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ABSTRACT Despite the physiologic importance of vitamin E, in particular its �-tocopherol (�-T) isoform, the
molecular mechanisms involved in the cellular uptake of this antioxidant from plasma lipoproteins have not been
well-defined. Recent studies have suggested that selective lipid uptake, rather than endocytosis, is important for
�-T delivery to cells. Here we show that the scavenger receptor class B type I (SR-BI), which mediates cellular
selective cholesteryl ester uptake from lipoproteins, facilitates efficient transfer of �-T from HDL to cultured cells.
In SR-BI-deficient mutant mice, relative to wild-type control animals, there was a significant increase in plasma �-T
levels (1.1- to 1.4-fold higher) that was mostly due to the elevated �-T content of their abnormally large plasma
HDL-like particles. This increase in plasma �-T in SR-BI knockout mice was accompanied by a significant decrease
(65–80%) in the �-T concentrations in bile and several tissues including ovary, testis, lung and brain. SR-BI
deficiency did not alter the �-T concentrations of the liver, spleen, kidney or white fat. These data show that SR-BI
plays an important role in transferring �-T from plasma lipoproteins to specific tissues. Also, in the case of the liver
as was previously shown for SR-BI-dependent hepatic cholesterol transport, SR-BI-mediated uptake of �-T was
primarily coupled to biliary excretion rather than to tissue accumulation. Defective tissue uptake of lipoprotein �-T
in SR-BI-deficient mice may contribute to the reproductive and cardiovascular pathologies exhibited by these
animals. J. Nutr. 132: 443–449, 2002.
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Vitamin E is a family of essential micronutrients composed
of lipid-soluble tocopherols and tocotrienols that have potent
antioxidant activity (1–5). �-Tocopherol (�-T),3 by far the
most abundant and active vitamin E family member, is a
chain-breaking antioxidant that prevents the propagation of
free radical reactions in vitro (1). This has suggested that �-T
protects against oxidative stress in vivo, and, thus, it may play
a role in aging, atherosclerosis, neurodegeneration and can-
cer (2).

Dietary vitamin E is absorbed in the intestine and carried
by lipoproteins to the liver. In the liver, the �-T fraction is
incorporated into VLDL by �-T transfer protein (6,7) and
then secreted into the bloodstream [reviewed in (1–5)]. The

liver also excretes �-T and its oxidized metabolites and other
vitamin E isoforms into the bile; however, the mechanisms
that modulate biliary �-T output are not known (5). In the
plasma, �-T can be transferred from apolipoprotein B-contain-
ing lipoproteins (VLDL and LDL) to HDL. In fact, LDL and
HDL are the major carriers of �-T in the bloodstream. The
control of the distribution and metabolism of �-T throughout
the body is, therefore, closely linked to the complex mecha-
nisms that mediate and regulate cholesterol, triglyceride and
lipoprotein metabolism.

The detailed mechanisms of cellular �-T uptake from
plasma lipoproteins are poorly understood. In vitro and in vivo
studies have suggested that lipoprotein lipase (8,9), phospho-
lipid transfer protein (10,11) and the LDL receptor (12,13)
facilitate cellular uptake of lipoprotein �-T. However, plasma
clearance and net uptake studies of �-T in LDL receptor-
deficient Watanabe heritable hyperlipemic rabbits indicated
that the LDL receptor pathway was not essential for tissue
uptake of �-T (14,15), suggesting that tissue uptake of �-T is
mediated primarily by LDL receptor-independent pathways, at
least in rabbits.

Recent studies in cultured cells have shown that the uptake
of �-T from both HDL and LDL exceeds the uptake of li-
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poprotein holoparticles (16,17), a process known as selective
lipid uptake. Selective lipid uptake was initially described as a
mechanism for delivery of lipoprotein cholesteryl esters to cells
(18). The scavenger receptor class B type I (SR-BI) has been
shown to bind HDL and LDL, mediate selective lipid uptake
from these lipoproteins, and play an important role in HDL
metabolism in vivo (19–23). Several findings suggest that
SR-BI might be involved in the delivery of lipoprotein �-T to
cells. First, SR-BI is predominantly expressed in those tissues
(19) with high lipoprotein �-T uptake and �-T content
(14,15,24). Second, SR-BI expression is regulated (suppressed)
by cellular �-T (25,26). Third, selective �-T uptake by cul-
tured brain endothelial cells is correlated with SR-BI expres-
sion (27).

