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ABSTRACT Plasma high density lipoprotein (HDL),
which protects against atherosclerosis, is thought to remove
cholesterol from peripheral tissues and to deliver cholesteryl
esters via a selective uptake pathway to the liver (reverse
cholesterol transport) and steroidogenic tissues (e.g., adrenal
gland for storage and hormone synthesis). Despite its physi-
ologic and pathophysiologic importance, the cellular metab-
olism of HDL has not been well defined. The class B, type I
scavenger receptor (SR-BI) has been proposed to play an
important role in HDL metabolism because (i) it is a cell
surface HDL receptor which mediates selective cholesterol
uptake in cultured cells, (ii) its physiologically regulated
expression is most abundant in the liver and steroidogenic
tissues, and (iii) hepatic overexpression dramatically lowers
plasma HDL. To test directly the normal role of SR-BI in HDL
metabolism, we generated mice with a targeted null mutation
in the SR-BI gene. In heterozygous and homozygous mutants
relative to wild-type controls, plasma cholesterol concentra-
tions were increased by ~31% and 125%, respectively, because
of the formation of large, apolipoprotein A-I (apoA-I)-
containing particles, and adrenal gland cholesterol content
decreased by 42% and 72%, respectively. The plasma concen-
tration of apoA-I, the major protein in HDL, was unchanged
in the mutants. This, in conjunction with the increased
lipoprotein size, suggests that the increased plasma choles-
terol in the mutants was due to decreased selective cholesterol
uptake. These results provide strong support for the proposal
that in mice the gene encoding SR-BI plays a key role in
determining the levels of plasma lipoprotein cholesterol (pri-
marily HDL) and the accumulation of cholesterol stores in the
adrenal gland. If it has a similar role in controlling plasma
HDL in humans, SR-BI may influence the development and
progression of atherosclerosis and may be an attractive
candidate for therapeutic intervention in this disease.

High density lipoproteins (HDLs) play a critical role in choles-
terol metabolism (1, 2) and their plasma concentrations are
inversely correlated with risk for atherosclerosis (3). HDL ap-
pears to have an important role in removing cholesterol from
peripheral tissues (4-7) and in directly delivering cholesteryl
esters to other lipoproteins (8) and to tissues (9, 10). An impor-
tant mechanism for the direct delivery of HDL cholesterol to cells
is called selective lipid uptake (11, 12). This pathway is funda-
mentally different from the low density lipoprotein (LDL) re-
ceptor pathway (13) in that cell surface binding of HDL is not
associated with endocytosis and lysosomal degradation of the
lipoprotein particle. Instead, after cholesteryl esters are trans-

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertisement” in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1997 by The National Academy of Sciences 0027-8424/97/9412610-6$2.00/0
PNAS is available online at http://www.pnas.org.

12610

ferred from HDL to cells, lipid-depleted HDL is released into the
extracellular fluid. Selective lipid uptake appears to be especially
important for transport of cholesterol to steroidogenic tissues for
steroid hormone synthesis (9) and to the liver where HDL-
derived cholesterol is either secreted into the bile, used for bile
acid synthesis, or packaged and secreted in newly synthesized
lipoproteins (10, 14). The HDL-mediated transport of cholesterol
from extrahepatic tissues to the liver, called reverse cholesterol
transport (15), is believed to play a critical role in cholesterol
homeostasis and may account for some of the protective effects
of HDL against atherosclerosis (2, 4-8, 16).

Recently, we discovered that the class B, type I scavenger
receptor, SR-BI (17), is a cell surface HDL receptor (ref. 18,
reviewed in ref. 19) that can recognize the apolipoproteins on
the surface of the HDL particle (20), including the major
component apolipoprotein A-I (apoA-I). In cultured cells,
murine SR-BI (mSR-BI), which is an ~82-kDa glycoprotein
that appears to be clustered in caveolae (21), can mediate
selective HDL lipid uptake (18). In vivo, SR-BI is most
abundantly expressed in liver and steroidogenic tissues (18, 22,
23), which are those tissues most actively engaged in selective
HDL lipid uptake (refs. 11, 12, and 24, reviewed in ref. 19).
SR-BI expression in rodent steroidogenic tissues is coordi-
nately regulated with steroid synthesis by trophic hormones
(22, 25,26). Hormonal regulation of SR-BI protein and mRNA
also has been observed in cultured steroidogenic cells (25, 26),
and SR-BI mRNA levels have been reported to be altered by
mutations in apoA-I and lecithin:cholesterol acyltransferase
(LCAT) (26, 27). Hepatic overexpression of mSR-BI in mice
dramatically reduces plasma HDL and increases biliary cho-
lesterol levels (28). Taken together, these studies provide
strong, although indirect, evidence that SR-BI may normally
be a physiologically relevant HDL receptor.

