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In this study, we used a coactivator-dependent
receptor-ligand interaction assay (CARLA), which is a
semifunctional in vitro assay, to determine whether
hypolipidemic drugs are ligands for the three peroxi-
some proliferator-activated receptor isotypes (PPARq,
8, and y). We also evaluated the transcriptional activ-
ities of the three PPAR isotypes by transient transfec-
tion assays. We found that bezafibrate was a ligand for
PPARge, 6, and vy in the CARLA and that bezafibrate
induced transcriptional activation of PPAR«&/RXRa,
PPAR&6/RXRe, and PPARY/RXRa. Although the 3-hy-
droxy-3-methylglutaryl coenzyme A (HMG-CoA) reduc-
tase inhibitors cerivastatin, fluvastatin, and pitava-
statin were not ligands for these three nuclear re-
ceptors in the CARLA, they induced transcriptional
activation of PPARa/RXRa, PPARS/RXRa, and
PPARYy2/RXRa. Moreover, cerivastatin, fluvastatin,
and pitavastatin synergistically and dose-dependently
increased the transcriptional activation of PPARa/
RXRa induced by bezafibrate. In addition, the
cerivastatin-induced transcriptional activation of
PPARa/RXRa was decreased by addition of meval-
onate, farnesol, geranylgeraniol, or cholesterol and by
co-transfection with sterol regulatory element-
binding protein-1 (SREBP-1). Moreover, concomitant
administration of statins and fibrates also decreased
the transactivation of nuclear factor kB (NFkB) and
the activation of NFkB by mitogen-activated protein
kinase kinase kinase (MEKK) also decreased the trans-
activation of PPARa/RXRa. © 2002 Elsevier Science
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The peroxisome proliferator-activated receptor (PPAR)
is a member of the nuclear receptor superfamily (1).
Three types of PPARs have been described in rodents,
humans, and amphibians: PPAR«, PPARG (also called
FAAR, and PPAR or Nucl), and PPARy. PPAR« has
been reported to be expressed most abundantly in the
liver (2) and is associated with B-oxidation in the mi-
tochondria and peroxisomes. The fibrates (bezafibrate,
fenofibrate/fenofibric acid, clofibrate/clofibric acid, clino-
fibrate) are well-known synthetic ligand/activators of
PPARa. Although PPARB/8/Nucl is expressed ubiqui-
tously (3), its functional role remains unknown. Re-
cently, the discovery of an agonist for PPARS, com-
pound L-165041, has been reported (4). PPARYy is a
transcription factor expressed selectively in adipose
tissue (5) and seems to be associated with differentia-
tion of adipocytes. The thiazolidines (troglitazone, pio-
glitazone, rosiglitazone) are well-known synthetic
ligand/activators of PPARYy.

The functional complex of these receptors is a het-
erodimer of PPAR and the retinoid X receptor (RXR)
that binds to a consensus sequence in the promoter of
target genes and can up-regulate transcription in the
presence of PPAR ligand/activators. Steroid receptor
coactivator-1 (SRC-1) and cAMP-response element-
binding protein (CREB)-biding protein (CBP/p300),
which are contained in the functional complex, play
roles as coactivators for the signaling of PPARs and
RXR.
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We have previously reported that the protein and
MRNA expression of PPAR« in endothelial cells and
hepatocytes was increased by hypolipidemic drugs
such as fibrates (6) and statins (3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase in-
hibitors) (7).

The statins inhibit the synthesis of cholesterol from
mevalonic acid by suppressing the conversion of HMG-
CoA and up-regulate the low density lipoprotein (LDL)
receptor gene, which has been reported to be associated
with a transcription factor, sterol regulatory element-
binding protein (SREBP). There are two types of
SREBP: SREBP-1 controls the transcription of genes
involved in fatty acid synthesis (8, 9), whereas
SREBP-2 is involved in the transcription of cholestero-
genic enzymes (10). The SREBPs are thought to liber-
ate their active nuclear form into the nucleus through
cleavage of the membrane-bound precursor protein,
and the activation domain of SREBP binds to the
amino-terminal domains of CBP/p300 in the nucleus
(11).

There have been no data indicating that the tran-
scriptional activation of PPARa/RXRa could be regu-
lated by statins or SREBP. By the use of transient
transfection experiments or the coactivator-dependent
receptor—ligand interaction assay (CARLA) (12), we
determined whether the transcriptional activities of
PPARs/RXRa could be induced by hypolipidemic drugs
such as statins and fibrates, as well as by thiazolidines,
known ligands for PPARs. Moreover, we determined
whether the transcriptional activation of PPARa/
RXRa could be synergistically induced by fibrates and
statins.

