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Abstract

Recent studies have highlighted the importance of the liver receptors a and 3
(LXRa and LXR) in lipid homeostasis in liver, intestine and macrophages. The
adipocyte also plays a central role in lipid metabolism, however, comparatively little is
known about the function of LXRs in this cell type. Both LXRs are highly expressed in
fat and the expression of LXRa increases during adipogenesis. Furthermore, previous
work has shown that LXRa expression is induced by PPARY, the master regulator of fat
cell differentiation. In the present study, we investigate the role of LXRs in adipocyte
differentiation and adipogenic gene expression and their potential cross-talk with the
PPARY pathway. We demonstrate that synthetic LXR agonists have no significant effect
on the differentiation of 3T3-F442A or 3T3-L1 preadipocytes in vitro, and do not alter
the expression of differentiation-linked PPARY target genes in vivo. Moreover, retroviral
expression of LXRa in NIH-3T3 cells does not alter the adipogenic potential of these
cells, and neither augments nor inhibits the ability of PPARY to trigger differentiation.
Microarray analysis of the effects of synthetic LXR agonist in cultured adipocytes reveals
that LXRs are important regulators of adipocyte gene expression. We identify the
multifunction lipid carrier protein apolipoprotein D (apoD) and the lipogenic protein Spot
14 as novel LXR responsive genes both in vitro and in vivo. Finally, we show that LXR
controls apoD expression through direct binding of LXR/RXR heterodimers to an LXR
response element in the apoD promoter. Thus, although LXRs do not influence
adipocyte differentiation per se, these receptors are likely to play an important role in the

modulation of lipid metabolism in adipocytes.
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Introduction

Adipose tissue plays a central role in energy homeostasis, storing energy in times
of nutritional abundance and releasing it in times of nutritional deprivation (1). Obesity,
the excessive accumulation of adipose tissue, is an established risk factor for heart
disease and non-insulin-dependent diabetes mellitus (NIDDM). On the other hand
lipodystrophy, too little adipose tissue, also results in diabetes and aberrant lipid
metabolism. Therefore, proper regulation of adipogenesis is required not only for
appropriate lipid storage, but also for systemic energy and lipid homeostasis. Indeed,
alterations in triglyceride storage and fatty acid release in adipose tissue have been shown
to affect glucose metabolism in other tissues such as liver and skeletal muscle (2).
Elucidating the regulatory pathways that control adipocyte differentiation is likely to
identify novel opportunities for intervention in metabolic diseases.

Over the past ten years, several key regulators of adipogenesis have been
identified. These include the nuclear receptor PPARY and members of the C/EBP family
of transcription factors (3, 4). Extensive investigation of PPARY has established an
essential role for this protein in both adipogenesis and adipocyte function. Ectopic
expression of PPARY is sufficient to drive the adipogenic program and loss of PPARYy
expression renders cells incapable of becoming adipocytes (5-8). In addition, PPARYy has
been shown to regulate the expression of several secreted cytokines, including leptin and
adiponectin, which display systemic effects as signaling molecules (3, 9). While the role
of PPARY in adipose tissue has been firmly established, other factors working
independently or in conjunction with PPARy remain to be identified.

The liver X receptors (LXR) a and 3 are oxysterol activated nuclear receptors
with largely overlapping functions. Studies in macrophages have identified a number of
genes involved in reverse cholesterol transport efflux whose expression is controlled by
LXR, including ABCA1, ABCGI, apoE, LPL and PLTP (reviewed in (10)). In the liver,
LXR has been shown to regulate expression of CYP7A1, the rate limiting enzyme in
conversion of cholesterol to bile acids, and SREBP-1c and FAS, important lipogenic
proteins (11-14). Recently, LXR has also been implicated in control of glucose

metabolism in the liver through regulation of glucokinase and gluconeogenic enzymes,
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such as PEPCK (15-17). Thus, LXRs appear to play an important role in both lipid and
glucose homeostasis.

While LXRf is ubiquitously expressed, LXRa has a more restricted expression
pattern. In addition to macrophages and liver, LXRa is also highly expressed in adipose
tissue and its expression increases during adipogenesis and is regulated by PPARYy (18-
21). However, the function of LXRs in adipose tissue is poorly understood. In fact,
conflicting reports have suggested that LXRs function as both positive and negative
regulators of adipocyte differentiation and lipid accumulation (18, 19). In the present
study we have used retroviral expression systems and synthetic ligands to probe the
function of LXR 1in fat cells. We demonstrate that expression and ligand activation of
LXRa has no significant effect on adipogenesis or lipid accumulation, and does not
modulate the adipogenic activity of PPARy. However, the identification of novel LXR
adipocyte target genes in cultured cells and in vivo points to an important role for LXR in

adipose tissue function that is distinct from PPARY.
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Materials and Methods

Reagents and Stable Cell Lines

GW3965, GW7845, and T0901317 were provided by Jon Collins and Timothy Wilson
(GlaxoSmithKline). Ligands were dissolved in dimethyl sulfoxide (DMSO) before use in
cell culture. Expression constructs containing full length cDNAs for PPARy and LXRa
(22, 23) were packaged into retrovirus by transient transfection of Phoenix E cells as
previously described (6). NIH-3T3 cells were infected at 50% confluence with
approximately equal titers of virus. Stable cell lines were selected with either 2 ug/ml
puromycin or 50 ug/ml hygromycin. For cell lines expressing both PPARy and LXRa,
hygromycin resistant PPARYy cell lines were first selected and subsequently infected with

puromycin LXRa expression vector.

Cell Culture

3T3-L1, 442A and NIH-3T3 cell lines were maintained in DMEM containing 10%
bovine calf serum (CS). 3T3-L1 cells were differentiated by treatment at confluence with
dexamethasone (1uM), methylisobutylxanthine (0.5 uM), and insulin (5ug/ml), in
DMEM containing 10% fetal bovine serum, for 2 days. Cells were subsequently cultured
in DMEM containing 10% fetal bovine serum and insulin. 442A cells were differentiated
as described for 3T3-L1 cells without addition of differentiation cocktail. For time
course studies, ligand was first added at confluence and media with fresh ligand was
added every 1-2 days. For gene expression studies in fully differentiated adipocytes,
cells were differentiated into mature adipocytes (8-10 days) and subsequently treated
with ligand for 24 hours. Stably expressing NIH-3T3 cell lines were switched to DMEM

containing 10% fetal bovine serum at confluence and treated with ligand for 24 hours.

RNA Analysis

RNA was isolated using Trizol reagent (Life Technologies, Inc.). Sybrgreen and Tagman
real-time quanitative PCR assays were performed using an Appied Biosystems 7700
sequence detector as described (20). Results show averages of duplicate experiments

normalized to 36B4. Primer and probe sequences are available on request.
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Animals

10 week old female C57B1/6 mice were maintained on standard rodent chow, and
gavaged daily with GW3965 (20 mg/kg/day) or vehicle (0.5% methylcellulose) for three
days prior to sacrifice. All mice were sacrificed during mid-light cycle after a 12-hour
fast. All mice received their final dose of GW3965 by gavage 2-4 hours prior to
sacrifice. Tissues were harvested for RNA with Trizol reagent. Animal experiments
were approved by the Institution Animal Care and Research Advisory Committee of the

University of California, Los Angeles.

DNA Microarray Analysis

Differentiated 3T3-L1 adipocytes were cultured in DMEM containing 10% FBS, insulin
and either vehicle or GW3965 (1 uM) for 24 hrs. Total RNA was isolated using Trizol
reagent and further purified with a Qiagen RNeasy total RNA isolation kit. Total RNA
was reverse transcribed using a T7-(dT)24 primer (Genset Corp.) and the Superscript

Choice system (Life Technologies). Biotin-labeled cRNA was generated using a bioarray

high-yield transcript labeling kit (Enzo). Fragmentation of cRNA was performed using
40 mM Tris-acetate (pH 8.1), 100 mM potassium acetate, and 30 mM magnesium acetate
at 94°C. Samples were hybridized to Affymetrix murine U74Av2 microarrays and
visualized by the PAN Facility at Stanford University. The results of the microarrays

were analyzed with Genespring and GeneChip Analysis Suite software (Affymetrix).

