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Abstract
Objective

Bexarotene (Targretinp) is a clinically used anti-tunoral agent which exerts its action through bindingto and activation of the
Retinoid-X-Receptor (RXR). The most frequent side féect of bexarotene administration is an increaseni plasma triglycerides, ar
independent risk factor of cardiovascular diseaseThe molecular mechanism behind this hypertriglyceremia remains poorly
understood.

Methods and Results

Using wild-type and LXRH Rdeficient mice, we show he that bexarotene induces hypertriglyceridemia andactivates hepati
LXR-target genes of lipogenesis in an LXR-dependemmnanner, hence exerting a permissive effect on RXBXR heterodimers.
Interestingly, RNA analysis and Chromatin Immunoprecipitation assays performed in the liver reveal thaithe in vivo permissive
effect of bexarotene on the RXR/LXR heterodimer isestricted to lipogenic genes without modulation ofjenes controlling cholestert
homeostasis.

Conclusion

These findings demonstrate that the hypertriglycerdemic action of bexarotene occurs via the RXR/LXR éterodimer and show tha
RXR heterodimers can act with a selective permissivity on target genes of specific metabolic pathways in the liver.

MESH Keywords Animals ; Cholesterol ; metabolism ; DNA-BindingoReins ; chemistry ; physiology ; Dimerization ;nk@e ; Homeostasis ; Lipogenesis ; Live
metabolism ; Mice ; Mice, Inbred C57BL ; Orphan Ma&r Receptors ; Receptors, Cytoplasmic and Nugleaemistry ; physiology ; Retinoid X Receptorshemistry ;
physiology ; Tetrahydronaphthalenes ; pharmacology ; Triglycerides ; metabolism

Author Keywords Retinoid-X-Receptor ; rexinoid ; hypertriglyceridemia ; Liver-X-Receptor ; murine model ; ChiP

INTRODUCTION

RXRs (Retinoid-X-Receptors) are ligand-activatehgcription factors belonging to the nuclear remeptiperfamily. Three subtype
(RXR B RXR Rrand RXR 3 have been identified, which @enactivated by natural (9-cis retinoic acid, datexaenoic acid) or syntheti
ligands, called rexinoids . RXRs are regulators gflethora of pathophysiological processes with pigd clinical implications. For
instance, bexarotene (LGD1069, Targretin ), a rasingth potent and selective activity for R¥R 3 ari@, is clinically used in the
treatment of cutaneous T cell lymphdna and has miogieffects in other cancer forms or dermatoldgicsorders like psoriasds . Ir
addition, synthetic RXR ligands exert beneficialgise-lowering and insulin-sensitizing effects &l ws anti-obesity actions in anim:
models of insulin-resistance and diab8tes , and rbéx@e improves cholesterol homeostasis and ishithie development o
atherosclerosis in a mouse model of mixed dyslipidé . However, similar to other rexinoids, bexaretedministration induces a
undesirable increase in plasma triglycerile88 , inalependent risk factor of cardiovascular dised@®€¢)9 , 10 . Until now, the
molecular mechanism behind bexarotene-induced hypertriglyceridemia remains unknown.

RXR is a unique nuclear receptor since it can matéujene transcription by forming either homodinmerketerodimers with severe
other nuclear receptors, such as the PPARs (PerorisProliferator-Activated Receptors), LXRs (LivéReceptors), FXR
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(Farnesoid-X-Receptor), PXR (Pregnane-X-Recep®ARs (Retinoic-Acid-Receptors), VDR (Vitamin D-Rgter) and TR (Thyroid
Hormone Receptor). These heterodimers have been further subclassifeethssive or non-permissive heterodimers. This concept s
that permissive heterodimers formed by RXR and inpgbartners are activatable by both RXR-specifid partner specific ligands
whereas non-permissive heterodimers can only lreas@d by ligands specific for the binding partnemong the nuclear receptors whic
require RXR as an obligate partner for their actioil form permissive heterodimers are the PPARKFand LXRs. As PPARs11
FXRsl12 and LXR43 are involved in the regulation of gemeglicated in triglyceride metabolism, permissligand activation of RXR
by rexinoids could elicit responses of the dimeiarapartner and as such modulate triglyceridetdmvever, whereas PPAR and FX
activation leads to decreased plasma triglyceggels, LXR activation increases triglycerid8s , presg the permissive RXR/LXF
heterodimer as a potential mediator of bexarotene-induced hypertriglyceridemia.

