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Patients with Smith–Lemli–Opitz syndrome (SLOS) are born with multiple congenital abnormalities.
Postnatal cholesterol supplementation is provided; however, it cannot correct developmental malformations
due to in utero cholesterol deficit. Increased transport of cholesterol from maternal to fetal circulation might
attenuate congenital malformations. The cholesterol transporters Abca1, Abcg1, and Sr-b1 are present in pla-
centa; however, their potential role in placental transport remains undetermined. In mice, expression ana-
lyses showed that Abca1 and Abcg1 transcripts increased 2–3-fold between embryonic days 13.5 and 18.5
in placental tissue; whereas, Sr-b1 expression decreased. To examine the functional role of Abca1, Abcg1
and Sr-b1 we measured the maternal–fetal transfer of 14C-cholesterol in corresponding mutant embryos.
Disruption of either Abca1 or Sr-b1 decreased cholesterol transfer by �30%. In contrast, disruption of the
Abcg1 had no effect. Treatment of pregnant C57Bl/6 female mice with TO901317, an LXR-agonist, increased
both Abca1 expression and maternal– fetal cholesterol transfer to the fetus. In an SLOS mouse model
(Dhcr72/2), which is incapable of de novo synthesis of cholesterol, in utero treatment with TO901317 resulted
in increased cholesterol content in Dhcr72/2 embryos. Our data support the hypothesis that Abca1, and
possibly Sr-b1, contributes to transport maternal cholesterol to the developing fetus. Furthermore, we
show, as a proof of principle, that modulating maternal– fetal cholesterol transport has potential for
in utero therapy of SLOS.

INTRODUCTION

Cholesterol is essential for proper fetal development. It is
clear that fetal development depends on fetal synthesis of
cholesterol, because fetuses with defects in the de novo cho-
lesterol synthesis are born with congenital abnormalities.
The most common inborn error of cholesterol synthesis
(7-dehydrocholesterol reductase deficiency) is Smith–Lemli–
Opitz syndrome (SLOS). SLOS is characterized by various
congenital malformations, impaired growth, behavioral

abnormalities and mental retardation. The incidence of SLOS
is approximately 1:10 000 to 1:60 000, and SLOS is more
common in individuals of Northern European descent (1).

Currently, only postnatal or late fetal cholesterol supplemen-
tation of SLOS patients is possible (1,2). The human blood–
brain barrier closes to cholesterol transport during early
embryonic gestation (3). Thus, these therapeutic interventions
occur after closure of the blood–brain barrier and therefore
cannot prevent congenital neurological deficits. If, however,
maternal–fetal cholesterol transport could be induced prior
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to closure of the fetal blood–brain barrier, neurological and
behavioral abnormalities might be ameliorated. Recently,
data were published suggesting that high-density lipoprotein
(HDL) particles from SLOS fetuses are better acceptors of
cholesterol than HDL particles from normal fetuses (4),
raising the possibility that if more cholesterol could be trans-
ferred to the fetal circulation the fetus would in fact be
capable of accepting it and circulating it in HDL particles.

The role of maternal–fetal cholesterol transport across the
placenta has been controversial (5); however, evidence support-
ing this pathway has been accumulating. Although some of the
earliest experimental studies using radioactively labeled
cholesterol to trace the transport from maternal to fetal circula-
tion (6–8) were carried out in the 1970s, the molecular mech-
anisms involved in the transport of cholesterol from mother
to fetus have not been sufficiently elucidated. Improving our
knowledge of the molecular mechanisms involved in maternal
cholesterol transport may provide new insights into the pro-
cesses that are essential for normal fetal development, may
explain some of the phenotypic variability observed in SLOS
and may provide a means for prenatal therapy.

