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Peroxisome proliferator-activated receptors (PPARs) are ligand-activated transcription factors and commonly
play an important role in the regulation of lipid homeostasis. Although three PPAR subtypes, a, d and y show a relative-
ly close amino acid sequence homology, the functions of each PPAR are distinct. For example, PPAR« and PPARJ in-
duce lipid oxidation, while PPARY activates lipid storage and adipogenesis. To analyze the detail functions of human
PPARs, we previously established tetracycline-regulated human hepatoblastoma cell lines that can be induced to express
each human PPAR subtype. The expression of each PPAR subtype in established cell line was tightly controlled by the
concentration of doxycycline. DNA microarray analyses using these cell lines were performed with or without adding
ligand and provided the important information on the PPAR target genes. Furthermore, we analyzed the 5"-flanking
region of the human adipose differentiation-related protein (adrp) gene that responded to all subtypes of PPARs, and
determined the functional PPRE of the human adrp gene. Here we discuss the usefulness of these cell lines.
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> MGG 2§l 2 NZEARD 1 DT
HY, HAEBMIZHNTIZI PPARe, d, y D 3 FEH
DY TEHATNEIET 5.V PPARa iFEE L TH
fie, B, O, DB EITRIALTED, BIfE
BB ROBMRIEDOHBEZHFEL, REAHDH
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REICE L TIRAHLBRANZEINTWVW S, 4
PPARS |3 HLAR R A IR FE BN A 5 N B I T
L TWa0, BBV TR A
HOTLEDP T RN F—DOWHEZEFHETLHL,9 F
7z, ERJED AR B W TOBIRES BIGIEEIC
BETDZEVRENFHEINTNS,
ZD&XDIZ, PPAR OHREIIIR A ICH S NI E
NOOHBM, TOHEEIRIE NETF o lETRERS
ZEbHEINTWS., #HlzE, PPARe DU >
RThd7177—FRFEHNL, b MTBWTIEE
RMUEIER 2 RIET 508, FowEICBNTIEA
WAF I — LAOHCHEZFRET 5. UL,
INSEENEUCDHBEICDOWTIEHShZEINT
RYAS RN
ZOEDBBRENEEFESIL, & b PPAR O
HEZBHSNCTHHMT, T hI¥A 2 2 iFED
AT L%EHWW/- PPAR OB ZHIHTE % MF
FEHSRMRakk 2B L, NT A2 U T h— LT
1ol AT, EEFSHEIMARREZA,



1224

Vol. 127 (2007)

PPAR DOHHEIZ D W THER L 72,

2. PPAR O#&is & #aE

E R PPARICIE o, &, y D 3FEEEDY T H A1 T
FIEL, 512, PPARyICIZyl & 2071V 7
+—LMWEET S (Fig. 1(A)). PPAR IO EEN
SRR EFEBRIC, NREMED VA > RIFEREN
IR B L EI T D A/B fHIK, DNA f&&fH
HTHhs CHElEl, tIHEBTHZ DMEE, VN
> RIEEEAMAL 2SN > RKFEN IR EIE L 2
7% B/F k&L 0725, D PPAR X 9-cis- L F /1
SgE I R ET DN AR retinoid X recep-
tor (RXR) ENTO2@mAKEEKRTSHZEITLD,
HAEF— 7Ol H (5-AGGTCA-3") 71 ¥R
TTCTRUCAHAMIZEAEYI LI FUE—K1
(DR1) O %43 % PPAR L% Hc 4| (PPAR
response element; PPRE) 124549 %. 2@ DNA
EDOREEICEE C HIEIZ, PPARY TS A T
T8%L ELOEmWHFAMEZAL TnWa, I OMHFEE
IE2DD Zn 7 4 2 —#EEMNH O, N RKimfld
In 7 4 OH—HEICHEET S 57 2 JBEENS
2% PRy AN, WETLIEAETFT—T ORI

N

ZiRT . £z, CEREMOD Zn 7 1 > —HEiE
WIE DRy 7 ANH D, TF—7HOHEEEZR#H
T5EEZLENTVWS (Fig.1(A)).2 — 4,
PPAR DU 77 > R G EBII MO N Z A &I
L, EFICKRERVAT D REGRT Yy hE2HLT
W3 ZENBERITOREI DA SNIT/R> T
510 20z &F, L EYH PPAR O UK
CRIZBRVEDZEERBEL TS,