MATERIALS AND METHODS

Reagents. Troglitazone, pioglitazone, rosiglitazone, bezafibrate,
fenofibric acid, clinofibrate, and L-165041 were obtained from Kissei
Pharmaceutical Co. (Matsumoto, Japan). Clofibric acid was pur-
chased from Tocris (Bristol, UK). Fenofibrate and clofibrate were
purchased from Sigma (Kirkland, WA). Pitavastatin, which was
previously named itavastatin or nisvastatin, was generously pro-
vided by Kowa Co. Ltd. (Tokyo, Japan). Cerivastatin was generously
provided by Bayer Yakuhin Ltd. (Osaka, Japan), and fluvastatin was
generously provided by Novartis Co. (Tokyo, Japan).

In an additional experiment, 100 M mevalonate, 10 M farnesol,
10 uM geranylgeraniol, and 10 uM cholesterol, which were dissolved
in ethanol, were added to medium containing statin dissolved in
dimethylsulfoxide to observe the effects of statins on the mevalonate
pathway. The cytotoxic effects of the statins were determined by
trypan blue dye exclusion.

DNA sequencing. Direct sequencing of the PCR products was
performed with an automated sequencer (ABI PRISM 310 Genetic
Analyzer; Perkin Elmer, Foster City, CA). All DNA sequences were
confirmed by reading both DNA strands.

Western blotting. Western blotting was performed and specific
immunoreactivity detected with an Amersham ECL Kit. Briefly, pro-
cessed samples were subjected to 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis and transferred to nitrocellulose
membranes (Millipore) by semi-dry blotting. Antibodies against hu-
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FIG. 1. (A) GST-hPPARa LBD, GST-hPPARS LBD, and GST-
hPPARy LBD fusion proteins (arrow). Lane M: marker, S: Superna-
tant, B: Bound fraction for Glutathione Sepharose. (B) Western
blotting analysis of GST-hPPARa LBD, GST-hPPARS LBD, and
GST-hPPARy LBD fusion proteins.

man PPARs and SREBP-1, 2 were obtained from Santa Cruz. We
used two classes of SREBP-1: one reacts with the carboxy terminus
of SREBP-1; the other reacts with an internal epitope of SREBP-1.
Moreover, we also used two classes of SREBP-2: one reacts with the
amino terminus of SREBP-2; the other reacts with the carboxy
terminus of SREBP-2.

Membranes were treated overnight with TBS-Tween/5% dry milk
and incubated with goat anti-human PPARs and SREBP-2 antibod-
ies and rabbit anti-human SREBP-1 antibodies for 1 h. After wash-
ing, membranes were incubated with horseradish peroxidase-conju-
gated rabbit anti-goat monoclonal antibodies. Antigen detection was
performed with a chemiluminescence detection system.

Subcloning of full-length human PPAR«, PPARS, PPARY2, and
RXRa DNA fragments. Specific DNA fragments of full-length hu-
man PPARqa, PPARS, PPARYy2, and RXRa cDNAs were subcloned
from human skeletal muscle (CLONTECH) or liver (CLONTECH)
cDNA libraries and into the pCl-neo mammalian expression vector
(Promega, WI). Direct sequencing of the PCR products was per-
formed with an automated sequencer. For PPAR«, the 1407 bp
Sall/Notl fragment was subcloned into the Sall/Notl site of pCl-neo
and the vector was named pCIl-PPARa. PPARS, PPARY2, or RXRa
was also subcloned into the Sall/Notl site of the vector and the vector
was named pCI-PPARS, pCI-PPARYy2, or pCI-RXRa, respectively.
The primers used for the N-terminal side of SREBP-1 were 5'-
gctgaccgacatcgaagacatgct-3°  for the forward primer and 5'-
gcttcaagagaggagctcaatgtg-3’ for the reverse primer. The PCR prod-
uct was subcloned into the Sall/Notl site of pCl-neo and the vector
was named pCIl-SREBP-1-N.