LXRs (LXR pand LXR § are nuclear receptors that arvated by oxysterols or synthetic ligands suci@801317, and bind DNA
as obligate heterodimers with RXR at specific LXRponse elements (LXRESs) composed of a direct tep&a:AGGTCA-3 gpaced by
four bases. LXR activation regulates triglyceridetabolism and induces hepatic steatosis and hyglgceridemia due, in part, tc
increased hepatic fatty acid synthesis and VLDLret&mn13 , 14 by upregulation of both sterol regulatotgneent-binding protein 1c
(SREBP1c)3 ,15 ,16 and carbohydrate response elemeninlgimaotein (ChREBR)7 expression. Moreover, LXRs pdayimportant
role in the regulation of cholesterol homeosti8is19and their activation leads to the induction of savgenes implicated in revers
cholesterol transport and mobilization of cholesttesuch as the ATP binding cassette (ABC) trarnspsrABCA1l, ABCG1, ABCGS5,
ABCGS8 and apolipoprotein E20.

Using wild-type mice and mice deficient for botbfisrms of LXR (LXRP/ Rdeficient mice), we show théiet permissive heterodime
RXR/LXR mediates bexarotene-induced hypertriglydemia and hepatic lipogenegisvivo . Surprisingly, Rx¥els and Chromatir
Immunoprecipitation (ChlP) assays reveal that t{R-mediated effect of bexarotene in the liver éstricted to genes implicated i
triglyceride homeostasis and lipogenesis, withootlofation of genes controlling cholesterol homesistaThese findings demonstra
that RXR heterodimers can act with a selective permissivity on target genes of specific metabolic pathways.

RESULTS

Bexarotene increases plasma and hepatic triglyceride levels in an LXR ¥ -dependent manner

To determine whether LXRs are implicated in thedretene-induced hypertriglyceridemia, wild type enend mice lacking bott
LXR pand LXR R(LXR k-deficient mice) were treated withe RXR agonist (bexarotene, 30 and 100 mpk)LK¥R agonist (T0901317,
30 mpk) or vehicle alone for 14 dayig(re 1A ). In wilgheymice, the LXR agonist induced a hypertriglyoenidg, an effect which wa
not observed in LXR [3-deficient mice. Interestinglthe RXR agonist bexarotene also induced a robuste-dependen
hypertriglyceridemia, which was strongly bluntedLiXR B fleficient mice. Thus, the RXR/LXR heterodimagpears to be the princip:
mediator of the bexarotene-induced hypertriglyceridemia.

Since LXR is a lipogenic transcription factor iretliver, we analyzed whether bexarotene influenidgh/ceride metabolism in the
liver and whether these effects are mediated by I(figRire 1B). As previously showf3 , the LXR agonist T09013d¢reased hepatic
triglyceride levels in wild type, but not in LXR @ eficient mice. Interestingly, bexarotene inducetbae-dependent increase in hepe
triglyceride concentration in wild type but notliXR B &leficient mice. Thus, the bexarotene-inducggédrtriglyceridemia and hepati
triglyceride accumulation are dependent on the RXR/LXR pathway.