I 5 PPAR ONRHEMEDOU 7> REL T, E
SIEMEE ST A O /A RITXRTOYTHA T D
TIAZARELTHIEND, ORI B4N
PPARa @D, 15-deoxy-A'2!4-prostaglandin J2 72 £ D
NI 538 K7 PPARy D7 1= A b & L THiG S
NTns.D—%, AU NT > KEL TIE PPARa
DUH Y RTHD 7«75 — NREXDHUE NS MIE
#ELT, PPARYOUN VRTHBFTIUT
REFIMPHERFEE L THWSEN TN, Y /7,
PPARS O U7 > Rid, H#MCIENHEICHBNWT
IxRINF—IHEZTEL, REHEINIH KO > X
U RYIMSESRERT LN S, PUEmEICA
DE5ZEIRBINTNDS, 61D

o,
a0

¢, C
(< QU
¢’ ¢ cr ¢
IS . P-Box D-Box A .
1 °-.101 166 .- 244 468 (a.a.)
hPPAR« | | DBD | LBD
1 137 215 441 (a.a.)

203 279
175 251

505 (a.a.)
477 (a.a.)

hPPARy

3

Repression

—¢—

Target gene

5’-AGGTCA-n-AGGTCA-3’

Fig. 1. The General Features of Human PPARs
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(A) Structure and functional domain of human PPARs. A/B, C, D and E/F indicate N-terminal A/B domain containing a ligand-independent activation func-
tion 1, DNA-binding domain (DBD), hinge region and C-terminal ligand-binding domain (LBD), respectively. (B) PPAR/RXR heterodimers bind to a PPRE lo-
cated in the promoter of target genes through the DBD. Unliganded PPAR associates with the corepressor complex. In the presence of ligand, the ligand-bound

LBD associates with the coactivator complex.
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PPARIZINHUN > REMETHIET, &
AR TEFIBEREEZET 537 7 FN—
& —1xE EMHEER USENEETORE 215
5. —H, UHZREBELTOWRWIRETIE, O
Ufbyﬁ—&mﬁwm?é_&TEQ@@%Mﬂ
LTWw3 (Fig. 1(B)). 121 £/ PPARIZIZU N
yF#%ﬁ%@ﬁﬁﬁﬁ%%%ﬁ&?é.%amﬂ
WMAE275Z &TPPAR IR VB {k/s EDBIERE
iz 2, OGS LENTEF I NS, 1419
ZDEDIZ, PPARICK DB I 4 72K T
Mk A G > THIEISN TN 5.

3. ThIHAT ) FEATLERWE
PPAR % FIH ¢ 2 Mgtk DL

Ak L7= & 912, PPARIZYU T > RMKER 2L
BRFTHZIEMS, ENELRTEDHEORIZ
ML TEOHRREZFHIET S, LizN>T, BEMIHB
7% PPAR OHREZMRITT 5720121%, & hOHM
fillZH1F % PPAR ODIEMELZFEZHSNCTT ST
ENHEETHS,

EITEHESIE, ThIVA 7Y FEE AT A
(Tet-Off > A5 1) #HWT 4 fE¥HD PPAR Y7 %
A T OB ZEHIHTE S b NS bR Rk 2 8L
L 7= (HepG2-tet-oft-hPPARe, hPPARS, hPPARY1,
hPPARy2). 19 Z 5HlfaikiCH1F 5 PPAR O FH
BmE, ThIHA Y2 (I, TOHEEERTH S
RFHA 27U (Dox)) ZERHMNSRET S Z

ETERL, ZORHEIT Dox BEKGFNTH >
7= (Fig. 2). ¥£7-, Dox Z[£Z% L PPAR Z#H &
B-OBIZUN Y RTUET S Z &2k, Er)E

& T T & % 3-hydroxy-3-methylglutaryl-CoA syn-
thase 2 (HMGCS2) DI FHE X 17~ (Fig. 3).
EDZ EMmE, 25 PPAR 785l Hd #R 12
Dox Z#frET 5T &I i@%%?éHmR%%ﬁ
95 ENMHRTE.