Transient transfection/co-transfection. Transient transfection of
pCIl-PPARa (3 ug), pCI-PPARS (3 ug), pCI-PPARY2 (3 ng), pCl-
RXRa (3 wg), or pCI-SREBP-1-N (3 ug) into 1 X 10° cells was
performed in 100-mm dishes using Tfx-50 reagent (Promega, Madi-
son, WI) according to the instruction manual, with an internal con-
trol reporter (pRL-TK vector) (2 ng) (Promega) to correct for trans-
fection efficiency. After 24 h, cells were stimulated with test drugs for
a further 24 h, lysed, and centrifuged to prepare the sample for
Western blotting and for reporter transient assay.
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FIG. 2. (A) Semifunctional in vitro assay by coactivator-dependent receptor ligand interaction assay (CARLA). Experiments were

performed in triplicate, and four independent experiments were performed. All data are means = SD. *P < 0.05 vs non-treated cells. (B)
The signals in A were quantified by scanning densitometry. All drugs were used at 100 uM.

Reporter assay for PPAR activation and nuclear factor kB (NF«B)-
driven transactivation. Transient transfections for the reporter as-
say were performed with Tfx-50 reagent (Promega) according to the
manufacturer's recommended protocol. Human kidney 293T cells
were used because of their high transfection efficiency. To measure
activation of PPARs, we used the PPAR-responsive promoter region
for cellular retinol-binding protein type Il (CRBPII) (=670 to +60)
(13) cloned into the Kpnl/Ncol sites of pGL3-Basic upstream of the
luciferase gene (pGL3-Basic) (Promega), termed pCRBPII-Luc. The
PPAR-responsive promoter region for CRBPII is similar to the well-
known PPAR-responsive promoter region for acyl-coenzyme A oxi-
dase. This promoter contains both CAAT and TATA sequence motifs.
The bases between —639 and —605 represent the PPAR-response
element. pNF«B-Luc was purchased as NFkB Cis-Reporting System

from Stratagene Cloning Systems. The system concludes pNF«B-Luc
and pFC-mitogen-activated protein kinase kinase kinase (pFC-
MEKK). pCRBPII-Luc and pRL-TK, in the presence or absence of
pCI-PPARq, pCI-PPARS, or pCI-PPARY2, were co-transfected with
pCI-RXRa into human kidney 293T cells grown in 24-well plates.
The total amount of DNA transfected (0.5 ng) was normalized with a
carrier DNA (pCl-neo, Promega). After 24 h, cells were stimulated
with test drugs for another 24 h. Finally, luciferase activity for
pCRBPII-Luc or pNF-«B-Luc was normalized to Renilla luciferase
activity. Both activities were measured according to the manufac-
turer’s instructions (Promega). With regard to the reporter assay for
PPARa activation by cerivastatin, pClI-PPARa and pCI-RXRa were
co-transfected into human kidney 293T cells with cerivastatin in the
presence or absence of pCI-SREBP-1-N.

133



Vol. 290, No. 1, 2002
B PPARa/RXRq |
2 PPARS/RXRo, |
PPARy2/RXRa|
c L
o 15
._8
3 10
e
£
2 | §
o
T
Clofibrae Pioglitazone Bezafibrate Fenofibric acid
10uM 10uM 1M 1uM

FIG. 3. Reporter gene assay for the effect of fibrates and thiazo-
lidines on PPARa/RXRa-mediated, PPARS/RXRa-mediated, and
PPAR~Y2/RXRa-mediated transcription in human kidney 293T cells.
Values shown are the fold-activation versus cells co-transfected with
pGL3-Basic (empty vector), pRL-TK, and pCI-RXRa in the presence
or absence of pCI-PPAR«, pCI-PPARS, or pCl-PPAR~y2. Experiments
were performed in triplicate, and four independent experiments
were performed. All data are means.