Because the relevance of SR-BI for the selective uptake of
�-T in vivo and for its tissue distribution had not been
established, we evaluated �-T mass uptake in SR-BI-trans-
fected cells and �-T concentrations in plasma, bile and tissues
from SR-BI-deficient mice. During the preparation of this
manuscript, similar results for the SR-BI-mediated uptake of
�-T by cultured cells were reported (27). Those studies and
ours indicate that SR-BI is a physiologically relevant lipopro-
tein receptor for controlling �-T transport and its accumula-
tion in selected tissues in vivo.

MATERIALS AND METHODS

Materials. Reagents (and sources) were as follows: Ham’s F-12
medium, fetal bovine serum, trypsin/EDTA, penicillin/streptomycin/
amphotericin B, glutamine, geneticin (G418; Life Technologies,
Rockville, MD); plastic ware for cell culture (Becton Dickinson,
Franklin Lakes, NJ); �(�)-tocopherol standard (Sigma Chemicals,
St. Louis, MO); heparin column (Amersham Pharmacia Biotech,
Piscataway, NJ); Bradford reagent (Bio-Rad Laboratories, Hercules,
CA); and Supelcosil LC-8 (15 cm � 4.6 cm, 3-�m) HPLC column
(Sigma Chemicals). Human HDL was prepared by zonal centrifuga-
tion (28) from plasma obtained from normolipidemic blood donors.
Apolipoprotein E-free HDL was isolated by heparin affinity chroma-
tography (19). Lipoprotein-deficient serum (LPDS) was prepared by
ultracentrifugation of fetal bovine serum (29). High purity solvents
were purchased from Merck (Darmstadt, Germany). All other re-
agents were obtained from standard commercial sources.

Cells. ldlA-7 cells and ldlA-7 cells stably transfected with mu-
rine SR-BI cDNA (ldlA[mSR-BI]) were described previously (19).
ldlA-7 cells were maintained in Ham’s F-12 medium containing 10%
fetal bovine serum, 2 mmol/L glutamine, 1 � 105 U/L penicillin, 100
mg/L streptomycin, and 0.25 mg/L amphotericin B (medium A).
ldlA[mSR-BI] cells were cultured in medium A supplemented with
300 mg/L G418 (medium B). All incubations with cells were per-
formed at 37°C in a humidified 5% CO2/95% air atmosphere.

Animals. Mice with a targeted mutation in the srbi locus were
maintained in a mixed genetic background (C57BL/6 � 129/Sv) by
crossing heterozygous srbi mutant females with heterozygous or ho-
mozygous srbi mutant males. Homozygous srbi mutant (SR-BI KO)
and control wild-type mice were screened by PCR (30). SR-BI KO
mice (2- to 4-mo-old) as well as appropriate sex- and age-matched
littermate control mice were used for most experiments. In some
cases, SR-BI KO mice were compared with control mice derived from
an independently maintained wild-type colony with mixed C57BL/6
� 129/Sv background. LDL receptor-deficient (LDLR KO) mice,
which were initially purchased from The Jackson Laboratory (Bar
Harbor, ME), were analyzed at 2–4 mo old. Because the LDLR KO
mice were on a pure C57BL/6J background, experiments with these
mice used C57BL/6J wild-type controls rather than the mixed back-
ground controls used with the SR-BI KO mice.