Cholesterol transfer between lipoproteins and cells depends
on cholesterol transporters and receptors. ATP-binding cas-
sette transporter A1 (Abca1) is a cellular transmembrane
protein that mediates efflux of cholesterol from cells to lipid
poor apo-A1 and thus contributes to the formation of HDL
particles (9). The ATP-binding cassette transporter G1
(Abcg1) belongs to the same family of transporters. Although
less extensively studied, Abcg1 appears also to be involved in
efflux of cholesterol from cells; however, in this case, the
acceptors of the cholesterol are HDL2 and HDL3 particles
(10). Scavenger receptor class B type 1 (Scarb1, hereafter
Sr-b1) is a multi-ligand receptor that is capable of mediating
cellular uptake of cholesterol from HDL-particles (11,12), as
well as cholesterol efflux from cells (13,14).

Abca1, Abcg1 and Sr-b1 mRNAs are all expressed in mouse
placenta (15–17). Immunohistological studies have localized
ABCA1 to syncytiotrophoblasts, and fetal endothelial cells
in human term placenta; thus, ABCA1 faces both the maternal
and the fetal circulation (18). SR-B1 mRNA was identified in
human first trimester and term trophoblast preparations (19),
and the Sr-b1 protein was localized to the maternal side of
the labyrinth in embryonic day (E)12.5 murine placenta
(16). The cellular localization of Abcg1 in placenta has not
been described.

Expression of both Abca1 and Abcg1 is regulated by the
liver-X-receptor transcription factors (LXRs) (20,21). The
LXRs belong to the nuclear receptor family, and regulate
cholesterol metabolism (22). LXRs control gene expression
by forming hetero-dimers with retinoid-X-receptors that bind
to the LXR-response-elements of their target genes (23,24).
Both LXR subtypes, LXR-a and LXR-b, are expressed in
placenta (25,26). Plosch et al. (27) have previously proposed
that placental cholesterol transport might be modulated by
LXRs; however, this hypothesis is currently based on
limited in vitro data (26,28).

In the present study we seek to gain insight into novel ways
to alleviate the cholesterol deficiency in developing fetuses
with SLOS, by studying the role of Abca1, Abcg1 and Sr-b1
in maternal–fetal cholesterol transport. We have characterized

the temporal expression of Abca1, Abcg1 and Sr-b1 in murine
placentas, and using Abca1, Abcg1 and Sr-b1 deficient mice
we tested the functional role of these proteins in maternal–
fetal cholesterol transport. Finally, we have increased placen-
tal expression of Abca1 and Abcg1 by treatment of pregnant
females with an LXR-agonist, and we have investigated
the therapeutic potential of these agonists in a SLOS mouse
model.

RESULTS

Phenotype

We observed no evidence of decreased viability for either
Abca12/2 or Abcg12/2 embryos. Genotypic distributions in
offspring from crosses of heterozygous males and females
(þ/þ: þ/2: 2/2) were 6:11:8 and 8:17:8 for Abca1 and
Abcg1, respectively. In addition, both fetal and placental
weights did not differ between control, heterozygote and
mutant Abca1 (Fig. 1A and B) or Abcg1 (Fig. 1C and D)
embryos. Although Sr-b12/2 embryos were of normal
weight (Fig. 1E), placental weight was decreased by 25%
compared with control embryos (Fig. 1F). In addition, a
lower than expected number of Sr-b1 mutant embryos were
found (genotypic ratio of 13:17:5).

Figure 1. Fetal and placental weights. Fetal (A) and placental (B) weights
from Abca1þ/2 crosses, n ¼ 6, 11 and 8 for controls, heterozygote and
mutants, respectively. Fetal (C) and placental (D) weights from Abcg1þ/2

crosses, n ¼ 9, 11 and 7 for controls, heterozygote and mutants, respectively.
Fetal (E) and placental (F) weights from Sr-b1 þ/2 crosses, n ¼ 6, 11 and 5 for
controls, heterozygote and mutants, respectively. ANOVA �P , 0.01, Dunnets
multiple comparison test, P , 0.01 when comparing Sr-b1þ/þ with Sr-b12/2.
Values percent of mean of þ/þ within each litter.
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Expression

Expression of Abca1, Abcg1 and Sr-b1 was studied in placen-
tal tissue between E13.5 and E18.5. Abca1 expression
increased during gestation, starting at E15.5 and increasing
by over 2-fold between E16.5 and 18.5 (Fig. 2A). A similar
increase in Abcg1 expression was observed during gestation
(Fig. 2B). In contrast, Sr-b1 expression decreased after
E13.5 (Fig. 2C). In placentas derived from Abca1 (Fig. 2
D–F), Abcg1 (Fig. 2 G– I) and Sr-b1 (Fig. 2 J–L) mice the
expression of the disrupted gene was, as expected, decreased
significantly in the mutant compared with control placentas.
However, no compensatory increases were observed.

