Calvo, D., D. Gomez-Coronado, M. A. Lasuncion, and M. A. Vega.
1997. CLA-1 is an 85-kD plasma membrane glycoprotein that
acts as a high-affinity receptor for both native (HDL, LDL, and
VLDL) and modified (OxLDL and AcLDL) lipoprotein. Arterioscler.
Thromb. Vasc. Biol. 17: 2341–2349.

12. Babitt, J., B. Trigatti, A. Rigotti, E. J. Smart, R. G. Anderson, S. Xu,
and M. Krieger. 1997. Murine SR-BI, a high density lipoprotein re-
ceptor that mediates selective lipid uptake, is N-glycosylated and
fatty acylated and colocalizes with plasma membrane caveolae. J.
Biol. Chem. 272: 13242–13249.

13. Xu, S., M. Laccotripe, X. Huang, A. Rigotti, V. I. Zannis, and M.
Krieger. 1997. Apolipoproteins of HDL can directly mediate bind-
ing to the scavenger receptor SR-BI, an HDL receptor that medi-
ates selective lipid uptake. J. Lipid Res. 38: 1289–1298.

14. Landschulz, K., R. Pathak, A. Rigotti, M. Krieger, and H. Hobbs.
1996. Regulation of scavenger receptor, class B, type I, a high den-
sity lipoprotein receptor, in liver and steroidogenic tissues of the
rat. J. Clin. Invest. 98: 984–995.

15. Rigotti, A., B. L. Trigatti, M. Penman, H. Rayburn, J. Herz, and M.
Krieger. 1997. A targeted mutation in the murine gene encoding
the high density lipoprotein (HDL) receptor scavenger class B
type I reveals its key role in HDL metabolism. Proc. Natl. Acad. Sci.
USA. 94: 12610–12615.

16. Varban, M. L., F. Rinninger, N. Wang, V. Fairchild-Huntress, J. H.
Dunmore, Q. Fang, M. L. Gosselin, K. L. Dixon, J. D. Deeds, S. L.
Acton, A. R. Tall, and D. Huszar. 1998. Targeted mutation reveals a
central role for SR-BI in hepatic selective uptake of high density lipo-
protein cholesterol. Proc. Natl. Acad. Sci. USA. 95: 4619–4624.

17. Out, R., M. Hoekstra, J. A. Spijkers, J. K. Kruijt, M. van Eck, I. S.
Bos, J. Twisk, and T. J. van Berkel. 2004. Scavenger receptor class B
type I is solely responsible for the selective uptake of cholesteryl es-
ters from HDL by the liver and the adrenals in mice. J. Lipid Res.
45: 2088–2095.

18. Brundert, M., A. Ewert, J. Heeren, B. Behrendt, R. Ramakrishnan,
H. Greten, M. Merkel, and F. Rinninger. 2005. Scavenger receptor
class B type I mediates the selective uptake of high-density lipopro-
tein-associated cholesteryl ester by the liver in mice. Arterioscler.
Thromb. Vasc. Biol. 25: 143–148.

19. Graf, G. A., K. L. Roswell, and E. J. Smart. 2001. 17B-Estradiol pro-
motes the up-regulation of SR-BII in HepG2 cells and in rat livers.
J. Lipid Res. 42: 1444–1449.

20. Fluiter, K., D. R. van der Westhuijzen, and T. J. van Berkel. 1998. In
vivo regulation of scavenger receptor BI and the selective uptake
of high density lipoprotein cholesteryl esters in rat liver parenchy-
mal and Kupffer cells. J. Biol. Chem. 273: 8434–8438.

21. Pieters, M. N., D. Schouten, H. F. Bakkeren, B. Esbach, A. Brouwer,
D. L. Knook, and T. J. van Berkel. 1991. Selective uptake of choles-
teryl esters from apolipoprotein-E-free high-density lipoproteins
by rat parenchymal cells in vivo is efficiently coupled to bile acid
synthesis. Biochem. J. 280: 359–365.

22. Swarnakar, S., R. E. Temel, M. A. Connelly, S. Azhar, and D. L. Wil-
liams. 1999. Scavenger receptor class B, type I, mediates selective
uptake of low density lipoprotein cholesteryl ester. J. Biol. Chem.
274: 29733–29739.

23. Stangl, H., G. Cao, K. L. Wyne, and H. H. Hobbs. 1998. Scavenger

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


696 Journal of Lipid Research Volume 46, 2005

receptor, class B, type I-dependent stimulation of cholesterol ester-
ification by high density lipoproteins, low density lipoproteins,
and nonlipoprotein cholesterol. J. Biol. Chem. 273: 31002–31008.

24. Rhainds, D., M. Brodeur, J. Lapointe, D. Charpentier, L. Falstrault,
and L. Brissette. 2003. The role of human and mouse hepatic scav-
enger receptor class B type I (SR-BI) in the selective uptake of low-
density lipoprotein-cholesteryl esters. Biochemistry. 42: 7527–7538.

25. Kozarsky, K. F., M. H. Donahee, A. Rigotti, S. N. Iqbal, E. R. Edelman,
and M. Krieger. 1997. Overexpression of the HDL receptor SR-B1
alters plasma HDL and bile cholesterol levels. Nature. 387: 414–417.