4. PPAR RIFHMfItkz AV RENEGTFRE
AT

KIZ, ZORIEMKZERNWT RS > A2 U T h—1A
R 2175 2 12X D, PPARICIRE T 5 BT
D FE Y fEHT 2 3 A 7. 19 Dox frE% D PPAR Y
FHL TWBHIIC, ThzhoU >R, #HLL
%, O3> hO—)LEL T DMSO Z#NL T 24 I
ME#E LD &, Dox ZRrZEHTIZ PPAR 2%
HEXETWARVIEZ HWTHEETORELT %

Dox (ng/ml)

(kDa)
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Fig. 2. Induction of the Expression of PPAR by Doxycycline

in Established Cell Lines

Nuclear extracts from each cell line cultured in the presence of the indi-
cated amounts of Dox for 5 days were subjected to SDS-PAGE and im-
munoblots were performed with anti-PPARq, anti-PPARJ or anti-PPARy.
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Fig. 3. HMGCS2 mRNA Expressions were Modulated by
PPARs in Tet-Regulated HepG2 Cells
(A, B, C and D) HepG2-tet-off-hPPAR cells were treated with DMSO

or ligands (100 um fenofibric acid for PPARa (A), 100 nm GW501516 for
PPARGS (B) or 10 um ciglitizone for PPARy (C and D)) for 0, 8, 24 or 72 h
in the absence of Dox. Messenger RNA levels of human HMGCS2 were
measured by RT-PCR.

fRbT U7z, T OFER, U RIEE L TIRITER
HIHRDOLBEETZ2IED, BIRWE, FERHRE
Wb S EETFOREN LR L (Table 1), EfK
MIZBWTIX, PPARa [ i T HE Nl 1R 35 2 il
LTHD, X/, PPARy BIEMM DML, FEE
DEBICEG L TWS, SEOEBERNS, BT
L 7= MBa kI B W T H T PPARa I IEHGEE AT
B3 28 THEZHEL, £/-, PPARy IZIENE
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Table 1. Changes in mRNA Expression Levels of Metabolism-related Genes in HepG2-tet-off-hPPAR Cells by Ligands

Fold change
PPARw PPARS PPARyl PPARy2
Gene DMSO| Feno |DMSO| GW |DMSO| Cig |DMSO| Cig
Vs. vs. Vs. vs. Vs. vs. Vs. vs.
Dox Dox Dox Dox Dox Dox Dox Dox
Fatty acid metabolism
Acyl-CoA synthetase long-chain family member 1 1.84| 3.49, 0.82| 1.72| 0.88 2.30| 0.82) 1.00
Carnitine palmitoyltransferase 1A (liver) 1.48 2.86 0.37 2.05 0.74 1.35 1.12 1.24
Isnzlrliltge:azr(r)ier family 25 (carnitine/acylcarnitine translocase) , 1200 2231 o091 136 083 093 104 127
Acyl-Coenzyme A dehydrogenase, very long chain 2.16| 3.46| 0.92] 2.69 1.36 1.97 1.55| 2.33
Acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain 1.62| 2.52| 0.64, 2.03 1.24 1.48 1.40 1.80
Trifunctional protein, beta subunit 1.74| 2.66/ 0.95 1.30 1.17 1.49 1.14 1.62
Acetyl-Coenzyme A acyltransferase 2 1.58 1.92 1.06 1.63 0.89 1.31 1.18 2.44
Enoyl Coenzyme A hydratase 1, peroxisomal 2.28| 2.61 0.99| 2.05 1.16 1.46 1.44 1.98
Antioxidant
Catalase ‘ 1.51 ‘ 2.36‘ 0.68‘ 1.45‘ 1.06‘ 1.54‘ 1.69‘ 2.59
Ketogenesis
3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 2 ‘ 32.40‘ 156.62‘ 1.13‘ 2.51 ‘ 2.14‘ 6.57‘ 2.20‘ 6.53
Transport/strage
Fatty acid binding protein 1, liver 1.39 2.08 0.18 1.33 2.73 6.52 3.52| 10.44
Adipose differentiation-related protein 1.96| 3.44) 0.22) 2.90| 3.33| 6.06| 3.40| 5.73
PDZ domain containing 1 2.16| 3.02| 0.52| 2.85| 1.03| 2.42| 1.98 3.21
Lipase, hepatic 8.34| 10.39| 0.72| 2.89| 1.08| 2.47| 1.64) 3.99
Gluconeogenesis
Aquaporin 3 3.00/ 5.86| 0.26] 1.91 1.58| 3.41 1.38| 3.09
Glycerol kinase 0.87| 1.57| 0.73| 0.79| 1.00/ 1.21 1.84| 3.17
Phosphoenolpyruvate carboxykinase 1 (soluble) 6.39| 17.90| 0.83| 4.64| 6.94| 29.19| 34.46| 110.78
Metabolism
Angiopoietin-like protein 4 1.71| 17.97| 3.00| 25.67| 1.24| 7.27| 3.88] 33.56
Heme oxygenase (decycling) 1 1.25 2.21 0.66 1.25 1.31 2.20f 2.18 4.20