Electrophoretic mobility-shift assays

DNA binding was analyzed using a radiolabeled oligonucleotide probe corresponding to
the LXRE from the human apoD promoter. Competitor oligonucleotides were added at
5- or 25-fold molar excess (rat CYP7A oligonucleotide added only at 25-fold molar
excess). The binding reactions were resolved on a pre-electrophoresed 0.25 X TBE, 4%
polyacrylamide gel at room temperature. Human LXRa and RXRa proteins were
synthesized from pSG5-h LXRa and RXRa using the TNT T7 coupled reticulocyte
system (Promega. Madison, WI). The oligonucleotides used were as follows (sense

strand only, with overhang and mutated nucleotides in lower case and underlined,
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respectively: Rat CYP7A1; 5°-gatcCTTTGGTCACTCAAGTTCAAGT-3’, apoD LXRE;
5’- agctGGTGGATCACCTGAGGTCAGGA-3’, Mut apoDLXRE;
5’- agctGGTGGCACACCTGAGAACAGGA-3’.

Transfection Assays

HEK 293 cells were plated in 96-well plates at a density of 25,000 cells per well in high
glucose DMEM supplemented with 10% charcoal/dextran-treated FBS (HyClone
Laboratories, Logan, UT). Transfection mixes contained 2 ng of expression vector
(containing full length human LXRa or RXRa) and 8 ng of ApoDx3-tk-luciferase. A
Renilla luciferase construct was added to the transfection mix to provide an internal
control for transfection efficiency (carrier DNA was used to bring the total DNA per
transfection to 65 ng/well). Transfections were performed with Fugene transfection
reagent (Roche, Nutley NJ) in OPTI-MEM medium (Life technologies) according to
manufacturer’s instructions. The lipid to DNA ratio used in the transfections was 4/1.
Cells were incubated in the transfection mix for 24 hr followed by an additional 24 hr in
DMEM supplemented with 10% charcoal-stripped and delipidated serum (Sigma, St.
Louis, MO) +/- 1 uM LG100268, 1 uM T0901317, or both. At the end of the incubation,
reporter activities were measured using a Stop-and-Glow dual luciferase assay kit

according to manufacturer’s instructions (Promega, Madison WI).
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Results

Based on the role of LXRs in lipid metabolism and the expression pattern of
LXRa during adipogenesis we investigated the impact of LXR signaling on adipocyte
differentiation. 3T3-L1 preadipocytes were treated at confluence for 9 days with a
differentiation cocktail (see Materials and Methods) and vehicle or nuclear receptor
ligands as indicated (Figure 1). Oil-red-O staining revealed that treatment with the
synthetic LXR agonist GW3965 had no significant effect on lipid accumulation and
morphologic differentiation when compared with control cells (Figure 1). In contrast,
treatment with the PPARY specific ligand GW7845 resulted in a marked potentiation of
lipid accumulation and differentiation as expected. Treatment of cells with LXR agonist
in combination with PPARYy agonist neither enhanced nor diminished the effect of PPARY
ligand alone. Similar results were obtained with the structurally unrelated LXR agonist
T1317 (data not shown). LXR ligands also had no effect on the differentiation of 3T3-
F442A adipocytes (data not shown). Thus, under the conditions used here, LXR
activation has no significant effect on lipid accumulation or morphologic differentiation
of murine preadipocytes in vitro.

To confirm these observations on a molecular level, we examined the expression
of adipocyte differentiation-linked genes in preadipocyte cell lines. 3T3-L1 and 3T3-
442A cells were treated with GW3965 (LXR) and/or GW7845 (PPARY) ligands
throughout the differentiation time course as above. RNA was isolated and gene
expression analyzed at 3, 5 and 9 days post confluence. LXR agonist had no significant
effect on expression of the adipocyte genes aP2 and LPL in either 3T3-L1 cells (Figure
2A) or 3T3-442A cells (Figure 2B). As expected, GW7845 strongly enhanced expression
of these differentiation markers. The very slight reduction in expression of aP2 and LPL
in 3T3-L1 cells in the presence of both GW7845 and GW3965 (Figure 2A) was not
statistically significant and not reproducible in three independent experiments. The LXR
signaling pathway is functional in these cells, however, because established LXR target
genes such as ABCAT1 were increased by GW3965 as expected (data not shown and see
below). Furthermore, expression of LXRa itself increased during differentiation and was

modestly increased by PPARY ligand in both cell lines.
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We next employed a defined system to examine the effect of ectopic expression
of LXRa on the adipogenic potential of NIH-3T3 cells. These cells express LXRf, but
not LXRa (22). NIH-3T3 cells do not normally undergo adipogenesis, but can be
induced to accumulate lipid and undergo and adipocyte conversion when PPARY is
ectopically expressed (6). We transduced NIH-3T3 cells with retroviral expression
vectors for LXRa, PPARY or both (see Materials and Methods). Stable cell lines were
isolated and then treated at confluence with LXR and/or PPARY ligands. A low level of
LXR ligand responsiveness was observed in control cell lines due to the presence of
endogenous LXRp (Figure 3). Expression of the LXR target gene ABCA1 was increased
by the expression of LXRa, and further induced in response to LXR ligand, confirming
that LXR signaling was activated. However, in agreement with our results in 3T3-L1 and
F442A cells, expression and activation of LXRa did not significantly affect mRNA
levels of the adipocyte associated genes aP2, LPL, or PGAR (Figure 3), and failed to
induce lipid accumulation (not shown). Consistent with previous work (6, 24),
expression of PPARY triggered adipocyte differentiation and induction of these genes.
Moreover, the induction of adipogenic markers in cell lines stably expressing both
PPARYy and LXRa was comparable to those expressing PPARY alone. Thus, in the NIH-
3T3 system, LXR signaling neither augments nor inhibits PPARy-driven adipogenesis.

The results presented above fail to support a role for LXR signaling in the process
of adipocyte differentiation per se; however, these results do not preclude a role for LXR
in the function of mature adipocytes. We therefore performed transcriptional profiling on
fully differentiated 3T3-L1 adipocytes that had been treated for 24 h with vehicle or
GW3965. RNA from these cells was used to hybridize to Affymetrix U74Av.2 arrays.
Selected results are shown in Table 1, and the entire results are provided as supplemental
information. Established targets such as ABCA1 and apoC I were highly induced in this
experiment, validating the approach. A number of potentially novel LXR responsive
genes were also identified, including: apolipoprotein D (apoD), a member of the lipocalin
superfamily of carrier proteins that transport small hydrophobic molecules (25); Spot 14,
a gene implicated in lipogenesis (26); and the glucocorticoid attenuated response gene

GARG-16 (27).
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In order to confirm the microarray results, we examined the effects of LXR ligand
treatment on gene expression in differentiated adipocytes. Real-time quantitative PCR
analysis revealed LXR-dependent increases in the expression of apoD, GARG-16 and the
established target ABCA1 in 3T3-L1 adipocytes (Figure 4A). ApoD, Spot 14, ABCAI
and SREBP-1c¢, but not GARG-16, were also specifically regulated by LXR ligand in a
dose-dependent manner in 442 A adipocytes (Figure 4B). To verify that induction of
these genes by GW3965 was mediated by LXRs rather than another pathway, we again
turned to the NIH-3T3 system. We compared the ability of synthetic receptor ligands to
induce gene expression in NIH-3T3 cells expressing vector, LXRa, or PPARY. Ectopic
expression of LXRa induced both basal and ligand-inducible expression of the known
targets ABCA1 and GLUT4 (Figure 4C). In addition, expression of the novel target
apoD was markedly responsive to LXR expression. The response of all 3 genes is
specific for LXR because expression and activation of PPARy had no effect on their
expression. Expression of Spot 14 and GARG-16 was not inducible by LXR ligand in
NIH-3T3 cells (not shown). In the case of Spot 14, the lack of induction may relate to the
very low level of SREBP-1c¢ expression in this cell type or the need for additional
adipose-tissue specific regulatory factors.

Next, we endeavored to determine the mechanism whereby LXRs control
expression of the apoD gene. Sequence analysis of the human apoD promoter identified
a potential LXR response element (LXRE) located at position —2524 bp relative to the
transcriptional start site (Figure SA). Electrophoretic mobility shift assays using in vitro
translated LXRa and RXRa proteins and radiolabeled apoD LXRE oligonucleotide
confirmed the ability of LXR/RXR heterodimers to bind this element in a sequence
specific manner (Figure 5B). In addition, the apoD LXRE was an effective competitor
for LXR/RXR binding to the previously identified CYP7A LXRE.

