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The discovery of oxysterols as the endogenous liver X receptor (LXR) ligands and subsequent gene targeting
studies in mice provided strong evidence that LXR plays a central role in cholesterol metabolism. The
identification here of a synthetic, nonsteroidal LXR-selective agonist series represented by T0314407 and
T0901317 revealed a novel physiological role of LXR. Oral administration of T0901317 to mice and hamsters
showed that LXR activated the coordinate expression of major fatty acid biosynthetic genes (lipogenesis) and
increased plasma triglyceride and phospholipid levels in both species. Complementary studies in cell culture
and animals suggested that the increase in plasma lipids occurs via LXR-mediated induction of the sterol
regulatory element-binding protein 1 (SREBP-1) lipogenic program.
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Liver X receptors (LXRs), LXRa (NR1H3), and LXR-B
(NR1H2), are nuclear receptors that regulate the metabo-
lism of several important lipids, including cholesterol
and bile acids. LXRs were first identified as orphan mem-
bers of the nuclear receptor superfamily (Song et al. 1994;
Willy et al. 1995). The identification of a specific class of
oxidized derivatives of cholesterol as ligands for the
LXRs, in combination with the description of an LXR
response element in the promoter of the rat cholesterol
7a-hydroxylase gene (CYP7A1), suggested that LXRs
play an important role in the regulation of cholesterol
homeostasis (Janowski et al. 1996, 1999; Lehmann et al.
1997). Additional support for this role came from the
analysis of LXRa-deficient mice (LXRa-/-), which un-
covered the dysregulation of the CYP7A1 gene and sev-
eral other important lipid-associated genes (Peet et al.
1998). Studies utilizing these animals confirmed the es-
sential function of LXRa as a major sensor of dietary
cholesterol and an activator of the bile acid synthetic
pathway in mice.

Three sterol regulatory element-binding proteins
(SREBP-1a, -1c, and -2) stimulate transcription of a num-
ber of genes involved in the synthesis and receptor-me-
diated uptake of cholesterol and fatty acids (Brown and
Goldstein 1997; Horton and Shimomura 1998). Results
to date support the notion that SREBP-1 primarily acti-
vates the fatty acid, triglyceride, and phospholipid path-
ways, while SREBP-2 is the prominent isoform support-
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ing cholesterol synthesis and uptake (Shimano et al.
1996; Brown and Goldstein 1997; Horton and Simomura
1998; Horton et al. 1998). In fatty acid biosynthesis, pro-
teases release nuclear SREBP-1c¢ (the major SREBP-1 iso-
form in the liver of animals), which activates transcrip-
tion of the major genes of fatty acid synthesis including
acetyl CoA carboxylase (ACC), fatty acid synthase (FAS),
stearoyl CoA desaturase-1 (SCD-1), glycerol-3-phosphate
acyltransferase, and others (Bennett et al. 1995; Lopez et
al. 1996; Ericsson et al. 1997; Shimomura et al. 1998).

In this study, we describe the identification and bio-
chemical features of a nonsteroidal LXR agonist,
T0314407, and its analog T0901317. Our understanding
of the in vivo role of LXR in lipid metabolism was ex-
tended by induction of LXR-regulated pathways in mice
and hamsters. We show that LXR agonist treatment in-
duces the expression of genes associated with fatty acid
biosynthesis, and it raises plasma triglyceride levels in
these animal models. Administration of T0901317 to
mice lacking both the LXR « and B genes (LXRa/B-/-)
corroborated both the requirement of LXRs in the acti-
vation of lipogenesis and their being key components of
the triglyceride response. We present data that are con-
sistent with the hypertriglyceridemic effect being asso-
ciated with LXR agonist-dependent induction of the
SREBP-1 lipogenic program.