Microarray analyses were performed on HepG2-tet-off-hPPAR cells; the cells were cultured in the presence (Dox) or absence of Dox for 5 days. In the absence
of Dox, the cells were treated with ligands (100 um fenofibric acid for PPAR«a (Feno), 100 nm GW501516 for PPARS (GW) or 10 um ciglitizone for PPARy
(Cig)) or DMSO for 24 h. Gene expression profiles were compared between DMSO and Dox or ligands and Dox.

DOEV AHDUEICE T 2B TR ZFHE T 2 M
NBd LN, LNLABNRS, WTild PPAR
INSERTOREEFL L. Z0ZEns, &
RKNIZH 1T % PPAR ORIV HEREIX, EITTOD
AR R B RBNY — Ik o THEZIN TV S
DTN EEZOEND. Thabb, MR
ISR B R T RMOBGER T OEFEE, YT RO

A1,

Bk E W 2 &2,

7z.

7 axF G EH PPAR OfFRICHB T
HIEEEDEWICEHERFELZKTIL TS EEDbN
6' 12,17)

UHROBWIRETDH
PPARa & PPARy I3 EE T D RKB %2
ZUE, MBNICE ENDIENEBYY SF R

AL

REDRBIE LN A > REL THN TS Al e
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INEZ SN 1819 —FT, PPARSIZU T > Rz
VWIREETIEW LS DD DB T OFB ZMHI L 7z
NFETIZ, PPARSIZU N > RDsWREETaY &7
Ly —EMAEMERAL, EMEZETORS 2K
D52 ENHEZINT NS, 2020 £/= PPARS DY
A R#EE R MiE, PPARa % PPARYy T H#%
LTSIV ENREINTND. D ZN65DZ &
Y, A EIBIL L MK ITHB T S PPARe, y &
PPARS DEGHIFH OBEWICHNZON S LA
W, ZOMICELTIRERLIMENLETHDHD
D, RWMERRENS, 4B U 7 M5
PPAR D¥i G- Hl#IHHE 2= T4 5 LT, Ty —
WIZIeBEEZ BN 5.

5. PPAR (& % ADRP B{EFOFRIE HIHHE
NI AT UT b= LN DRSS,
differentiation-related protein (ADRP) &z T DF
BNWTNO PPAR Y71 FIZbIinE L TE{L
L TW/z (Table 1). ADRP {51 ke BRI )5

-
—

adipose

fE9 25 2 )N\VET, HaRMTHEILTHD,
fEE DAL ERHICEAEL Tns. 2 ZTNETIT,
Y™ A ADRP 7 O & — 4% —® — 2000 bp {3 1T
PPRE F(ET 2 2 EMMEIN TN, E |
@ PPRE XA EINTWARMN>/. £ T,
PPAR I X % b ~ ADRP O B i ik is % i@ 4 L
7. 16)

*£9, b b ADRP YO E—% — DA H %2 <
UADTOE—F—EiRLZER, EhoT O
E—%—®—2300 bp £1iT1Z PPRE D&% A
H U7 (Fig. 4(A)). ZZ°T, ZoEgzad7 0
TV —ZFEHWTLR—=—F—-TvtrA1 2o
(hADRP-4K). [ffiZ, PPRE L#i@E S % HE
Mo EREsy Z2H - /=7 0F—4% — (hADRP-d1),
KO, TORAMCERZMATZTOE—4 —
(hADRP-mut) 22 8L R —4F—7 I3 X3 b
Wz, ZTORRE, WINOPPARYTHATHY
T RIHBELTE h ADRP YO € —4% — 2 1EM