We further analyzed the ability of the apoD LXRE element to drive transcription
in transfection assays. Expression vectors for LXRa and RXRa were transiently
transfected into CV-1 cells along with a luciferase reporter construct containing 3 tandem
copies of the apoD LXRE. After transfection, cells were treated with vehicle or 1 uM
T1317 for 24 h. As shown in Figure 6, this reporter was strongly activated by transfected
LXR/RXR in a ligand-dependent manner. Both LXR and RXR ligands stimulated
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reporter activity and the combination of both ligands had an additive effect. Taken
together, the results of Figures 5 and 6 identify the apoD gene as a direct transcriptional
target of LXR.

The established function of apoD and Spot 14 in lipid transport and lipogenesis
suggests that their regulation by LXR might impact the physiologic function of adipose
tissue. We therefore endeavored to determine whether these genes were regulated by the
LXR signaling pathway in vivo. C57BL/6 mice (n=9 per group) were treated with
vehicle or the synthetic LXR agonist GW3965 (20 mg/kg/day) for 3 days. Animals were
fasted overnight prior to tissue and RNA isolation. As shown in Figure 7A, white
adipose tissue from LXR agonist treated mice showed a significant increase in both apoD
and Spot 14 gene expression compared with control mice. Interestingly, both genes were
also induced by LXR ligand in skeletal muscle (Figure 7C), while only Spot 14 was
induced in liver (Figure 7D). Thus, the control of apoD expression by LXR appears to be
tissue-specific. Similar results have previously been reported for apoE (28). In contrast,
expression of Garg-16 was not regulated by LXR in vivo, suggesting that this gene may
not be physiologically relevant to adipose tissue (data not shown). It remains possible
that Garg-16 may be regulated by LXR in other target tissues such as macrophages. We
also addressed the issue of whether or not LXR activation alters the expression of
PPARYy-dependent differentiation markers in adipose tissue. Consistent with the in vitro
studies of Figures 2 and 3, LXR agonist did not alter expression of either CD36 or aP2 in
vivo (Figure 7B). Thus, LXR activation neither blocks nor augments PPARy function in
adipose tissue. Taken together these results indicate that although LXRs do not actively
promote adipogenesis, they are potent regulators of lipid metabolic gene expression in

mature adipose tissue in vivo.
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Discussion

The nuclear receptors LXRa and LXR[ have been shown to play an important
role in lipid metabolism in liver, intestine and macrophages. Several lines of evidence
point to a role for LXRs in adipose tissue as well, including the high level of expression
of LXRa and LXR}p in fat, the increase in LXRa mRNA levels during adipogenesis, and
the regulation of LXRa by PPARYy. We have therefore investigated the role of LXRs in
fat cell differentiation and gene expression. We show here that highly specific synthetic
ligands have no effect on lipid accumulation or differentiation-linked gene expression in
preadipocyte cells in vitro, and do not alter the expression of PPARY target genes in vivo.
Furthermore, forced expression of LXRa in NIH-3T3 fibroblasts has no effect on
differentiation either alone or in conjunction with PPARY. Despite the lack of evidence
for an obligatory role in adipogenesis, the identification of novel LXR target genes by
microarray analysis supports a role for LXRs in mature fat cell function.

Our findings that LXRs do not influence differentiation or lipid accumulation of
murine preadipocyte cell lines in vitro contrast with two recent studies. Juvet et al.
reported increased lipid accumulation upon LXR ligand (T1317 or 22(R)-
hydroxycholesterol) treatment of 3T3-L1 cells (18). The basis for these differing results
is not clear, but subtle differences in cell culture conditions or cell line variations cannot
be excluded. Although, the use of different LXR agonists (22(R)-hydroxycholesterol and
T1317 compared with GW3965) could potentially lead to different results, we have not
observed any significant effect of T0901317 on lipid droplet size (data not shown) or
differentiation-linked gene expression (Figure 2) in either 3T3-L1 or F442A cells. We
have also been unable to confirm the observation that 22(R)-hydroxycholesterol promotes
differentiation (18), because in our hands this compound is cytotoxic to cells when
administered chronically at micromolar concentrations. Since small molecule activators
of nuclear receptors often possess receptor-independent effects, we further explored the
effect of ectopic expression of LXRa in cells that lack this receptor. Using the NIH-3T3
cell system, which was originally used to define the adipogenic activity of PPARY (6),
we showed that expression of LXRa does not influence the adipogenic potential of these

cells and does not act cooperatively with PPARY.
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In contrast to Juvet et al., Ross et al. have reported that LXR activity inhibits
adipocyte differentiation and lipid accumulation in cultured cells (19). They showed that
ectopic expression of a constitutively active VP16-LXRa fusion protein inhibited the
differentiation of 3T3-L1 cells. Our results do not support the suggestion that LXRs are
physiologic inhibitors of adipocyte differentiation, lipid accumulation, or PPARy-
dependent gene expression. We have not observed significant inhibition of
differentiation-dependent gene expression in either the 3T3-L1 system or the F442A
system using two different synthetic LXR ligands. We also found that expression of
physiologically relevant levels of wild-type LXRa in cells lacking this receptor does not
inhibit PPARy-driven differentiation of 3T3-L1 cells. Finally, we have shown that
activation of LXR in adipose tissue by LXR ligand in vivo does not alter the expression
of PPARy-dependent differentiation markers.

Although it is clear than LXR cannot be required for adipose tissue development
since LXRaf null mice have fat (18, 29), the possibility that LXR signaling modulates
lipid accumulation in vivo is not excluded by our studies. Older LXRaf null mice
exhibit reduced adipose tissue ((18) and our unpublished observations); however, the
basis of this phenotype is not known. One prominent difference between preadipocyte
cells lines and adipose tissue in vivo is the relatively low levels of SREBP-1c¢ expression
in cultured cell lines. Previous work has shown that LXR agonists are potent regulators
of SREBP-1c¢ expression in vivo. However, one cannot extrapolate from such
observations that ligand activation of LXR would necessarily lead to a net increase in
lipid accumulation in adipose tissue. In fact, transgenic overexpression of SREBP-1c
from an adipocyte-specific promoter in mice results in the paradoxical loss of adipose
tissue (30). Clearly, additional studies will be required to define the function of LXRs in
adipose tissue and systemic lipid metabolism.

Together with previous work, our data points to an important role for LXRs in the
control of gene expression in fat. LXRa expression is induced by PPARy as a
consequence of adipocyte differentiation (18, 20, 21), and LXRs regulates a specific
gene expression program that is largely distinct from that of PPARy. Previously
identified target of LXRs in adipose tissue include the lipogenic transcription factor

SREBP-Ic, lipogenic enzymes such as FAS and SCD-1, and the insulin-sensitive glucose
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transporter GLUT4 (11, 12, 14, 15, 29). In the present work we have identified apoD and
Spot 14 as new LXR regulated genes in both cell-culture systems and in vivo. We have
also shown that regulation of apoD is mediated by direct binding of LXR/RXR
heterodimers to the apoD promoter. ApoD is a member of the lipocalin family of
transporters (25). Among its potential physiological ligands are cholesterol and
arachidonic acid. ApoD appears likely to play a role in lipid transport, perhaps
transporting ligands for LXR or PPAR, or participating in LXR-dependent reverse
cholesterol transport. Spot 14, a liver- and adipose-specific protein, is involved in fatty
acid synthesis and lipogenesis (26). LXR has previously been implicated in lipogenesis
through transcriptional control of SREBP-1c and FAS expression. The identification of
Spot 14 as an LXR regulated gene in adipocytes supports a role for LXR in lipogenesis in
fat as well. It is likely that the effect of LXR on Spot 14 is due at least in part to
induction of SREBP-1c¢ expression, as Spot 14 is an established target of SREBP-1c (31).
Recent reports have linked LXR agonist treatment with improved glucose
tolerance in diabetic rats and a mouse model of diet-induced obesity and insulin
resistance (15, 17). While the mechanistic basis of this effect is not yet clear, it may
involve suppression of hepatic gluconeogenesis or induction of GLUT4 expression in
adipose tissue. It is also possible that the newly identified targets Spot 14 and apoD
participate in these effects. For example, archachidonic acid, a potential ligand for apoD,
has recently been reported to stimulate glucose uptake by regulating GLUT1 and GLUT4
expression at the plasma membrane (32). In addition, Spot 14 has been shown to be both
insulin and glucose responsive, suggesting a role for the regulation of Spot14 in glucose
metabolism (33). Finally, genetic studies have found a significant association of an apoD
polymorphism with type II diabetes, obesity, and hyperinsulinemia (34, 35). Thus,
further characterization of the role of Spot14 and apoD in adipocyte biology is an
important area of future research with possible therapeutic implications for treatment of

metabolic disorders such as diabetes and obesity.
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Figure Legends

Table 1. Microarray analysis of 3T3-L1 adipocytes treated with LXR agonist.
Differentiated 3T3-L1 adipocytes were treated for 24 h with vehicle or GW3965 (1 uM).
RNA was harvested and used to generate biotinylated cRNA probes for hybridization to
Affymetrics murine U74Av2 microarrays. Analysis was performed using GeneSpring
software. Fold induction between GW3965-treated and vehicle-treated samples is shown

for selected genes.

