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ALP
ALT
AST
BUN
CRE
CoA
CoR
Cinax
CMC
DNA
ECso
Emax
FBS
FXR
y-GTP
HbAlc
HPLC
ICR
LXR

NR

i E

alkaline Phosphatase

alanine aminotransferase

aspartate aminotransferase

blood urea nitrogen

creatinine

co-activator

co-repressor

maximum concentration
carboxymethyl cellulose
deoxyribonucleic acid

half maximal effective concentration
efficacy maximal response

fetal bovine serum

farnesoid X receptor
v-glutamyltranspeptidase
hemoglobin Alc

high performance liquid chromatography
the institute for cancer research

liver X receptor

nuclear receptor
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NRE

OGTT

RXR

SD rat

SEAP

SEM

TCHO

TG

nuclear receptor response element

oral glucose tolerance tests

per os

peroxisome proliferator-activated receptor
retinoic acid receptor

retinoid X receptor

Sprague-Dawley rat

secreted alkaline phosphatase

standard error of the mean

total cholesterol

triglyceride
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p=1{11%
#

1940 FARLARE, PUEHICRFS D IRINGEENAIZE) 7 7 r—F 12 kY, Y
BRIBIZKIL TELOF R EIR SIS, DRIGERRIEE ] 7 7 e —F 1
T RIREAE EO B~ ORRZ O 2RI HE B LIZAISEFIETHY, B 7R AL
U CIE, BEERAIMEER R S5, ZHUSHIFL T, AASORERE, 7Y A~
—I7R E OB BIE, K ENTRIZEIIZEN T, EELOAIHNITIRSATHDHD
D, READRIBFIETAHENTORVORERTHY, FERLOAIH B X
OEDFIENRRSEENTND. BARHERIN, 7V A~ — IR IR ER

BB CEBE O BERDAE AV ERIESNDZ R FHERBTHY, 20857k
PRIBOHIEITR L TIE, NRIREMERAIZE) T 7 e —F LIX R L8137 e —F %
RNETENDD. FEF I, REEOMRIZIE, MNRELZSETLIE, b
b, RN E ISR E R AE RIF L0 - IR E R L O & B dE N 2 I8+
MR BOIBFRITANTHDHEE 2T

EHE, RNBRBIER ORI T 7o —F ~OkikE LT, ZHEREMZ RIATH
HUF AR X ZHK (RXR) (235 HL7Z. RXR 1L, VT NMEAFRINCIEER) & 1O
R EAHIHT A NZ RIRDO—>THY Y, RXRa, RXRB,IBLRXRy DV 7 XA
PFIET D, Fiz, RXR 13Z O E S L OREEE EORHN S, VBV RIFRTFI R
BIEMEALIZBI 5372 A/B fEIK, DNA LOFEEIZR 5775 C f8il, er VHEIRThD
D fEi, VAL NRFER s SR LSea 7 7 7 2 — DV I — A NI 545 E 58

BLONC RITHIETSDF 8D 6 SOREBIZ/S T AN TXS .



BN Z BARDEREIEMEAVIZES 5- LT D AF-1 (Activation Function-1) 33X T8 AF-2
(Activation Function-2) 1ZZ 241 A/B FHIIS LSOV E FHIICAFIEL, AF-1 128\ C
[TV RIEEAFRNCHE BIR ML 2R S5 2. AF-1 2/ A/B SEIRICKIL T,

AF-2 #H%5 E kY, 12 @ a ~Vy 7200 AEH5 LBD (Ligand binding
domain) AL TEY, VIV REFERZR R EEMLZH->T\ 5 2. E f#l8o LBD (2
TA=AIRREGTHE, RXR OEOHEE THL~V Y7 X 12 BEENrE -
FHEIZZAET 5. ZORE, RXR IFERGIE M A 5 S 2 8237 HE7R holo A
WA LD, EGANHIR 1 OB PR R TR EER 1 FFE SN 52T, RXR 7=
AMEMNFEH T B (Figure 1)Y. —J5, RXR IZT VAT =AW FEATHE, 7=k
LIAFRIZ RXR AT 2HDD, ~Uy 72 12 OBEIRFT I/ AT D222
I, BREARMER - OB E N 259, RXR RGN 1L OB A RN LELSh

572, RXR & LIV MEAF R BIE AT BN ZE N ES N TVD,

Co-activator Co-repressor

Co-repressor e

Co-activator
Helix1 @

Agonist

d> DNA
Nuclear receptors  Target gene Nuclear receptors

response elements response elements

Transcription

[_D

Target gene

DNA

Figure 1. DNA transcriptional mechanism via nuclear receptors.



RXR (%, HEHDOFREX A~—bLUIMMOENZ IR (RAR, PPAR, LXR, H5\

IX, FXR 728) &~guas4~—(LLF, RAR/RXR , PPAR/RXR, LXR/RXR, H5H\>
I, FXR/RXR DIHZFET) Z#TEALL, #k« 7eblRes 6492 .
B2, RXR D/3—h—Z KK THD PPAR 1%, TDOTA=ANILDHA L AU AKHL
P B ER NG SN TS Y. PPAR (T a, v, SOV T XA T FLEL, PPARa 7
T=ANTHLIP T 47 T = P EE R FREOIREIEE L TR IGHSNTWD. F
7z, PPARy (ZA VAV ARGIESGER THHT 7YV 4y (TZD) RHEA|ORE
B4 FELTEISNTEY, PPARy 7T =ANTHLE ATV T, 2 BRI IA R
LU TR IS SN TWS 9 LXR 1 a EpDOY T XA T IEEL TRY, b IEEAA
HEFEL CODENZBRIE THLIEBIESNTND ™ RXR ~T Y A~ —0D
H1Ct, RAR/RXR X° PPAR/RXR BL U LXR/RXR 7281, 78—k —ZFIRKOT A
ZAMFIE FC RXR 72 =ARDRINCEVEREIR i E NS (P —1EH) Z
EBHIBNTVD 1Y B Z, PPAR/RXR R° LXR/RXR 728 ORI ~T 0l A~ —
IZOWTUE, = —Z B EOT T=ARDIEFE FIZB W TH, RXR 72 =Xh
B CIEMAL S AT RETHD (=0T THERE) e sh g B0,

VL EDZENBLER X, RXR 7= ANMIEOZNOZ B RO 72 IE LA L
TR RIS R E R L RE T IR BE OB Z S22 812 kY, IRNBREE
DA IR FTHEE S 2 7o, RXR VL, BEIRIPTOHE B 58 iE |23~ D A1z i) &
L CHFZEDM T TG ) 5122012 4E121E, RXR 7 =AM LDHT VY A
~—JRER N EESN Y. — 5T, RXR 7= A0 5255, HUIRIEREIR T

S EH IR TG AED L3 KOHFIRAE K722 E D &IfE I RE L 72> T



% W 201w, R ETITEE A 72 RXR 73 =AMl HER TOBHDD 229,
HEE CICERR S SN TV D RXR 72 =AM, bexarotene (LGD1069: 1) 3K [H
ICEBW TR EREME T M) SEORRELL TRRINTVHID A THD
(Figure 2)*.

INLOE Ra ML, FEX, xR OO8AF RXR TA=ZXMNE T 58

TEH OBERZ FTREL 4 DRI FEOAIEZ A RIE L TRIFZEICE FLIZ.

LGD1069 (1)

CO,H

Me Me

Me
(T con
Me Me O
HO

CD3254 (4) BMS649 (5)

Figure 2. Chemical structures of known RXR agonists.



H1E BMEARBICHEHE TS RXR ~T & A~—|25% H LWL

RXR 1%, Bix NS RIREA~T S A~ — % TR RASRET D280, (RNBRER
RO T2 e e THD YD E51C, RXR T =AMNIEM T, /3—
vV T LRI LC, B IRE RN 5L TS PPAR R LXR EDA~T Y A~ —
(PPAR/RXR B LN LXR/RXR) Z1EMALTEDZED D, RXR 72 =AMZLY, PPAR
BEOLXR OB G REIEA R #Rc&5 P19 —5C, RXR 7 =ARME
HizIoif s TG fE EREOLS72EIERREBENHEL2- 0D . FEIX
LXRo/RXRa DOIHFHEALIZEAIH TG i ERBSHMESNTNEZE *NTFEA L.
RXR 7= =ARDjES) TH DM 2 D 215572012, LXRW/RXRa (IfEME(LSHE
Db D DL DOIEMEALREZINHIL -2, PPARY/RXRa &2 rFF TED RXR 7 =A
Thiud, Fhztefis Lo oRIEH OEE UL Z FTREIC T 5b D THH AR AL T,
KRG ETT o7

18 NEt-3IP #FEAD RXR 72 = ANEMEFEAT

AHRDEHIZ RXR 7T =ANME, 73— 7 HE %/ L CHIH T PPARY/RXRa X2
LXRa/RXRa ZIEMEALT 5. 2 TEF L, PPARY/RXRa 7 = ANEEALREFL D
> LXRo/RXRo 7F =ANEMZIHI L7z RXR 72 =AM AL 312H 720, S5t
ETAIH L7 RXR 7= =2k NEt-TMN (6)>”, NEt-31P (72)*® 35118 NEt-3IP O 7 /L
XU ERATE 2 L TALE YD RXR 72 = AMNEMEIZOWTHGILTZ (Table 1-1).
72k, IEVERHM T EOFEMIC OV TIE, EBROMIZFE L.
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Table 1-1. The data of RXRa homodimer reporter gene assay for 1, 6 and 7a-m in COS-1 cells

Me__Me Me
Me
Mei;'v:e@\N/\Me ;D\NAMe
) )
LGD1069 (1) Lo NELTMN ®) [ 7a-m o
RXRa*
Compound R ECso (MM)”  Epax (%)™
1 - 20+ 3 100
6 - 53+1.0 94+ 1
Ta _CH(CH3), 66+ 9 97+6
b _CH,CH(CH3), 19+6 114+ 0
Tc -CHjc-Pr 290 £ 40 95+4
7d HC 110+ 20 110+ 0
CH,
Te f 160 + 80 91+3
HeC™ CH,

7f -CH,CF; 160 + 30 100+ 0
g ~(CH,),CHj 450 + 80 120+ 0
7h ~(CH,);CH; 180 + 30 100 £ 10
7i (CH,):CH; 160 + 20 96+ 7
7 ~(CH,);CHj 280 + 150 77+ 4
7k -CH,C¢Hj5 160 + 60 98 +2
71 -(CH,),CsHs5 330+ 120 99+ 4
7m -(CH,);CHs 820+ 110 78+ 6

a) All values represent the standard error of the mean value of at least there separate experiments

with triplicate determinations.

b) ECsg values and Ey,x values were determined from dose-response curves ranging from 10% to 107

M in COS-1 cells.