To determine directly if SR-BI normally plays an important
role in HDL metabolism ir vivo and to establish an experimental
system to examine the role of SR-BI in pathologic states, we have
generated mice containing a targeted null mutation in the gene
encoding SR-BI. Analysis of the mutants provides strong proof
that SR-BI is a physiologically relevant HDL receptor that plays
an important role in the accumulation of cholesterol in the
adrenal gland and in regulating plasma HDL cholesterol levels.

MATERIALS AND METHODS

Generation of SR-BI Mutant Mice. SR-BI genomic DNA
was isolated from a mouse strain 129 DNA library (Genome
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Systems, St. Louis) screened by PCR amplification using
primer pairs corresponding to the 5" and 3’ ends of the mSR-BI
cDNA (18). From one clone we identified a 12-kb Xbal
fragment containing the first coding exon. A replacement-type
targeting vector (see Fig. 14), containing 0.75 kb and 9 kb short
and long homology regions and the pol2sneobpA (29) and
herpes simplex virus thymidine kinase (30) cassettes, was
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Fic. 1. Strategy for targeted disruption of the SR-BI locus in the
mouse (A4) and confirmation of the expected null mutation by PCR
genotype analysis (B) and immunoblot analysis of liver membranes
(C). (A) Restriction map of the genomic DNA surrounding the first
coding exon of the murine gene encoding SR-BI. The targeting vector
and the predicted structure of the targeted (mutant) allele are shown
and described in the text. The locations of the sequences for the PCR
primers used to specifically detect either the wild-type (primers 1 and
2) or targeted mutant (primers 1 and 3) alleles are indicated along with
the predicted PCR product lengths. TK, herpes simplex thymidine
kinase; neo, pol2sneobpA expression cassette, X, Xbal; B, BamH]I; S,
Sacl; “ATG”, codon for the initiator methionine. (B) PCR genotype
analysis. Two sets of primer pairs specific for the wild-type (primers 1
and 2) or targeted mutant (primers 1 and 3) alleles (see 4) were used
to screen genomic DNA by PCR as described. Representative results
from individual F; wild-type (+/+, lanes 1 and 2), F; heterozygous
(+/—, lanes 3 and 4), and F> homozygous mutant (—/—, lanes 5 and
6) animals are shown. (C) Immunoblot analysis of hepatic membranes
(50 pg protein/lane) from unfasted wild-type (F; and F, generations,
lanes 1 and 5), heterozygous (F; and F> generations, lanes 2 and 4), and
homozygous mutant (F» generation, lane 3) male mice were per-
formed using polyclonal antipeptide antibodies to SR-BI (=82 kDa,
Upper) or the internal control e-COP (=36 kDa, Lower), as described.
Essentially identical results were obtained using specimens from
female mice (data not shown).
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constructed using standard methods (31, 32). The vector was
linearized and 100 ug were transfected by electroporation (240
V, 500 wF) into 112 X 10° murine D3 embryonic stem cells (31,
33), which were then plated onto irradiated mouse embryonic
fibroblast feeder layers. After G418/gancyclovir positive/
negative selection for 7-8 days as described (31), 492 of the
~5,800 surviving colonies were picked and screened by PCR
analysis using primers specific for the targeted allele (Fig. 1B,
primer 1, 5-TGAAGGTGGTCTTCAAGAGCAGTCCT-3’;
and primer 3, 5'-GATTGGGAAGACAATAGCAG-
GCATGC-3'; all oligonucleotide primers were synthesized by
Research Genetics, Huntsville, AL) as described (32). The
presence of the targeted allele (amplification of a 1.4-kb band)
was confirmed by Southern blot analysis of Xbal-digested
genomic DNA using probes that yielded either the predicted
12-kb fragment characteristic of the wild-type allele or the
predicted 2.5-kb and 9-kb fragments from the targeted mutant
allele (data not shown). BamHI digested genomic DNA was
also probed with a 0.9-kb fragment derived by PstI digestion of
the neomycin resistance gene cassette to confirm the presence
of a single neo gene in the mutant cells (data not shown).
Embryonic stem cell clones containing a disrupted SR-BI
allele were injected into C57BL/6 blastocysts, which were
implanted into recipient females (31). The resulting chimeric
mice were crossed to C57BL/6 female mice to generate Fy
wild-type (srbI™/*) and heterozygous (srbI™/~) mice on an
identical 129 (agouti)/C57BL/6 background. F; heterozygotes
were crossed to generate F, wild-type (srbI /), heterozygous
mutant (srbI™/~), and homozygous mutant (srbI~/~) progeny.
The presence of the targeted or wild-type SR-BI alleles in
DNA extracted from tail biopsies (34) was detected by PCR
amplification using primer 1 in combination with either primer
3 (mutant-specific) or primer 2 (wild-type-specific, 5'-TATC-
CTCGGCAGACCTGAGTCGTGT-3"). Genotypes were con-
firmed by Southern blot analysis. Mice were housed in mi-
croisolator cages and were fed ad libitum a regular rodent chow
diet (Prolab 3000, PMI Feeds, St. Louis).