Cholesterol transfer studies

Mouse lipoproteins were labeled by equilibration of
14C-labeled cholesterol into mouse serum. Under the con-
ditions used, rapid labeling of all lipoprotein fractions is
expected (29). On E13.5, pregnant female mice were injected
with labeled serum, and on E16.5 placental and fetal tissues
were harvested. Maternal–fetal transfer of 14C-cholesterol
was reduced by 31% (P , 0.0001) in Abca12/2 embryos
compared with either Abca1þ/2 or Abca1þ/þ embryos
(Fig. 3A). Similarly, we observed a 29% (P , 0.003) reduc-
tion in maternal–fetal 14C-cholesterol transport in Sr-b12/2

embryos compared with Sr-b1þ/2 or Sr-b1þ/þ embryos

Figure 2. Abca1, Abcg1 and Sr-b1 expression in placental tissue. Fold change of mRNA expression in mouse placentas. Expression of Abca1 (A), Abcg1 (B) and
Sr-b1 (C) during gestation from E13.5 to E18.5. n ¼ 4 from same litter for each time point. Data are normalized to E13.5 expression levels. The average CT- values for
E13.5 placenta were 25.7, 24.1 and 24.2 for Abca1, Abcg1 and Sr-b1, respectively. Expression of Abca1, Abcg1 and Sr-b1 in placentas from Abca1þ/þ and Abca12/2

fetuses, n ¼ 2 and 4 (D–F); from Abcg1þ/þ and Abcg12/2 fetuses, n ¼ 7 and 6 (G–I) and from Sr-b1þ/þ and Sr-b12/2 mutants, n ¼ 7 and 5 (J–L). Values are fold
change compared with mean of þ/þ.
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(Fig. 3C). Abcg1 deficiency did not affect the transport of
14C-cholesterol from mother to fetus (Fig. 3B).

LXR-agonist treatment

Pregnant C57Bl/6 females were treated daily from E11.5 to E15.5
with 40 mg TO901317/kg bodyweight or with vehicle. On E13.5,
the females were injected with 14C-labeled cholesterol equili-
brated in control mouse serum. Maternal blood, placenta and
fetal tissues were collected at E16.5. Placental expression of
Abca1 and Abcg1 increased approximately 2-fold (P , 0.0001
for both) in the TO90131-treated animals compared with vehicle-
treated controls (Fig. 4A and B), and the transport of
14C-cholesterol from mother to fetus was increased 25% (P ,
0.005) in TO90131-treated animals (Fig. 4C).

To investigate whether an LXR agonist, such as TO901317,
could have potential therapeutic utility in SLOS, we studied
the efficiency of TO901317 to promote maternal–fetal choles-
terol transport in Dhcr7 mutant embryos. For this experiment
pregnant females were treated with 20 mg/kg/d of TO901317
from E10.5 to E15.5. Control mice were treated with a similar

volume of vehicle without drug. For these experiments we
reduced the dose, but increased the period of administration
of TO901317 in attempt to minimize maternal hepatosteatosis
observed in the previous experiments using 40 mg/kg/d and
thereby keeping the physiology of the female as normal as
possible.

Although the amount of TO901317 was reduced, a similar
induction of Abca1 and Abcg1 expression was observed
(Fig. 5A and B). Cholesterol mass was assessed by gas
chromatography/mass spectrophotometry. Consistent with
the increased maternal–fetal 14C-cholesterol transfer observed
in TO901317-treated mice described earlier, we observed a
30% increase (P ¼ 0.001) in fetal cholesterol content in
Dhcr7 mutant embryos from females treated with LXR
agonist (Fig. 5C).