¢) Luciferase activity of 1 at 1 uM was defined as 100%.
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Tablel-1 {Z1F, COS-1 fiflaz Aoy 727 —RBLR—F—U =0T v eA D
RERL TS, AVT I VEEH TS 7 23 1 LR RFRRE OR /)78 RXR 7H =R
MEMWZRLTZ. 277 at VANV EREZ /5 Te R _EMGEA T 206 1d
BELO 7e IZ2VTD RXR 7 =ANGEHEFHBLIZFE S, WTholbad®h 107 M
F—H—D BCso i G- 7=. ¥£7=, 1,1,1-N) 7 VA= HaF35b 5w 71 13,
7d X° Te LRIFRED RXR 7 =ANEW TH o7, BHT VX e/ T HLEW
[ZOWTIE, TAXAEED n-7 B NVHDND n-7 FIVEE, n-_UTFLFEEHRET I
DT RXR 7= ANEMEOEE R o 7c. IHEHIEIZ n-~Fo A4 F T Ha
BITHIE6W T) TIHEEORETINALNTZE DD, KEAWIZE W TE 300 nM 2
JED RXR 7 = ANEMEZRLIZZEM D, RXR DUA U RFEAEALH D RXR 72 =
ARDW DD BB ML DX E R RN H DL e RS, £, EH
TNAx VIO R == /VERZ A T HEEY Tk-Tm (2O T RXR 7= =ANME
PEZRHliL 7z, TR, WIFNOLEWH RXR 7TA=ANEMEZRLIZZEND,
RXR DOUTUREEATNALT D RXR 7= = AR KL 2N A4 DR TlE 7 =%
FNAAX VDI REENEETHS THOIFRINAZ LD RIS,

ZNHEOEAWD ECs 55, 10° M A —F —D@iEtE s v—"7"(6, 7a 5L 7b)
&, 107 M LU EDRTEMEZ NV — I TED LN b o T,

ZIT, BEDOITN—T95, 10° M A —F—0D ECs & /RIS NV —7
(HIF) LIX 72T N ax v Ba F T 5 /a7 VAN VAT T 205 T,
BT NF NI THD n-_UFNAFVEEATTD Ti BIORUBUREZE AL
LAY Tk 12OV T H L, PPARY/RXRo, LXRo/RXRa iEMEIZ OV TG LY.
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Pivax Yaroe

¥ 28 K ECso #£D PPARY/RXRo, LXRo/RXRo i VE(LREFEAMh

ARHEITIE, A C/RLIZ RXR 7 A =ANEMR 235726, Ta BV Tb D RXR ~
T A< —IEHIZOWTR %, Figurel-1 121X 6, 7a XY 7b @ PPARy, LXRa
RELA—BLO RXR ED~T S A~ —{EMELRERHM DOFE R A RL T5.

ZORER, VT LAY PPARy REX A~ —IGMEHLRBIXIZITERD LV o7
HDD PPARY/RXRa EHEAE R LIZZ LG, Zh RXR 72 = ARG RIS TEH %
BT HIENWIHTEZ. 72, LXRo/RXRa 122V, 7Ta B4 EEHMHLIZW T
DIRFEIZBNTH, 6 BEW b IZHAREBIEHENRIHNZENE, REEWH 6

KON 7b izt~ TG ER S ORIEH 2R CE A ENIARF CET-.

Me
Me Me
s N
~ o N"Me NTM
Me” ~Me )\
f <N Me™ Me SN

~ Me -~
- 6 COMH —A— 7a COM & 7b COoH
s 140
2 < 140 1 .
=
g _Jpug PPARy 120 4 PPARY/RXRa
< o 100 1 100 1
Y 80 80
% & 60 1 60 1
S 40 1 40 1
g2 207 20 1
= 0 —H% .. i. \ 0 . . v .
-8 -7 -6 5 -8 7 6 5
® = 140 1 140 1
22 1501 LXRao 120 1 LXRa/RXRo.
@E 100 1 100 A
55 801 %
‘(;5' 2 60 1 60 A
g "; 40 - 40 4
28 201 20
E 8 o . . T ) 0 T T T
Fe -8 7 -6 -5 ] -8 7 -6 5
Concentration (Log[M]) Concentration (Log[M])

Figure 1-1. Relative transactivation data of 6 (closed circle), 7a (closed triangle), and 7b (closed
square) toward PPARy, PPARY/RXRa, LXRa, and LXRo/RXRa.
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EIET ALAW e, Ti BELOY Tk @D PPARY/RXRo, LXRo/RXRo iE AV REREAT
ARHEITH, F1HITRLEZ RXR TE=ZbD5H, ECso DT AR E TH 72035,
EIEN R DT N af T ENEA T 5 Te, Ti 8LV Tk O RXR ~7 a4 A~ —iH I
DUWVTCIR %, Figurel-2 12124050 PPARY, LXRa7BEHX A~ —FB LU RXR ED~

T ag A~ —EHEALREREAT ORE R AR L TV,

WTNDLEY) (Te, 7i, Tk) b PPARY AREX A~ —IH I3RS, PPARY/RXRa -~
Tuff~—{EME R L. £72, LXRa BEL A~—, LXRW/RXRa ~7T 0% A~—
EMHALRRZFEAML72E2 A, Te, 7i BLD Tk (RIFXFBREOIEMEL RLTZ.
LXRo/RXRa iEMEEHZ >, PPARY/RXRa {EMEZFF L7 RXR 72 =ARDHEER
ISAMFZED B Thho 7120, ZheDiba Wz Iz in vivo TOREEFTIE, Aild

DA DIRFEI T HZRWEHWT LT
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Me Me Me

O, O ", -,
SESE d

E N 7c COzH Me _‘_ 7i COzH VIR 7k COzH
s 140 140
s 2 1204 PPARy 120 1 PPARY/RXRa
8 ; 100 A 100 1
= ,‘2 80 1 80 1
20 601 60 1
SE 401 40 1
g e 201 20 A
E o ——— 0 « S
| -8 7 -6 -5 ] -8 -7 -6 -5
o=
2 2 1407 140 1
57 1201 LXRa 120 1 LXRa/RXRa
c™ 1007 100 1
o J
58 801 80
% P 60 1 60 1
g g 401 40 1
S8 20 20 1
~o 01 0 T T
= J -8 -7 -6 -5 ] -8 -7 -6 -5
Concentration (Log[M]) Concentration (Log[M])

Figure 1-2. Relative transactivation data of 7¢ (closed inverted triangle), 7i (closed diamond), and

7k (cross) toward PPARy, PPARY/RXRa, LXRa, and LXRa/RXRa.

FAF ALAW6,Ta BEW Tb D in vivo HENFHG T — & Ot
Al ~Ei Cik 725912, LXRa/RXRa {EHEZ NI Z DD, PPARY/RXRa I HEZPREFL
7z RXR 7H=ANCTHIUL, FNIORFFL DD RIVEH ORI AN AR Th D LA
ZRGEET S BT, 6, Ta BED Tb ITHOWTERRLNZEIEH 2T ~L 0035 24 &
FIWTL 7=, 22 CHREER R EIFEAIOIZ, ZhHDEAEITONT, 2 BRI
ETNRUATHD KK-AY 0 2% Wb R IFE R A 32 L CTHE, 207
— 2 ub LT 2 T o7

EAbEW%E 10 mg/kg/day T 14 HRE, 1 H 1 [ O& 5L, H 4~ OIMBEEZE &
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HE&HEBRO~NEZBE Y Ale RELMA ARV BB IO AU ARGUED
GBI TH G THIENMONDT T ARRI T &% E LT (Figurel-3). {L&#FE
P2 GRED MPHE 23K 500 mg/dL THHDITHIL, Wb B Wb #6512 X0# 300
mg/dL FREFTHHEEAME L, mAERE FERAROLIL. LG 6 BLT Ta
T 53 BHEDS, —J5 Tb TiIf b 5 B BO0H B bR TIERANGRD DI,
7o (HERBBLOEND AONTZHO D, Hi& BIZBWTUIWTo/bams FfE
FED M bER TEMRZZRDT-.

SHI, LA GIZEV A RV BDOR THIAIE LT, ~EZuE s Ale DA ER
K FRBIOT TARRIF L 'mOFER EAMNROLN. ZNHDIENE, RXR T
T=2K6,7a LT Tb 23, KK-A2 BUHERIFET /L~ T ATBWTHDEL T, i

BEIRIFE % R 32 e R Stz 2.
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A Blood glucose level B Insulin

3
2
-y
E
)
£ 1
200 6, 7a all all
5 10 days Vehicle 6 7a  7b
0
C HbATc D Adiponectin
15
12 1 **
10 ] ] *% b d * .
8 ** 10
)
g6 £
= 4 4 = 5
2 -
0 0 -
Vehice 6 7a 7b Vehice 6 7a 7b

Figure 1-3. Evaluation of antitype 2 diabetes effects of repeated oral administration of 6, 7a or 7b at
10 mg/kg/day to male KK-A” mice for 14 consecutive days. A) Time course of blood glucose levels.
Open circle, closed circle, closed triangle, and closed square indicate vehicle, NEt-TMN (6),
NEt-3IP (7a), and NEt-31B (7b), respectively. B) Effects of compounds on serum insulin levels. C)
Effects of compounds on serum hemoglobin Alc levels. D) Effects of compounds on adiponectin
levels. The data (n = 3—7) represent the mean + sem. Statistical analysis was performed by analysis
of variance (ANOVA) followed by Bonferroni test. Significant differences: * p < 0.05 vs vehicle. **

p <0.01 vs vehicle.

BT LAY 6,7a BEWY Tb @ invivo RIVER R BLFEAR
taTa S 6 BELO Tb LR LXRWRXRa IGEMALEEZIIZ TUZZEmD, A
LA TG EA7eE ORIWERZABE CELZENBIfFSNIZ. 2T, 6, Ta
BEO 7o IZOWTRIER ORFIEL T, KK-A2 BUERIFET L~ AZ&Ab S
Y% 10 mg/kg/day T 14 HfH, 1 H 1 [EfEAO&E G L0, (REZ(L, FhkE &2
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b, L7 TG ERB L UL S TCHO fEAHIELT- (Figure 1-4).

ZOFER, WD RXR 7 =AM G IR EHEDOEENMEM AR L7z, FriZ Ta
X, 5 7 H LB CEEERE A RLS. F, (LA SR A E R O
BEIERER, fd TG EF LT TCHO [EAFHEL72E 25, Wb EMELAT
BRI R, M TG fEd LML H TCHO BN FH-A7RL7-. LXRw/RXRa {if
MEALREZ b2 TNz Ta 2MoD 2 5D RXR 72 =AML R Ukeh i TG %
FREETEY, invitro [281F5 LXRo/RXRa {EMEALAEL in vive (2351 DREIVE %
BLORRELORICHBEZ G LT TEAh o7, Fio, (LAY T &5 RCHTIRIE

RAOBENRCMLH TG il _F - OB 7 23 RS 7e.
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A Body weight change
115.0 1 7a -
110.0 1 i
g kkaLk
105.0 1
95-9— 77—
10 days
90.0 “
C TG
500 1
400 1 - T
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100 1
0
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300 4
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Figure 1-4. Evaluation of side effects of repeated oral administration of 6, 7a or 7b at 10 mg/kg/day

to male KK-A” mice for 14 consecutive days. A) Time course of body weight change. Open circle,

closed circle, closed triangle, and closed square indicate vehicle, NEt-TMN (6), NEt-3IP (7a), and

NEt-3IB (7b), respectively. B) Effects of compounds on liver weight. C) Effects of compounds on

serum triglyceride. D) Effects of compounds on serum total cholesterol. The data (n = 3—7) represent

the mean + sem. Statistical analysis was performed by analysis of variance (ANOVA) followed by

Bonferroni test. Significant differences: * p < 0.05 vs vehicle. ** p < 0.01 vs vehicle.