Results

On agonist binding, nuclear receptors undergo a confor-
mational change that increases their affinity for coacti-
vators. Recruitment of coactivator to agonist-bound
nuclear receptor is a critical step in the formation of an
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active transcription complex on DNA. Studies have
demonstrated that coactivator fragments containing the
motif LXXLL, where L is leucine and X is any amino
acid, bind to nuclear receptors in an agonist-dependent
manner (Heery et al. 1997). In this study, we synthesized
a short synthetic rhodamine-labeled peptide containing
an LXXLL motif and used it to develop a fluorescence
polarization assay for agonist binding to LXRa. In this
homogeneous biochemical assay, the greater the extent
of rthodamine-peptide binding to LXRa, the greater the
extent of fluorescence polarization observed. Thus, addi-
tion of an endogenous LXR ligand, 24(S),25-epoxycholes-
terol (24,25-EC), to a mixture of LXRa protein and rho-
damine-peptide led to a dose-dependent increase in fluo-
rescence polarization (Fig. 1B). The EC,, determined for
24,25-EC of 300 nM is in agreement with the K; deter-
mined by a direct ligand-binding assay (Jankowski et al.
1999). Screening of >300,000 compounds using this pep-
tide sensor assay led to the identification of T0314407
(N-methyl-N-{4-(2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-
ethyl)-phenyl]-benzenesulfonamide) as an initial lead
(Fig. 1A). A derivative of T0314407 with improved phar-
macological properties, T0901317 (N-(2,2,2-trifluoro-
ethyl)-N-[4—(2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-
ethyl)-phenyl]-benzenesulfonamide), was developed
through structure-activity relationship studies (Fig. 1A).
Both T0314407 and T0901317 showed similar efficacy to
24,25-EC but were significantly more potent and bound
to LXRa with EC,, values of 100 and 20 nM, respectively
(Fig. 1B).

To provide further evidence that these compounds
bind directly to LXRa, a scintillation proximity assay
(SPA) was developed with radiolabeled T0314407 (Fig.

1C). Unlabeled T0314407 and T0901317 effectively com-
peted for the binding of radiolabeled T0314407 to LXRa
in the SPA with IC., values of 100 and 20 nM, respec-
tively. 24,25-EC also competed with the binding. These
results demonstrated direct binding of the synthetic li-
gands to LXRa and suggested that both the synthetic and
endogenous ligands bind at the same site on LXRa. We
next tested whether these compounds were able to acti-
vate the receptor in a reporter gene assay. HEK293 cells
were transiently transfected with an expression plasmid
for the human LXRa and a reporter plasmid containing
two copies of an LXR response element (Willy et al.
1995) and then treated with increasing concentrations of
T0314407, TO901317, or 24,25-EC (Fig. 2A). Both syn-
thetic ligands induced transcriptional activity of LXRa
nearly eightfold with EC,, values of ~100 and 20 nM,
respectively. Consistent with the results obtained in the
direct binding assays, T0314407 and T0901317 appeared
significantly more active than the endogenous ligand,
24,25-EC, which displayed an ECy, value of ~3 pM.

To determine the specificity of T0314407 and
T0901317, a similar transient transfection assay was em-
ployed that used chimeric receptors between the yeast
transcription factor Gal4 and the nuclear receptor ligand-
binding domain (Fig. 2B). Transcriptional activation by
T0314407 and T0901317 was selective to LXRs, as these
compounds failed to enhance the activity of most other
nuclear receptors examined. While T0314407 and
T0901317 showed the highest activity against LXRa,
transactivation was also noted for chimeric Gal4-LXR@
and, to a lesser extent, Gal4-PXR (pregnane X receptor).
PXR, a nuclear receptor involved in the CYP3A-medi-
ated metabolism of a diverse collection of xenobiotics, is
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Figure 2. (A) Dose responses to LXR ligands in an HEK293
transient transfection assay using a wild-type LXRa expression
plasmid and a luciferase reporter gene containing two copies of
an LXR response element. DMSO treatments were used to de-
rive the basal level of activation. (B) Specificity of LXR activa-
tion by LXR ligands in a transient transfection assay. HEK293
cells were cotransfected with a luciferase reporter gene contain-
ing four copies of the Gal4 DNA-binding site and the various
chimeric Gal4 (DNA-binding domain)-nuclear receptor (ligand-
binding domain) proteins shown. Cells were treated with the
indicated compounds at concentrations of 1 pM, 5 uM, and 10
M for T0901317, T0314407, and 24,25-EC, respectively.

known to be activated by a large number of synthetic
compounds (Jones et al. 2000).