Bexarotene induces hepatic lipogenic genes in an LXR ¥ -dependent manner

To further explore the role of LXR in the effecfsbexarotene on hepatic triglyceride metabolisre,@kpression of LXR-target gene
implicated in lipogenesis (SREBP1c, FAS and SCD&p wneasured by quantitative PCRyre 2 ). As expectedR lagonist
administration robustly increased the expressioBREBP1c, FAS and SCD1 in wild type mice, an effelsich was completely bluntec
in LXR B fleficient mice. Interestingly, the mRNA lel¢ of SREBP1c, FAS, and SCD1 also displayed agtdose-dependent increa:
upon bexarotene treatment in wild type, but notLKR B &leficient mice. To determine whether bexareterould act via othei
transcription factor pathways and nuclear recep&ierodimers, RNA levels of ChREBP, a glucose-attie lipogenic transcriptior
factor, acylcoA oxidase (ACO, PPAR target gene) B&EP (FXR target gene$pplemental figure 1A ) as well as Cyp3Al1, CLC
and FAE (PXR target genesgupplemental figure 1B ) were measured. Bea@@dreatment increased ChREBP, ACO and BSEP mF
both in wild type and in LXR-deficient micspplemental figure 1A ), syesting that ChREBP gene regulation as well apénmissive
heterodimers RXR/PPAR and RXR/FXR do not parti@pat bexarotene-induced lipogenesis which occutg onwild type mice.
Moreover, we measured the expression gf 5 deiodihgee 1 (DIO1), a RXR/TR target gene implicatedhe metabolism of thyroid
hormones gupplemental figure 1A). Bexarotene treatment decreased DIPression in the liver to a similar extent in wilgoe and in
LXR B #®leficient mice, suggesting that potential edtéons in the thyroid axis do not contribute tox&amtene-induced
hypertriglyceridemia. Finally, Cyp3A11 was not miggti in bexarotene-treated wild type mice, indiegtthat PXR does not appear to |
implicated in bexarotene-induced lipogenesigpplemental figure 1B ).d8ptrast to Cyp3Al1l, CD36 and FAE mRNA levels we
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strongly increased in T091317-treated wild type ratt LXR-deficient mice, suggesting that these gesme activated in a LXR- but nc
PXR-dependent manner by T0913%Uplemental figure 1B ). CD36 expresgsaminduced by bexarotene treatment both in wibe t
and LXR-deficient mice, suggesting that CD36 is ingplicated in bexarotene-induced lipogenesis whischnly observed in wild type
mice. FAE expression was strongly increased in ik bexarotene-treated mice, an effect whichstramgly reduced in LXR-deficien
mice, suggesting that the lipogenic enzyme FAEada implicated in bexarotene-induced lipogenesisilar as SREBP-1c, SCD1 an
FAS.

These data show that bexarotene upregulates spkefatic LXR-target lipogenic genes via the pesiesheterodimer RXR/LXR in
Vivo .

Bexarotene increases RXR binding to the LXREs of hepatic lipogenic genes

To investigate whether the activation of hepatmodjenic LXR-target genes was associated with areased ability of RXR
complexes to bind LXRESs in the promoters of themeeg, ChIP assays were performed on livers of tméeged with the highest dose «
the RXR agonist, the LXR agonist or vehicle alofigufe 3). Antibodies directed against RXRigure 3A ) and RNA pognase Il (
figure 3B) were used, and input as well as immunoprecit&@islA was quantified by real-time PCR using primpesitioned around
the LXREs of these genefigure 3A ) or within the gefigufe 3B regpectively. The antibody against RNA polymerdsedognizes
both the non-phosphorylated and the phosphorykatéehding forms of RNA polymerase Il, and occupawitin the gene can be use
as a measure of transcriptional actigity . In wighe¢ mice, the RXR ChIP-PCR revealed that both LXi@ RXR agonist treatmen
increased the recruitment of RXR on the LXREs oEBR1c, SCD1 and FAS gendggre 3A ). RNA polymerase IPGPCR showed
that this bexarotene and T0901317-induced RXR itmcent was associated with increased RNA polymelasecupancy in the gene
encoding SREBP1c, FAS and SCD1 in wild type miitgufe 3B . By) contrast, bexarotene-induced RXR recruitmerthe FAS and
SREBP1c LXREs was abolished in the LXRR3/ -deficieriten upon bexarotene and T0901317 treatment, whexesmall, albeit
significant, increase was still observed on the $CRRE (figure 3A ). These data suggest that RXR can bindpeddent of LXR in the
vicinity of this LXRE. Moreover, in LXR /R-deficientmice, neither bexarotene nor T0901317 lead to ®agmt increase of RNA
polymerase Il occupancy on the SREBP1c and FASggéneeeping with the modest LXR independent bigddf RXR to the SCD1
gene, a modest bexarotene-induced recruitment & pllymerase 1l was observed after bexarotenertreat. Altogether, both LXR anc
RXR agonist treatment increased RXR binding to LXRIAd increased RNA polymerase Il occupancy ontleeljgogenic genes in wild
type mice but not in LXR R-deficient mice.