In vitro TO LXRo/RXRa JEM:E in vivo (28T AEIERFEELOREE OB FE B2

BHONIRNSTeZEZONWTL, B ~DOFEY G- CTIIALAME T, in vitro THj

RSNTZEI7R RXR ~T o A~ —1HMHALRE D Z R AL UL M PR EZ 52 72Tz

ERENEBZLND.
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FoHi AEDOELD

EFIL, LXRw/RXRa iEMEAHNHIL, PPARY/RXRo IGPEZRFFL7- RXR 72 =Ah
S, AR, BIVEROEBRBILIZR NS /I HErE 2 2 BT, YHFZEE CAIH
L7z RXR 7I=AMEEW 6, Ta BLDN Ta OFEIRTHS Tb-m O RXR 7 =Ah
TEVEFEl B LY PPARY/RXRa, LXRaW/RXRo ~7 1% A~ —{EMHIC OV TRHRFIL7Z
0 ZOREE, Ta 73 6 & Tb LN LXRW/RXRa iEMHEIIHI4HZ 2 AL, 2
NHEDIEAED KK-AY2 BUEFR T T /L~ A 81T DHE IR E 27 m L7 >
L L7eiB, 6, Ta BEDY 7o 1TV T b EGICEVIMER FEH, ~E/ne
Alc DA BRI TERZR LIS, REHN, AFIgAER, M TGED LH- 23558805
., TORIERRBOREL, in vitro TO LXRaW/RXRa {EPEILEEE ORI H BT
LI LI TER) o, AlEl, LAY T IR R RO I TG i 5o
WA RO, FALAO M IREI S TSNS LXRW/RXRa {EHE(LREEE
YERZRBLEDNZIFAEBEA N RIBINTIZH DD, WTO/LEWIZE N TH TR K

RMH TG B EH-72E DEIEHIEBUZ DWW TERIZ BT DT B L) o7
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B2 RXR /N—Iy L7 I = AR H L7 BIVE A OBJEA L

ATE CTlE, LXRo/RXRa OTEMEILIZ X 2 MH TG i EFICHE B LItz oun
Tk~7z, 7055, LXRo/RXRa OFEPEDIHIC K 2 @BIVEH ORIk 2 32 7=
0, WTNOEEMIZ BT FIRIE RS TG 8 L5772 & ORIERFBIZ S
WTCSERICERET DITIEE L 2o 72 20 NAERXR 7T =2 hTH 5 9-cis
LF A VERRPREIER A/ R LIZRXR 7 =2 M &EET S &, Wb &R

IZBWT RXR % 100%IEMALT 27V T I=A NTHHZ LITEHENH - T-.

\y

ZZTC, FHFIL, RXR 7 A= FORWEMRELL, ZAEOBBNEMEIZ R
THHLOTHDH EREL, RXR OHERIEHALTH HICIrEOENE 55 =
ENHBETIH VN EE 2T

RXR /3= ¥ LT T=A MIKOPAIHENTND DD ) RXR 73— ¥
NT A=A MWz in vivo TOHL) - BIVERFEHFHMG 21T > 728 I3 AR

ThoHrI b, FHITERRHRESLGET L, AR EIT 7.

H1H WRBIORXR /S— /L7 2= CBt-PMN (8) (25T
FHFHIE, RXRIEMAGIZ L D invivo TOHESE LORWEAORBICIL, ThE
NWEENFELTBY, 77 =X MIH Efficacy Z #1272 RXR /X—3 %
NT A=A FTHIUERXR 7 A=A FOHEZ L GIWER & O BN AIRETH D &

i A L C 7z (Figure 2-1).
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Figure 2-1. RXR {EME(LEE & in vivo TOIEZ) - BIVERZEL (KREIZE T B GH)

Efficacy (%)

F1H  BNZEER A= LTI =T

Pierre Germain b DA TiX, BNZBEER A= ¥y L7 = b &L THRETE
MALREZ /RT3, 7T T=R k& HATHEG LT efficacy Z - 3L & E
FINTWD D F7e, IBNZFREASA—V Yy LT T2 MINY v 7 212 &,
VI RN v 7238 L<EANT v 7 211 EDOMAEFERB/ NS WD, %
BROT T=2 MUNREEE 2D EbRENTNDE Y. F72bbH, RXR S
—U X AT A=A ML, ~NY v 7 R 12 BNEYNSHT D & 47 holo YD RXR &
T oA A=A MPRFES LERGTEMLREZ RS 72\ T 2 I = R a L7
DRXRDELLIZHLFHEEL YDV H Y RTHY, BEEGICBOTHLZREKRE

FEAIZITTEMAL LR W fE LTI A 2 2 ENATREL BA b 5.
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B2IH RXR/X—IF/LT72=Ak CBt-PMN (8) @ in vitro EMHFHHIB I in
vivo 4y BI1EFHRFATh

RXR 7A=ZA NOEKRFIIL, T RIZAFALT IV b LUIRUF AT
VT N T U UNEEE R DBUKMEENL & R EFREC= aF VB E AT DR
PEERAL, BLY, ZNOZESY U —Er bR I D.

ZAVETICERL, EEIEE & &b, MEDOHIE(RIZHE S RXR EEDR

P2AEEEFL T, RXR 707 =2 6 O FREEIZHARBELZEALL

RXR 7 A=A FDAIMEZIT 7=, EOREE, B L) o —re %2 MY
7 — VB CHIBR L72ALE& Y CBt-PMN (8) 7% Enax fEZ #1272 RXR 73— ¥ /L
7 I=A MMEM (ECso = 143 nM, Enax = 75%) B35 Z & & R L7= (Figure
2220V, NR—T Y LT TR MO AT I F R FFHEEEIC O TR I
IZ TR~ %.
(%) . RXRa/RXRa

40
20 4

Me Me Me Me

Me
Q@\N;\)M . Cyclization C@[N,N_

Me” ~Me Me” ~Me N
O —
NEt-TMN (6) U CBt-PMN (8)
ECy, = 143 nM

CO;H Epax = 75% COzH J -0 9 -8 7 6 -5
Concentration (Log[M])

Transactivation relative
to LGD1069 (1) 1 uM

Figure 2-2. Molecular design strategy for RXR partial agonist CBt-PMN (8).

INFETOHFETRILZ RXR /S—3 3L 72 =2k 8§ BLO 8 75K RXR 7
L7 2 =Ak CBiM-PMN (9a) %, PPARY/RXRa <> LXRo/RXRa (Zxf L CiE AL BE
~L7c (Figure 2-3).

23



Me” “Me Me” “Me Me” “Me N
)
=
€ 6 (ou AR COH < oa COH
PPARy PPARY/RXRa
120 1 120 1
()
2 1007 100 1
©
T 2 807 80 1
53 601 60 1
© Y
2o 407 40 1
oQ
S 20 20 1
£ o _wﬁ&q
T 07 v it S L - v .
= ] -8 -7 -6 -5 ] -8 -7 -6 -5
LXRa LXRa/RXRa
= 120 1 120 T
()
2 3100 1 100 1
c_“ b
o~ 801 80 1
(sp]
S5 60 60 1
T3 1
2 = 40 40
® S 201 20 °
w2
(% 8 O ] 0 T T T T
FQ 8 7 6 5 , 8 7 6 5
Concentration (Log[M]) Concentration (Log[M])

Figure 2-3. Relative transactivation data of 6 (closed circle), 8 (open triangle), and 9a (open square)

toward PPARY, PPARyY/RXRa, LXRa, and LXRo/RXRa.
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In vivo CTOFNIB L ORIEMFAMIZISLD, F{bE5 % (NE-TMN, CBt-PMN,
CBiM-PMN) ZHEME ICR <7 A2 30 mg/kg TREAFEG-L, [ 112NN 5 U
BB L ORANLIR G K AR IL BRI LAY o i i B & 0 E L CIEV /-,
ZORE, WTFNOEWHEEG% 6 M ETIZRBWT, 1 uM B o1 F1iRE 2R

T EaERR LTS (Figure 2-4).

oo
)

(o]

N

Blood concentration (uM)
N

o

hour

Figure 2-4. Plasma concentration of 6 (closed circle), 8 (open triangle) and 9a (open square) in ICR

mice (single dose at 30 mg/kg by oral administration).

WIZ, HEPE ICR <~ A2 30 mg/kg/day T 7 HREIRE OG-, IKREZL, FFIRIEX
R, fLH TG B3 LML TCHO B2 W CRHIEL 7= (Figure 2-5). BWEBR%1TH
(2T T, T LI S R 3 L ORI B A RS B s = B

W B ITAEW .
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Figure 2-5. Evaluation of adverse effects of repeated oral administration of compounds at 30
mg/kg/day to male ICR mice for 7 consecutive days. A) Time course of body weight.

Open circle, closed circle, open triangle, and open square indicate vehicle, NEt-TMN (6), CBt-PMN
(8), and CBiM-PMN (9a), respectively. B) Effects of compounds on liver weight gain. C) Effects of
compounds on serum triglyceride. D) Effects of compounds on total cholesterol. The data (n = 7-23)

represent the mean + s.e.m. Significant differences: * p<0.05 vs. vehicle. ** p<0.01 vs. vehicle.

RXR 7/L 72 =AF NEt-TMN (6) HL<IZ CBiM-PMN (9a) ##&5-L7=~7 AT,

P GREL U CTIREAE AL TRV, NETMN (6) i BN b,
—7J7, CBt-PMN (8) &G RETIIMb AW IR GRELFARR DR E L HER Z R LT
(Figure 2-5A). IFligEE &3, NEt-TMN (6) 3L CBiM-PMN (9a) # 5-RECIIIEH

HREEHEB LA EIZHEML T e—F T, RXR /S—3 /L7 =Z) CBt-PMN (8)
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P 5B CIITFIR E B OB/ RE22h 7= (Figure 2-5B). £7-, NEt-TMN (6) 234%
Bk B BRI TG [ED ERHEZ/RLUIZDICKL, CBt-PMN (8) #5-#ECIEIER
HRtlbig g TG fERIOUMLH TCHO fED _EH-Z/R"E727) -7 (Figure 2-5C,
D).

CBt-PMN (8) ORI G- IZIHRNWEM BB O A EA G 572012, MRk SD Fvh
(230 mg/kg/day T 28 HIEfEA# 5L, NEZA L, HUKE, BEE, ik BRI
1f.H TG 72 E DI AT DWW TEHlIL72. CBt-PMN (8) 1%, R SD 7> MZ 30
mg/kg/day T 28 HREF A G LA ICRB VT, R GREEHIL T, REL/L

RSWOK &, BEFREROE(LITALNR) 72 (Figure 2-6).
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Figure 2-6. Body weight gain, water intake change, and food intake change of male or female SD
rats treated with oral administration of vehicle or CBt-PMN (8) at 30 mg/kg/day for 28 consecutive
days. A—B) Body weight gain. C—D) Water intake change. E-F) Food intake change. Males: A, C,
and E. Females: B, D, and F. Open circle and open triangle indicate vehicle and CBt-PMN (8)

treatment, respectively. n = 6.

figke B F: (2 DOV TIE, CBt-PMN (8) DO G-IV TSRO E &I INNFED 5
T3, FFlgZe 8 Ot Oligas Bl TIER GREE i LA LIX R o787~ 7= (Table
2-1).
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Table 2-1. Organ weights of male or female SD rats after oral administration of vehicle or

CBt-PMN (8) at 30 mg/kg/day for 28 consecutive days (n = 6)

Males Females
Vehicle CBt-PMN (8) Vehicle CBt-PMN (8)

Weight (g) 3243 +8.7 337.8+4.6 213.4+2.1 216.1 £10.7
Brain (g) 2.0+0.1 2.0+0.1 1.8+0.0 1.7+0.0

Liver (g) 9.7+0.6 9.7+04 59+0.2 62+04
Kidney (g) 2.5+0.1 2.6+0.1 1.6+0.0 1.5+0.1
Spleen (g) 0.6+0.0 0.7+0.1 0.4+0.0 0.5+0.0
Testis (g) 39+£0.2 45+0.1*

Data are mean + s.e.m.; Significant differences: * p<0.05 vs. vehicle.

MBI OWTIE, FFEEREL L T, WONDIETHBEREITRONZH O

D, O, EERENW) G 7T D ILAEEOHIPHN TH-72 (Table 2-2).