DISCUSSION

The present study suggests that Abca1 is involved with choles-
terol transport from the maternal to the fetal circulation. This

Figure 3. Maternal–fetal cholesterol transfer. (A) 14C-cholesterol transfer
from mother to fetus in Abca1 pregnancies. Abca1þ/þ, n ¼ 6, Abca1þ/2,
n ¼ 11, and Abca12/2, n ¼ 10, from four litters; �P , 0.0001, unpaired
t-test. (B) 14C-cholesterol transfer from mother to fetus in Abcg1 pregnancies.
Abcg1þ/þ, n ¼ 8, Abga1þ/2, n ¼ 11 and Abcg12/2, n ¼ 7; from three litters;
P ¼ 0.08, unpaired t-test. (C) 14C-cholesterol transfer from mother to fetus in
Sr-b1 pregnancies. Sr-b1þ/þ, n ¼ 6, Sr-b1þ/2, n ¼ 11 and Sr-b12/2, n ¼ 5,
from four litters (Sr-b12/2 in two litters); �P , 0.003, unpaired t-test.
Values are percent of mean of þ/þ and þ/2 within each litter. þ/þ and
þ/2 did not differ significantly for any of the genotypes.

Figure 4. Effect of LXR-agonist treatment on maternal–fetal cholesterol
transfer. Placental gene expression in C57Bl/6-mice treated with LXR-agonist.
Fold change in mRNA expression compared with the mean control value.
Controls: n ¼ 18, six pups from three litters; LXR-treated: n ¼ 24, six pups
from four litters. (A) �Abca1, P , 0.0001; (B) �Abcg1, P , 0.0001, both
unpaired t-test. Values are percent of mean for the controls. (C) The effect
of LXR-agonist treatment on 14C-cholesterol transfer from mother to fetus.
Values are 14C-cholesterol in fetuses in relation to 14C-cholesterol in maternal
blood on E 16.5 and standardized to mean of controls. Controls: n ¼ 6 from
two litters; TO901317 treated: n ¼ 9 from three litters, �P ¼ 0.005, unpaired
t-test.
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may possibly also be true for Sr-b1. Both genes are expressed
in placental tissue, and disruption of either gene reduces
maternal–fetal cholesterol transport by about a third. In
addition, both placental Abca1 expression and maternal–
fetal cholesterol transport were increased in mice treated
with an LXR agonist. Although previous studies have reported
placental malformation, increased in utero mortality and
decreased fetal weight in Abca12/2 placenta (15,30–32), we
did not observe this. In our mouse line fetal weight and viabi-
lity were normal, thus it is unlikely that the decreased
maternal–fetal cholesterol transport observed in Abca1
mutant embryos was due to placental insufficiency. These
observed differences might be a function of genetic back-
ground. Because increased fetal loss and decreased fetal
weight were observed in Sr-b1 mutants, we cannot exclude
that the decrease in maternal–fetal cholesterol transport was
due to placental insufficiency. Another potential variable
was that we used probucol, as previously reported (33,34),
to maintain Sr-b1 pregnancies. There are two potential con-
founding issues in using mouse models for placental studies.
First, unlike the mouse, where the yolk sac persists during ges-
tation (35), the yolk sac probably only plays a role in transfer
of nutrients during the first 2–3 weeks in humans (36). Sr-b1

is expressed in mouse yolk sac on the membranes facing the
maternal blood at E10.5 and E12.5 (16), but no data are
available with respect to Abca1 and Abcg1 expression. Secondly,
structural differences in placental anatomy exist between mice
and humans. The functional unit where fetal and maternal
blood circulate to exchange gases and nutrients is in humans
shaped as a villous tree, whereas the analogous structure in
the mouse has the shape of a labyrinth. Furthermore, the tro-
phoblasts facing the maternal blood consists of one layer in
humans, but three layers in mice (37). Thus, one must keep
in mind that the present studies were done in mice, and
future work will be necessary to confirm applicability to
human maternal–fetal cholesterol transport.