Plasma cholesterol concentrations are increased after LXR but not RXR agonist treatment

Because LXR is a major regulator of cholesterol @ostasis, plasma cholesterol concentrations wecenagéasured in wild type an
LXR B #leficient mice treated with the LXR and RXRamists, respectivelyfigure 4A ). The LXR agonist T090134aréased plasm:
total cholesterol by increasing both HDL-C and tiDE-C in wild type, but not in LXR> /R-deficient micfligure 4B and 4Q. Hepatic
cholesterol content was not modified after TO901&Fatment (data not shown). Interestingly, plagotal cholesterol, HDL-C anc
non-HDL-C did not change upon treatment of wildeyand LXRp/zdeficient mice with the RXR agonist betane. Moreover,
bexarotene treatment did not influence hepaticedteltol content (data not shown). Thus, bexaroteediated RXR activation of the
RXR/LXR heterodimer does not influence plasma cételel concentrations, whereas T0901317-induced bBXfRation of RXR/LXR
increases plasma cholesterol concentrations.

Hepatic LXR-target genes implicated in cholesterol homeostasis are induced by LXR but not RXR agonist treatment

LXR influences cholesterol homeostasis in the liggregulating genes encoding proteins of the ATRIBg Cassette Transporte
family22, 23. Therefore, the expressions of these L¥Ryét genes were measured in the liver. In wile tyjice, LXR agonist treatmer
induced a strong increase in the expression of ABCABCAL, ABCG5 and ABCGS, an effect which was tigtaabsent in LXRpP/R
-deficient mice figure 5 ). Notably, in contrast to lipogemwXR target genes, the hepatic mRNA levels ofsth&XR target genes o
cholesterol metabolism only displayed minor or asponsiveness to RXR agonist treatment. Indeedrbtene treatment only slightl:
influenced the mRNA level of these genes and tleéfeets were comparable between wild type and IbXRigfieient mice. These dat
show that, in contrast to hepatic lipogenic genasy T0901317 induces hepatic LXR-target genesicagd in cholesterol homeostas
via RXR/LXR in vivo , demonstrating that RXR/LXR heterodirmecan act with a selective permissivity on targehes of specific
pathways in the liver. To analyze whether bexamtesn modulate these LXR-target genes of cholddterneostasis in another orge
such as the intestine, the expression of ABCG5AB@GS as well as NPC1L1 was measured in the jejurioroontrast to T091317, th
bexarotene-induced decrease of NPC1L1 expressismuatad XR-dependent. However, both bexarotene &81317 increased intestin:
ABCGS5 and ABCG8 mRNA levels in an LXR-dependent memsupplemental figure 3. These LXR-dependent increases of ABC
and ABCGS8 expression by bexarotene in the integdifier from the absence of LXR-dependent effedtbexarotene on these genes
the liver, identifying tissue-specific mechanisms of RXR/LXR heterodimer permissivity.

RXR recruitment on the LXREs of hepatic genes imptated in cholesterol homeostasis is induced by LXBut not RXR agonist
treatment
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To determine how T0901317 and bexarotene affect ReGRuitment to the LXRESs of genes implicated imlelsterol homeostasis
RXR ChIP-PCR was performed on livers of mice trdatéth the highest dose of the RXR agonist, the Lag@®nist or vehicle alone
figure 6A). LXR agonist treatment increased RXR occupancy qutative LXRE sequence adjacent to the ABCGEkgemwild type
mice but not in LXRp/R-deficient mice. Even though BB1 has a high basal LXRE occupancy by RXR, RXRuiment on the
reported LXRE in the proximal promoter of ABCAl@leended to increase in wild type mice but not XRE &leficient mice. Since the
mouse LXREs in ABCG5 and ABCGS8 genes have not peinbcharacterized, we used computational analgsidentify the DR4
elements in the vicinity of these genes and wetified two putative LXREs in the first intron of éhrABCG8 gene. Interestingly, LXF
agonist treatment increased the recruitment of RXEese putative LXREs only in wild type mice, itating that these sequences ¢
indeed functional LXREs. In keeping with ABCG1, ABC, ABCG5 and ABCG8 being LXR target genes in tiver, RNA polymerase
Il ChIP-PCR demonstrated LXR agonist dependentmehase Il occupancy in wild type but not in LXRR/ fideent livers figure 6B ).
Interestingly, in contrast to the LXR agonist, R&fonist did not induce major changes in RXR bindmthe examined LXREs adjacel
to genes involved in cholesterol homeostasis neithewild type nor in LXRp/zdeficient liver. Moreove recruitment of RNA
polymerase Il to the ABCG1, ABCA1, ABCG5 and ABCGénes was not influenced by bexarotene in wild e in LXRP/ deficient
mice figure 6B ). These data demonstrate that LXR and RX#hiats differently regulate RXR binding on hepagenes implicated in
cholesterol homeostasis, an effect that may contribute to their distinct effects on plasma and hepatic lipid levels.