Our in vitro characterization established T0901317 as
a highly potent and selective nonsteroidal LXRa ligand.
To determine the compound’s effects on plasma lipid
homeostasis, T0901317 was evaluated in small-animal
models. Oral treatment of C57BL/6 mice with T0901317
resulted in significant elevations of plasma triglycerides
(Fig. 3A). Increases in plasma very low density lipopro-
teins (VLDL) triglycerides occurred with comparable in-
creases in plasma total cholesterol (mainly high-density
lipoproteins [HDL] cholesterol; Fig. 3B) and HDL-phos-
pholipid. In contrast to humans, which use low-density
lipoproteins (LDL) for the transport of most plasma cho-
lesterol, mice carry a preponderance of their cholesterol
on HDL. Accordingly, T0901317 was also tested in ham-
sters, which have lipoprotein cholesterol distributions
that more closely resemble human profiles. Similar in-
creases in plasma triglycerides were quantified in the
hamster (Fig. 3C). Separation of plasma lipoproteins by
fast protein liquid chromatography (FPLC) in combina-
tion with analysis of the lipid content across the FPLC
fractions further established the increase in triglycerides
and demonstrated a principal expansion of the VLDL
fraction in mice and hamsters (Fig. 3C).

Synthetic LXR agonists induce SREBP-1 and lipogenesis

To understand the mechanism whereby LXR agonist
increased plasma triglycerides, changes in global gene
expression in response to LXR agonist treatment were
assessed by gene expression micrarrays (GEM) and
Northern blot analysis. The GEM experiments were car-
ried out using RNA derived from control and LXR ago-
nist-treated HepG2 cells and mice. T0901317 signifi-
cantly modulated the expression of a small number of
genes in both cell culture and the mouse. Among the
genes that showed up-regulation, significant induction
was noted for fatty acid synthase and SREBP-1 (greater
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Figure 3. Plasma lipid levels in animals treated with LXR ago-
nist T0901317. The concentrations of (A) plasma triglycerides
and (B) HDL-cholesterol for C57BL/6 mice (n = 5, for each treat-
ment group; M, males; F, females). (C) Separation of Golden
Syrian hamster plasma by fast protein liquid chromatography
(FPLC) in combination with analysis of the triglyceride content
across FPLC fractions. Lipid data are reported as the mean + SD
for the number of determinations (animals) described in each
experiment. Statistical significance (kybd) was defined as
P <0.05 (ANOVA using SAS programming statistical test for
controls and LXR agonist-treated animals).
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than a twofold increases). In addition, a prominent sub-
set of >20 fatty acid metabolism-associated genes was
increased by LXR agonist. This subset included fatty acid
synthase, carnitine palmitoyltransferase 1, acyl-CoA-
binding protein, acyl glycerol-3-phosphate acyltransfer-
ase, fatty acid amide hydrolase, acyl carrier protein, fatty
acid binding and transport proteins, and colipase, a small
protein cofactor required by lipase for the efficient hy-
drolysis of dietary lipid. Up-regulation of liver and intes-
tinal phosphoethanolamine cytidylyltransferase, a key
regulatory enzyme in the CDP-ethanolamine pathway
for phosphatidylethanolamine synthesis, was also noted.

Additional characterization of gene expression was
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performed by Northern blot analysis using RNA isolated
from mice and hamsters (Fig. 4). In the mouse, increases
in hepatic fatty acid biosynthetic gene activity were
noted after treatment with T0901317, including ACC
(twofold), FAS (threefold) and SCD-1 (up to ninefold; Fig.
4A,B). The induction of fatty acid biosynthetic gene ac-
tivity by T0901317 is consistent (though diametrically
opposed) with the reduction in expression of a similar
subset of genes in LXRa-null mice (Peet et al. 1998).
Steady-state mRNA levels of CYP7Al, SCD-1, and
SREBP-1 increased in a dose-dependent manner (Fig. 4B).
In contrast, the transcript levels of genes associated with
cholesterol biosynthesis such as squalene synthase (SQS)
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Figure 4. Northern blot analysis. Total RNA was isolated from the tissues indicated from mice (A,B,C) and hamsters (D). The
numerical data shown with each figure represents the fold increase (+) or decrease (-) of expression relative to corresponding vehicle-
treated controls. (E) HepG2 cells were incubated in culture media with or without cycloheximide (cyclohex).
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and 3-hydroxy-3-methylglutaryl coenzyme A synthase
(HMG CoA S) were consistently reduced after treatment
with T0901317 (Fig. 4A). A subset of genes associated
with lipid metabolism remained unaffected by LXR ago-
nist treatment, including apolipoprotein (apo)Al, apoAll,
apoD, apoE, microsomal triglyceride transport protein
(MTP), and sodium taurocholate cotransporter (NaTCP;
Fig. 4C). Other transcripts that also did not appear to
vary in level included the scavenger receptor-BI (SR-BI),
apoClll, and acyl CoA:diacylglycerol transferase (DGAT;
data not shown).