In contrast to the results obtained for Abca1; although
Abcg1 expression increased during gestation similar to what
was observed for Abca1, maternal–fetal cholesterol transport
was not impaired in Abcg12/2 embryos. This result, in
addition to the lack of compensatory gene expression reported
in other studies (32,38), suggest that Abcg1 does not play a
major role in placental cholesterol transport between E13.5
and E18.5. However, Abca1 and AbcG1 often act synergisti-
cally in cholesterol transport (32,38,39) and Abcg1 expression
is increased in LXR-treated placenta. Thus, we cannot con-
clude that Abcg1 does not act synergistically with Abca1 in
the LXR-treated mice.

Patients with SLOS have a deficiency of 7-dehydrocholesterol
reductase activity. This results in impaired cholesterol synthesis.
The deficiency of cholesterol contributes to various congenital
malformations, growth retardation, learning disabilities and
autistic traits (1). Current therapeutic interventions are limited,
because they do not address the in utero cholesterol deficit.
Increasing the supply of exogenous cholesterol to the fetus
might attenuate or even prevent developmental malformations
in these fetuses. To test this hypothesis we investigated the
potential of LXR agonists to increase the expression of Abca1.
Previous data show that LXR-agonists increases Abca1 and
Abcg1 transcription in various other cell types (40–42), but
their effect in placenta has not been studied. LXRs regulate tran-
scription of Abca1 and Abcg1 in macrophages resulting in
increased cholesterol efflux and reduced atherosclerosis (43).
Current LXR agonists, including TO901317, affects various
target genes and various tissues; among these the liver. Via acti-
vation of sterol response element binding protein 1-c and fatty
acid synthetase hepatic triglyceride synthesis is enhanced result-
ing in hypertriglyceridemia and hepatic steatosis (44). Thus, the
data we present in this paper represent a proof-of-principle, and
an actual therapeutic trial in humans would depend on the devel-
opment of more selective LXR agonists, with a more restricted
pattern of gene induction or development of drugs that specifi-
cally modulate ABCA1 expression. Because of the beneficial
effects on the cholesterol content of macrophages, there is
great interest in development of LXR drug agonists for the pre-
vention and treatment of atherosclerosis. Thus, future LXR ago-
nists may be developed that would have potential for in utero
therapy of SLOS.

Treating pregnant mice with TO901317, an LXR agonist,
upregulated expression of both Abca1 and Abcg1 in placental
tissue, and functionally increased maternal–fetal cholesterol
transport. LXR agonists modulate the expression of multiple
genes involved in cholesterol transport, synthesis and

Figure 5. Increased cholesterol content in Dhcr72/2 fetuses by maternal
LXR-agonist treatment. Placental gene expression in Dhcr7-mice treated
with LXR-agonist. Fold change in mRNA expression compared with the
mean control value. Mutant controls: n ¼ 11; mutant TO901317 treated:
n ¼ 11. (A) �Abca1, P ¼ 0.0003. (B) �Abcg1, P , 0.0001, both unpaired
t-test. (C) The effect of LXR-agonist treatment on cholesterol content of
Dhcr72/2 fetuses. Mutant controls: n ¼ 7; mutant TO901317 treated: n ¼ 7;
�P ¼ 0.001, unpaired t-test.
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homeostasis. Among these LXR agonists modulate the
expression of ApoE in mice (45). ApoE is expressed in both
mouse and human placenta (46,47), thus modulation of
ApoE expression or isotype could play a role in fetal choles-
terol transport. In SLOS, the fetal phenotype appears to be
influenced by the maternal ApoE isotype (48). Future work
should focus on the potential role that ApoE may be playing
in maternal–fetal cholesterol transport.