DISCUSSION

In the present study, we show that bexarotenexiaail used clinically for the treatment of certaiancers and dermatologici
disorders, induces hypertriglyceridemia in an LX&pendent mannén vivo . This observation is of partidoi@ortance since rexinoid:
have been proposed for the treatment of metabdBeades and insulin-resistance syndromes. Howeside, effects such a:
hypertriglyceridemia4 25 which is now widely recognizi® be an independent risk factor of C¥D , havatéohtheir use. Until now,
the mechanism underlying this effect was not urtders In a study performed in ZDF rats treated férdays with a broad range ¢
bexarotene doses, the authors proposed that therdiere-induced dose-dependent hypertriglyceridemsis. due to elevated VLDL
caused by a primary defect in LPL activity maintythe musclg6é . Another study performed in wild-tygyel PPARP -deficient mice
suggested two separate pathways to explain bexeratetion on plasma triglyceride concentration®P#ARP-dependent pathway b
activation of the RXR/PPAR -heterodimer for a TG4@esing effect of bexarotene and a PRAR -indepengatitway for the
TG-raising effect of bexarotene but without ideyitify the heterodimer implicatéd . As a previous gtpdrformed in our laboratory ir
the apolipoprotein E2 knock-in mouse model showbdxarotene-induced hypertriglyceridemia associaféilan increase in the hepat
expression of FAS and SCD1, two direct LXR-targenes implicated in lipogene6is , we assessed whiagipertriglyceridemia inducec
by the RXR agonist bexarotene could involve the RXR pathway. Indeed, the heterodimer RXR/LXR i©Wm to be permissive ant
the activation of this heterodimer by LXR agonistduces hepatic steatosis and hypertriglyceridéfial4 , By measuring plasm:
triglyceride concentrations in wild type and LXRR/efttient mice, we demonstrated that bexarotenedaduhypertriglyceridemia
occurred in a dose-dependent manner through the RXR/LXR pathway. This effect was associated with an upregulation of heyati
genes (SREBP1c, FAS, FAE and SCD1) in a dose- Xfttdependent manner. The implication of other lggtieners as mediators of th
effects of bexarotene in the liver was also analyBexarotene activation of the permissive heteneds RXR/PPAR or RXR/FXR wat
not affected by LXR-deficiency since both ACO (R¥R/AR target gene) and BSEP (RXR/FXR target genpjession was strongly
increased by bexarotene in wild type and LXR / -defit mice. The potential role of the thyroid hormaoaxis in the triglyceride
response to bexarotene was also dismissed due fa¢hthat bexarotene decreased DIO1 (RXR/TR taygee) expression to a simile
extent in wild type and LXR R-deficient mice. Cyp3AIRXR/PXR target gene) expression was not modifiedhe liver of
bexarotene-treated wild type mice, suggesting R¥R/PXR heterodimers do not mediate bexaroteneededuipogenesis in wild type
mice.

The fact that the RXR/LXR heterodimer mediates babeme-induced hypertriglyceridemia suggests thatuld also be implicated ir
hypertriglyceridemia reporteth vivo  with many other RXgoaist26 ,28 . It is, however, difficult to extrapolate other rexinoids
because each rexinoid selectively activates its pattern of heterodime2® 30 . However, LG10506, a mewnoid shown to
selectively activate RXR/PPAR but not RXR/LXR, RAERAR and RXR/FXR heterodimers, has beneficial mdiabeffects without
inducing hypertriglyceridemiil , reinforcing the hypesis that, in case of RXR agonist-induced hyjadytteridemia, LXR seems to b
the main partner implicated.