Table 2-2. Plasma parameters of male ICR mice after oral administration of vehicle or

compounds at 30 mg/kg/day for 7 consecutive days (n = 7-8)

Vehicle NEt-TMN (6) CBiM-PMN (9a) CBt-PMN (8)

AST (UN) 50.5+£5.6 87.9+18.9 * 51.3+3.9 489+3.0
ALT (U/T) 214+1.5 43.5+6.0 ** 327+64 21.9+0.7
v-GTP (U/T) 79+0.8 7.1£0.3 6.4+0.3 6.5+£0.2

ALP (U/N) 305.1 £27.1 968.9 + 115.0 ** 456.0 £ 51.5 391.9+37.5
CRE (mg/dL) 0.1£0.0 0.1£0.0 0.1£0.0 0.1£0.0

BUN (mg/dL) 25.1+1.4 26.0+ 1.8 24.1+2.1 251+1.9
GLU (mg/dL) 107.5+9.8 177.8 + 8.8 ** 125.7+7.2 95.6+4.2

AST : Alanine aminotransferase, ALT : aspartate aminotransferase, y-GTP : y-glutamyl

transpeptidase, ALP : alkaline phosphatase, CRE : creatinine, BUN : blood urea nitrogen,

GLU : glucose.

Data are mean + s.e.m.; Significant differences: * p<0.05 vs. vehicle. ** p<0.01 vs. vehicle.
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LU EDZENE, RXR 78— /L7 Z=AK CBt-PMN (8) |, RXR 7/L 72 =AMk
DEIEEISNDRIER Z RS2 oTe.
WIZEHEBIE, KK-AY2 B RIFE T /L~ A2 CBt-PMN (8) 3B3LURXR 7/L7 =

= AN NEt-TMN (6) % 10 mg/kg/day T 14 A, 1 A 1 B O#EL B % O HE

TACE B H RS BB HO~EZ oy Al BE LN FAL AV BEBIOT T 4R %

IF L BENETHIET, ALAYOPT 2 BBERIFIER 2R L 7= (Figure 2-7).

A B o OGTT
-O- Vehicle 500 1
T>> @ NEt-TMN —_
H -\ CBt-PMN 5 400 1
(o] ()]
] £
S = 300 1
| E
o O
£ o 200 1
3
o 100
I Sl
15 30 45 60 90 120 min
C s D s E s
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-y
-y I E -
—~ 10 1 o E 21 210 1
X ok [s)) —
Y £ * %
2 £ @
S 5 A 2 1 5 5 4
T = 2
©
<
0 0 0
vehicle NEt-TMN CBt-PMN vehicle NEt-TMN CBt-PMN vehicle  NEt-TMN CBt-PNMN

Figure 2-7. Repeated oral administration of compounds to KK-A” mice for 14 consecutive days (10
mg/kg). A) Time-dependent change of plasma glucose level. Open circle, closed circle, and open
triangle indicate vehicle, NEt-TMN (6), and CBt-PMN (8), respectively. B) Results of oral glucose
tolerance tests (OGTT). C) Hemoglobin Alc level. D) Serum insulin level. E) Serum adiponectin
level. The data shown are the average (n = 4—7) + SEM. Statistical analysis was performed by
analysis of variance (ANOVA) followed by Bonferroni test. Significant differences: * p < 0.05, ** p

< 0.01 vs vehicle.
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ZORER, LB G RO MABEEIL 500 mg/dL THDHDIZXKL, NEt-TMN (6)
B HRECIE, #5-3 H B2 300 my/dL & £ CIMAFEZK FLTRY, AEem
PERE FEHZRLT-. CBt-PMN (8) & 5-HEIZOWTH, ZO/EHAFBLE CORFMIX
NEt-TMN (6) JSOLEN>7T2b00, #1457 B B bA B2 bR FER S /RSN,
S5|Z CBt-PMN (8) 1%, B GACIVA BRI AL AU REEE HbAlc fEOIK TR XL
O OGTT OUENEAZFRD, B ERPUERFERZ R L.

CBt-PMN (8) 7%, KK-AY ¥ A ZEBWTA L AU ARPIED SGEE R LT END, A
VAVARPUEEDBRP R E SN TWDT T AR AR T DRNEEIT T2, EDORER,
NEt-TMN (6) 2NH BT T ARKIF o OHINEZTRL, —75 T CBt-PMN (8) IZ%D
BRSO N T ol TTARRIF L BOIR T A AV ARGIELE O RIZIIFE RS
MEBNAHZENE, RXR TAZANMIEDT T ARRI T OBANHGL 2 B R IF(E
HEFABIL TWBZERnF 2 BT,

F77, ICR VT ALFEIZKK-AY w7 AZB W Th, (L&Y G X DRITERZREmL
7= REZAL, R, M TG R LV TCHO fEIZ DWW TH~7ZHE R,
NEt-TMN (6) #%5-CIZICR ~ 7 AL[EREIA BRI b 7=— 77T, CBt-PMN
@) HEHETIX, (LAY IERGRHLLBEL CERLOEICE/ITRLNR T

(Figure 2-8).
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Figure 2-8. Evaluation of side effects of repeated oral administration of 6 or 8 at 10 mg/kg/day to
male KK-AY mice for 14 consecutive days. A) Time course of body weight change. Open circle,
closed circle, and open triangle indicate vehicle, NEt-TMN (6), and CBt-PMN (8), respectively. B)
Effects of compounds on liver weight. C) Effects of compounds on serum triglyceride. D) Effects of
compounds on serum total cholesterol. The data (n = 4-7) represent the mean + sem. Statistical
analysis was performed by analysis of variance (ANOVA) followed by Bonferroni test. Significant

differences: * p < 0.05 vs vehicle. ** p <0.01 vs vehicle.

PLEDZED N, RXR 78— % /L7 Z =2 CBt-PMN (8) |4 RXR 7L 7T =ZRD K,
DAIVHIRE NN EE &0, 1 F TG R L O H TCHO i _EH W -7z EIE

RAEREEL, 2 BUBE R ET L~ RZB W TG Z R LTZENZ D,
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% 315  CBt-PMN (8) ® RT-PCR £ LA E LT BT

{t&# CBt-PMN (8) 1%, 10 mg/kg/day TORE M £ 512 CTHL2 BB RIBEA 2~ L
IR0, Emax 28 DI 372 iR E % 5 2 2158 Téh % 30 mg/kg/day TOHE
A#5-Th->Th, RXR 77T =AM RONDRIEHEZ RS2 T,
ZZT, CBt-PMN (8) Dt 2 BUBEIRFIEH DA =X LZDOW TR D72, FHD
13 KK-AY =7 A 2RV ORE - IRE RN G- L T OB DR B D& bz
RT-PCT (ZLVFHIEL 72 (Figure 2-9). 7233, RT-PCR (L2538 1X, L2k H
R, [RIK 26 B S B 8 2 303 B s K OV 1L R B 5t K P S P 9E
BERAG o ZERERAZ 1 2AT > TIHW .
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Figure 2-9. Fold changes in mRNA expression of Irs! (a), Irs2 (b), Slc2al (c), Slc2a2 (d), G6pc (e),
Pck (f), Gek (g), Scdl (h), Fasn (i) and Srebplc (j) in KK-Ay mice treated with vehicle, NEt-TMN
(6) or CBt-PMN (8). The data (n = 3—7) represent the mean + s.e.m. Significant differences: *

p<0.05 vs. vehicle. ** p<0.01 vs. vehicle.
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RXR 7F = AMZIOAFIRIZ IS 1D Slc2al (GLUTI), Slc2a2 (GLUT2) D3EH g3
e, Fig~o07 va—2B0ABRERESEHZERRESL TS .

FRBERIZH 592 Gek Slc2al <0 Slc2a2 L[FIEE RXR 72 = AN I R BLE A BN
FTHEVIEERDHD P, I517, LXR T =AM LS Gek DFBURHME 3520, IFiEic
BUOMH A 5 9 58 3% O Gope (Glucose-6-phosphatase) 3 X O Pck
(Phosphoenolpyruvate carboxykinase) MDIEBHNHILMESN TS 0, £72—F T,
LXR 72 =AMLY, IREARICED Scdl (Stearoyl-CoA desaturase-1) <° Fasn
(Fatty acid synthase) ¥3J O\ Srebplc (Sterol regulatory element-binding protein-1¢) @
EHRO#ELHD .

FEHZ OISO, Iz W TR - BRI OEFMEICEHF 5L TS Irs] (Insulin
receptor substrate-1) <° Irs2 (Insulin receptor substrate-2){Z- VN Th ML 7=.
B H-T BRI DOV TIE, NE-TMN (6) 35X CBt-PMN (8) D% 5-(2k
L Irsl, Irs2, Slc2al, Sle2a2, G6pe, Pck DIEBLOA Z /2B INI RSN 720> Tcb DD,
CBt-PMN (8) # 5.8 TlE Gek 2NA B IZHENL T2 &), CBt-PMN (8) DIk
B N ER O —KEL T Gek DN EDMRIEROMREZ ST LT-BEIE 3B 2 5N 5.
RIERICR 59 588 2 12851 T D Sedl <° Fasn B350\ Srebplc (22T
L7-HE 5, NETMN (6) #5-8E Tl Sedl <° Fasn DR BENMEALIZHEINL THNDHO
IZ%fL, CBt-PMN (8) # 58t ClI LA WIER G REL L R CTRHE 2B INIZRO B
7otz

Sedl X0 Fasn \ZNEERHHICRE G L TOBIEND, ZHHDFHBMENZ LM,
CBt-PMN (8) M ILH TG 728 DREWER A RS /2o Te K ThHHEH 2 Hib.
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Gek =<2 Scdl BE O Fasn 13 Srebp1c \Z KO FHENHIFS L TODBEVI ML 2350 77,
7o, HIRIZI1TD Srebplc DFRBUTT T ARAKI T AZEOMHISNHZ LM E S
nTn5 0,

Srebplc DIEHUTOWT, NE-TMN (6) & GHEOLE W G-RELRIFRE CTh o7z,
iz, NEt-TMN (6) D 5-25 Srebplc DFEBUIFLE A 52 720> T2 DHNI-OWTUE,
Figure 2-7E (R XCT FARRIF o DI B4 NE-TMN (6) 234 & ICHINE
FTOBZETERNL THDEZERB ZHND. — T, RXR /S—T /L 7T =AK
CBt-PMN (8) # 5-8E0MEEMIER GREE LIS, AT srebplc DR BLATEINSH

TWRING, IBE A REIEME TS Scdl <° Fasn OB/ bR A2 RS ho7-2k

Wi

IZDOWTDEEMZAHE ORI OW IS B OFRETHS.