Figure 1. LXR agonists do not affect lipid accumulation during 3T3-L1 cell

differentiation. 3T3-L1 cells were treated with differentiation media and LXR agonist
(GW3965), PPARY agonist (GW7845), or both. At the indicated time points cells were
fixed and stained with oil red O. A. Microscopic view; objective magnification 20X. B.

Macroscopic view of oil red O stained 10 cm dishes.

Figure 2. LXR agonists do not affect adipocyte-associated gene expression in pre-
adipocyte cell lines. 3T3-L1 (A) and 3T3-F442A (B) cells were treated with
differentiation cocktail and LXR ligand (GW3965), PPARY ligand (GW7845), or both.
RNA was isolated at the indicated time points and analyzed by real-time quantitative
PCR assays. Expression of the adipocyte-associated genes aP2 and LPL is increased by
PPARY agonist treatment, but not LXR agonist treatment. Expression of LXRa mRNA
increases during differentiation and is further increased by PPARy ligand in both 3T3-
LI1(A) and 3T3-F442A cells (B).

Figure 3. Ectopic expression of LXRa does not affect adipocyte associated gene
expression in NIH-3T3 fibroblasts. NIH-3T3 murine fibroblasts were infected with
retroviral expression vectors to create stable cell lines expressing either vector alone,
PPARY, LXRa, or both. mRNA expression was analyzed by real-time quantitative PCR
assays. Treatment of PPARYy expressing cells with PPARY agonist (GW7845) induces

expression of the known target genes ap2 (A), LPL (B) and PGAR (C), as expected. In
contrast, LXRa expression and ligand (GW3965) activation has no effect on the
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expression of aP2 (A), LPL (B), or PGAR (C), either alone, or in combination with
PPARYy. The LXR target gene ABCALI is induced by LXR expression and agonist

treatment as expected (D).

Figure 4. Regulation of novel adipocyte target genes in vitro by LXR ligands.
mRNA expression was analyzed by real-time quantitative PCR assays. A. Differentiated
3T3-L1 adipocytes were treated with LXR agonist (GW3965) for 24 hours. B.
Differentiated F442A adipocytes were treated with the indicated concentration of PPARy
(GW7845) or LXR (GW3965) agonist for 24 hours. C. NIH-3T3 cells expressing vector,
LXRa, or PPARY were treated with GW7845 or GW3965 for 24 hours as indicated.

Figure 5. Electrophoretic mobility-shift analysis of apoD LXRE. Competition
experiments were performed using a radiolabeled oligonucleotide probe corresponding to
the LXRE from the human apoD promoter or the LXRE from the rat CYP7A gene. In
addition to probe, binding reactions contained in vitro-translated human LXRao and/or
RXRa. Some reactions also contained competitor oligonucleotides corresponding to
either the apoD LXRE from the human apoD promoter, the mutated human apoD LXRE,
or rat CYP7A1 DR4 as indicated. Competitor oligonucleotides were added at 5- or 25-

fold molar excess over the radiolabeled probe.

Figure 6. Activation of the apoD LXRE by the LXR/RXR heterodimer. HEK 293 cells
were transiently transfected with a reporter gene containing 3 copies of the apoD LXRE
cloned upstream of a mininal TK promoter and luciferase reporter gene. Cells were also
cotransfected with or without expression vectors for LXR, RXR or both, as indicated.
Cells were subsequently treated with or without ligands for LXR (T1317) and/or RXR
(LG268) for 24 hours before harvesting. Cell lysates were assayed for luciferase activity.

Figure 7. Regulation of apoD and Spot14 by LXR agonist in vive. C57BL/6 mice
(n=9 per group) were gavaged daily with GW3965 (20 mg/kg) or vehicle. At the end of
the treatment period total RNA was isolated from liver, adipose tissue and skeletal

muscle. Gene expression for individual animals was determined by real-time
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quantitative-PCR assays. Insets show the average expression for each group + standard
deviation. A. White adipose tissue. B. Skeletal muscle. C. Liver. (*) P <0.05 by
student’s t-test.
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Table 1. Results of Affymetrics murine U74Av2 microarrays

Activation (fold) by

Gene GW3965
Glucocorticoid attenated response gene 16 4.5
Sterol-C5-desaturase 4.5
ABCA1l 4.1
Apolipoprotein D 3.6
Fatty acid coenzyme A ligase 3.5
Spot 14 3.1
Apolipoprotein C-I 3.1
Estrogen-responsive zinc finger protein 2.8
Solute carrier family 38, member 2 2.5
Retinoic acid recepter gamma 2
Oxysterol-binding protein 2
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Fold induction by ligand
9.29
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5.70
5.61
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5.16
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4.32
4.29
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4.13
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3.67
3.63
3.62
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3.55
3.55
3.53
3.53
3.52
3.50
3.47

Common Genbank Description
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Source:
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Source:
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Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
AW049927 Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
AW050346 Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
Source:
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AA497662
AV379327
AA930519
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AB003144
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AV133992
PTTG AF071209
MLF1 AF100171
OCTN1 AB016257
AF004108
HFHBF1  U36760
SPOT14  X95279
AV221593
AV128327
Al156978
AV292869
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VR14 AF011424
C77977
AF104358
L38444
D86949
AV076889
ST6GALN/ AB035174
AA739263
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L10666
M63685
AA209597
Y00864
Al121864
SCYA5 AF065947
U49853
V00741
Al844806
TGF BETA AJ009862
D19363
ABC1 X75926
ULIP X87817

AW125581
AV348607
AI853875
MSTK2L  AJ223071
Y17678
CD53 X97227
AA089181
AF000236
AV294852
U30244
AV302219
M16359
Al507266
AV233237
AlI835031

AlI839232
APOA-4  M64248
AF102818
Al845514
M22115
Al846986
U49393
APOD X82648
BOP U76371
Al845584
Al314692
AA204579
Al196896
GARG-39 U43085
APOC1 222661

Source:

UI-M-BH2.3-a0i-d-06-0-Ul.s1 NIH_BMAP_M_S3.3 Mus musculus cDNA clone UI-M-BH2.3-aoi-d-06-0-Ul 3', mRNA sequence.

C81612 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone J0102C09 3' similar to putative transcription regulator {clone T2, repetitive, mMRNA sequence.
vi70g12.r1 Stratagene mouse testis (#937308) Mus musculus cDNA clone IMAGE:917638 5' similar to gb:M60978 Mus musculus testis-specific isoform of glyceraldehyde (MOUSE)
AV379327 RIKEN full-length enriched, adult male epididymis Mus musculus cDNA clone 9230005E14 3', mRNA sequence.

vo45f01.r1 Barstead mouse irradiated colon MPLRB7 Mus musculus cDNA clone IMAGE:1052857 5', mRNA sequence.

ub01f03.r1 Soares_mammary_gland_NbMMG Mus musculus cDNA clone IMAGE:1365725 5', mRNA sequence.

Mus musculus PK-120 precursor (itih-4) mRNA, complete cds.

Mus musculus mRNA for initiation factor 2-associated 67kDa protein, complete cds.

Mouse alpha1-protease inhibitor gene fragment (alpha 1-PI; alpha1-antitrypsin).

UI-M-BHO0-aiz-g-09-0-Ul.s1 NIH_BMAP_M_S1 Mus musculus cDNA clone UI-M-BHO0-aiz-g-09-0-Ul 3', mRNA sequence.

AV133992 Mus musculus C57BL/6J 10-11 day embryo Mus musculus cDNA clone 2810003K04, mRNA sequence.

Mus musculus pituitary tumor transforming gene (Pttg) mRNA, complete cds.

Mus musculus myelodysplasia/myeloid leukemia factor 1 (MIf1) mRNA, complete cds.

Mus musculus mRNA for OCTN1, complete cds.

Mus musculus arylalkylamine N-acetyltransferase mRNA, complete cds.