(A) PPRE
5'Flank DR1
—_ —>
Consensus : WWCW RGGKMA A AGKTCA
mouse ADRP : -2013 GCCTT TTGT AGGTGA A AGGGCA AAGAAA -1986
*k kk kkkk kkkkkk k kkkkk *
human ADRP : -2366 GCATT TTGT AGGTGA A AGGGCG AGAGTC -2339
W=AorT, R=AorG, K=GorT, M=AorC
® ©
2 o 25
< 7]
o_6 £ 20
SE £2.5
324 53
0 ° o0 1.0
£°2 'gg 0.5
© - 8
T =
4 2 0
LABRP AL * &% 4 oot hADRP-4K + +++ - - - ===
- s = FARRE cme o hADRP-d1 - - - R
hADRP-mut - - - - - - - +++ +
PPAR R &% e hADRP-mut - - ++++
i f‘b‘a PPARS - -++ --+4++ --++4
enoiibrie: =& =% tot tot GW501516 - + -+ -+ -+ - +-+
Acid
D E
o ., ® .,
0 7]
® <
o 3 o 3
= > = >
ox ol
322 322
© 0 ©©
21 Z%1
5 8
g o e o
hADRP-4K + + + + -- - -- - hADRP-4K + + + + --- -
hADRP-d1 - - ++++ === hADRP-d1 - - - - ++++ LR
hADRP-mut - - ++++ hADRP-mut - - - - - =--- ++++
PPARY1 - -++ --++ -+ + PPARY2 - -++ - -++ -+ +
Ciglitizone - +-+ -+-+ -+-+ Ciglitizone - + - + -+ -+ -+ -+

Fig. 4.

PPARs Modulate Human ADRP Promoter Activity via a PPRE Located between —2361 and —2345 bp

(A) A sequence corresponding to the —2366/ —2339 region of the human adrp gene, was compared with a consensus PPRE and the analogous regions in the
mouse adrp gene promoter (—2013/—1986). Asterisks denote conserved bases. (B, C, D and E) HepG2 cells were co-transfected with a human ADRP reporter
plasmid, phRL-TK and either pcDNA3-hPPAR« (B), pcDNA3-hPPARJ (C), pcDNA3-hPPARy1 (D) or pcDNA3-hPPARy2 (E). Transfected cells were treated
with ligands (100 um fenofibric acid (B), 100 nm GW501516 (C) or 10 um ciglitizone (D and E)) for 24 h and the cells were used for reporter gene assays. Lu-
ciferase activities from reporter plasmids were normalized by internal Renilla luciferase activity.
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b7, 7=, ZoO#RIE PPRE Z2R%E, X,
EREMAZHEIERD sNaho 7z (Fig. 4
(B-E)). ZoZ&ns, ZOfEENE ~ ADRP @
PPRE T& % wJREMEAVRIZ S N7z,

KIZ, PPAR O Z DFEBADHEG ZHH N7z, %
T, TNV TRT v 2ToETA, WTHD
PPAR 7% 1 7% RXRa & 2 BIKkZ L T2
DFEB RS L= (Fig. 5(A) 5 2 21213 PPAR«a
OFRDHRT). IHIT, 7OXF o RBELRE
2L D, MM TO PPAR & RXRa ® ADRP 7
OE—4% —~\OfEGERAN. ZO/RE, MENIc
BWTH PPAR & RXRa @ 2 &1K71 ADRP 7' 1O
E—F—ICHEAELTWSZENHALNICES
(Fig. 5(B) ; T 2213 PPARa D¥ER D HRT).