Analysis of Animal Tissues. Samples were obtained from
fasted (4-8 hr) or nonfasted mice that were approximately
8-12 weeks old (F; generation) or 5-11 weeks old (F, gener-
ation).

Immunoblot analysis. Animals were sacrificed and livers and
adrenal glands were removed and immediately frozen. Mem-
branes from homogenates were prepared as described (22, 25,
35). A total of 50 ug of protein per specimen were analyzed by
SDS/polyacrylamide (8%) gel electrophoresis (36) and immu-
noblotting (37) with chemiluminescence detection as described
using rabbit antipeptide polyclonal antibodies that specifically
recognize either the ~82-kDa mSR-BI protein (anti-mSR-
BI*%; ref. 18) or the =~36-kDa &-COP control cytoplasmic
protein (anti-eCOP; ref. 38). The data shown in Fig. 1C are
from a single gel so that the staining for e-COP serves as a
control for equal sample loading.

Plasma and adrenal cholesterol analysis. Plasma total cho-
lesterol (unesterified plus esterified, mg/dl) was measured
using an enzymatic kit (Sigma). Adrenal glands were homog-
enized as described above. Protein concentrations in the
homogenates were measured using the method of Lowry et al.
(39). Duplicate samples of homogenates (30-70 ul each) were
extracted with 2 ml of hexane/isopropanol (2:1) for 1 hr at
room temperature, back-washed with 1 ml of water, and phases
separated by centrifugation at 800 X g for 5 min. The upper
organic phase was recovered and evaporated at 37°C in a
Speedvac concentrator, and cholesterol was measured in the
dried pellet using an enzymatic kit (Sigma). Cholesterol values
were corrected based on the recovery of a [*H]cholesteryl ester
internal standard added prior to lipid extraction. Total cho-
lesterol content was expressed as ug of cholesterol/mg total
protein.
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Lipoprotein Analysis. Pooled plasma (150 ul total from two
to six animals) was diluted with an equal volume of elution
buffer (154 mM NaCl/1 mM EDTA, pH 8) and subjected to
fast protein liquid chromatography (FPLC) using two Super-
ose 6 columns (Pharmacia) connected in series (40, 41).
Proteins were eluted at 0.25 ml/min. Forty-seven fractions (0.5
ml) were collected after the first 14 ml were eluted and total
cholesterol in each fraction was determined as described
above. Immunoblotting of the FPLC fractions was performed
(as described above) with specific anti-apoA-1 (42), anti-
apoA-II (43), or anti-apoE (42) antibodies on independent
samples or by sequential labeling of a single membrane to
permit simultaneous visualization of all three proteins.