Fusion protein constructs and protein expression. The ligand
binding domain (LBD) fragments (D-E) for human PPAR«a (hP-
PARa), hPPARS, and hPPARYy were amplified by PCR from clones
containing the full-length sequences from a human liver cDNA li-
brary. The fragments were cloned into the BamHI site of pGEX-4T
for hPPARq, hPPARS, and hPPARY. The 1359-bp CBP/p300 (CBP/
p300-partial) 5’-flanking sequence (199-1558) was amplified by
PCR. The primer for CBP/p300-partial was 5’-agggatccatgg-
ctgagaacttgctggacggaccge-3’° for the forward primer and 5'-
ggcattctgttgecctgtgccaac-3' for the reverse primer. The fragments
were cloned into the BamHI/EcoRI site of pcDNA3.1 (Invitrogen) for
CBP/p300-partial. The GST-PPARs (LBD) fusion proteins were ex-
pressed in Escherichia coli. Briefly, 2 ml of overnight cultures of in E.
coli, transformed with the GST-PPAR fusion plasmid, was used to
inoculate 500 ml of LB medium. The bacteria were incubated at 37°C
until the optical density of the culture medium reached Ag, = 0.6
and were induced with 0.5 mM isopropyl-1-thio-B-p-galacto-
pyranoside at 35°C for 2 h for hPPAR«, hPPARS, and hPPARYy. After
centrifugation, the bacterial pellets were equilibrated in NETN
buffer (20 mM Tris—HCI, pH 8.0, 100 mmol/L NaCl, 1 mmol/L EDTA,
0.5% Nonidet P-40) supplemented with 0.5% skim milk and the
bacterial cells were then lysed by mild sonication (output 2, 4—5 min)
prior to use in CARLA. After centrifugation to remove the cell debris,
fusion proteins were purified on glutathione—-Sepharose beads (Am-
ersham Pharmacia Biotech) at 4°C for 1 h, washed two or three
times, and equilibrated in NETN buffer. The amount of protein was
measured by BCA Protein Assay Kits (Pierce).

CARLA. Before CARLA was performed, protein was subjected to
Western blotting to identify the fusion proteins. The CARLA was
performed as described by Krey et al. (12), with the following modi-
fications. Reactions were performed in 1000 wl of NETN buffer con-
taining 3 mg of hPPAR fusion protein, 2 ul of L-[*S]methionine-
labeled in vitro translated (TNT T7 Coupled Reticulocyte Lysate
System; Promega) CBP/p300-partial and 10 ul of a 100 mmol/L
solution of the compound tested at 4°C overnight. After incubation,
centrifugation was performed at 400—1000g for 3 min to remove the
supernatant, and the immobilized fusion protein was washed three
times in NETN buffer without milk. After washing, the glutathione—
Sepharose-bound proteins were dried under nitrogen gas before be-
ing resuspended in SDS sample buffer and subjected to SDS-PAGE.

Statistical analysis. Parametric data are expressed as means *
SD. Differences between groups were evaluated by Scheffé’'s F test.
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RESULTS AND DISCUSSION

We determined the expression proteins of the three
PPAR subtypes purified as GST-hPPAR« LBD, GST-
hPPARGS LBD, and GST-hPPAR+y LBD fusion proteins
(Fig. 1A). As shown in Fig. 1B, we could identify hP-
PARa, hPPARS, and hPPAR+y by Western blotting
methods.

Then, we tested the three PPAR subtypes with
known PPAR ligand/activators to establish whether
the CARLA performed appropriately. As shown in
Figs. 2A and 2B, fibrates, thiazolidines, and L-165041
induced binding of in vitro translated and [*S]-
methionine-labeled CBP/p300 to purified GST-hPPAR«
and GST-hPPARYy LBD fusion protein immobilized on
glutathione—Sepharose beads. Only L-165041 induced
CBP/p300 and hPPARS LBD interactions (Figs. 2A and
2B). This result is consistent with a previous report
(14). All statins did not induce binding of CBP/p300
and GST-hPPARs LBD fusion protein immobilized on
glutathione-Sepharose beads (data not shown).
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FIG. 4. Transcriptional activation of PPARa/RXRa, PPARS/
RXRea, and PPARYy2/RXRa by pitavastatin, cerivastatin, and fluva-
statin. The activation of PPAR« by bezafibrate was synergistically,
dose-dependently, increased by statin. Values shown are the fold-
activation versus cells co-transfected with pGL3-Basic (empty vec-
tor), pRL-TK, and pCI-RXRa in the presence or absence of pCl-
PPAR«, pCI-PPARS, or pCI-PPARYy2. Experiments were performed
in triplicate, and four independent experiments were performed. All
data are means.
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FIG. 5.