PLEDOFER, #5113t N ADRP @ PPRE %[

(A)

Antibody

Competitor - -
PPARa
RXRa

(—
=

(B)

(©)
k=2
=
8
K}
3]
(1

Input
a-PPARa
a-RXRo

Fig. 5. PPAR«a Binds to the PPRE in the —2366/—2339
Region of the Human adrp Gene

(A) EMSA was performed with the 32P-labelled ADRP oligonucleotides
in the presence of purified PPAR« and/or purified RXRa proteins. Super-
shift experiment was carried out using anti-PPAR« antibody. Unlabelled
oligonucleotides (ADRP or ADRP mut) were used at 10— or 100—fold molar
excess to the labelled probe to perform competition assays. Closed and open
arrowheads indicate the specific bands and the supershift band, respectively.
(B) HepG2-tet-off-hPPAR« cells were treated with 100 um fenofibric acid
for 8 h in the absence of Dox and processed for the ChIP assays. Soluble
chromatin was immunoprecipitated with pre-immune rabbit IgG, anti-
PPARe antibody or anti-RXRa antibody. Immunoprecipitates were subject-
ed to PCR with a primer-pair specific to the ADRP promoter. PCR was per-
formed with total chromatin input.

FEL, WTFHNOPPARYTHA17H RXRa &2 &
KZEBR L TZ OIS L, IEZ2HEL Tn
HZEEHSMNMILE

6. HHYIC

TR, BNZAROEEHIENE, a7 7 FX—
=T Ly —is &G T O EEME
MIBASNTWD, G ILE K7 O BI85
BN, BNZEERD T ROMBERENR Y I
N, 7>%JZZAMELTOERAZH-oTVWS EE
ABNTWVWS, Z0OX D aikE =7 PPAR @
EVEFETSE  (selective PPAR modulator; SPPARM)
& PPAR, HEHERNTEOMAERL, @iEMm
fE, BEIRIE, MRS EAEIEEE R & R & U 723K
BFEOBAMNS BIEFICEETH D, 112520 215
SPPARM IZ X 3 i G il H#HE 2RI 5 1 DDA
FEELT, EEFESMRI L MFEH K PPAR
FEBAM AR &, oD HH K B >R 0 PPAR FE i ik
Z®INEL T, PPAR zH& LA Z R -
BT 5ZEMBERASNS. — 5T, PPARICIZ
b hEF > EETEOIERICHEENHNS Z &EA
S5NTND.9 2D EMNS, b MIKNLU THEES
REFHET D SPPARM #HKRT57-0121F, B b
OMifEZEH NS ZENEETH S, Tabb, 4l
EHZSNPRBNL L Mk E L R—%—7 vt 1 &2l
HEbEBH LT, #Hz/la SPPARM DA 7Y —=
DU REBETLHILEBARETHD EEAONS.
ARG THER U 7ZLIAMT S, 235 5138 U 7= filfie
k& W TH 7272 PPAR EEME R T ORE 2175
TWa (FEfEEEd). /=, tMoBNZERTH
% liver X receptor oo (LXRe) ZHIT 2tk
B3 U, LXRa OHi7=IREERE AT DFRIEIC SR
LTWa. 2 5% ZHS5BENZEROFHEIEIH
finfRE/R b MIfakEE WS 2 & T, BNZEAERD
I 512 HHEEE DRI 2 IR EIE S O 21T\
W,

HEE AWML, KRR KRG AR E
BT A B TITONLHETH D, Kin, @
B8, HEEZ D XU B EEITON 5
ML EFET. £k, AMKZITOICELD, #
) LB E 2D £ U ERHFAEDOERKITOLEKD
LR L BT RT. AW EHEET 2124720, &
ZOWH EARBEIE 20 XU RAEIRASE



No.

1229

SRR > 5 —
by —

AT LEMEET RS
VWEREEZEIR, ERMEEER, WHFRE

%, HPHEREBIRICR#EB L X7

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

REFERENCES

Desvergne B., Wahli W., Endocr. Rev., 20,
649-688 (1999) .

Mandard S., Muller M., Kersten S., Cell. Mol.
Life Sci., 61, 393-416 (2004) .

Lehrke M., Lazar M. A., Cell, 123, 993-999
(2005) .

Yu S., Matsusue K., Kashireddy P., Cao W.
Q., Yeldandi V., Yeldandi A.V., Rao M. S.,
Gonzalez F. J., Reddy J. K., J. Biol. Chem.,
278, 498-505 (2003).

Matsusue K., Haluzik M., Lambert G., Yim S.
H., Gavrilova O., Ward J. M., Brewer Jr. B.,
Reitman M. L., Gonzalez F. J., J. Clin. In-
vest., 111, 737-747 (2003).