26. Ueda, Y., L. Royer, E. Gong, J. Zhang, P. N. Cooper, O. Francone,
and E. M. Rubin. 1999. Lower plasma levels and accelerated clear-
ance of high density lipoprotein (HDL) and non-HDL cholesterol
in scavenger receptor class B type I transgenic mice. J. Biol. Chem.
274: 7165–7171.

27. Wang, N., T. Arai, Y. Ji, F. Rinninger, and A. R. Tall. 1998. Liver-spe-
cific overexpression of scavenger receptor BI decreases levels of
very low density lipoprotein apoB, low density lipoprotein apoB,
and high density lipoprotein in transgenic mice. J. Biol. Chem. 273:
32920–32926.

28. Murao, K., V. Terpstra, S. R. Green, N. Kondratenko, D. Steinberg,
and O. Quehenberger. 1997. Characterization of CLA-1, a human
homologue of rodent scavenger receptor BI, as a receptor for high
density lipoprotein and apoptotic thymocytes. J. Biol. Chem. 272:
17551–17557.

29. Webb, N. R., M. C. de Beer, J. Yu, M. S. Kindy, A. Daugherty, D. R.
van der Westhuyzen, and F. C. de Beer. 2002. Overexpression of
SR-BI by adenoviral vector promotes clearance of apoA-I, but not
apoB, in human apoB transgenic mice. J. Lipid Res. 43: 1421–1428.

30. Miettinen, H. E., H. Rayburn, and M. Krieger. 2001. Abnormal lipo-
protein metabolism and reversible female infertility in HDL recep-
tor (SR-BI)-deficient mice. J. Clin. Invest. 108: 1717–1722.

31. Langer, T., W. Strober, and R. I. Levy. 1972. The metabolism of low
density lipoprotein in familial type II hyperlipoproteinemia. J.
Clin. Invest. 51: 1528–1536.

32. McFarlane, A. S. 1948. Efficient trace-labelling of proteins with io-
dine. Nature. 182: 53–54.

33. Roberts, D. C., N. E. Miller, S. G. Price, D. Crook, C. Cortese, A. La
Ville, L. Masana, and B. Lewis. 1985. An alternative procedure for
incorporating radiolabelled cholesteryl ester into human plasma
lipoproteins in vitro. Biochem. J. 226: 319–322.

34. Lougheed, M., and U. P. Steinbrecher. 1996. Mechanism of uptake

of copper-oxidized low density lipoprotein in macrophages is de-
pendent on its extent of oxidation. J. Biol. Chem. 271: 11798–11805.

35. Auger, A., T. Q. Truong, D. Rhainds, J. Lapointe, F. Letarte, and L.
Brissette. 2001. Low and high density lipoprotein metabolism in
primary cultures of hepatic cells from normal and apolipoprotein
E knockout mice. Eur. J. Biochem. 268: 2322–2330.

36. Glass, C., R. C. Pittman, M. Civen, and D. Steinberg. 1985. Uptake
of high density lipoprotein-associated apoprotein A-I and choles-
terol esters by 16 tissues of the rat in vivo and by adrenal cells and
hepatocytes in vitro. J. Biol. Chem. 260: 744–750.

37. Pittman, R. C., and C. A. Taylor. 1986. Methods for assessment of
tissue sites of lipoprotein degradation. Methods Enzymol. 129: 612–628.

38. Matthews, C. M. E. 1957. The theory of tracer experiments with
131I-labelled plasma proteins. Phys. Med. Biol. 2: 36–53.

39. Deacon, A. C., and P. J. Dawson. 1979. Enzymic assay of total cho-
lesterol involving chemical or enzymic hydrolysis—a comparison
of methods. Clin. Chem. 25: 976–984.

40. Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall. 1951.
Protein measurement with the Folin phenol reagent. J. Biol. Chem.
193: 265–275.

41. Van Eck, M., J. Twisk, M. Hoekstra, B. T. Van Rij, C. A. Van der Lans,
I. S. Bos, J. K. Kruijt, F. Kuipers, and T. J. Van Berkel. 2003. Differ-
ential effects of scavenger receptor BI deficiency on lipid metabo-
lism in cells of the arterial wall and in the liver. J. Biol. Chem. 278:
23699–23705.

42. Seo, T., M. Al-Haideri, E. Treskova, T. S. Worgall, Y. Kako, I. J.
Goldberg, and R. J. Deckelbaum. 2000. Lipoprotein lipase-medi-
ated selective uptake from low density lipoprotein requires cell
surface proteoglycans and is independent of scavenger receptor
class B type 1. J. Biol. Chem. 275: 30355–30362.

43. Swarnakar, S., J. Beers, D. K. Strickland, S. Azhar, and D. L. Wil-
liams. 2001. The apolipoprotein E-dependent low density lipopro-
tein cholesteryl ester selective uptake pathway in murine adreno-
cortical cells involves chondroitin sulfate proteoglycans and an
alpha 2-macroglobulin receptor. J. Biol. Chem. 276: 21121–21128.

44. Stahlberg, N., E. Rico-Bautista, R. M. Fisher, X. Wu, L. Cheung, A.
Flores-Morales, G. Tybring, G. Norstedt, and P. Tollet-Egnell. 2004.
Female-predominant expression of fatty acid translocase/CD36 in
rat and human liver. Endocrinology. 145: 1972–1979.

45. Schwartz, C. C., J. M. VandenBroek, and P. S. Cooper. 2004. Lipo-
protein cholesteryl ester production, transfer and output in vivo in
humans. J. Lipid Res. 45: 1594–1607.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