Inhibition of transcriptional activation of NF«B by statin and/or fibrate. The activation of NFkB by phorbol myristate acetate

(PMA) (A) and plasmid mitogen-activated protein kinase kinase kinase (PMEKK) (B) was decreased by statin (Ceriva: cerivastatin, Fluva:
fluvastatin, Pitava: pitavastatin) and/or fibrate (Beza: bezafibrate, Feno: fenofibrate). Firefly luciferase activities were normalized to Renilla
control activities and luciferase activities. Values show the ration of firefly luciferase activities/Renilla control activities in the human kidney
293T cells co-transfected with pRL-TK, pNF«B-Luc in the presence or absence of PMA and/or statin and/or fibrate (A). Values show the ration
of firefly luciferase activities/Renilla control activities in the human kidney 293T cells co-transfected with pRL-TK, pNF«B-Luc, pMEKK in
the presence or absence of statin and/or fibrate (B). Experiments were performed in triplicate, and four independent experiments were
performed. All data are means = SD. *P < 0.05 vs cells treated by 90 nM PMA, **P < 0.05 vs cells treated by 90 nM PMA plus 1 uM
fluvastatin, ***P < 0.05 vs cells treated by 90 nM PMA plus 1 uM pitavastatin, and ****P < 0.05 vs cells transfected by 1 ng pMEKK.

The effects of fibrates and thiazolidines on PPARs
were determined by a reporter gene assay in human
kidney 293T cells (Fig. 3). In cells treated with fibrates
and thiazolidines, PPAR«a/RXRa-mediated, PPARS&/
RXRa-mediated, and PPARYy2/RXRa-mediated tran-
scription of the reporter gene were enhanced although
the grades were not same. PPARy2/RXRa-mediated
transcription of the reporter gene was strongly en-
hanced in cells treated with 10 uM pioglitazone. Fur-

thermore, PPARa/RXRa-mediated transcription of the
reporter gene was strongly enhanced in cells treated
with 1 uM bezafibrate or 1 uM fenofibric acid. These
data indicate that bezafibrate and fenofibric acid are
used as the activators of PPAR«, and pioglitazone is
used as the activator of PPAR~y2.

In addition, our results suggest that statin are
activators of PPARa/RXRa-mediated, PPARS/RXRa-
mediated, and PPARy2/RXRa-mediated transcription.
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FIG. 6. Inhibition of transcriptional activation of PPAR«a/RXRa by co-transfection of plasmid mitogen-activated protein kinase kinase
kinase (pPMEKK). Firefly luciferase activities were normalized to Renilla control activities. Values show the ration of firefly luciferase
activities/Renilla control activities in the human kidney 293T cells co-transfected with pRL-TK, pCI-RXRe«, pCI-PPAR«, pCRBPII-Luc in the
presence or absence of pMEKK. Experiments were performed in triplicate, and four independent experiments were performed. All data are

means = SD.

Furthermore, the activation of PPAR« by bezafibrate
was synergistically and dose-dependently increased by
0.01, 0.1, and 1 wM pitavastatin and cerivastatin (Fig.
4). Fluvastatin also has the synergistical ability to
increase the transcriptional activity of PPAR« by beza-
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fibrate. The levels of transactivation of NF«B, induced
by phorbol myristate acetate (PMA) (Fig. 5A) or MEKK
(Fig. 5B), were decreased by statin and/or fibrate. And
the stimulation of transactivation of NF«B, induced by
MEKK, was decreased by the transactivation of
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FIG. 7. Suppression by mevalonate, farnesol, geranylgeraniol, and cholesterol of induction by cerivastatin of PPARa/RXRa-mediated
reporter gene transcription. Values shown are the fold-activation versus cells co-transfected with pGL3-Basic (empty vector), pRL-TK, and
pCI-RXRa in the presence or absence of pCl-PPAR«, pCI-PPARS, or pCI-PPAR~y2. Experiments were performed in triplicate, and four

independent experiments were performed. All data are means.
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5 2007 tial PPAR response element is a direct repeat in which
> bty consensus receptor-binding hexamers are separated by
2 e one nucleotide (direct repeat-1). Recently, it has been
) reported that the effect of farnesol on the PPRE-
1007 luciferase reporter requires PPAR. Thus, there may be
interaction/cross-talk between FXR and PPAR (16), al-
though the detailed mechanism remains to be clarified.
Such clarification might reveal other mechanisms for
0 the induction of PPARs-mediated reporter gene tran-
SREBP-2, immature scription by statins. Thus, we investigated whether
FPP or farnesol inhibits the PPRE binding activity.
< 100 PPRE—protein complex by gel shift assay was mark-
3 edly decreased by FPP or farnesol (data not shown).
- Our data demonstrated that FPP or farnesol had an
g - - - effect on the transactivation of PPARa/RXRa.
o However, the effect of mevalonate-derived isopre-
noids on induction of PPAR« by statin was weak (Fig.
SREBP-2, mature S 7), suggesting that other specific effects of statin are
— involved in its induction of PPARa/RXRa-mediated
i transcription of the reporter gene.
T; w i
3 100
a FIG. 8. (A) Reduction of SREBP-1 protein expression level by
bezafibrate and/or cerivastatin in human kidney 293T cells overex-
0- pressing FTPARa/RXRa. Expgriments were performed in triplicate,
and four independent experiments were performed. All data are
* .*P < 0.
ARk T e i ees
RXRa + + + + bezafibrate, ***P < 0.05 vs cells overexpressed by PPARa/RXRa
bezafibrate = + - -+ and treated with cerivastatin. (B) The signals in A were quantified by
S = o X + scanning densitometry and showed as gray level analyzed by NIH