As described above, increased fatty acid biosynthetic
gene activity was accompanied by increases in hepatic
SREBP-1 steady-state mRNA levels (approximately two-
to fivefold). In comparison to the relatively high induced
levels of SREBP-1, the amount of SREBP-2 mRNA re-
mained unchanged after LXR agonist treatment (Fig. 4D).
To determine if LXR directly modulates SREBP-1 gene
expression, or if target gene activation requires de novo
protein synthesis, a series of Northern blots were carried
out using RNA prepared from T0314407-dosed HepG2
cells treated both with and without cycloheximide, an
inhibitor of protein synthesis (Fig. 4E). We found that,
while cycloheximide arrested the agonist-mediated in-
crease in levels of FAS mRNA, induction of SREBP-1
gene expression persisted. This outcome suggests that
the effect of LXR agonist on SREBP-1 is a primary and
direct consequence of LXR agonist-activated transcrip-
tion. In contrast, activation of FAS and other down-
stream SREBP-1 targets is likely to be secondary to the
stimulation by SREBP-1.

To further validate the T0901317-mediated lipid
changes and gene regulation, LXRa/B-/- mice were ad-

Synthetic LXR agonists induce SREBP-1 and lipogenesis

ministered with the LXR agonist, and plasma and he-
patic triglyceride levels were quantified. FPLC and lipid
measurements showed that T0901317-treated mice
(wild type) had an approximate threefold increase in
plasma VLDL-triglyceride (Fig. 5A), in comparable agree-
ment with the increase in total plasma triglycerides
measured in control and T0901317-treated (wild-type)
mice (82.7 £ 9.5 mg/dL and 225.7 + 7 mg/dL, respec-
tively). The baseline VLDL-triglyceride level in LXRa/
B-/- mice was significantly reduced (approximately
fourfold) compared to control mice. LXR agonist treat-
ment of the LXRa/B-/- mice only led to a relatively
minute increase in plasma VLDL-triglyceride. This re-
sult was in agreement with total plasma triglyceride
measurements, which also showed only scant increases
in TO901317-treated LXRa/B~/- mice compared with ve-
hicle-treated LXRa/B-/- animals. HDL-phospholipid
profiles were also LXR-dependent, and similar to those
described for VLDL triglyceride (Fig. 5B). Analysis of he-
patic triglyceride levels showed a significant fivefold el-
evation of hepatic triglyceride in wild-type mice com-
pared to vehicle-treated controls (Fig. 5C). Hepatic tri-
glyceride levels were significantly lower in LXRa/B-/-
mice, and no significant elevation resulted from treat-
ment with T0901317. The lack of regulation of the
SREBP-1, SCD-1, FAS, or ACC gene in response to LXR
agonist in the deficient mice was also consistent with
the plasma and hepatic lipid characterization (Fig. 5D).
Thus, compared to the robust response of wild-type
mice, administration of LXR agonist T0901317 to LXR-
null mice had little or no effect on either the lipid profile
or the expression of genes involved in lipid metabolism.
These results clearly demonstrated that the lipid
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changes mediated by the synthetic LXR agonist were in-
deed LXR-dependent.