Based on these results from LXR treatment in control mice,
we explored the possibility that LXR agonists could increase
cholesterol transfer to Dhcr72/2 embryos, and we found
that TO901317 treatment could significantly increase choles-
terol content in Dhcr7 mutant embryos. Although the treated
embryos still have a cholesterol deficit, these experiments
provide a proof-of-principle that upregulation of maternal–
fetal cholesterol transport may provide a means of in utero
therapy. The SLOS mouse model used in this study has no
residual Dhcr7 activity. This is in contrast to the majority of
SLOS patients, who have hypomorphic mutant alleles with
residual enzymatic function (49). It is plausible that increasing
maternal–fetal cholesterol transport, even to a relatively small
degree, in this situation could have a significant clinical
impact.

In summary, the data from the present study suggest that
Abca1, and possibly Sr-b1, are involved in cholesterol trans-
port from mother to fetus. In addition, they suggest that it
may be possible to increase the expression of Abca1 in pla-
centa and thereby the transfer of cholesterol to Smith–
Lemli–Opitz fetuses. Whether or not such treatment will be
effective in humans and can mitigate the SLOS phenotype
awaits further studies.

METHODS AND MATERIALS

Animals, husbandry and sample collection

Mice were housed under controlled condition with a 12/12 h
light/dark cycle. All experiments were approved by the Animal
Care and Use Committee of the NHLBI (#H-0022), or NICHD
(# 06–021), NIH. Abca1þ/ – mice (DBA/1-Abca1tm1Jdm/J) (30)
and Sr-b1þ/ – mice (B6;129S2-Scarb1tm1Kri/J) (50) were
obtained from Jackson Laboratories, Bar Harbor, ME, USA.
Abcg1þ/2 mice were obtained from Deltagen Inc., San Carlos,
CA (51). C57Bl/6 were obtained from Jackson Laboratories.
For genotyping of Abca1 mice, the primer set:
50-CCTCCAGCCTATTCCTTTCTC-30 and 50-GTGCAATC
CATCTTGTTCAATC -30 were amplifying the mutant allele,
whereas the primer set: 50-TGGGATCATCTCTGTCTCCT
TT-30 and 50-TCCTGAGGTAGATCTTGGGAGA-30 were
amplifying the wild-type allele. For genotyping of the Sr-b1
mice the primer set: 50-CTTGGGTGGAGAGGCTATTC-30

and 50-AGGTGAGATGACAGGAGATC-30 were amplifying
the mutant allele, whereas the primer set: 50-CGTCTCCT
TCAGGTCCTGAG-30 and 50-CATGAGGATCATGACAACG
C-30 were amplifying the wild-type allele. For genotyping of
Abcg1 mice, the primer set: 50-GGG CCA GCT CAT TCC
TCC CAC TCA T-30 and 50-GTG AGC AGA GCT TCT GGT
AGC AAA C-30 were amplifying the mutant allele, whereas
the primer set: 50-GGG ATC TCT GGG AAA TTC AAC
AGT G-30 and 50-GTG AGC AGA GCT TCT GGT AGC

AAA-30 were amplifying the wild-type allele. Dhcr7 mice
were genotyped as previously described (52).

Heterozygous Abca1, Abcg1, Sr-b1 and Dhcr7 mice were
intercrossed to obtain mutant fetuses and placentas. The date
of the vaginal plug was designated E0.5. Placentas from
C57Bl/6 mice were harvested on day E13.5, E14.5, E15.5,
E16.5, E17.5 and E18.5 for expression analysis and rapidly
frozen on dry ice. Sr-b1þ/2 females were maintained on
mouse chow supplemented with probucol (33).

Expression analysis

RNA was extracted from tissues, using an RNAeasy Mini Kit
(Qiagen, cat.no. 74106). RNA (100 ng) was reverse tran-
scribed, using a High-Capacity cDNA Archive kit (Applied
Biosystems, cat.no. 4368813), as per manufacturer’s protocol.
Quantitative PCR assays were performed, using Abca1, Abcg1
and Srb1 Assays on Demand from Applied Biosystems.
Analysis was performed on an ABI Prism 7000 or ABI
7300. All assays were validated, performed in triplicate and
normalized to Gapdh. Fold-change relative to control levels
was determined, using the DDCt method.