Mus musculus brain factor-1 (Hfhbf1) mRNA, class 2, complete cds.

M.musculus spot14 gene.

AV221593 RIKEN full-length enriched, adult male brain Mus musculus cDNA clone 3526401D14 3' similar to D45913 Mouse NLRR-1 mRNA for leucine-rich-rep
AV128327 Mus musculus C57BL/6J 11-day embryo Mus musculus cDNA clone 2700056L24, mRNA sequence.

ud08h10.r1 Soares_NMPu Mus musculus cDNA clone IMAGE:1434595 5', mRNA sequence.

AV292869 RIKEN full-length enriched, 6 days neonate head Mus musculus cDNA clone 5430429N09 3' similar to X67644 M.musculus gly96 mRNA, mRNA se
Mouse mRNA for neuropsin, complete cds.

Mus musculus putative pheromone receptor (VR14) mRNA, complete cds.

C77977 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone JO040G06 3' similar to Rat haptoglobin (Hp) gene, exons 1,2 and 3, mRNA sequence.
Mus musculus synectin mRNA, complete cds.

Mus musculus (clone U2) T-cell specific protein mRNA, complete cds.

Mus musculus mRNA for plexin 2, complete cds.

AV076889 Mus musculus stomach C57BL/6J adult Mus musculus cDNA clone 2210020K24, mRNA sequence.

Mus musculus ST6GalNAc VI mRNA for N-acetylgalactosaminide alpha2,6-sialyltransferase, partial cds.

vv51e11.r1 Soares_thymus_2NbMT Mus musculus cDNA clone IMAGE: 1225964 5', mRNA sequence.

Mouse mRNA for Bach protein 1, complete cds.

Mus musculus GTP-binding protein superfamily, G protein alpha-t2 subunit (cone transducin) mRNA, complete cds.

M.musculus 5-HT1c receptor mRNA.

mw75e05.r1 Soares mouse NML Mus musculus cDNA clone IMAGE:676544 5', mRNA sequence.

Mouse c-kit mMRNA.

ud13b03.r1 Soares_thymus_2NbMT Mus musculus cDNA clone IMAGE:1445741 5', mRNA sequence.

Mus musculus strain NOD/LtJ small inducible cytokine A5 (ScyA5) mRNA, complete cds.

Mus musculus protein tyrosine phosphatase mRNA, complete cds.

Mouse mRNA encoding the precursor of the epidermal growth factor.

UI-M-AH1-agx-b-02-0-Ul.s1 NIH_BMAP_MCE_N Mus musculus cDNA clone Ul-M-AH1-agx-b-02-0-UI 3', mRNA sequence.

Mus musculus mRNA for transforming growth factor-beta 1.

MUSGS00732 Mouse 3'-directed Mus musculus domesticus cDNA clone mb1456 3', mRNA sequence.

Mus musculus mRNA for ABC transporte (ABC1 gene).

M.musculus mRNA for Ulip protein.

UI-M-BH1-ami-h-11-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-ami-h-11-0-Ul 3', mRNA sequence.
UI-M-BH2.2-aqgj-d-01-0-Ul.s1 NIH_BMAP_M_S3.2 Mus musculus cDNA clone UI-M-BH2.2-aqgj-d-01-0-Ul 3', mRNA sequence.

AV348607 RIKEN full-length enriched, adult male olfactory bulb Mus musculus cDNA clone 6430709L05 3', mRNA sequence.
UI-M-BHO-ajr-g-11-0-Ul.s1 NIH_BMAP_M_S1 Mus musculus cDNA clone UI-M-BH0-ajr-g-11-0-Ul 3', mRNA sequence.

Mus musculus mRNA for serine/threonine kinase protein, long-form.

Mus musculus mRNA containing B1 element, clone vario.

M.musculus mRNA for cell surface glycoprotein CD53.

mli85f03.r1 Stratagene mouse kidney (#937315) Mus musculus cDNA clone IMAGE:518813 5', mRNA sequence.

Mus musculus RDC1 orphan chemokine receptor mRNA, complete cds.

AV294852 RIKEN full-length enriched, 6 days embryo Mus musculus cDNA clone 5630401103 3', mRNA sequence.

Mus musculus Eph family ligand ELF-2 precursor mRNA, complete cds.

AV302219 RIKEN full-length enriched, 8 days embryo Mus musculus cDNA clone 5730501108 3' similar to M36829 Mouse heat-shock protein hsp84 mRNA, mRNA sequence.
Mouse major urinary protein Il (MUP I1l) mRNA, partial cds.

vj41g07.x1 Stratagene mouse skin (#937313) Mus musculus cDNA clone IMAGE:931644 3', mRNA sequence.

AV233237 RIKEN full-length enriched, 0 day neonate skin Mus musculus cDNA clone 4632422021 3' similar to AL080224 Homo sapiens mRNA.

UI-M-Al1-afn-b-11-0-Ul.s1 NIH_BMAP_MBS_N Mus musculus cDNA clone UI-M-Al1-afn-b-11-0-Ul 3', mRNA sequence.

UI-M-BH1-ang-d-03-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-ang-d-03-0-Ul 3', mRNA sequence.

UI-M-AK0-adh-d-11-0-Ul.s1 NIH_BMAP_MHY Mus musculus cDNA clone UI-M-AK0-adh-d-11-0-Ul 3', mRNA sequence.

Mouse apolipoprotein A-IV (apoa-A) mRNA, complete cds.

Mus musculus deformed epidermal autoregulatory factor 1 mRNA, complete cds.

UI-M-AO1-aek-d-04-0-Ul.s1 NIH_BMAP_MPG_N Mus musculus cDNA clone UI-M-AO1-aek-d-04-0-Ul 3', mRNA sequence.

Mouse ERA-1-993 mRNA, complete cds, and alternate ERA-1-339 mRNA, complete cds.

UI-M-AP1-agj-b-07-0-Ul.s1 NIH_BMAP_MST_N Mus musculus cDNA clone UI-M-AP1-agj-b-07-0-Ul 3', mRNA sequence.

Mus musculus sarcoendoplasmic reticulum Ca2+ ATPase SERCA3b mRNA, complete cds.

M.musculus mRNA for apolipoprotein D.

Mus musculus t-BOP (Bop) mRNA, complete cds.

UI-M-AQ1-adx-c-06-0-Ul.s1 NIH_BMAP_MHI_N Mus musculus cDNA clone UI-M-AQ1-adx-c-06-0-Ul 3', mRNA sequence.

uj27e11.x1 Sugano mouse kidney mkia Mus musculus cDNA clone IMAGE: 1921196 3' similar to SW:IRKE_HUMAN Q99712 ATP-SENSITIVE INWARD RECTIFIER POTASSIUM CHANNEL 14
mt84d11.r1 Soares mouse lymph node NbMLN Mus musculus cDNA clone IMAGE:636597 5', mRNA sequence.

ui55b05.y1 Sugano mouse liver mlia Mus musculus cDNA clone IMAGE:1886289 5' similar to gb:M64983_rna6 FIBRINOGEN BETA CHAIN PRECURSOR (HUMAN);, mRNA sequence.
Mus musculus glucocorticoid-attenuated response gene 39 (GARG-39) mRNA, complete cds.