Statistical Analysis. Results are expressed as the arithmetic
mean *= SD. The statistical significance of the differences of
the mean between groups was evaluated using the Student’s ¢
test for unpaired comparisons. The x? test was used for
genotype distribution analysis. P values < 0.05 are considered
to be statistically significant.

RESULTS AND DISCUSSION

The SR-BI gene was inactivated in embryonic stem cells by
standard homologous recombination methods as outlined in
Fig. 1 (also see Materials and Methods). The segments replaced
in the recombined mutant (targeted allele) include the entire
coding region of the first coding exon [28 bp of 5" untranslated
sequence and 126 bp, 42 amino acids, encoding a short
N-terminal cytoplasmic domain, and a portion of the N-
terminal putative transmembrane domain that probably also
functions as an uncleaved leader sequence for insertion into
the endoplasmic reticulum during biogenesis (21)] and an
additional 554 bases of the adjacent downstream intron (Fig.
1A4). The mutated locus is expected to encode a transcript that
would not be translated or would be translated into nonfunc-
tional, nonmembranous, and presumably unstable, protein.
Three independently derived embryonic stem cell clones
containing the targeted allele were injected into C57BL/6
blastocysts and two produced 24 male chimeras, of which 11
gave germ-line transmission of the targeted SR-BI allele when
crossed to C57BL/6 females. F; offspring were either homozy-
gous (+/+) for the wild type allele (Fig. 1B, lane 2, 1.9-kb
amplified product from primers 1 and 2, no mutant allele
specific product in lane 1) or heterozygous (+/—) with both
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mutant (lane 3, 1.4-kb product from primers 1 and 3) and
wild-type (lane 4) PCR products. F; heterozygotes should be
isogenic with the F; wild-type controls except at the SR-BI
locus (44). Wild-type, heterozygous, and homozygous mutant
F, generation offspring (Fig. 1B, lanes 5 and 6 and data not
shown), whose phenotypes are subject to genetic background
variability (44), were generated from F; intercrosses. In the F,
progeny analyzed to date (n = 317), the observed ratios of
wild-type:heterozygous mutant:homozygous mutant offspring
were 1.0:1.7:0.5, values significantly different from the ex-
pected Mendelian ratio of 1:2:1 (P = 0.003). Thus, there may
be partially penetrant effects of the mutation either on neo-
natal survival or on embryonic development, which would be
consistent with the distribution of SR-BI on the maternal
surfaces of cells in the placenta and yolk sac during embryonic
development (A. Hatzopoulos, A.R., R. Rosenberg, and M.K.,
unpublished results).

All of the mutants looked normal (weight, general appear-
ance and behavior) and the males were fertile (female fertility
is currently being evaluated). Immunoblot analysis of liver
membranes from F; (+/+, +/=)and F, (+/+, +/—, =/-)
mice using antipeptide antibodies which recognize the C
terminus of the SR-BI protein (anti-mSR-BI*%, Fig. 1C), or a
segment of the putative extracellular loop (anti-mSR-BI?*")
(ref. 18, and data not shown), revealed that there was about
half as much mSR-BI protein in the heterozygous mutants
(lanes 2 and 4) as in the wild-type controls (lanes 1 and 5) and
no detectable SR-BI in the homozygous mutants (lane 3). No
fragments or other variants (45) of the full-length protein were
detected in any of the samples. In contrast, no significant
differences were observed in the levels of the control protein,
e-COP (Fig. 1C) (38). Similar results were observed using
adrenal tissue (data not shown). Thus, the mutated SR-BI gene
is a functionally null allele.

To determine how decreased SR-BI protein expression
influenced lipoprotein metabolism, we compared the plasma
cholesterol levels in male and female wild-type and mutant
mice (Table 1). Because there were no statistically significant
differences between the data from animals derived from the
two independent embryonic stem cell clones (data not shown),
data from these two independent sets of animals were pooled.
Relative to wild-type controls there were statistically signifi-
cant increases in the plasma total cholesterol concentrations of
~30-40% in F; and F, heterozygotes and 2.2-fold in F,

Table 1. Effects of disruption of the gene encoding SR-BI on plasma total cholesterol and apoA-I concentrations, and adrenal gland total
cholesterol content in wild-type (srbI*/*), and heterozygous (srbI*/~), and homozygous (srbI~/~) mutant mice.