Fetal cholesterol uptake

Ten microcuries of 14C-cholesterol in 100 ml toluene
(GE-healthcare, cat.no. CFA128-250UCI) was evaporated
under nitrogen and redissolved in 200 ml mouse plasma with
1% ethanol at 378C for 1 h. Pregnant mice were anaesthetized
with Avertin [2, 2, 2-tribromoethanol (Sigma-Aldrich,
cat.no.T4840-2); 2.5% solution, 0.0125 ml/g of bodyweight]
on E13.5, an incision was made over the saphenous vein and
the 14C-cholesterol containing plasma was injected. At
E16.5, the females were euthanized and both fetal and placen-
tal tissues were harvested.

Cholesterol from the whole fetus was extracted using a
modified version of a Folch extraction. Briefly, fetal tissue
was homogenized in chloroform/methanol (2:1) (19 ml/mg)
and extracted for 4 h at 258C. The solvent was washed with
0.2 volume of 0.9% NaCl solution; the tubes were shaken
and maintained at 48C overnight to allow the phases to separ-
ate. The organic phase was isolated and evaporated under
nitrogen. The extract was resuspended in Cholesterol Assay
buffer (Cholesterol Quantitation Kit, Biovision, cat.no:
K603-100) with 1% Triton-X 100. Scintillation counting was
performed to quantify the amount of 14C-labeled cholesterol
in the fetus. Total cholesterol mass was measured as per man-
ufacturer’s protocol, using a cholesterol/cholesteryl ester
quantitation kit (Cholesterol Quantitation Kit, Biovision) in
order to validate the cholesterol extractions. Cholesterol
uptake was calculated as CPM/mg tissue and standardized to
the mean of control values.

LXR treatment studies

C57 Bl/6 females were treated daily from E11.5 to E15.5
with 40 mg of TO901317 (Sigma-Aldrich, cat. No. T2320)/kg
body weight by gavage. The drug was dissolved in DMSO
at a concentration of 25 mg/ml and mixed with 1� PBS
with 0.75% hydroxypropylmethyl-cellulose (Sigma-Aldrich,
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cat.no.H-8384), 1:2 vol/vol. The controls were treated with a
similar volume of vehicle only. On E13.5, pregnant mice
were injected with 10 mCi of 14C-cholesterol/30 g of body-
weight as described earlier. On E16.5, the females were anaes-
thetized, maternal blood and placental and fetal tissues were
collected and rapidly frozen on dry ice. Dhcr7þ/2 mice were
intercrossed and pregnant mice were treated daily from E10.5
to E15.5 with 20 mg of TO901317/kg. Placental and fetal
tissues were harvested on E16.5. For sterol analyses, sample
preparation was carried out as previously described by Kelley
with slight modifications (53). Briefly the samples were
weighed then homogenized in PBS. Twenty micrograms of
coprostan-3-ol (Sigma-Aldrich, cat.no: C7578-10MG) was
added to each sample as a surrogate internal standard. The
samples were saponified in 4% KOH in 100% ethanol for 1 h
at 608C, extracted with an equal volume of ethyl acetate and
centrifuged for 5 min at 640g. The organic phase was
removed and blown to dryness under nitrogen. The samples
were derivatized with Bis-trimethylsilytrifluoroacetamide
(BSTFA) plus 1% Trimethylchlorosilane (TMCS) (Pierce,
cat.no: 38831) for 1 h at 608C. The derivatized samples were
injected onto a gas chromatogram/mass spectrometer (Finnigan
Trace DSQ) utilizing a ZB-1701, 30 m�0.25 mm�0.25 mm
column (Phenomenex). On injection the oven temperature
was 1708C and ramped at 218C per min to 2508C then
ramped at 38C per min to 2908C. Total amounts of cholesterol
and 7DHC were determined based on comparison to the surro-
gate internal standard coprostan-3-ol.

Statistical analysis

Data are reported as mean+standard deviation. Unless other-
wise specified, P , 0.05 was considered significant. ANOVA
with appropriate post-test or unpaired t-test was used as
indicated.
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