Mice were housed in a temperature-, humidity- and light-con-
trolled room and consumed ad libitum standard nonpurified diet
(�0.02% cholesterol, 75 IU/kg �-tocopheryl acetate, 4.5% fat; Prolab
RMH3000; PMI Feeds, St. Louis, MO) and water. Mice were de-
prived of food overnight, and plasma, bile and tissue samples were

harvested toward the middle/end of the dark phase of the light cycle.
We have previously shown that there are no differences in bile flow
between control and SR-BI-deficient mice (31). Protocols followed
standard criteria for humane care of experimental animals and were
approved by the review board for animal studies of the Pontificia
Universidad Católica of Chile.

Mice were anesthetized with pentobarbital (4.5 mg/100 g body) by
intraperitoneal injection. After laparotomy, a common bile duct
fistula was installed and hepatic bile was collected for 30–60 min.
Subsequently, blood was removed by puncture of the inferior vena
cava, mice were killed and tissues were removed. Plasma was sepa-
rated by low speed centrifugation for 10 min at 4°C and immediately
subjected to fast performance liquid chromatography as previously
described (30). Bile and remaining plasma were kept at �20°C while
tissues were stored at �70°C until they were processed for biochem-
ical analyses.

Cellular �-T uptake assay. On day 0, ldlA-7 and ldlA[mSR-BI]
cells were plated in 100-mm dishes (2 � 106 cells/dish) in medium A
or B, respectively. On day 1, media were changed to Ham’s F-12
medium containing 3% LPDS, 2 mmol/L glutamine, 1 � 105 U/L
penicillin, 100 mg/L streptomycin, 0.25 mg/L amphotericin B (me-
dium C) supplemented with 300 mg/L G418 for ldlA[mSR-BI] cells.
On day 3, cells were washed with 150 mmol/L NaCl in 30 mmol/L
potassium phosphate, pH 7.4 (PBS) and incubated with Ham’s F-12
medium containing 1% LPDS, 2 mmol/L glutamine, 1 � 105 U/L
penicillin, 100 mg/L gentamycin, 0.25 mg/L amphotericin B (medium
D) and 300 mg/L G418 for ldlA[mSR-BI] cells with or without
apoE-free HDL supplementation (150 mg of HDL protein/L, 1–6 mg
of �-T/g of HDL protein). After a 5 h incubation at 37°C, cells were
washed, removed by scrapping in 1 mL cold 1.15% KCl, 50 mmol/L
Tris-HCl, 0.001% butylated hydroxytoluene, pH 7.4 (buffer A) and
sedimented by high speed centrifugation. Cell pellets were frozen for
1 h at �70°C, thawed in 250 �L buffer A, and lysed by 10 passes
through a 1-mL syringe using a 25-gauge needle. These cell lysates
were used for �-T and protein determinations as described below.

�-T analysis. Tissue samples were homogenized in cold buffer A
(100 g tissue/L buffer A) with a teflon/glass Potter-Elvehjem homog-
enizer (Thomas Scientific, Swedesboro, NJ). Constant volumes of
tissue homogenates (50–200 �L), cell lysates (100 �L), plasma (50
�L), and bile samples (20 �L) were mixed briefly with 500 �L
methanol to precipitate proteins and extracted with 4 mL hexane, the
organic phase was removed, and the solvent was evaporated at room
temperature under a stream of nitrogen (32). The residue was resus-
pended in 100 �L methanol/ethanol (1:1 v/v) and filtered through a
0.22-�m pore membrane before analysis of 40–80 �L by HPLC.

The HPLC system consisted of a Hitachi L-6000 gradient pump
(Hitachi Instruments, San José, CA), Supelcosil LC-8 column and
precolumn, and a BAS-LC-4C amperometric electrochemical detec-
tor. The samples were eluted with 97.5% methanol-2.5% water-20
mmol/L lithium perchlorate at 1.5 mL/min. The electrochemical
detector was set up in the oxidizing mode at �0.6 mV and full
recorder scale at 10 nA. �-T calculations were performed by area
comparisons with an �(�)-tocopherol standard curve of known con-
centrations.

Protein analysis. Protein contents of cells were determined with
the Bradford reagent. Protein concentrations in lipoprotein prepara-
tions were measured by the Lowry method modified by Markwell et al.
(33). Bovine serum albumin was used as a reference standard.