=
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B4 1 EOELD LM

A DIE, RXR IEMALIC L D5 R B oo B S BIVE AR B OBIEICER’H LK
&3 C, BEFRXR 7 H =ARD7y FHED H HEZ RS EHZEIZHHRXR /3 —
TN T A=ANDOAIN A HRE LU TIFEZAT o7, TORER, L RXR /X—v
¥ /LT T=A k CBt-PMN (8: ECso = 143 nM, Emax = 75%) 1%, KK-AY2 FUHE R 55 £
TN T AZRBNT, Ehaam Lo, REENLMmY TG E EF 7 £ D RXR
INT A=A MIRONLREITEF ORI Lz, RXR 7 VT A= F DD
BEEICL D, RXR 78— ¥ /L7 2 =A k CBt-PMN (8) & [AIHEICEIEF % [A1kE
LI RBRREOOND 2 L B2 b0, EFERIC XV mERS & 72
STLESHSHATIERXR 707 A= M CIERRIWERRHIZS = E - &hTL
F9. L72A>TC, RXR/X—=V % /L7 A=A MIRXR 7V 7 =AMLV H %
TIH 7250 2 BUBEIRITRIRIE DM E L e D L EZ b b.
UL, RMEBAWDIR LT RXR 23— v LT T = A kN OFE 72 TG A1 D0
T, RERRMEE LTI TV, £72, RXR X—Yy L7 I=ZX D
in vivo \IZB T 5 FIE, CBt-PMN (8) O —flIZRHITWD Z &b, iz
R LUOOEIWEHADERENFIEETH H RXR /3— ¥ v /LT A=A MZDOWNTDO—%
PEPA M2 R TI2IE, i) RXR /8— % L7 F=Z MIOWT, Ee LMt

ML THoTz.
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%28  CBt-PMN (8) @ RXR /X—3 /L7 2= ANEMED T B O fiR i

HTEICIE, RXR /X —=3 % /b T A =ARDORIE in vivo (Z351T 534 - BINE 8 BLAE
fliZATVy, RXR 73—y /v 7T =Aho A iEER ALz, L, R L7 RXR
N—=3 ¢ LT T=Z | CBt-PMN (8) OFEAMRIEMEREFIZOWTIE, KRR
L LTSN W, F2, RXR 23—y LT T=Z hD invivo I[ZHT 55
X, CBt-PMN (8) O —HflIZ[BHiLTWD Z D, ez R LooEITERH®
BB FIRETdh 5 RXR 7 X— 3 ¥ /LT =R MIOWTO— A AtEEZ R~T
121X, oD RXR /N—T % LT T=A MNIZDOWT, HR5MaN0NETH-oT-.
AHiITIX, CBt-PMN (8) ® RXR 73— ¥ /L7 =R MEMEDOIHEBIERE DR &
B RXR N—v v L7 T=ZX FOAINAEITH> Z L HJE LT, CBt-PMN (8)

FHERD RXR 7 =& MEVEIZ DWW T OMEETE AR 2 Mt L7z,

F1E  BEFEO RXR 2S—yp /L7 S = ANO RS LTE I B AS

BEAF O RXR 73— 4 LT =2 hOfiE%E LU F ISR (Figure. 2-10)2.

Me
CO,H CO,H
COH 11a:R = Me 2 12 2
11b: R =n-Pr

Figure 2-10. Chemical structures of known RXR partial agonists.

ZABORXR 7 T=R bO/S— 2w VT T2 MEERBEHITOTL,
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BRKMEERALAIEE 7 L =1 2 20 & RXR ORRGYEMEAIC R E 2 > TV D~
Uo7 211 o~ v 7 212 LEONKEEICHKRTOREEZTT ZLICXD L
WESHTWD ) —75 T CBt-PMN (8) 1%, BUKPEENLICT Lo dhag
LTHEDLT, ~U w7 R 12 LOEHENRMANER & X872 55T RXR 73—

Uy NT A=A MNEMEEBRBTALOEEZLND.

W2IH 5 BEREMICERLTTHA L7 CBt-PMN (8) #FilfAkod RXR 7=
ANEHEFEA

RXR /X— % /L7 =R | CBt-PMN (8) % R\ 72 ilafEIc B\ T, CBt-PMN
(8) LRIBRICY > —HBAL & BN & T 5 BERME A L7- CBIM-PMN
(9a) 7%, RXR 7 /L7 T=A MEMEZ/RT E WV AR EE TS . CBt-PMN (8)
& CBiM-PMN (9a) D& EOZERIL, =D 5 BEREMO 2MLOHTHD. i
LV, ABREEEZ AT 2 RXR 7 2 =Z hTIL 5 BB O 2 ML E#EEAY RXR
Ny LT A= MEER T LT =2 MEMRBICKEZEELTWAS D
&R ST,

HRWFFEE T o 2 [ 1L R TR FEEFANSFE L3 K OMEIRHME 11, CBt-PMN (8)
D 5 BERENLO 2 MOWERI 21T oI bEHE SR L Tnd 2% Larl,
I HAEE YD RXR IEVER X OHETE AR DWW TOFEM R EH I T T
WMo Tz, T TEHIE, THOHDORXR 7 3= MEME, EHRIELOIAR
TROBUKMER 70 £ & ORETEMEAR B Ot 21TV, CBt-PMN (8) @ RXR /3 —
X NT A=A MEWFEBOERNZF~SH Z & L LT (Figure 2-11).
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Q R=H :9b X

NH,:9c  CO:H
CF, :9d

=0 :9e
RXR partial agonist €O:H  RXR full agonist ~ COzH S:of CO.H
8 9a

Figure 2-11. Molecular design strategy for CBt-PMN (8) derivertives.

FALEM D RXR KT DG IEMEILREZ, COS-1 fMilaz Wz LiR—&—
— T v AL VBE L7 (Table 2-3). 7235, #xEIHMEILEEIX, single binding
model |ZTHEMNT L7z, ZORER, 9e IBLWN 9f X, 59V RXR 7 T =2 MEME
LOVRERMoTb DD, 7 KEE2HAT D 9¢ X, 9a LEBRIZRXR 7 /L7
A=A MEMWER L. Fo, BEWRK b & NI T e A FLELZET 5
9d X, TNEN T5%E LT 67%D Enn B2 7R L72. 723, FFMI7REZILE

MO N— LT T= A MEMHICOWTOMREIToT-OBIZEER LTV A,
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Table 2-3. The data of RXRa homodimer reporter gene assay for 6, 8, and 9a-9f in COS-1 cells

Efficacy” (%)

Comp. RorX @I1pM @ 10uM ECs (nM)° Emax (%)"
6 - 96 + 4 98 + 3 3.8+0.2 96 + 4

8 - 75+3 69 + 3 143 +2 75+4
9a CH; 70 + 4 80+ 5 367 + 130 94 +5

9b H 5243 72+ 4 633 + 33 75+3
9¢ NH, 35+3 96 + 4 155+ 10 103 +2
9d CF; 65+ 1 71+6 1540 67 +2
9¢ o) 1+0 22+£2 - -

of S 240 3740 - -

a) The relative transactivation activity is based on the luciferase activity of 1 uM 1 (RXR full

agonist) taken as 100 percent. All values represent the mean value of at least three separate

experiments with triplicate determinations.

b) ECsg values and Ey,x values were determined from dose-response curves.

N=U X NVT A=A MIZARLEDORHEICLY, R K27 7 A= MEE
ICHBETDHZ LN TES. #HlziE, PPARy S—3 v /L7 T=Z h® GW0072
L, 59V PPARy 7 F =X MEMZRLZ2NHEH, PPAR 7LT7 I=X N Th b
rosigritazone DA T X T=ZA F & L THER T2 Z L RWMESHL TS P,

Z T, Emn %1% T2 RXR 7 F=A k (CBt-PMN (8), CBi-PMN (9b),
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CBTF-PMN (9d)) {22\ T, RXR /R— ¥ LT T =R MEEOHEED %12, RXR
INT T=A R EOBERRITITY, BERT X T = A MEVEZ A L 7.

ZOFER, EIEEICEBWT, CBTF-PMN (9d) 73 CBt-PMN (8) & [A4£IZ RXR 7
NT T=A M EFEA L B AR S ED1EAZ R L, RXR/S—v v L7 2=

A MEMNRO b7 (Figure 2-12).

120 1 120 1
[}
2= 100 100 -
§2
&~ 80 80 -
cl
o
=3 60 60
22
SO 40 - 40 -
59
&5 20 20 1
=L
0 v /€ 0 T v T T "
9 B 7 6 -5 -4 -8 -7 -6 -5 -4
Concentration (Log[M]) Concentration (Log[M])

Figure 2-12. Relative transactivation activities of 6, 8, 9b and 9d toward RXRa. A)
Dose-dependence of RXRa-agonistic activities of 6 (closed circle), 8 (open triangle), 9b (open
inverted triangle) and 9d (open diamond). B) Dose-dependence of RXRa-antagonistic activities of 8
(open triangle), 9b (open inverted triangle) and 9d (open diamond) in the presence of 1 uM
LGD1069 (1).
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B3I wOCRIGIEIC DT 2 —FRERE R

RXR REH A ~v—D VU T FMRFHRERGIEMAIX, apo #iE (U 7> FIFERS
BHRTHY, 2l Sy —%FEET5H) 205 holo g (7 2= MEARIT,
AT T FR=LeFHET D) ~NeXBERPMEZRTHI LIk nglEskRIS
nn O 27 aA REFROMD L BE T RBE T VRN T, A=y LT
A=A MNFaT7 I FR=FLa ) Ty h—DWMFZ2HFET 52 L2 ARER Y
Hry REERSNTNWDHZEMNS Y, RXR A= ¥ LT T=R MZHOWT LA
i, a7 F_X—=2Lal) P Ly —DOlFEHFEL, X—vx LT rxA
=ANELTHERATREEZ 26N, 2D, /N—T v )L T I=A MK
HaT7y 7 A —FEEBIITNVT A=A NRT AT X TR NI DHHERE X
DHLIMZHNTND EHEI STz, &2 C, BREEMELEERFMIZ L Y RXR 73—
VX NT A=A EHESNIALEWICOWTa T y 7 X = J)— K Ak

T oA BT,

1R sOuREGE

HOEMESF MRS Lo T S D LR E I A AR L 720t (ORI 233
5. #OGRICORIGE R, #OuMo T OEENRREIAF 2. SOt 7 B ©FF
TELTWDEE, #0128 RXR 72E DE RS TLEGL QDS AITHAT,
FLEBIL TWDT20, WG DRI RIS NS, dOEyF 0SB R
T-LREELTWDE, SRS T O WNT O 4 T ESME T 57280, e 70
EEWMEDMETL, RCEOESWEOEBBIIESND.
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HOME S FLE R FLOR A ORI THECLHEOCRLEDZE AR L, iRk

B LD B G 2R il 95 7 B A2 ORI EE S .

2 H arvysZ—UI ) —R AT A DS
a7y B =N —h AT v EATL Lévy-Bimbot HDHEL TWDITEEIZREW,

RXR ZHREVH U RBLOT VAL v AU AE a7 77 2 —% T8RO E
[ZX0FTo72 B a7 s F _R—2 LU THEHDLIE, RXR &z TR-FRET 1A f# A
SN TS D22 IR 7220, a7 Ly —I2iT, apo LoD RXR EfEA T 52 EMH
HEN TS SMRT-ID2 Z &R L7- °D,

FT, HHTHZHFERO R RE L RO DTI-DIZ, TNA LA NEH T 7 75—
DIREZ 5 oM ICEEL, VH U RIEFE FHLUX 1 pM D 1 F77E FIZBWTER 2 72
RXR J |2 %31F % FP (Fluorescence polarization) fEZ | L7- (Figure 2-13). UH
RIEFAE FIZBWTH, RXR BED EFIZE FP O EH B3 RSN, a7 704
—&ERXR EDOFEA DRSS, RXR 7V T A=ARN OFIEIZED 7 VA LA R
D22 % VB FP fEE RXR & & OGRS 7 L TRY, 128
D22 & RXR DM ANEREFHE T HZ RS (Figure 2-13a). —J7, RXR 7V
TAZAN 1 DIFAEIC I 7 VA LA A5 SMRT-ID2 & V2B FP fEE RXR
EO R BSOS AT E R RIS 7 L TEY, 123 SMRT-ID2 & RXR LD AAEH
ZWET T HIENRENT- (Figure 2-13b). RXR 7/L 7 =ARN 1 1Z&0 FPED %03 ik
KE72D RXR EEEIT, D22 TiE 1.0 mg/mL, SMRT-ID2 Tl 0.1 mg/mL Th-o7=2k
Db, TNHO RXR BETHHOEREITHIZEELTZ.
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Figure 2-13. Changes in fluorescence polarization values at various RXR concentrations in the
absence (open circles) or presence of 1 uM 1 (closed circles). a) Fluorescein-labeled co-activator
peptide D22 (5 nM). b) Fluorescein-labeled co-repressor peptide SMRT-ID2 (5 nM). Fluorescence
polarization values, expressed in mP, are the mean = SEM of measurements obtained from triplicate

wells.