: M.musculus Apoc1 gene, exons 1 to 3 and complete CDS.

woJy papeojumod

t protein, mMRNA sequence.
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92299 AT
160170_AT
94065_AT
95135_AT
102207_AT
93321_AT
103411_AT
93199_AT
99390_AT
94689_AT
100981_AT
92934_AT
97890_AT
92867_AT
93956_AT
102418_AT
162175_AT
100676_AT
94783_AT
101176_AT
100424_AT
99000_AT
95973_AT
103058_F_AT
94339_AT
96275_F_AT
98005_AT
95681_F_AT
96819_AT
101058_AT
94440_AT
97936_AT
160620_AT
95040_AT
101879_S_AT
103472_AT
93367_AT
100018_AT
98772_AT
160794_AT
102635_AT
98518_F_AT
160388_AT
100414_S_AT
160600_AT
95939_I_AT
103718_AT
93372_AT
162071_I_AT
103916_AT
104597_AT
103492_AT
102381_AT
99473 AT
92536_AT
104129_AT
160523_AT
100278_AT
101015_S_AT
94471_R_AT
161592_AT
160355_AT
103963_F_AT
94004_AT
95772_R_AT
104761_AT
102769_F_AT
98902_AT
92687_AT
104093_AT
104138_AT
161130_F_AT
100297_AT
92274_AT
97252_AT
97990_AT
94355_AT

3.44
3.44
3.42
3.42
3.41
3.40
3.38
3.38
3.35
3.35
3.32
3.32
3.30
3.29
3.29
3.29
3.28
3.25
3.23
3.23
3.21
3.21
3.21
3.20
3.19
3.18
3.17
3.16
3.15
3.15
3.13
3.12
3.12
3.12
3.12
3.1
3.10
3.10
3.07
3.06
3.06
3.05
3.05
3.05
3.04
3.03
3.03
3.01
3.00
3.00
2.99
2.98
2.98
297
2.96
2.96
295
295
295
2.94
2.94
292
2.90
2.89
2.89
2.88
2.86
2.86
2.86
2.85
2.82
2.82
281
281
2.80
2.80
2.80

SCLIP

IFI203

PM48
WNT-5A

GARG-16
NK10

MPH2

ERKS5

MTF-1

VTI1-RP2

MGBP-2

IFNAR2

FRIZZLED

C5D

Al159504  Source:
AF069708 Source:
AW122753 Source:
Al844396 Source:
AW123249 Source:
AF022371 Source:
AI835098 Source:
Y11009  Source:
M89798  Source:
C79248  Source:
U43084  Source:
X79828  Source:
AW046181 Source:
AF060076 Source:
GARG-49/1 U43086  Source:
AA793009 Source:
AV007196 Source:
AF026123 Source:
C79452  Source:
D38581 Source:
X07414  Source:
AB019373 Source:
C78878  Source:
T-COMPLE X58171 Source:
Al841330 Source:
Al843327 Source:
AW125442 Source:
AW049584 Source:
AW060875 Source:
J00356 Source:
Al173533  Source:
AlI527612  Source:
U83174  Source:
AlI840810 Source:
M23529  Source:
AlB05402 Source:
U86137  Source:
X71327  Source:
U27267  Source:
Al847158 Source:
AF035823 Source:
Al604345 Source:
Al848668 Source:
X15313  Source:
AA608168 Source:
AW047237 Source:
D90085  Source:
U73478  Source:
AV311155 Source:
AI850713 Source:
AJ007970 Source:
AF077738 Source:
AA619207 Source:
Al847622 Source:
X72862 Source:
Al462001  Source:
M81128  Source:
U09968  Source:
AF013486 Source:
AW045974 Source:
AV291613 Source:
L04649 Source:
AA914345 Source:
219543 Source:
U43317  Source:
AA612450 Source:
AB016248 Source:
AlI835066 Source:
AA097203 Source:
D49691 Source:
AW125119 Source:
AV301574 Source:
AA693125 Source:
AB019118 Source:
AW120926 Source:
D85923  Source:
AW048394 Source:

vz80a02.r1 Soares_mammary_gland_NbMMG Mus musculus cDNA clone IMAGE:1332746 5' similar to gb:S66431 RETINOBLASTOMA BINDING PROTEIN 2 (HUMAN);, mRNA sequence.
Mus musculus SCG10-like-protein (Sclip) mRNA, complete cds.

UI-M-BH2.2-aot-g-08-0-Ul.s1 NIH_BMAP_M_S3.2 Mus musculus cDNA clone UI-M-BH2.2-aot-g-08-0-Ul 3', mRNA sequence.

UI-M-AL1-ahp-e-05-0-Ul.s1 NIH_BMAP_MCO_N Mus musculus cDNA clone UIl-M-AL1-ahp-e-05-0-Ul 3', mRNA sequence.

UI-M-BH2.1-apg-a-04-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-apg-a-04-0-Ul 3', mRNA sequence.

Mus musculus interferon-inducible protein 203 (Ifi203) mRNA, complete cds.

UI-M-AQO-aae-b-09-0-Ul.s1 NIH_BMAP_MHI Mus musculus cDNA clone UI-M-AQ0-aae-b-09-0-UI 3', mRNA sequence.

M.musculus mRNA for L41 ribosomal like-protein.

Mouse Wnt-5a mRNA, complete cds.

C79248 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone JO063C04 3' similar to Mus musculus platelet-activating factor acetylhydrolase 45, mRNA s
Mus musculus glucocorticoid-attenuated response gene 16 (GARG-16) mRNA, complete cds.

M.musculus NK10 mRNA.

UI-M-BH1-akw-d-06-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-akw-d-06-0-Ul 3', mRNA sequence.

Mus musculus polyhomeotic 2 protein (Mph2) mRNA, partial cds.

Mus musculus glucocorticoid-attenuated response gene 49 (GARG-49/IRG2) mRNA, complete cds.

vp54g03.r1 Knowles Solter mouse 2 cell Mus musculus cDNA clone IMAGE: 1080532 3', mRNA sequence.

AV007196 Mus musculus 18-day embryo C57BL/6J Mus musculus cDNA clone 1110003F 19, mRNA sequence.

Mus musculus synaptojanin 2 mRNA, partial cds.

C79452 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone JOO66E10 3', mRNA sequence.

Mouse mRNA for VNSP Il (vomeronasal secretory protein I).

Mouse mRNA for excision repair protein ERCC-1.

Mus musculus mRNA for ERK5, complete cds. =
C78878 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone JO056G01 3' similar to Mouse 1gG receptor (beta-Fc-gamma-RIl) gene, exons 1-5, mRNA, NA sequence.
M.musculus mRNA for t-Complex Tcp-10a gene. C
UI-M-AMO-adv-b-11-0-Ul.s1 NIH_BMAP_MAM Mus musculus cDNA clone UI-M-AM0-adv-b-11-0-Ul 3', mRNA sequence.
UI-M-AQ1-adz-a-05-0-Ul.s1 NIH_BMAP_MHI_N Mus musculus cDNA clone UI-M-AQ1-adz-a-05-0-Ul 3', mRNA sequence.
UI-M-BH2.3-agh-g-12-0-Ul.s1 NIH_BMAP_M_S3.3 Mus musculus cDNA clone UI-M-BH2.3-agh-g-12-0-Ul 3', mRNA sequence.
UI-M-BH1-and-a-07-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-and-a-07-0-Ul 3', mRNA sequence.
UI-M-BH1-amx-g-05-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-amx-g-05-0-Ul 3', mRNA sequence.
mouse alpha-amylase-1 mrna without leader.

ud67g09.x1 Sugano mouse liver mlia Mus musculus cDNA clone IMAGE:1451008 3', mRNA sequence.

uf13b04.y1 Soares_mammary_gland_NMLMG Mus musculus cDNA clone IMAGE:1511215 5', mRNA sequence.

Mus musculus ROSA 26 transcription 1 mRNA sequence.

UI-M-AHO0-adb-b-09-0-Ul.s1 NIH_BMAP_MCE Mus musculus cDNA clone UI-M-AH0-adb-b-09-0-UI 3', mRNA sequence.

Mus musculus complement receptor (CRY) mRNA, complete cds (liver-specific).

vn78c10.x1 Knowles Solter mouse blastocyst B1 Mus musculus cDNA clone IMAGE: 1038066 3', mRNA sequence.

Mus musculus telomerase protein-1 mRNA, complete cds.

M. musculus mRNA for MRE-binding transcription factor.

Mus musculus LPS-induced C-X-C chemokine LIX precursor, mRNA, complete cds.

UI-M-AO1-aep-d-07-0-Ul.s1 NIH_BMAP_MPG_N Mus musculus cDNA clone UI-M-AO1-aep-d-07-0-Ul 3', mRNA sequence.
Mus musculus 29-kDa Golgi SNARE (Vti1-rp2) mRNA, complete cds.

wv70f10.x1 Stratagene mouse skin (#937313) Mus musculus cDNA clone IMAGE: 1227787 3', mRNA sequence.
UI-M-AH1-agv-a-10-0-Ul.s1 NIH_BMAP_MCE_N Mus musculus cDNA clone Ul-M-AH1-agv-a-10-0-Ul 3', mRNA sequence.
Mouse MPO mRNA for myeloperoxidase (EC 1.11.7).

vm85a04.r1 Knowles Solter mouse blastocyst B1 Mus musculus cDNA clone IMAGE:1005006 5', mRNA sequence.
UI-M-BH1-amb-g-05-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-amb-g-05-0-UI 3', mRNA sequence.
Mouse Mel-18 mRNA.