Statistics. Results are presented as mean � SEM. The significance
of the differences between the means of the experimental groups were
tested using the Student’s t test for unpaired data. A difference was
considered significant at P � 0.05.

RESULTS

Uptake of HDL �-T in ldlA and ldlA[mSR-BI] cells. To
determine whether SR-BI could mediate the cellular uptake of
�-T from HDL, we measured cellular �-T content in trans-
fected cells overexpressing murine SR-BI (ldlA[mSR-BI]) and
their untransfected controls (ldlA-7) after incubation for 5 h
with and without unlabeled apoE-free HDL (Fig. 1). The basal
levels of cellular �-T did not differ between cell types when
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incubated in the absence of HDL. In the presence of HDL,
total �-T content increased 1.3-fold in untransfected cells and
6.1-fold in ldlA[mSR-BI] cells, indicating that SR-BI can
facilitate substantial net cellular uptake of �-T from native
HDL.

Plasma levels and lipoprotein distribution of �-T in SR-
BI-deficient mice. To determine whether the capacity of
SR-BI to mediate cellular uptake of vitamin E from lipopro-
teins influences �-T metabolism in vivo, we compared the
plasma �-T concentration in control and SR-BI knockout
(KO) mice, both of which are on a mixed C57BL/6 � 129/Sv
genetic background. Plasma total �-T concentrations in both
male and female SR-BI-deficient mice were significantly
higher than in their controls littemates (1.1- to 1.4-fold greater;
Fig. 2). Large differences in plasma �-T also were observed when
SR-BI KO mice were compared with nonlittermate controls
(16.2 � 1.6 vs. 4.2 � 1.5 �mol/L, P � 0.0014).

To determine the distribution of �-T among plasma li-
poproteins, we size fractionated plasma samples from control
and SR-BI KO mice by FPLC and measured the amounts of
�-T in each fraction (Fig. 3). In control mice, most plasma

�-T was associated with HDL, with only small amounts de-
tected in the intermediate density lipoproteins (IDL)�LDL
and VLDL fractions. In SR-BI KO mice, most plasma �-T was
found in an abnormally large and heterogeneous peak of HDL
particles, a distribution virtually identical to that previously
reported for plasma cholesterol from SR-BI KO mice (30).

�-T concentrations in nonhepatic tissues of SR-BI-defi-
cient mice. The SR-BI-mediated uptake of HDL �-T in
cultured cells and the increase in plasma lipoprotein �-T in
SR-BI KO mice raised the possibility that SR-BI might play an
important role in delivering lipoprotein �-T to tissues in vivo.
Figure 4 shows the relative concentrations of �-T in several
nonhepatic tissues in control and SR-BI KO mice. The levels
of �-T in the kidney, spleen, and adipose tissue from SR-BI

FIGURE 1 HDL �-tocopherol uptake by ldlA[mSR-BI] and control
untransfected ldlA cells. On day 3 of cell growth, ldlA-7 and ldlA[mSR-
BI] cells were incubated for 5 h at 37°C without and with apoE-free HDL
(150 mg of HDL protein/L). After incubation, cells were removed and
lysed for cell-associated �-tocopherol measurements by HPLC. Data
shown are means � SEM, n � 5. This experiment was repeated four
times with similar results. *Different from cells not incubated with HDL,
P � 0.05.

FIGURE 2 Plasma total �-tocopherol concentrations in male and
female control and SR-BI KO mice. C57BL/6 � 129/Sv control and
SR-BI-deficient littermate mice were deprived of food overnight and
blood was removed for plasma separation. Total plasma was extracted
with methanol and �-tocopherol was measured in extracts by HPLC as
described in the Materials and Methods section. Values are means
� SEM, n � 3–5. *Different from control mice, P � 0.05.