Image.
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FIG. 9. Suppression of PPARa/RXRa-mediated transcription by
pCI-SREBP-1-N. pCI-SREBP-1-N contain the N-terminal side of
SREBP-1 as mentioned under Materials and Methods. Values shown
are the fold-activation versus cells co-transfected with pGL3-Basic
(empty vector), pRL-TK, and pCI-RXRe in the presence or absence of
pCI-PPARq, pCI-PPARS, or pCI-PPARYy2. Experiments were per-
formed in triplicate, and four independent experiments were per-
formed. All data are means.

Statins inhibit the synthesis of cholesterol from me-
valonic acid by suppressing the conversion of HMG-
CoA. We thought that the SREBP pathway might be
involved in the action of PPARs of statins. SREBP-1 is
associated with induction of fatty acid synthesis, and it

- '@m}

Farnesol

Acetyl CoA
synthase ™
HMG CoA
Statin-#= reductase X
Mevalonate

[]
Bile acid

RS
Mevalonate-PP
RN

r'y
Oxysterol
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has been reported recently that statins are able to
reduce SREBP-1 transcript levels (17). Thus, we inves-
tigated whether SREBP-1 protein expression levels
were altered in human kidney 293T cells overexpress-
ing PPARa/RXRa. As shown in Figs. 8A and 8B, the
SREBP-1 (mature type) protein expression level was
decreased by cerivastatin in human kidney 293T cells
overexpressing PPARa/RXRa. The SREBP-2 (mature
type) protein expression level was increased by ceriv-
astatin in human kidney 293T cells overexpressing
PPARa/RXRa. The effect was greater with cerivastatin
and bezafibrate than with cerivastatin alone. The in-
duction by cerivastatin of PPARa/RXRa-mediated re-
porter gene transcription was markedly decreased by
co-transfection with SREBP-1 (Fig. 9). However, the
effect of co-transfection with SREBP-1 was not com-
plete. Thus, we need to consider other mechanisms for
the induction by cerivastatin of PPARa-mediated re-
porter gene transcription.

We speculated the cross-talk between statin
(SREBP) and fibrate/thiazolidine (PPAR) (Fig. 10) al-
though the detailed mechanisms were not unknown.

In conclusion, our results demonstrate that statins
increase the transcriptional activity of PPARa/RXRa,
PPARS/RXRa, PPARY/RXRa, that this effect is stimu-
lated synergistically by addition of fibrates, and that
the grade of transcriptional activity of PPARa/RXRa is
strong. Moreover, concomitant administration of st-
atins and fibrates decreases the transactivation of
NFkB. These observations may at least in part explain
the synergistic clinical benefits of combination therapy
with statins and fibrates (18-20).

I:’Fibrate
Thiazolidine

Isopentenyl-PP RhoA —kinase cascade————— "5
Geranyl -PP (\ P50
Farnesyl-PP w88 \
T~ Squalene > = Cholesterol___ SREBP NF-xB
- \ -
1
! / o ~ /
1
' \\
SREBPC ;

__SRE__

FIG. 10. Cross-talk between the SREBP (sterol regulatory element-binding protein) and PPAR (peroxisome proliferator-activated
receptor) pathways. LXR, liver X receptor; FXR, farnesoid X-activated receptor; RXR, retinoid X receptor; CBP, CREB binding protein; NF«B,
nuclear factor «B, 1kB, inhibitor of NF«B; kB, response element for NF«B; PPRE, response element for PPAR; SRE, response element for
SREBP; pp, pyrophosphate. (O) Ligand for RXR; (CJ) ligand for PPAR; (m) ligand for FXR; (A) ligand for LXR.
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