F; generation®

F> generation®

Adrenal gland total

Plasma total cholesterol Plasma total cholesterol Plasma apoA-Tt cholesterol

srbl % of % of % of ng/mg % of
genotype Gender mg/dI#$ control mg/dI#$ control mg/dI$$ control proteini$ control

Male 93 £ 8(29) 100 99 + 12 (18) 100 — — — —

+/+ Female 80 £ 7(13) 100 94 =20 (27) 100 — — — —

Both 89 = 10 (42) 100 96 = 17 (45) 100 25 =3 (10) 100 128 + 28 (5) 100

Male 126 = 10 21T 1351 137 = 21 (29)7 1381 — — — —

+/- Female 112 =9 (23)7 1401 118 = 19 (49)1 126" — — — —
Both 119 = 12 (44)" 1347 126 = 22 (78)1 1311 28 = 2 (12)! 1121 74 + 18 (6) 581

Male — — 220 + 41 (10)7 2221 — — — —

-/= Female — — 209 =32 (7)1 2221 — — — —
Both — — 216 = 37 (1N 2251 27 =3 (1)l 108! 36 7 (51 281

*F1 generation animals were not fasted. F» generation animals were not fasted prior to analysis of adrenal gland cholesterol levels but were fasted

for 4-8 h prior to analysis of plasma.

TValues determined with an Autoanalyzer and human apoA-I standards.

£Values represent mean + SD.
$Values in parenthesis represent the numbers of animals analyzed.

fStatistically significantly different from wild-type controls, P < 0.005 or better.
INot statistically significantly different from wild-type controls, independently confirmed by quantitative evaluation of immunoblot analysis.
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homozygous mutants. In contrast to the increased plasma
cholesterol in the mutants, there was no statistically significant
change in the levels of plasma apoA-I (Table 1). These findings
are consistent with the suggestion (18, 19, 28) that hepatic
SR-BI plays a key role in selective removal of cholesterol from
circulating HDL: lower levels of hepatic SR-BI were expected
to increase plasma HDL cholesterol but not directly alter
apoA-I levels.

To determine if the elevated levels of plasma cholesterol in
the mutants were due to changes in HDL, pooled plasma
samples from F; male and female (data not shown) and F,
male (Fig. 2) animals were subjected to FPLC and the total
cholesterol content (Fig. 24) as well as the relative amounts of
apoA-I, apoA-II, and apoE (Fig. 2B) in each fraction were
measured. As previously reported (40, 41, 43), for wild-type
mice (srbI™/*) most of the cholesterol (Fig. 24, open squares),
apoA-I and apoA-II (Fig. 2B Top) were in the HDL fraction,
with small or undetectable amounts in the very low density
lipoprotein (VLDL) and intermediate density lipoprotein
(IDL)/LDL fractions. There was an apparently low level of
apoE which both comigrated with the HDL (centered around
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fraction 35) and with a small cholesterol peak in the IDL/LDL
region (around fraction 20, very faint bands in Fig. 2B Top and
data not shown). The cholesterol and apolipoprotein profiles
of the heterozygous mutants (Fig. 2, half-solid squares in A4;
Fig. 2B Middle) were similar to those of the wild-type controls,
except that there was an increase in the amount of cholesterol
in the HDL fractions and there was a tendency of the HDL
peak (cholesterol and/or apolipoproteins) to be broader than
that of wild-type and shifted slightly to the left (lower fraction
number, greater apparent size), which may represent large
HDL particles (46, 47). This result suggested that there might
be a difference in the average sizes of the HDL particles
because of the inactivation of one of the SR-BI alleles;
however, this shift was not observed in all specimens.