FIGURE 3 Plasma lipoprotein �-tocopherol distributions in control
and SR-BI KO mice. Male C57BL/6 � 129/Sv control and SR-BI-
deficient littermate mice were deprived of food overnight, blood was
removed and plasma was obtained. Plasma lipoproteins of two indi-
vidual mice from each genotype were separated by Superose-6 size
chromatography. FPLC fractions were extracted with methanol and
�-tocopherol concentration was measured and expressed as nmol/
fraction. Approximate elution positions of VLDL, IDL�LDL and HDL are
shown.

FIGURE 4 Tissue �-tocopherol concentrations in control and SR-
BI KO mice. C57BL/6 � 129/Sv control and SR-BI-deficient mice were
deprived of food overnight before harvesting tissues for �-tocopherol
determinations. Tissues were homogenized and extracted and �-to-
copherol was measured by HPLC. While renal, ovarian, testicular,
pulmonary and brain �-tocopherol concentrations were measured in
littermate mice, splenic and epididimal fat �-tocopherol was deter-
mined in nonlittermate animals. Values are means � SEM, n � 3–6.
*Different from control mice, P � 0.05.
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KO mice were not significantly different than those from
controls. In contrast, �-T concentrations in ovarian and tes-
ticular steroidogenic tissues were substantially lower (by
�77%) in SR-BI KO mice than in controls. In addition, the
�-T levels were significantly lower than in controls in the
lungs (64%) and brains (67%) of the SR-BI KO mice. Thus,
SR-BI plays an important role in the transport of �-T to select
tissues.

�-T concentrations in liver and bile of SR-BI-deficient
mice. To assess the influence of SR-BI on �-T metabolism in
the liver, we measured both hepatic and biliary �-T levels in
control and SR-BI KO mice (Fig. 5). There was no significant
difference between the levels of �-T in the livers of control
and SR-BI KO littermates, whereas biliary �-T concentrations
were 74–81% lower in SR-BI-deficient mice than in nonlit-
termate controls. Similar differences in biliary �-T concentra-
tion were obtained when control and SR-BI KO littermates
were compared (results not shown). These data indicate that
SR-BI plays an important role in controlling secretion of �-T
into the bile.

Plasma, biliary and tissue �-T in LDLR-deficient mice.
To evaluate the relative importance of SR-BI and the LDL
receptor in �-T metabolism, we also measured plasma, biliary
and tissue �-T levels in LDLR KO mice and their C57BL/6
controls (see the Materials and Methods section; Fig. 6).
Plasma �-T levels were 2.3-fold higher in LDL receptor-
deficient mice than in controls. In contrast to the significant
effects of SR-BI deficiency on �-T levels in the bile and in
ovaries, testes, lung and brain (Figs. 4 and 5), LDL receptor

deficiency did not influence the steady-state concentrations of
�-T in the bile and in these tissues (Fig. 6). These findings
indicate that LDL receptor expression does not play an essen-
tial role in controlling �-T delivery to these tissues in vivo.

DISCUSSION

This study describes the important role of SR-BI both in
supplying �-T to cells and, consequently, in murine whole-
body �-T homeostasis. We found that SR-BI mediates the
uptake of lipoprotein �-T by cultured cells and that SR-BI
deficiency in vivo increases levels of plasma �-T, decreases
levels of �-T in some tissues (testes, ovary, lung and brain),
but not others (liver, kidney, spleen and fat), and reduces
biliary �-T. These observations strongly suggest that there are
SR-BI-dependent and SR-BI-independent pathways for tissue
�-T uptake and that the relative importance of these mecha-
nisms for maintaining tissue �-T varies among tissues. SR-BI
and the LDLR apparently play different roles in �-T transport
and metabolism, because there were no differences in tissue
�-T concentrations in control and LDL receptor-deficient
mice (14,15 and this study). The effects of SR-BI deficiency on
the amounts (�100% elevation) and lipoprotein distribution
of �-T in the plasma were almost identical to those on plasma
cholesterol (30). Because the changes in plasma cholesterol in
SR-BI KO mice are attributed to loss of SR-BI-mediated
selective uptake [reviewed in (20–23)], the changes in plasma
�-T are also likely to be a consequence of the loss of SR-BI-
mediated selective uptake of this lipid.