Our current understanding of the control of choles-
terol and fatty acid biosynthesis has largely been as-
cribed to posttranscriptional events associated with the
regulation of SREBP processing (Brown and Goldstein
1997; Horton and Shimomura 1998). The current studies
suggest an additional primary level of transcriptional
regulation that is also available to the cell, one con-
trolled by LXR-mediated induction of SREBP-1 and its
associated downstream lipogenic program. Our results
support a mechanism whereby LXR directly activates
SREBP-1 gene transcription, presumably through an LXR
response element (LXRE), and where subsequent activa-
tion of lipogenic genes such as FAS, ACC, and SCD-1
occurs secondary to SREBP-1 gene activation. Indeed,
control of SREBP-1 gene expression through an LXRE has
recently been established and RNase protection assays
revealed induction of the SREBP-1c isoform by LXR ago-
nist (Repa et al. 2000a). Functional LXREs have also been
shown to exist in a number of genes associated with
cholesterol metabolism, including the rate-limiting en-
zyme in the classical bile acid biosynthetic pathway
CYP7A1 (Lehmann et al. 1997), cholesterol ester trans-
ferase protein (CETP; Luo and Tall 2000) and the ATP
binding cassette (ABC) transporter, ABCAI (Costet et al.
2000) gene promoters. The oxysterol-mediated induction
of human white (murine ABC8) gene expression also ap-
pears to be mediated by LXRs (Venkateswaran et al.
2000). In addition, concurrent with this report, Repa et
al. (2000b) have also used T0901317 and LXRa/B-/-
mice to show the requirement of LXRs in ABCA1 gene
expression and the involvement of active reverse choles-
terol transport as a determinant of intestinal cholesterol
absorption. Our studies support an expanded role for
LXRs as important regulators of bile acid synthesis, re-
verse cholesterol transport from peripheral tissues, in-
testinal cholesterol absorption, and triglyceride and
phospholipid metabolism.

The LXR agonists described in this study do not acti-
vate SREBP-2 or its downstream targets. This observa-
tion is consistent with the previously noted independent
regulation of SREBP-1 and -2 in hamster liver (Sheng et
al. 1995). Furthermore, consistent with the observations
in LXRa-/- mice (Peet et al. 1998), LXR agonist treat-
ment resulted in a reduction of cholesterol biosynthetic
gene mRNA levels. Collectively, these observations pro-
vide additional support for distinct and uncoupled
SREBP-1 and SREBP-2 regulation of fatty acid and cho-
lesterol biosynthetic pathways.

In contrast to LXRa-/- mice, LXRB-/- mice do not
show any obvious lipid phenotype in response to choles-
terol feeding (D.J. Mangelsdorf, unpubl.). Accordingly, it
has been hypothesized that LXRa is capable of compen-
sating for LXR (in LXRB-null mice). In vitro, both LXR«
and LXRB are able to up-regulate cholesterol metabo-
lism-associated genes such as human CETP and ABCA1
(Luo and Tall 2000; Costet et al. 2000). This redundancy
may, at least in part, explain compensatory activity of
LXRa in the LXRB-null mouse. In contrast, LXRp is
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clearly unable to compensate for the lack of LXRa (Peet
1998). This lack of compensation suggests that, ulti-
mately, LXRa and LXRp have at least some distinct pri-
mary targets in vivo. The LXR agonists described herein
have been shown to be selective for LXRs over numerous
other nuclear receptors. However, it should be noted that
these compounds do not exhibit specificity with regard
to LXRa versus LXRB. This indiscriminant behavior
may explain why normalization of the lipid phenotype
associated with LXR agonist administration in this study
could only be achieved by treatment of doubly deficient
LXRa/B-/- mice and not with LXRa-/- mice (data not
shown).

Hypertriglyceridemia results from numerous condi-
tions including genetic defects in lipoprotein lipase and
apolipoproteins CII, CIII, and E (Ghiselli et al. 1982; Ito
et al. 1990; Parrot et al. 1992; Benlian et al. 1996) and is
a hallmark of a diverse range of disorders including dia-
betes mellitus, hypothyroidism, nephrotic syndromes,
lipodystrophies (Chait and Brunzell 1990), and HIV-posi-
tive individuals undergoing treatment with protease in-
hibitors (Sullivan et al. 1998). Increasing evidence sup-
ports an independent role of hypertriglyceridemia in car-
diovascular disease for both men and women in the
general population and a significant clinical benefit from
decreasing triglyceride levels (Hokanson and Austin
1996; Brewer 1999; Hodis et al. 1999; Rubins et al. 1999;
Austin et al. 2000). These observations support the need
for a better understanding of the molecular determinants
that control fatty acid metabolism and plasma triglycer-
ide levels as well as the development of effective phar-
macological agents that selectively reduce this risk fac-
tor. The results presented here highlight the feasibility of
utilizing LXR agonists to further identify key factors that
link lipogenesis to triglyceride synthesis, hepatic VLDL
assembly, and secretion. These studies also raise the in-
triguing possibility that selective and specific LXRa an-
tagonists may serve as potentially useful therapeutics to
oppose hypertriglyceridemia and reduce cardiovascular
disease.