¥3H wMECEICE T Z—) )L — AN T A
a7 —EEEZSaM EL T, BIHRDOEBR TROZRXREEICT, RXR7/LT 2
Z AR T BLORXR 7V T 2T =ARPA452 &, RXR /N— /L7 2 = A CBt-PMN

(8) BLWN CBTF-PMN (9d) D=7 77X —ihERex b U=, AL EWIREEIZ OV T,

10 pM & 33 uM IZBITF D7 VA LA AR D22 OFFEREICZEN R ENIh-T-2
N, WTNOLEDD 10 yM IZTa7 772 —ikERea s MliL 7 (Figure 2-14).
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Figure 2-14. Dose dependency of the effect of RXR agonists at 10 or 33 uM on fluorescence
polarization of fluorescein-labeled D22 (5 nM). Fluorescence polarization values, expressed in mP
(n = 3-4), are the mean £ SEM. Arrow symbols opposite compound numbers indicate 10 uM (left

side/column) and 33 pM (right side/column).

CBTF-PMN (9d) I3, RXR 73— /L 7T =2} CBt-PMN (8) &[AEEIZ RXR 7/LT
T=AK1 & RXR 7T HIT=AN PA452 D DT 7T R— AR T,

—7J7, CBTF-PMN (9d) O=U7 Lo —3FEREIT PA452 L0 55<, RXR 7/LT I =

AN 1 ERIFRETHHoT-.
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Figure 2-15. Changes in fluorescence polarization of (a) 5 nM fluorescein-labeled coactivator
peptide D22 or (b) 5 nM fluorescein-labeled corepressor peptide SMRT-ID2 induced by 9d (putative
partial agonist), compound 1 (RXR full agonist), and PA452 (RXR antagonist). Fluorescence
polarization values, expressed in mP, are the mean + SEM of measurements obtained from triplicate

wells.

EFL, VR— =T =Ty AN IO EIE AR a7 72— 7 ) — R A
N7 oA DFKERD S, CBTF-PMN (9d) (% CBt-PMN (8) &[RIERIZRXR 73— /L)

TA=ANTHHEHIWT LT,
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FATH  Invitro ([ZB1F5 RXR 73 = ANEMELEHILERICL DB 2

RETEVEFA B ZBAG ST DIZH T2, FH TR F THHILIKE T, UK
PR F B L OVE BRI B LIRFTAATo72. Table 2-4 121, 55 3 HIZTRLE
RXR 7T =ANEPE L EHLILDOSTRK 1 & LT Bs i L OB Z R nE%E 7R
LTCWA. 2B, EFHIzhE & LT Hammett @ o fE23 V5105 2%, CBt-PMN (8)
R ONWTIL 2 (fEBRIER XA I XY — VAV CEBEETH Y, i)
IMEEABEATHZ ENTET, B LT, ZOfEE, SRR T8 L OB
KPERF-& RXR 7 F =R MEMEE ORICIFHEZHES Z LN TEF, RXR 7L
7 A=A MEMEB X RXR /=2 v L7 =2 MEMEIZOW T, XA A

FY = AEE LML OB FHINRNEETHD LEXL BNz,
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Table 2-4. The data of RXRa homodimer reporter gene assay for 6, 8, and 9a—9f in COS-1 cells and

substituent constants at the heterocyclic 2-position

Efficacy” (%) Properties of R or X

Comp. RorX @1pM  @10pM ECs (nM)° Emax (%)" Es° n

6 - 96 + 4 98 +3 3.8+0.2 96 +£4 - -

8 - 75+3 69+3 143 +£2 75+4 - -

9a CH; 70+ 4 80+5 367 £ 130 94 £5 -1.24 0.56

9b H 52+3 72+ 4 633 £33 75+3 0.00 0.00

9¢ NH, 35+3 96 + 4 155+ 10 103 £2 -0.61 -1.23

9d CF; 65+1 71+£6 15+0 67+2 -2.40 0.88

9e 0] 1+0 22+£2 - — — -

of S 2+0 370 - - - _

a) The relative transactivation activity is based on the luciferase activity of 1 uM 1 (RXR full
agonist) taken as 100 percent. All values represent the mean value of at least three separate
experiments with triplicate determinations.

b) ECsg values and Ey,x values were determined from dose-response curves.

c) Es: Taft’s steric substituent constant (steric effect). d) @: lipophilicity. These data were cited from
Hansch, C., Leo, A. Substituent Constants for Correlation Analysis in Chemistry and Biology,
Wiley-Interscience, NY, 1979.
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WS WERRT Uy Lk 5 EE

RXR "=y ¥ /L7 A=A MEMEZRTHEHRZHET 272010, FEHIZRXR 7
NT T=A MBI ORXR R—3 ¥ LT T=R MIEIT 5 5 BERENALO 2 (7)1
DEFERT Y /MZER L, FEAROZEMREFRIZIRICONWTELE L.
HERT vy L eI TFOEBBORY R LTebDThHD. Figure 2-16 121
CBt-PMN (8) 3 L O OFFEK 9a-f O, Spartan-10 Z W CEE L2 HERT
Ty NERLTVWS, RXR 7V T A=Ak 9a BLD9¢ D 5 BEREMLD 2 hr)H
VWITEOEHBERT vy VERLIZOICK L, RXR X—2 ¥y L7 d=2R |
CBTF-PMN (9d) IZ59 WA DERT ¥ v V&R LT-. —THHWRXR 72
= A MEM LIRS 272 9e BN 1T, BNADERERT vy /LERL

7.
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Figure 2-16. Electrostatic potential distribution of 8 and 9a-f.

WeH RoyxoZialIl—iallhiEMRREOEL

#E T, CBt-PMN (8) 3 L O DFHFBIRD XU AAIFZY — Vg 2 L&, =5
KT&H D RXR & DM AAENTONWTHELET 572012, AutoDock 4.2 Z VR
TV aib—varATolc. Bl X 512 CBt-PMN (8) @ RXR /S— ¥ /LT
T= A MEWRBEBIIEGFOLO L R RBEX bh-/od, FyFx v
7y aIb—3 a3 2, CBt-PMN (8) &HEEDHELI L7 RXR 7L 7 =2 |k
THDH 1 L RXR & D X BEEERNT O R Cdh 5 SHOA™ % L 7=,
Figure 2-17 I1Z1%, Autodock 42 #fW T, RXR 7L 7 T=A hTHD 1 OFEH
L7-HEED RXR & RXR 7V T A=A b, N—=L LT T=ARED Ry X
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Ty aIlb—g rOFERERL TS,

Figure 2-17. A) Docking model of RXR partial agonist 8 in the ligand-binding pocket of RXRa

(PDB code: 3HOA). H4, H11, and H12 mean Helix 4 (jade green), Helix 11 (orange), and Helix 12
(red), respectively. B) Docking model of RXR full agonist 9a in the ligand-binding pocket of RXRa.
Asn306 mean asparagine 306. C) Docking model of RXR full agonist 9¢ in the ligand-binding
pocket of RXRa. D) Docking model of RXR partial agonist 9d in the ligand-binding pocket of

RXRa. The asterisk indicates electrostatic repulsion.

CBt-PMN (8) B L UNZDOFHELD 5 BERELO 2 (ifl%, RXR D~V v 7 X 4
DOFOT I )BEIRTHDHT AT X 306 D EHOMEIFFLITHEL WD
ZEAURENT-. F 7z, Figure 2-18 121 molfeat & AW TEFAE L7 RXR (pdb:
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3HOA) OFERT ¥ /LR LTWD, Asn306 D L OREEIF R0 ITAD

BERT Uy L ERL TV,

Figure 2-18. Docking model of RXR partial agonist 9d in the ligand-binding pocket of RXRa (PDB

code: 3HOA) and electrostatic potential distribution of RXRa.

WoT, NURAIFY—)UHE 2 MIZIEOBHERT vy VEFLTWNDS
RXR 7 /L7 Z=Z | CBiM-PMN (9a) 3 X' 9¢ (X, H4 ® Asn306 & ORI HE
KB N RT 2 EDRBENTZ. T, R RA I EY U 2 ALISHR
BOBHERT XY VEATD 9¢e BLO o TIE, XU AA XY — /Ui 2

AL L Asn306 & DFEEIE, EOBERT v VEHT D 9a = 9¢ IZHEAARFT
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5.
—7J, CBt-PMN (8) # L O CBTF-PMN (9d) %, X2 A A I &V — Ui 2 (1T
FNADEFEBERRT vy VERT DD, 70T T=A K 9a X 9¢ (L

BIIARF|TIEH 203 DOFRREIL 9e BILON 1T E Tid/ew.

HIHE O FE2HOE LD

F2HITEEIL RXR /X— ¥ /L7 =X | CBt-PMN (8) ® RXR /X— ¥ /L
7 2= A MEMWI B ORI % B 12, CBt-PMN (8) #E{RD RXR 7 2= A
MEMEIC BT D SR EAB 21T > 7. CBIM-PMN (9a) 7% RXR 7 /L7 2 =2
MEVEZRLIZZ LD, 5 BEREMLO 2 fLOEHIED RXR 7 2 =X MEMESE
BUIKRESBH LTS Z ERHERIENTz. & 2T, CBt-PMN & (K 9a-f |2
WTC, 5 BERELO 2 fLOEBRIEE RXR 7 =2 MNEMEE OMBEZ . &
HaFL D SEARE F-PBR KR - & RXR 7 2 =& MEM & ORICHEZES Z L
T&RMhotz. LvL, 5 BREMO2AMOBHERT v v/l RXR T =2
MEMEE ORI RO, 5 BERMESE 2 (IS8T 57 I/ MBIRETHD
Asn306 & D AEAEHD, RXR 7 =& MEMRBUC K E < B5 LT 5 araetk
DRI T
F 72, AiFSEAE LT, CBt-PMN (8) XV HKJRE T RXR ZIHMELTE 58K

RXR /38— %)L 7 I =A k CBTF-PMN (9d) % AT Z LN T 7.
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H3ET HH RXR S—p LTI =R 9d (2L 5 350 - BIVEH O 4y B

% 1 HiTlE, CBt-PMN (8) LY HIKJRE CIEMEA RT RXR /X—T ¥ /L7 =
A K CBTF-PMN (9d: ECsp = 15 1M, Enax = 67%) % FLH L7288 8IC W Tl <7,
Figure 2-19 {2, RXR 7 /L' 7 ==X | NEt-TMN (6), RXR /X— ¢ /)L 7 T =X |
CBt-PMN (8), 33 J. OV CBTF-PMN (9d) Df#i & RXR 7 3 =& MEMHZR L TV
5.