This study complements recent work that reported that
overexpression of SR-BI in cultured cells by transfection or
recombinant adenovirus transduction resulted in selective up-

FIGURE 5 Hepatic and biliary �-tocopherol concentrations in
male and female control and SR-BI KO mice. C57BL/6 � 129/Sv
control and SR-BI-deficient mice were deprived of food overnight be-
fore liver and bile sampling for �-tocopherol measurements in methan-
olic extracts. While hepatic �-tocopherol concentration was measured
in littermate mice, biliary �-tocopherol was determined in nonlittermate
animals. Values are means � SEM, n � 3–6. *Different from control
mice, P � 0.05.

FIGURE 6 Total plasma, biliary and tissue �-tocopherol concen-
trations in control and LDLR KO mice. C57BL/6 control and LDLR KO
(in a C57BL/6 background) mice were deprived of food overnight and
plasma and tissues were removed. Samples were extracted for �-to-
copherol determinations as described in the Material and Methods
section. Values are means � SEM, n � 3–6. *Different from control mice,
P � 0.05.
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take of [3H]�-T from lipoproteins (27). Compared with LDL,
HDL-associated �-T is delivered more efficiently to HepG2
and brain endothelial cells (16,17) and to SR-BI-transfected
cells (27). Consistent with these latter findings, murine SR-BI
deficiency had a more substantial effect on the levels of plasma
HDL �-T, than on those of LDL �-T (Fig. 3). Future detailed
analysis of the kinetics of �-T turnover should provide further
insights into the relationship between cholesterol and vitamin
E transport in SR-BI KO and wild-type mice.

Biliary secretion of �-T represents an important pathway
for �-T disposal from the body (4,34). Although the final step
of hepatic transport of �-T from the circulation into the bile
seems to depend on the canalicular mdr2 P-glycoprotein (35),
many of the mechanisms preceding this step, including the
potential role of lipoprotein receptors, have not been well-
defined. Although the role of SR-BI in controlling biliary �-T
levels might be indirect, because of the abnormal lipoprotein
structure in the SR-BI KO mice (30), it seems likely that
SR-BI directly mediates the hepatic uptake of lipoprotein �-T
for subsequent biliary secretion. It seems unlikely that the
reduced biliary �-T was due to decreased �-T absorption by
the intestines without a change in capacity of the liver to take
up �-T from the circulation, because plasma �-T levels were
greater in the SR-BI KO mice than in their controls. Inter-
estingly, the extent of reduction of biliary �-T in SR-BI KO
mice relative to controls (74–81%; Fig. 5) is greater than that
previously found for biliary cholesterol in these mice (reduc-
tion by 55%) (31). These findings indicate that excretion of
�-T into the bile has a greater dependence on SR-BI than does
that of cholesterol and/or that alternative compensatory
mechanisms for �-T and cholesterol homeostasis are differen-
tially expressed in SR-BI-deficient mice.

Despite the substantial effects of SR-BI deficiency on
plasma and biliary �-T concentrations, hepatic �-T concen-
tration was not affected by SR-BI deficiency. These results
raise the possibility that there are SR-BI-independent homeo-
static mechanisms, including those involving uptake from
lipoproteins, that maintain the steady-state levels of �-T in
the liver. These mechanisms presumably contribute to hepatic
�-T supply and compensate for the lack of SR-BI expression in
SR-BI KO mice. In addition, renal, splenic and adipose �-T
concentrations were not affected by SR-BI deficiency, which is
fully consistent with the relatively low level of SR-BI protein
expressed in these tissues in control mice (19,36).