Notably, the results of this study support a netsrigsting concept concerning the molecular mechanif RXR heterodimer action
Indeed, we identify the existence of heterodimareffit selective permissivity on target genes aécific metabolic pathways in on
given tissue, i.e. the liver. The concept of séecpermissivity linked to tissue-specific activihas previously been introduced wit
respect to RXR heterodim@&2 . The heterodimer RXRAURich was shown to be non-permissive, displayseanissive activity
depending on the cell tyB8 135 . Conversely, the hetered RXR/FXR, shown to be permissive in differessaysin vitro, can be
antagonized by RXR agoni88 . Taken together, tesies have demonstrated tissue-specific diffegric permissivity of certair
RXR heterodimers. This concept has been extendediiirstudy to the LXR/RXR heterodimer, since beilame treatment increase
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ABCGS5 and ABCG8 mRNA levels in an LXR-dependent memin the jejunum, but not in the liver, suggestine existence of distinc
molecular mechanisms of LXR target gene regulatiahe intestine vs the liver. Moreover, we showattlin liver, RXR heterodimers ca
also act with a selective permissivity on spedifietabolic pathways. Indeed, similar to the LXR agom0901317, bexarotene increas
the recruitment of RXR on the LXREs of specific LXR-target genes implicated in hepatic lipogenesis (SREBP1c, SCD1 and FAS
to their upregulation and hepatic accumulatiorrigiyicerides. Thus, the RXR/LXR heterodimer is pesive for lipogenesis in the liver
By contrast, whereas the LXR agonist induces tieeuignent of RXR on the LXREs of hepatic genes eling proteins implicated in
cholesterol homeostasis, leading to a strong iseref their expression in an LXR-dependent martherRXR agonist bexarotene onl
slightly increased the expression of these gendsdahnot influence liver and plasma cholesterahkostasis, either in wild-type or i
LXR B gfleficient mice. Taken together, these resdisnonstrate that the heterodimer RXR/LXR is nompssive for cholesterol
homeostasis in the liver. Thus, these data shoty imndahe same organ (ie the liver in our study),RXR heterodimer (in this cas
RXR/LXR) may be permissive for target genes of #fpemetabolic pathways. These observations readdhe concept that rexinoid
can have molecule-, inter-tissue-and intra-tisqexigic effects, which may find application in drdgvelopment by synthesizing RXI
modulators with appropriate tissue and gene selective profiles for a potential clinical use.

In conclusion, this study shows that the molecuachanism of bexarotene-induced hypertriglycerideimi dependent on th:
RXR/LXR pathway and that in liver the vivo  permissivéeef of bexarotene on the RXR/LXR heterodimer istnieted to specific
lipogenic LXR-target genes but does not affect LdédRyet genes implicated in cholesterol homeosthsaddition, our study supports th
notion of selective permissivity on target genes of specific metabolic pathways for the mode of action of RXR heterodimers.

MATERIALS AND METHODS

Animal experiments

All experiments were performed with the approvatted Pasteur Institute review board, Lille FrariBexarotene was synthesized
the Laboratoire de Chimie kh rapeutique (Faeult des Sciences Pharmaceutiques, Wniversit de Lille 2, France).

Female C57BL6 (13 weeks of age) wild type (n 28LXR ¥ R&leficient (n 28) mic86 ,37 obtained from Jan-Ake gkafsson's
laboratory were divided into four groups (n 7/groumd were treated with the RXR agonist bexarotesiessgended in 1
carboxymethylcellulose at the doses of 30 or 100kgngody weight (mpk)), the LXR agonist T090131D (Bpk) or vehicle alone by
oral gavage once daily for 14 days. At the endhef treatment, blood was collected by retro-orbitahipuncture under isofluran
anesthesia after 4h of fasting (9am 1pm). Plasmaseparated by centrifugation (15 min; 4 C, 4 000)ranmd used within 3 days fo
biochemical analysis. Animals were weighed andiieed by cervical dislocation. Livers were removietmediately, frozen in nitroger
and stored aé 80 C for further analysis.