In the F» homozygous mutant animals (srbl '~ Fig. 2, filled
squares in A; Fig. 2B Bottom) the cholesterol was found in a
large, somewhat heterogeneous peak in the HDL range, but
shifted to the left (larger apparent size) of the wild-type HDL
peak. The amount of cholesterol in the IDL/LDL fraction
(around fraction 20) varied between samples (the size of this
peak in Fig. 24 is about midway between the lowest and
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fasted wild-type (srbI*/*, open squares),
and heterozygous (srbI*/~, partly filled
squares) and homozygous (srbI~/~, filled
squares) mutant mice and are representa-
tive of multiple, independent determina-
tions. Approximate positions of VLDL,
IDL/LDL, and HDL elution are indicated
by brackets and were determined both by
analysis of human lipoprotein standards
and by previous analysis of lipoproteins in
murine plasma (28). (B) Combined im-
munoblot analysis of fractions 23-38 from
the chromatograms shown in A were per-
formed with polyclonal antibodies to
apoE, apoA-I, and apoA-II as described.
Additional analysis of these and indepen-
dent chromatograms (data not shown)
established that there were no additional
peaks containing apoA-I in fractions con-
taining larger lipoproteins (fractions 1-
22) and that the only other peak contain-
ing a small amount of apoE was in fraction
6, which corresponds to VLDL.
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highest values observed). The distributions of apoA-I and
apoA-II were similar to that of cholesterol, although unlike the
case for apoA-I there was a notable reduction in the amount
of apoA-II relative to that seen in wild-type and heterozygous
mutant animals. Conversely, in the homozygous mutants there
was a substantial increase in the amount of apoE, whose
distribution profile (larger particles, centered around fractions
26-28) differed from, but overlapped, those of apoA-I and
apoA-II. Detailed analyses of the production, composition and
structure, and turnover of lipoproteins in these mutants will
help further define the mechanism by which SR-BI affects
HDL metabolism and will be the subject of future studies. It
is noteworthy that a significant increase in apoE associated
with HDL particles in homozygous mutants in the gene for the
SR-BI ligand apoA-I (48, 49) has also been reported, although
it is not clear if the mechanisms responsible for the apoE
increase in SR-BI and apoA-I mutants are related.

These results with the mutant animals, in which the changes in
SR-BI expression are in the physiologic range (22, 25), are
complementary to and consistent with the recent observation
that transient adenovirus-mediated hepatic SR-BI overexpres-
sion results in dramatically decreased levels of HDL cholesterol
and increased delivery of HDL-associated lipid to hepatocytes
and the bile (28). In rodents, most of the plasma HDL cholesterol
appears to be removed by the liver via selective uptake (refs. 11,
12, and 24; reviewed in ref. 19) and the liver appears to be the site
of the highest total amount of SR-BI protein expression (18, 22,
23). It seems likely that buildup of large, cholesterol-enriched
lipoprotein particles in the circulation of SR-BI mutants was
primarily due to decreased hepatic selective HDL cholesterol
uptake. Thus, it appears that murine plasma HDL cholesterol
levels are particularly sensitive to physiologically relevant changes
in the levels of hepatic SR-BI protein expression (e.g., =~50%
reduction in heterozygotes, Fig. 1C). The effect of the null
mutation in SR-BI on total plasma cholesterol levels was quan-
titatively similar to that of a null mutation in the LDL receptor
(50). For both sets of mutants, total plasma cholesterol levels were
~36% above wild-type controls for heterozygotes and ~114% for
homozygotes. It is important to emphasize that although the
magnitudes of the effects on total plasma cholesterol of these
distinct mutations (SR-BI vs. LDL receptor) are similar, the
mechanistic consequences on lipoprotein metabolism (e.g., ef-
fects on the various lipoproteins) differ.