Because �-T can serve as an effective antioxidant [reviewed
in (1–5)], it is possible that metabolic activities of gonadal
tissues (e.g., steroidogenesis in the ovary and testes), lungs and
the brain generate requirements for increased receptor-medi-
ated delivery of HDL �-T that are not shared by the kidney,
spleen and epididimal fat. The decreased concentration of �-T
in gonadal tissues of SR-BI KO mice is consistent with the
normally high expression levels of SR-BI in steroidogenic cells
in control animals [reviewed in (20–23)]. Because type II
pneumocytes in the lungs (26,37), endothelial cells of the
blood brain barrier [(27) and Miranda, S., Mardones, P.,
Leighton, F. & Rigotti, A., unpublished data] and microglia
and astrocytes in the brain (38–40) have all been shown to
express SR-BI in wild-type animals, SR-BI deficiency in these
cell types probably contributes to the lower levels of �-T seen
in these tissues in SR-BI KO mice. Two striking pathologies in
SR-BI KO mice may be influenced by abnormal �-T transport:
accelerated atherogenesis in the context of an atherosclerosis
prone genetic background, apoE deficiency (41), and female
infertility (41) involving production of abnormal oocytes and
preimplantational embryos due to an abnormal lipoprotein
profile (41,42). LDL lipid peroxidation has been proposed to

play a role in atherogenesis and �-T can have either anti-
and/or pro-oxidative activities during radical-triggered LDL
lipid peroxidation [reviewed in (1–5,43–45)]. If not counter-
balanced by other redox-active molecules, increased plasma
�-T concentration in SR-BI KO mice may facilitate �-T-
mediated lipoprotein peroxidation (43–46) in the circulation
or within the artery wall, and, thus, possibly accelerate athero-
genesis. Alternatively, SR-BI, which can be expressed in ath-
erosclerotic lesions (47–49), may be critical for delivering
lipoprotein �-T to the artery wall to serve as a cellular anti-
oxidant (50,51) and/or modulator of intracellular signal trans-
duction (52,53).

Vitamin E is an essential micronutrient for zygote implan-
tation and female fertility in rodents, as can be seen in �-T
transfer protein-deficient mice (51,54,55). Indeed, dietary �-T
(51,55) and antioxidant supplementation (55) can prevent
placental failure and infertility in �-T transfer protein-defi-
cient female mice. In contrast, dietary �-T supplementation
(1000 IU �-tocopheryl acetate/kg of diet) does not restore
fertility to SR-BI KO females (Mardones, P., Rozowski, J.,
Krieger, M. & Rigotti, A., unpublished data). Dietary �-T
supplementation may have been ineffective because tissue �-T
deficiency is not responsible for the infertility of the SR-BI KO
mice, or because adequate amounts of �-T could not be
delivered to key reproductive tissues in the absence of SR-BI.

SR-BI is expressed on both the maternal (e.g., decidual and
trophoblast cells) and embryonic (yolk sac visceral endoderm
and placental chorionic labyrinth) sides of the maternal-fetal
interface during pregnancy (56,57). Thus, it may play a role
during postimplantational embryonic development by control-
ling the transfer of lipoprotein �-T to the growing embryo.
This might contribute to the lower than expected yield of
SR-BI homozygous null mice from matings of male and female
heterozygous null animals (30). Previous studies have shown
that placental �-T concentration increases progressively dur-
ing gestation (58), a process susceptible to oxygen-free radical
damage that requires efficient antioxidant defense mechanisms
for normal intrauterine fetal development (59–61).

�-T deficiency has been associated with oxidative stress
(62) and dysfunction of the central nervous system (e.g.,
human spinocerebelar ataxia and myopathies) (63–68) and
the lungs (69,70). Additional studies will be required to de-
termine whether SR-BI KO mice are predisposed to similar
disorders because of the reduced levels of �-T in their brains
and lungs.

In summary, this study demonstrates that the SR-BI-medi-
ated lipid uptake pathway regulates �-T metabolism in vivo.
The identification of this novel role of SR-BI should contrib-
ute to our understanding of the physiological and pathophys-
iological relevance of this lipoprotein receptor. SR-BI KO
mice represent a new model for selective tissue vitamin E
deficiency and, thus, may be useful for addressing the potential
relevance of �-T, other antioxidants and oxidative stress not
only in atherosclerosis and female infertility, but also in nor-
mal and disease conditions of the biliary tree, lung and central
nervous system.
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