Materials and methods

Peptide sensor assay

The LXRa ligand-binding domain was fused to the C-terminus
of glutathione S-transferase (GST) and the resultant GST-LXR
protein was expressed in Escherichia coli and purified on glu-
tathione beads. Rhodamine-labeled peptide (10 nM; with amino
acid sequence ILRKLLQE) was incubated on a shaker for 1 h
with 400 nM GST-LXR and the indicated compounds in 100 puL
of buffer (10 mM Hepes, 150 mM NaCl, 2 mM MgCl2, 5 mM
DTT at pH 7.9) in a 96-well plate. Fluorescence polarization
(mP) was measured on an LJL analyst (LJL Biosystems).

Reporter gene assay

HEK293 cells were cotransfected with a luciferase reporter gene
and the various Gal4-nuclear receptor chimeric constructs
shown and a B-galactosidase (B-gal) expression vector for nor-
malization. Transfected cells were treated with the indicated
compounds for 20 h before being harvested. Transfection data
and luciferase results are normalized to B-gal and expressed as
the fold-induction relative to DMSO controls.
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Plasma lipid analysis

C57BL/6 mice (Charles River Laboratories) were between 6 and
10 wk old and weighed ~20-30 g at the initiation of treatment.
Golden Syrian Hamsters (Harlan Sprague-Dawley) were be-
tween 12 and 16 wk old (80-150 g). Animals were fed regular
chow diets containing ~4% fat and 0.02% cholesterol (PMI Pi-
colab 5053 Chow). LXR « and B -/- mice were reared at the
University of Texas Southwestern (UTSW) Medical Center at
Dallas in accordance with the Institutional Animal Care and
Research Advisory Committee at the UTSW Medical Center.
Mice at UTSW were maintained on a 12 h light/12 h dark cycle
and fed ad libitum a cereal-based mouse chow diet (No. 7001,
Harlan Teklad).

Plasma was prepared from euthanized mice using standard
centrifugation techniques and analyzed for plasma total choles-
terol, HDL cholesterol, and triglyceride concentrations using a
Hitachi 704 Clinical Analyzer. FPLC of plasma lipoproteins was
accomplished using 200 pL aliquots of pooled plasma (from
three to five animals) and fractionated on Superose 6 columns
(Pharmacia). Cholesterol, triglyceride, and phospholipid con-
centrations in the fractions were determined enzymatically
with reagents from Boehringer, Sigma, and Wako, respectively.
Hepatic lipids were extracted and analyzed for triglyceride es-
sentially as described (Bucolo and David 1973; Yokonde et al.
1990).

Gene expression

Total RNA extraction and purification for Northern blot analy-
sis was accomplished using the TRI reagent (Molecular Re-
search Center). For GEM analysis, mice were treated for 7 d
with and without T0901317 (5 mg/kg) p.o. Total RNA from
liver, small intestine (jejunum), and kidney of control (n = 3) and
agonist-treated animals (n = 3) was isolated, pooled, subjected to
two rounds of oligo d(T) cellulose chromatography, converted
into ¢cDNA, and hybridized to Incyte’s mouse GEM1 microar-
rays containing ~8000 IMAGE c¢DNA clones (http://www.incyte.
com/reagents/catalog.jsp?page=gem/products/mousegem1).

Mouse gene expression was assessed by Northern blot analy-
sis using random primed, 3*P-labeled, cDNA probes that were
generated using the primers described in Supplementary Table I.
Hybridization signals were quantified using a phosphoimager
(Molecular Dynamics) and standardized against GAPDH con-
trols. Mouse ¢cDNA probes for the numerous genes analyzed
were prepared using primers from mouse liver or intestinal
c¢DNA as template. The SREBP-2 ¢cDNA was a gift from J.D.
Horton (University of Texas Southwestern Medical Center, Dal-
las); mouse and hamster CYP7A1 ¢cDNAs were generously sup-
plied by D.W. Russell (University of Texas Southwestern Medi-
cal Center, Dallas). SCD-1 was a gift from J. Ntambi (University
of Wisconsin, Madison), and apoD was kindly provided by E.
Rassart (University of Quebec, Montreal).

For the Northern blot analysis from cycloheximide-treated
HepG2 cells, tissue cultures were incubated in cell culture me-
dia with 10% lipid-deficient serum with or without 50 pg/mL
cycloheximide. T0314407 was added after 30 min of cyclohexi-
mide treatment, cells were harvested 18 h later, and total RNA
was extracted as described.
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