Takahashi S., Tanaka T., Kodama T., Sakai
J., Pharmacol. Res., 53, 501-507 (2006) .
Tan N. S., Michalik L., Noy N., Yasmin R.,
Pacot C., Heim M., Fluhmann B., Desvergne
B., Wahli W., Genes Dev., 15, 3263-3277
(2001) .

Holden P. R., Tugwood J. D., J. Mol. En-
docrinol., 22, 1-8 (1999).

Escher P., Wahli W., Mutat. Res., 448, 121-
138 (2000) .

Nolte R. T., Wisely G. B., Westin S., Cobb J.
E., Lambert M. H., Kurokawa R., Rosenfeld
M. G., Willson T. M., Glass C. K., Milburn
M. V., Nature, 395, 137-143 (1998) .

Tanaka T., Yamamoto J., Iwasaki S., Asaba
H., Hamura H., Ikeda Y., Watanabe M.,
Magoori K., Ioka R. X., Tachibana K.,
Watanabe Y., Uchiyama Y., Sumi K., Iguchi
H., Ito S., Doi T., Hamakubo T., Naito M.,
Auwerx J., Yanagisawa M., Kodama T.,
Sakai J., Proc. Natl. Acad. Sci. U. S. A., 100,
1592415929 (2003).

Glass C. K., Rosenfeld M. G., Genes Dev., 14,
121-141 (2000) .

Robyr D., Wolffe A. P., Wahli W., Mol. En-
docrinol., 14, 329-347 (2000) .

Diradourian C., Girard J., Pegorier J. P.,

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Biochimie, 87, 33-38 (2005) .

Gelman L., Michalik L., Desvergne B., Wahli
W., Curr. Opin. Cell Biol., 17, 216-222
(2005) .

Tachibana K., Kobayashi Y., Tanaka T.,
Tagami M., Sugiyama A., Katayama T., Ueda
C., Yamasaki D., Ishimoto K., Sumitomo M.,
Uchiyama Y., Kohro T., Sakai J., Hamakubo
T., Kodama T., Doi T., Nucl. Recept., 3, 3
(2005) .

Smith C. L., O’Malley B. W., Endocr. Rev.,
25, 45-71 (2004) .

Rodriguez J. C., Gil-Gomez G., Hegardt F.
G., Haro D., J. Biol. Chem., 269, 18767-
18772 (1994) .

Vu-Dac N., Chopin-Delannoy S., Gervois P.,
Bonnelye E., Martin G., Fruchart J. C.,
Laudet V., Staels B., J. Biol. Chem., 273,
25713-25720 (1998).

Krogsdam A. M., Nielsen C. A., Neve S.,
Holst D., Helledie T., Thomsen B., Bendixen
C., Mandrup S., Kristiansen K., Biochem. J.,
363, 157-165 (2002).

Shi Y., Hon M., Evans R. M., Proc. Natl.
Acad. Sci. U.S.A., 99, 2613-2618 (2002) .
Xu H. E., Lambert M. H., Montana V. G.,
Plunket K. D., Moore L. B., Collins J. L.,
Oplinger J. A., Kliewer S. A., Gampe Jr. R.
T., McKee D. D., Moore J. T., Willson T. M.,
Proc. Natl. Acad. Sci. U.S.A., 98, 13919-
13924 (2001).

Brasaemle D. L., Barber T., Wolins N. E.,
Serrero G., Blanchette-Mackie E.J., Londos
C., J. Lipid Res., 38, 2249-2263 (1997) .
Chawla A., Lee C. H., Barak Y., He W.,
Rosenfeld J., Liao D., Han J., Kang H.,
Evans R. M., Proc. Natl. Acad. Sci. U.S.A.,
100, 1268-1273 (2003).

Olefsky J. M., J. Clin. Invest., 106, 467-472
(2000) .

Sporn M. B., Suh N., Mangelsdorf D. J.,
Trends Mol. Med., 1, 395-400 (2001) .
Ishimoto K., Tachibana K., Sumitomo M., O-
mote S., Hanano I., Yamasaki D., Watanabe
Y., Tanaka T., Hamakubo T., Sakai J., Koda-
ma T., Doi T., FEBS Lett., 580, 4929-4933
(2006) .