Mus musculus acidic nuclear phosphoprotein pp32 mRNA, complete cds.
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AV311155 RIKEN full-length enriched, 8 days embryo Mus musculus cDNA clone 5730594J11 3' similar to M29395 Mouse orotidine-5'-monophosphate decarboxylase mRNA, mRNA sequence.

UI-M-BG1-ail-d-10-0-Ul.s1 NIH_BMAP_MSC_N Mus musculus cDNA clone UI-M-BG1-ail-d-10-0-Ul 3', mRNA sequence.

Mus musculus mRNA for mGBP-2 protein.

Mus musculus metallocarboxypeptidase CPX-1 mRNA, complete cds.

vo73e09.r1 Barstead mouse myotubes MPLRB5 Mus musculus cDNA clone IMAGE: 1064776 5', mRNA sequence.

UI-M-AP1-agg-e-03-0-Ul.s1 NIH_BMAP_MST_N Mus musculus cDNA clone UI-M-AP1-agg-e-03-0-Ul 3', mRNA sequence.

M.musculus gene for beta-3-adrenergic receptor.

ub69c04.x1 Soares_mammary_gland_NMLMG Mus musculus cDNA clone IMAGE: 1382982 3' similar to SW:CPF6_RAT P51871 CYTOCHROME P450 IVF6 ;, mRNA sequence.
Mouse putative guanylate binding protein mRNA, complete cds.

Mus musculus cyclin-dependent kinase inhibitor p27kip1 mRNA, complete cds.

Mus musculus type | interferon receptor soluble isoform precursor (IFNAR2) mRNA, complete cds.

UI-M-BH1-alc-a-08-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone Ul-M-BH1-alc-a-08-0-Ul 3', mRNA sequence.

AV291613 RIKEN full-length enriched, 6 days neonate head Mus musculus cDNA clone 5430408B09 3' similar to M13444 Mouse alpha-tubulin isotype M-alpha-4 mRNA, mRNA sequence.
Mouse mRNA sequence.

vy94a08.r1 Soares_mammary_gland_NbMMG Mus musculus cDNA clone IMAGE:1313846 5', mRNA sequence.

M.musculus h2-calponin cDNA.

Mus musculus putative transmembrane receptor (frizzled 4) mRNA, complete cds.

vo70h07.r1 Barstead mouse myotubes MPLRB5 Mus musculus cDNA clone IMAGE: 1064509 5', mRNA sequence.

Mus musculus mRNA for sterol-C5-desaturase, complete cds.

UI-M-Al1-afn-f-07-0-Ul.s1 NIH_BMAP_MBS_N Mus musculus cDNA clone UI-M-Al1-afn-f-07-0-Ul 3', mRNA sequence.

mm35h09.r1 Stratagene mouse skin (#937313) Mus musculus cDNA clone IMAGE:523553 5' similar to TR:G996018 G996018 BRG1 PROTEIN. ;, mRNA sequence.
Mouse mRNA for p50b (identical to LSP1 and pp52), complete cds.

UI-M-BH2.1-apz-a-04-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-apz-a-04-0-Ul 3', mRNA sequence.

AV301574 RIKEN full-length enriched, 8 days embryo Mus musculus cDNA clone 5730494123 3', mRNA sequence.

vr57¢08.s1 Knowles Solter mouse 2 cell Mus musculus cDNA clone IMAGE: 1124750 5', mRNA sequence.

Mus musculus mRNA for decidualin, complete cds.

UI-M-BH2.3-aob-f-08-0-Ul.s1 NIH_BMAP_M_S3.3 Mus musculus cDNA clone UI-M-BH2.3-aob-f-08-0-UI 3', mRNA sequence.

Mus musculus mRNA for myosin, complete cds.

UI-M-BH1-alw-b-11-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-alw-b-11-0-Ul 3', mRNA sequence.
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161663_F_AT 279 AV130375 Source: AV130375 Mus musculus C57BL/6J 11-day embryo Mus musculus cDNA clone 2700077B01, mRNA sequence.

94380_AT 2.79 AI852581 Source: Ul-M-BH0-aiu-a-11-0-Ul.s1 NIH_BMAP_M_S1 Mus musculus cDNA clone UI-M-BH0-aiu-a-11-0-Ul 3', mRNA sequence.

94700_AT 2.78 TSHA J00643 Source: Mouse thyrotropin alpha subunit (tsh-alpha) mRNA, complete cds.

92490_AT 277 KIF9 AJ132889 Source: Mus musculus mRNA for kinesin like protein 9.

102864_AT 2.75 M17192  Source: Mouse homeodomain protein (Hox1.1) mRNA, complete cds.

92559 AT 2.75 VCAM-1  U12884 Source: Mus musculus C57BL/6 vascular cell adhesion molecule-1 truncated form T-VCAM-1 (VCAM-1) mRNA, complete cds.

103995_AT 2.75 AF065441 Source: Mus musculus FGF binding protein 1 mRNA, complete cds.

98013_AT 2.74 AAB66464 Source: vm48a05.r1 Stratagene mouse Tcell 937311 Mus musculus cDNA clone IMAGE:1001456 5', mRNA sequence.

101321_R_AT 274 L28059 Source: Mus musculus Ig B cell antigen receptor gene, complete cds. @)
96931_AT 2.74 AW048260 Source: Ul-M-BH1-aly-d-01-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone Ul-M-BH1-aly-d-01-0-Ul 3', mRNA sequence. %
94953_AT 2.74 AW122347 Source: UI-M-BH2.2-aos-h-03-0-Ul.s1 NIH_BMAP_M_S3.2 Mus musculus cDNA clone UI-M-BH2.2-aos-h-03-0-UI 3', mRNA sequence. S
160440_AT 272 U79748  98546_at o
100319_AT 272 M37897  Source: Mouse interleukin 10 mRNA, complete cds. QD
96663_AT 272 SURF-6  X92842 Source: M.musculus mRNA for SURF-6 protein. [=8
104499_AT 2.71 VESL-1 AB019479 Source: Mus musculus mRNA for Vesl-1L, complete cds. 8
96309_R_AT 2.69 Al746498 Source: ul07g05.x1 Sugano mouse kidney mkia Mus musculus cDNA clone IMAGE:2065400 3' similar to SW:RL34_HUMAN P49207 60S RIBOSOMAL PROTEIN L34. ;,4nRNA sequence.
162209_R_AT 2.69 AV378081 Source: AV378081 RIKEN full-length enriched, adult male cecum Mus musculus cDNA clone 9130410E15 3" similar to AF041866 Mus musculus protein tyrosine phosphaase PC12-PTP1/PTPBR7/PTP-SL
97920_AT 2.66 AA755126 Source: vq61c01.r1 Barstead mouse irradiated colon MPLRB7 Mus musculus cDNA clone IMAGE:1106784 5' similar to gb:X03212 KERATIN, TYPE Il CYTOSKELETALZ (HUMAN)
99501_AT 2.66 AABB2416 Source: vx44e09.r1 Stratagene mouse lung 937302 Mus musculus cDNA clone IMAGE:1278088 5' similar to TR:Q99442 Q99442 TRANSLOCATIONAL PROTEIN-1. ;, NA sequence.
97389 _AT 2.65 CDC25A U27323 Source: Mus musculus Cdc25a (cdc25a) mRNA, complete cds.

104194_AT 2.65 HEPH AF082567 Source: Mus musculus hephaestin (heph) mRNA, complete cds.