RXR /X— % /L7 =& RO in vivo IZE1F HE1EIE, CBt-PMN (8) (2[R 54
HZE0D, RXR/N—V ¥ A7 A= MZEY, EhERIEH & OO FEE

P& — At 572012, AREITIL CBTF-PMN (9d) @ in vivo 3%h & BIVER 2

Wik 3,
Me Me
%) RXRa
N Me ’
Me”™ "Me o
~'N = E
I, B 2 100
®:6 o
CO,H cx 80
23 60
Me  _Me Me Me. _Me M°CF (208 0
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NN nA ég
Me” ~Me ‘N Me” “Me N 23 20 1
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Figure 2-19. Chemical structures and relative transactivation data of 6 (closed circle), 8 (open

triangle) and 9d (open diamond) toward RXRa.
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% 118  CBTF-PMN (9d) ® PPARy/RXRa, LXRo/RXRa IEMEDFT

CBTF-PMN (9d) 1%, RXR REHX A = —{Zx LT/ 8= v LT T= A MNEHZ
RL7Z. RXR 7 =R hOFIRIE, RS— v U THEEZ I LA BN
K D~Tad A4 ~—%IGHL, HNMBREREZHL 2 ERAREZ2EATHD
Z &5, CBTF-PMN (9d) @ RXR ~7 1 ¥ A <~—{EMA(WIZiER L7=. Figure
2-20 121%, RXR /S—3 ¥ /L7 2 =2 | CBTF-PMN (9d) ¥ X % CBt-PMN (8) O
in vitro ({31} 5 PPARY/RXRa, LXRo "EHX A4 v —B LURXR L DOD~T 14 A
< —IEMEIC OV TORERZ R LTV D, In vitro |28V T CBTF-PMN (9d) (3,
CBt-PMN (8) & [A£EIZ PPARY/RXRa, LXRo/RXRo Z{FMAL T& 5 Z Link, K
EAEWE, S— 3w U7 X0 M 722 388 O R BLOR G B e RN BR R D

SeEEH S P C & 2.
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Figure 2-20. Relative transactivation data of 6 (closed circle), 8 (open triangle), and 9d (open

diamond) toward PPARy, PPARY/RXRa, LXRa, and LXRo/RXRa.

2T R E

HRGHEM 2 R A RTEE I & LT, CBTF-PMN (9d) @ in vivo (Z351F % L H 7%
ITEERET L7z, ICR ~ 7 A LAEW % 30 mg/kg TREO# G- L, O & 54 0.5,
1.0, 3.0 B L 6.0 Re#ICERM 21TV, [ LR hnsk B E ez 5 L OURST
JR B R A B LB AL G W O Ml IR EE 2 ) E L CTEVW 2. CBTF-PMN (9d)
IXBEAF 72 R BITIEE /R L, 6.0 FERIZICBWTHE 6 uM & CBt-PMN (8) XV
b E O L RS & 5- 2 7= (Figure 2-21). CBTE-PMN (9d) (%, 30 mg/kg (23T
ECso LA Lo ENHIFF TE 7=, £72, NEt-TMN (6) 3 LU CBt-PMN (8) 7
10 mg/kg DO 5B THZ/RL T\ DH Z £ D, CBTF-PMN (9d) DEBHZHO0
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TIX 10 mgkg/day T, BHWERIZOWTIE 72 iRE % 5 2 % 30 mg/kg/day

DEHETHRNTHI L L L.

Serum concentration

Time (h)
Figure 2-21. Plasma concentration of 6 (closed circle), 8 (open triangle) and 9d (open diamond) in

ICR mice (single dose at 30 mg/kg by oral administration).

¥ 3TH  CBTF-PMN (9d) @ in vivo FE0EAM

RXR /8= ¥ /L7 Z=Z  CBTF-PMN (9d) 5 L OBEAFORE O Mk FERC
HHEF T Kk KK-A2 BB R IR €7 /L~ 7 A2 10 mg/kg/day T 14 H[H,
1 B 1EEAREL, Hx OB EE S SKOKEORE S & O AR
(OGTT) 2 X VAWt 51 L 2 HubsERIEIEN 2 85 L7z (Figure 2-22).

CBTF-PMN (9d) O 52XV, MHEEOUEEFIIRD S22 b D0,

B B9 2 A 2 bR TR 2R & iz, £72, CBTF-PMN (9d) # 512
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LV EBERIOKBEORA NEESNTZZ Enb, BEREOIEIRTH 5 SRICKT
T HWENRD HILRXR 73— % /LT Z=Z k CBTF-PMN (9d) 23\ HUbERIF1E
MardT 22/l BEELE LTHRIHISNARTWLEA Y ZY 2B N
THATEEBINA R 57 B2, CBTE-PMN (9d) (ZH~~% o MUBERE T 1EH 2359
WHEDTH-oT. A, B4 7Y Z Y OBREEIZRXR /R—2 ¥ LT =R K
CBTF-PMN (9d) L [RIE&ToH 5 10 mg/kg/day (Z TG L7223, B4 70 2 %
GRECIT B 22 MBS FUEHIRoA v R U R ETMESCEE IR B LR -
2. WATHRZEIC B W T, B4 7 U XY D EDs i% 29 mgkg/day TH Y 10
mg/kg/day TIZIZIEMIERE FAEHIERD HNARNE NI BENRH D = Lnd ),
SElOEF 7Y & RGO EIL, BEENDRPoTEOTHL EE X

bhd.
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Figure 2-22. Evaluation of anti-type 2 diabetes effects of repeated oral administration of 9d or

pioglitazone at 10 mg/kg/day to male KK-A* mice for 14 consecutive days. A) Time course of blood

glucose levels. B) Water intake change. C) Results of oral glucose tolerance tests (OGTT). D) Liver

weight gain in male KK-A” mice treated with vehicle and compounds. Open circle, open diamond

and asterisks indicate vehicle, 9d and pioglitazone, respectively. The data (n = 4-5) represent the

mean = SEM. Statistical analysis was performed by analysis of variance (ANOVA) followed by

Bonferroni test. Significant difference: * p < 0.05 9d vs vehicle. ** p < 0.01 9d vs vehicle. T p <

0.05 pioglitazone vs vehicle. 11 p < 0.01 pioglitazone vs vehicle.

% 4TH  CBTF-PMN (9d) O in vivo EI{EH 7

RXR 78— ¥ /)L 7 Z=A k CBTE-PMN (9d) %, KK-AY2 BUpERFET L~

ZIZBWT, FERBIERZ R L. £2C, RXR X— ¥ L7 T=X MZ Lk
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BIVER O O "I REME A NLRET 5 X<, CBTF-PMN (9d) 3} X OV RXR 7 /b
7 Z=A F NEt-TMN (6)DF& 512 L A EIERIZOWT, Mt L7z, ICR v 7 X|Z
{bEW% 30 mg/kg/day T7 HIE, 1 H 1 BEHOESG L, HAOKREZL(L &5

& H 2 H ORFIRIL A=, 1 TG fE, 3 X OMH TCHO i & FfEMiE/ T A —

X ZWE L7z (Figure 2-23, Table 2-5).
A Body weight change B Liver/body weight (g/g)
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Figure 2-23. Evaluation of adverse effects of repeated oral administration of compounds at 30
mg/kg/day to male ICR mice for 7 consecutive days. A) Time course of body weight change. Open
circle, closed circle and open diamond indicate vehicle, 6 and 9d, respectively. B) Effects of
compounds on liver weight gain. C) Effects of compounds on serum triglyceride. D) Effects of
compounds on total cholesterol. The data (n = 7-23) represent the mean + SEM. Statistical analysis
was performed by analysis of variance (ANOVA) followed by Bonferroni test. Significant

difference: * p < 0.05 vs vehicle. ** p <0.01 vs vehicle.
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RXR 7/L7 T=2A k NEt-TMN (6) %58 TlE, A EREEHIMNN R S0,
RXR /3= % /L7 = b CBTF-PMN (9d) %58 ORERINT, {LEWIEHK
HRELRIRRE CTH-o7-. FIZ, CBTF-PMN (9d) #5012 L 2 IFlgfEKI%, RXR 7

NT A=A MRERICHARESNTH Y, I TGED ER IR S o7,

Table 2-5. Plasma parameters of male ICR mice after oral administration of vehicle, 6 or 9d at 30

mg/kg/day for 7 consecutive days (n = 8-16)

Vehicle 6 9d
AST (U/T) 54.6+3.8 87.9+18.9 * 70.1+ 6.5 *
ALT (U/T) 223+15 43.5 + 6.0 ** 26.5+2.1
y-GTP (U/) 6.1+0.7 7.1+03 45+0.6
ALP (U/T) 281.3+15.7 968.9 + 115.0 ** 381.6+58.9 *
CRE (mg/dL) 0.1+0.0 0.1+0.0 0.1+0.0
BUN (mg/dL) 24.1+1.0 26.0+1.8 248 +2.1

AST : aspartate aminotransferase, ALT : alanine aminotransferase,

y-GTP : y-glutamyltranspeptidase, ALP : alkaline Phosphatase,

CRE : creatinine, BUN : blood urea nitrogen,

Data are mean = SEM; Statistical analysis was performed by analysis of variance (ANOVA)

followed by Bonferroni test. Significant differences: * p < 0.05 vs. vehicle. ** p <0.01 vs. vehicle.

IbAMBE SR BB H OFFEMIE T A —F OWEEITo1= & 25, Blidagik
DIFETH S CRE fEX° BUN fEIMLEMIERGRE L FRE ChH -T2, —hH T
CBTF-PMN (9d) #58£Tlx, 77 =2 MEGREICR BN D ALT [EOHFE

e ERITEIE SN o 7o, ASTIEB L OV ALP fEIX, (bEWFEHREREICH A
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BlZEHLTWELDD, N6 EFIZT7ALT =X MEGREE B LB
M Tdho7-. AST E, ALT {8, 3 X OV ALP fE1Z, IFlEEMEORE TH 553, RXR
/N— LT Z=A F CBTF-PMN (9d) #5167 iFlgIE R, RXR 71

7 Z=Z h NEt-TMN (6) |Ztbiz LHRECdh - 7z,

%5 5IH  CBTF-PMN (9d) ORGIRE GBS DRI ZE B

ICR ~ 7 AT 7 HRE#HEIZ8 T, CBTF-PMN (9d) 2MAEHE IS TG &
FRBREDRXR 77 A= MR LN DEWEAITEBE L Tz Z &b, K
LB ORI G X 2 BIVE R BLO A I Bk A Rz 7.