For expanded Material and Methods, pleasesspplemental information
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Figure 1
RXR or LXR agonist treatment increases plasma and hepatic triglycerideifevisis in an RXR / -dependent manner

PlasmaA) and hepat{B) triglyceride concentrations wezasured in LXR f3-deficient mice ( ) and wild typé&en( ) gavaged with tt
RXR agonist (bexarotene, 30 and 100 mpk), the L¥Bnést (T0901317, 30 mpk) or vehicle alone for Bysi(N 7/group). p<0.01,

p<0.001 versus wild type mice treated with vehidle; p<0i.®5, p<0.01 versu® LIXR / -deficient mice treated with vehicle.

Figure 2
RXR or LXR agonist treatment induces hepatic lipogenic gene expression imniice in an RXR / -dependent manner

Hepatic mMRNA levels of SREBP1c, SCD1 and FAS weeasared in LXRp /R-deficient mice ( ) and wild type mi¢C ) gavaged with tt
RXR agonist (bexarotene, 30 and 100 mpk), the L¥&nést (T0901317, 30 mpk) or vehicle alone for 8§<i(N 7/group). Data normaliz
to 28S mRNA are expressed as a percentage of theywpie mice group treated with vehicle alone, tual an arbitrary value of 100 w

attributed. p<0.01 versus wild type mice treated with vehicle, p<0i05, p<0.01 versus BXR / -deficient mice treated with vehi
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Figure 3
RXR or LXR agonist treatment increases RXR recruitment to the LXREs of lipogenic genes in vivo

ChIP assays were performed using antibodies agaiXRt(A) or RNA polymerase iB) on livers of LXR @ -deficiemice and wild typ
mice treated with vehicle alone, bexarotene (10&)nop T0901317 (30 mpk). Recovery was determinedda)-time PCR using prime
positioned at the LXRE of SREBP1c, FAS and SGBJL pramers located in the body of the gei®) R . -globaswsed as a contro
p<0.05, p<0.01, p<0.001 versus wild type mice &dawith vehicle,i p<0.05!1 p<0.01ii  p<0.001 versus LKRieficient mic:
treated with vehicle.

Figure 4
LXR, but not RXR agonist treatment increases plasma cholesterol levels in vivo

TC(A) , HDL-C(B) and non-HDL-GC) were measured in LXR3/ -difint mice ( *) and wild type mice ( ) gavaged, asdatbd, with th
RXR agonist (bexarotene, 30 and 100 mpk), the L¥Bnést (T0901317, 30 mpk) or vehicle alone for Bysi(N 7/group). p<0.01,
p<0.001 versus wild type mice treated with vehicle.
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Figure 5
LXR, but not RXR agonist treatment upregulates hepatic cholesterol genes in vivo

Hepatic mRNA levels of ABCG1, ABCAl, ABCG5 and ABBGvere measured in LXR B -deficient mice’( ) and wiyghe mice (
gavaged, as indicated, with the RXR agonist (bexarotene, 30 and 100 mpk), the LXR agonist (T0901317, 30 mpk) or vehicle alont
(N 7/group). Data normalized to 28S gene are exptkas a percentage of the wild type mice grougddeaith vehicle alone, to which
arbitrary value of 100 was attributed. p<0.05, P2Oversus wild type mice treated with vehicle, ®80versus LXR /R-deficient mi
treated with vehicle.

Figure 6
LXR, but not RXR agonist treatment increases RXR recruitment to the LXRE of cholesterol genes in vivo

ChIP assays were performed using antibodies agaiXRt(A) or RNA polymerase i[B) on livers of LXR # -deficiemice and wild typ
mice treated with vehicle alone, bexarotene (10&)nop T0901317 (30 mpk). Recovery was determinedda)-time PCR using prime
positioned at the LXRE of ABCA1, ABCG1 and at twotgtive LXREs of ABCG5 and ABCG@A)  or primers locatadhe body of th
gene(B) .R-globin was used as a control. p<0.05, p<0.01 versus wild type mice treated with vehicle.
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