101145_AT 2.65 U33198 Source: Mus musculus intranuclear protein mRNA, complete cds. -
100561_AT 2.65 AW209098 Source: un99g09.x1 NCI_CGAP_Mam6 Mus musculus cDNA clone IMAGE:2582080 3', mRNA sequence. =
104324_AT 2.64 AA940036 Source: vz96g05.r1 Soares_thymus_2NbMT Mus musculus cDNA clone IMAGE:1345112 5' similar to TR:000187 000187 MASP-2 PROTEIN. ;, mRNA sequence. =)
98549 AT 2.64 M77123  Source: Mouse vitronectin mRNA, complete cds. 6
97997_AT 2.62 SFRP1 u88566 Source: Mus musculus secreted frizzled related protein sFRP-1 (Sfrp1) mRNA, complete cds. o
98136_AT 2.61 MSPMSY AF031486 Source: Mus musculus spermidine aminopropyltransferase (Mspmsy) mRNA, complete cds. <
102239_AT 2.60 M90397 Source: Mouse bcl-3 mRNA, 3' flank. o
93852_AT 2.60 AW045443 Source: Ul-M-BH1-akr-f-12-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-akr-f-12-0-Ul 3', mRNA sequence. ]
93491_F_AT 258 Al836623 Source: Ul-M-AP0-abh-a-10-0-Ul.s1 NIH_BMAP_MST Mus musculus cDNA clone UI-M-AP0-abh-a-10-0-Ul 3', mRNA sequence. T
94038_AT 2.58 AAB675468 Source: vr72c04.s1 Knowles Solter mouse 2 cell Mus musculus cDNA clone IMAGE:1134246 5' similar to TR:G1184955 G1184955 CLE7. ;, mRNA sequence. )
97156_AT 2.58 HES-3 D32200 Source: Mus musculus HES-3 gene for helix-loop-helix transcription factor, complete cds. g
103469_AT 2.57 CIG30 u97107 Source: Mus musculus membrane glycoprotein CIG30 (Cig30) mRNA, complete cds. <
103500_AT 2.57 AlI553463 Source: vw56g01.x1 Soares_mammary_gland_NMLMG Mus musculus cDNA clone IMAGE:1247856 3', mRNA sequence. 3
161473_F_AT 256 AV031985 Source: AV031985 Mus musculus adult C57BL/6J cerebellum Mus musculus cDNA clone 1500032F 12, mRNA sequence.

93851_AT 2.56 AI272518 Source: uk04h07.y1 Schiller mouse MAC13 Mus musculus cDNA clone IMAGE: 1958461 5' similar to SW:PGTA_RAT Q08602 RAB GERANYLGERANYLTRANSFERA@ALPHA SUBUNIT
104142_AT 2.55 Al626975 Source: vs82e02.x1 Barstead mouse myotubes MPLRB5 Mus musculus cDNA clone IMAGE:1152794 3', mRNA sequence.

97083_AT 2.54 AAB00468 Source: vym78h03.r1 Knowles Solter mouse blastocyst B1 Mus musculus cDNA clone IMAGE: 1004405 5' similar to gb:M29536 TRANSLATIONAL INITIATION FACTOR EBETA SUBUNIT (HUMAN)
98942 R_AT 254 AW125284 Source: UI-M-BH2.1-apy-a-11-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-apy-a-11-0-Ul 3', mRNA sequence. O
103594_AT 2.53 AW124512 Source: UI-M-BH2.1-apo-f-02-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-apo-f-02-0-UI 3', mRNA sequence.

99126_AT 2.53 L04961 Source: Mouse nuclear-localized inactive X-specific transcript (Xist) mMRNA.

160847_AT 2.53 Al845321 Source: UI-M-BG0-ahx-a-04-0-Ul.s1 NIH_BMAP_MSC Mus musculus cDNA clone UI-M-BG0-ahx-a-04-0-Ul 3', mRNA sequence.

161538_R_AT 2.53 AV237026 Source: AV237026 RIKEN full-length enriched, 10 day neonate skin Mus musculus cDNA clone 4732417M16 3" similar to X03687 Mouse mRNA for tyrosinase-related protein (TRP), mRNA sequence.
104411_AT 2.52 AAB839770 Source: vw51e02.r1 Soares_mammary_gland_NbMMG Mus musculus cDNA clone IMAGE: 1247354 5', mRNA sequence.

98967_AT 2.52 u04827 Source: Mus musculus brain fatty acid-binding protein (B-FABP) gene, complete cds.

103712_AT 2.51 AW124735 Source: UI-M-BH2.1-aga-c-12-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-aga-c-12-0-UI 3', mRNA sequence.

92361_AT 2.51 D31953 Source: Mouse mRNA for HuD.

104179_AT 2.49 Al788669 Source: uk47h11.x1 Sugano mouse kidney mkia Mus musculus cDNA clone IMAGE:1972197 3', mRNA sequence.

93829 AT 2.49 AW107884 Source: um18c08.x1 Sugano mouse kidney mkia Mus musculus cDNA clone IMAGE:2192654 3', mRNA sequence.

160829_AT 2.49 TDAG51 U44088 Source: Mus musculus TDAG51 (TDAG51) mRNA, complete cds.

96764_AT 2.49 IIGP AJ007971 Source: Mus musculus mRNA for lIIGP protein.

98571_S_AT 249 NACA U48363 Source: Mus musculus transcriptional activator alpha-NAC (Naca) gene, complete cds.

94774_AT 2.48 M31418  Source: Mouse 202 interferon-activatable protein mRNA, complete cds.

160092_AT 247 V00756 Source: Messenger RNA fragment for mouse interferon beta (type 2) coding for the C-terminal part.

95987_AT 2.46 C80377 Source: C80377 Mouse 3.5-dpc blastocyst cDNA Mus musculus cDNA clone J0080G07 3', mRNA sequence.

99136_AT 2.46 UFO X63535 Source: M.musculus ufo mRNA.

97736_AT 2.45 Al838823 Source: UI-M-ALO-abu-f-09-0-Ul.s1 NIH_BMAP_MCO Mus musculus cDNA clone UI-M-AL0-abu-f-09-0-Ul 3', mRNA sequence.

100984_AT 2.45 TCR-ATF1 M63725  Source: Mouse binding protein for T-cell receptor (TCR-ATF1) mRNA, complete cds.

101876_S_AT 2.45 M35247  Source: Mouse MHC class | H2-TL-T17-c mRNA (d haplotype), complete cds.

98042_AT 2.45 AW049787 Source: Ul-M-BH1-anm-e-03-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-anm-e-03-0-Ul 3', mRNA sequence.

95462_AT 2.45 AW060951 Source: Ul-M-BH1-anv-f-08-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-anv-f-08-0-Ul 3', mRNA sequence.

92767_AT 2.44 D16250 Source: Mouse mRNA for BMP receptor, complete cds.

160710_AT 2.44 AlB46787 Source: UI-M-AO1-ael-g-04-0-Ul.s1 NIH_BMAP_MPG_N Mus musculus cDNA clone UI-M-AO1-ael-g-04-0-Ul 3', mRNA sequence.

103063_AT 2.44 ZT3 67747 Source: M.musculus mRNA for ZT3 zinc finger factor.

94871_R_AT 244 AW124226 Source: UI-M-BH2.1-aph-d-10-0-Ul.s1 NIH_BMAP_M_S3.1 Mus musculus cDNA clone UI-M-BH2.1-aph-d-10-0-Ul 3', mRNA sequence.

104725_AT 2.44 AW060401 Source: Ul-M-BH1-anj-a-06-0-Ul.s1 NIH_BMAP_M_S2 Mus musculus cDNA clone UI-M-BH1-anj-a-06-0-Ul 3', mRNA sequence.

104636_AT 2.44 GSTM5 AJ000413 Source: Mus musculus mRNA for glutathione S-transferase class M5.

104731_AT 2.44 AlI551347 Source: vx46g11.x1 Stratagene mouse lung 937302 Mus musculus cDNA clone IMAGE:1278308 3', mRNA sequence.

160393_AT 243 AlI853226 Source: UI-M-BH0-ajh-g-12-0-Ul.s1 NIH_BMAP_M_S1 Mus musculus cDNA clone UI-M-BH0-ajh-g-12-0-Ul 3', mRNA sequence.

102419_AT 243 M34476  Source: Mouse retinoic acid receptor gamma (mMRAR-gamma-A) mRNA, complete cds.

95479 AT 243 C1D X95591 Source: M.musculus mRNA for C1D protein.

96104_AT 242 Al047107 Source: uh58b11.r1 Soares_embryonic_stem_cell_NMES Mus musculus cDNA clone IMAGE:1749597 5', mRNA sequence.

96780_AT 242 AW208818 Source: uo64d02.x1 NCI_CGAP_Mam1 Mus musculus cDNA clone IMAGE:2647299 3', mRNA sequence.

98884 R_AT 242 AI837311 Source: UI-M-AK0-adf-b-03-0-Ul.s1 NIH_BMAP_MHY Mus musculus cDNA clone UI-M-AK0-adf-b-03-0-Ul 3', mRNA sequence.

160933_AT 242 U53219 Source: Mus musculus GTPase IGTP mRNA, complete cds.

95164_AT 2.41 AA409213 Source: EST03694 Mouse 7.5 dpc embryo ectoplacental cone cDNA library Mus musculus cDNA clone C0038F07 3', mRNA sequence.

93439 F_ AT 241 AA260005 Source: va87f06.r1 Soares mouse 3NME12 5 Mus musculus cDNA clone IMAGE:746435 5', mRNA sequence.
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