In addition to playing an important role in regulating plasma
HDL cholesterol, SR-BI has been implicated (reviewed in ref.
19) in the delivery of HDL cholesterol to the adrenal gland and
other steroidogenic tissues, both for the accumulation of
esterified cholesterol stores (11, 12, 51, 52) and for steroid
hormone synthesis (9, 51). To examine this, we measured the
cholesterol content of adrenal glands in mutant and wild-type
mice (Table 1). As predicted, cholesterol stores in the adrenal
gland dropped substantially in the heterozygous and homozy-
gous mutants to 58% and 28% of control, respectively. We also
noted that the color of intact adrenal glands from homozygous
mutants was brownish-red whereas that of wild-type and
heterozygous animals was light yellow (data not shown) and,
in preliminary studies, we observed a dramatic decrease in
oil-red O staining of the adrenal cortex in the homozygous
mutants relative to the wild-type mice. Thus, the total choles-
terol content, color, and oil-red O staining characteristics of
the adrenal glands in SR-BI homozygous mutants resembled
those in their cholesterol-depleted counterparts in other mu-
rine mutants (27, 51, 53), including, as one might expect, null
mutants in the SR-BI ligand apoA-I (51). This similarity with
apoA-I knockouts is consistent with the possibility that the
reduction in adrenal cholesterol in the SR-BI homozygotes is
a direct consequence of the loss of the key receptor for
selective lipid uptake; however, the data do not rule out
possible indirect effects of the mutations (e.g., alteration in
HDL size and composition). Recent antibody blocking exper-
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iments have provided additional support for a major role of
mSR-BI in delivering HDL cholesterol to cultured adrenocor-
tical cells for steroidogenesis (69). Based on the tissue distri-
bution and hormonal regulation of SR-BI protein expression
(18, 22, 25) and the phenotypes of apoA-I knockouts (51), it
seems likely that there would also be reductions in cholesterol
stores in other steroidogenic tissues (e.g., ovary, testes) in
SR-BI homozygous mutants. Adrenal cholesterol deficiency in
both the apoA-I and SR-BI homozygous mutants also suggests
that LDL receptors in the mouse, in which there normally is little
LDL in the plasma, do not normally contribute significantly to
murine adrenal cholesterol accumulation. However, this may not
be the case in other species in which plasma LDL levels are higher
and LDL receptors may provide significant amounts of choles-
terol to the adrenal gland (54). Future studies will help address
these questions as well as determine if SR-BI gene inactivation
alters other aspects of cholesterol metabolism and function of
adrenal and other steroidogenic tissues.

Previous studies have shown that it is possible to alter plasma
HDL cholesterol and/or adrenal cholesterol levels in mice by
genetically manipulating the expression of a wide variety of
apolipoproteins, plasma enzymes and lipid transfer proteins
(refs. 27, 53, and 55-64; reviewed in refs. 16 and 65). In
contrast to these studies, which involve alterations in HDL’s
synthesis, secretion, or modification in the circulation, the
inactivation of the SR-BI gene (this study) and its adenovirus-
mediated hepatic overexpression (28) directly affect the mech-
anism of cellular recognition of HDL and consequent uptake
of HDL cholesterol. It should be of interest to cross SR-BI
mutant mice with other mice bearing different naturally
occurring or experimentally induced genetic alterations to
further study the role of SR-BI in lipoprotein and cholesterol
metabolism and to establish if the predisposition to athero-
sclerosis or gallstone disease is altered in SR-BI-deficient mice.

In humans the influence of SR-BI on the levels of plasma
HDL cholesterol, adrenal cholesterol, and possibly biliary
cholesterol remains unknown. Human SR-BI, hSR-BI [also
called CLA-1 (66)] may have physiologic activities similar to
those of rodent SR-BI, because it also mediates selective
cholesterol uptake and exhibits ligand binding properties and
tissue specific expression (23) similar to those of rodent SR-BI
(18, 22). It is possible that genetic and/or metabolic variations
in the expression of SR-BI contribute to differences in HDL
cholesterol levels in humans (16, 67). However, caution should
be exercised in extending interpretations from one species
(e.g., mice) to another (e.g., rabbits or humans) because of
well-known species-dependent differences in lipoprotein me-
tabolism (e.g., refs. 54, 62, and 68). Nevertheless, if SR-BI does
have a similar role in lipoprotein metabolism in mice and
humans, SR-BI may influence the development and progres-
sion of atherosclerosis or gallstone disease and may be an
attractive candidate for therapeutic intervention.

For some time, a thorough understanding of cellular and
systemic HDL metabolism has been hampered by the absence
of a molecularly well-defined, physiologically relevant HDL
receptor. The current work establishes that SR-BI is such a
receptor. Additional characterization of the structure, mech-
anism of action, and physiologic and pathophysiologic activi-
ties of SR-BI should help provide a greater understanding of
HDL metabolism and its role in health and disease.
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