ZZ T, RXR /S—¥ ¥ /L7 I=A k CBTF-PMN (9d) %# SD 7 v hiZ 30
mg/kg/day T 28 Hf#], 1 A 1 [HfEAKEG L, WELZH 4~ OFRE, RifE, BX
UMKk & % Figure 2-24 [/ LCW5. 72, SR E L TRXR 77 A=A
k NEt-3IB (7b)%, SD 7 > hIZ 30 mg/kg/day T28 HfE, 1 H 1 [EFEO&KE L,
HIE L= H 2 OIEE % Figure 2-25 1R LTS . Z0#EH, RXR S—2 /L
7 =2 k CBTF-PMN (9d) /%, RXR 7/ 7 2 =2 |k NEt-3IB (7b) IZ R 547~
BEHERMAREMEINAZ S EEZ SN N gnoTc. RIS, RXR S—vx L7 =
=A I CBTF-PMN (9d) #5-#&H¥#H OKFIME/ N7 A — & B X OEiEE
DORPEZATV, RGBT 2 EEHREBLOAE A F L7z (Tables 2-6, 2-7).
ZOFER, ICR ~ 7 A TORIWEARBRHROREH & [AfEIZ, CBTF-PMN (9d) I
RGN TH MY TG LAFORWEMZRBL L W2 L3 bh o7, 1L
BT A—=ZIZOWTIE, (bEWmIFRGR i LAE R LA AR LIZHB X
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boTebDD, BT v MIBT D ALTEB L OMET » MZBT % MH TCHO fE
LIAMT EBRE I HAG T 0 K LI IERRE CThH - 7. FldEMEIC VT,

ASTEX° ALT fif, ALP 72 EEE OB NS AW S5 . SEIO/ET »~ T,

ALT D LH- OB TH > 22D Z OfFIEEHIZEE R O TIERNEEZEZ B
5. —5T, MT v MBI AMLd TCHO fE_EFAZ W TIEA A0 F2ER S s
SIETDOEFIZOWVWTIHIAT L2 Z LI TE T, SBROMFRETHLLEF R 5.
F72, BESSEEICE L TIX ICR ~ v A L [RERICHFIREEOHEMA R o, M~
U 2B TUIMBEEOE MBI b oD, ZoMoOlEaiz >\ Tk
BWIEGHEEIZIERBE ChH o772, LEORRENS, RXR N—T ¥y /L7 d=
Z bk CBTE-PMN (9d) IZEHFEICHBWNTEH, BFERXR 77 T=X MIAH

N5 RIWEROBRILS FTRETH 5 Z L VR &7z >,
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Figure 2-24. Body weight gain, water intake change, and food intake change of male or female SD
rats treated with oral administration of vehicle or 9d at 30 mg/kg/day for 28 consecutive days (n =
3-6). A—B) Body weight gain. C—D) Water intake change. E-F) Food intake change. Males: A, C
and E. Females: B, D and F. Open circle and open diamond indicate vehicle and 9d treatment,

respectively.
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Figure 2-25. Body weight gain of male or female SD rats treated with oral administration of vehicle
or NEt-3IB (7b) at 30 mg/kg/day for 28 consecutive days (n = 3—6). A) Time-dependent change of
male SD rat’s body weight for 28 days. B) Time-dependent change of female SD rat’s body weight
for 28 days. Open circle and closed square indicate vehicle and NEt-31B (7b) treatment, respectively.
Statistical analysis was performed by t-test. Significant differences: * p < 0.05 vs. vehicle. ** p <

0.01 vs. vehicle.

65



Table 2-6. Plasma parameters of male and female SD rats after oral administration of vehicle or 9d

at 30 mg/kg/day for 28 consecutive days (n = 2—6)

Male Female
Vehicle 9d Reference® Vehicle 9d Reference”

AST (UN) 65.7+£6.3 91.7 £3.7 ** 87.0-114.0 69.7+4.8 67.8 £2.1 85.0-123.0
ALT (U/T) 30.0+ 1.7 502 £2.3 ** 28.0-40.0 21.7+1.2 37.0 £ 1.2 ** 25.0-36.0
v-GTP (U/T) 6.7+0.9 7.0£0.0 0.0-1.0 7.0£0.6 58+0.2%* 0.0-0.4
ALP (UN) 703.7£58.6 864.0+94.2 - 382.5+46.5 38771314 -
CRE (mg/dL) 02£0.0 02+0.0 0.5-0.6 02£0.0 02£0.0 0.5-0.6
BUN (mg/dL) 155+04 144+14 13.0-16.0 14.5+0.6 155+£2.0 11.0-16.0
TG (mg/dL) 61.3£99 49.0 4.6 61.0-99.0 18.7+£4.1 452 + 4.6 ** 42.0-74.0
TCHO (mg/dL) 50.0+2.5 60.3£4.0 54.0-74.0 57.7+6.9 99.7 £ 6.4 ** 67.0-87.0

a. These data are taken from the Clinical Laboratory Parameters for Crl:CD (SD) Rats (CRL_Mar,

2006) by Charles River®. Data are mean + SEM.; Statistical analysis was performed by t-test.

Significant differences: * p < 0.05 vs. vehicle. ** p <0.01 vs. vehicle.

Table 2-7. Organ weights of male or female SD rats after oral administration of vehicle or 9d at 30

mg/kg/day for 28 consecutive days (n = 3-6).

Male Female
Vehicle 9d Vehicle 9d

Weight (g) 339.0 £ 19.1 352.1+7.0 2102 £13.7 206.1 £5.4
Brain (g) 1.9+0.1 1.9+0.1 1.7+£0.0 1.8+0.0
Liver (g) 10.2+£0.8 12.7+0.6 * 5.7+04 7.6 £0.1 **
Kidney (g) 2.7+£0.1 2.7+0.1 1.7£0.1 1.6+0.1
Spleen (g) 0.6 0.0 0.7+0.0* 0.5+0.0 0.5+0.1
Testis (g) 6.1£0.2 6.4+0.2

Data are mean = SEM.; Statistical analysis was performed by t-test. Significant differences: * p <

0.05 vs. vehicle. ** p <0.01 vs. vehicle.

66



FoH FHIHOELD

KEICTEHZIL, RXR S—2 % /LT A= MT X DL L BIVER & D 4yBED A]
REMEIC DO W THREET A 72912, RIS TR LB RXR /S—2 ¥ L7 =R
I CBTF-PMN (9d) D350 X OEIEA ORBLUZ W TIRFET L 7=,

KK-A"2 BB R ET /L~ 7 A28 T DN 2 et L7-A5%, CBTF-PMN (9d)
BHIZ L0 mipE oL, SOKEOK TR BN, AMuEWiL, HUbERP1ER
EHTHZENHLMNE ST KIZ, ICR T A& MW 7 H R 512
X BEIERIZ W THiR L7=. CBTE-PMN (9d) %512 X v iFlfE & OB IIT A
bbb oo, I TGE EF/REDRXR 77 A= MEEIZR LN S EIE
PR BLXIAGEE L Cu/=. F£72, CBTF-PMN (9d) & 58D IFgEEIZ>WV T,
TNT A=A MRERICHANZ OEMOBRE RSN Th o7z, DL EORR X
D, CBTF-PMN (9d) 7%, KK-A”2 BUPERIFET /L~ 7 2 2BV CHUBERIFEIEN
ZR LoD, RXR 7NAV7T A=A FORTRERWER ZIEEETE bW THL Z &
ERHTZENTE.

AHFFERR R & S WFFEE OISR H 523 2V E TIEld L7 RXR 78—y L7 =
= A CBt-PMN (8) (28T D41 A1%, RXR /N— v /L7 A=A MZX L
RIVER & OGBERFRETH D Z L X THMATHY, RXR 7 I=2 F D
TER OEL DO FiEE LT, RXR /8= v LT T=X B RBET 5 L0957
TR—FNEHTHDL R TE L. £, AL EL T, RXRT7 2=
2 OFURE RS AE 0 BIE D BIVE I FEBL O BIEIZ e ~MR AT 2 s 5 5 2
EBTET.

67



P SENEN L

BITERIEE 725 CODDASBEIRIFE, T /LY A~ —Ii% D% R -1 B~DA]
HFIELLTC, RNRESCGERAE (RNIEFE YRR NS0T T a—F 3G 2%
ATz BNZERO—>ThH2S RXR (T, Hi-IFERH IR G-3 okk x N2 FIK
EHBIEITHEREL . IR A IIITIANBR R A TE X DT LN AR SR REIEZ IR TH DT
b, FHHIL, RXR 7 =0, RNBIE BRI DT 7 0 —F 2 [ REIC T
HLOLE Z 7. LinLenih, RXR 73 = ANIZ O GIZ X0 RER It TG i
D LR BIONHRIE K722 E ORIVER BB ChH L. 22 TEEIL, ZHLETD
RXR 72 =AM RO EIEAZRIEL S>3 % /R T RXR 72 =A D AIHE

HHYEL TAMIEIZE FLIZ.

1 ECTEHIL, BIEACTHDIMF TG I LA OBER L THRAESN TS
LXRa/RXRo {EHALREZ 2 72 RXR 7F = AN CTHAUZEIE M A ELEE kA DTl
CARFRA NI C, RAFGEEAT -T2, Y50 TR E 72 RXR 7= = Ak NEt-31P 5.1
OZEDT )V N a2 FlE 2 BT ALB I DUV T RXRIEMEZFH 7%, PPARy
FBEOVLXRa &0 RXR ~T 0 A~ — T HIE ML~ R, Ta 23> RXR
TA=ANTHD 6 X° Tb 1T LXRW/RXRa JEHEEIZ TDHIEA L. £
2T, KMEMIZXY, FERERWEMEDBERFIREEE X, in vivo F&) - BIWEMIZH
WCORFEAT-T-E2A, Ta 13 KK-AY2 BUERIFET /L~ A% LT T
TEMZRLIZb 00, [ TG E EF-FORIEMS Ao,

68



2 W TIL, BWEAZ /RLTZ RXR 72 =AR)S RXR % 100%{E (L3577 2=
ANTHHZLITHE B UIFZE A EBAL7-. RXR 72 =AhOEIVEA X, RXR O 77k
HALIZERE T 5D THY, Hehza155121% RXR O E /i L T ThiHeH
Z, RXR /3= )L 7 A= AN THAUTES) - BIVEH 5 BEA AT RE T D L ARG Z LT,
KRG ETT o7

H1E T, EEFFEE LEBICRXR 78— % /L7 = =2k CBt-PMN (8) DAIH
1TV, AAEEH KK-AY2 FUFE RIS E T L~ 2T, MR FIEMART LI
Mz, RXR 7T A=AMNI AONDENER M AN CE L ZEaMER LT, SHIT,
CBt-PMN (8) #5512k AbE - IRERHN LB 5 B BUI WO Z{ T-
7o, ZORER, CBt-PMN (8) D#512LY Gek DA E/LEMAFRD B, CBt-PMN
(8) DIFERE FERIX Gek O EFIZIDME R O TUHE THAHERIS 7=, F7z, RXR
7 )VT7 I = AR NETMN (6) G- TIE Sed 1X° Fasn 738 B2 _EHL Tzt
L, RXR 73— %)L 72 =A) CBt-PMN (8) TIZZD EH-B AN T2ZEM5,

I TG ED _EF2EDREWEH Z LI ZE RN ThHHEE BT

%5 2 H#iClE, CBt-PMN (8) @ RXR /N —3 /L7 I = A NGBS 2B 95
ZEE BT, MFZEELT 72, CBt-PMN (8) #E (KD RXR 72 = ANEMEZMRFLIZ
FESL, R TIZ RXR 7V 7 =ANI 5 BERINLO 2 (I IEDQFRERT vV
Z, RXR /3=y V7T = ANIFI WA DFRERT v Ve AT 528z R LT,

5 BERIEAZO 2 f71E, RXR ~Uw 27 & 4 D Asn306 DH LR =/ LlEsE LT L TRY,
RXR /X—L LTI =ANE, 7T T =AML Asn306 EDFEG AR E72HT

69



ETNR—= VT A= ANEW A R LI EHERIS 2. S51Z, CBt-PMN (8) L0 —47
ECso 2/ INEL, [AFEEC Emax % 779" RXR 73— /L 72 = AN CBTF-PMN (9d) %
Rz e kT

85 3 HiTl, RXR /N— L7 E =AML D3 ERIVER L O 4B D ATREME A 52
AT X<, CBTF-PMN (9d) @ in vivo |23 23N ERIVER ORI EIT 72, 2Ok
£, CBTF-PMN (9d) 13O D2 HFIBIE RKIZALNTHDDEDREL RXR 7/ T
T =AM~ VINEL, BEFE RXR 7L 7 2 = AR R R RN 5 TG i _EF-72
EORWERSELEEL 2o, HUbERIFENEMN A G272, RXR /3= % LTI =ART
&% CBt-PMN (8) & CBTF-PMN (9d) OZNHDEMFEBROFERIL, RXRTI=A
MZEDFENERIER OFEIIE, RRDBIEN DDV AENFETEIbDEE

R TN,

RXR 7= = AR, HolE R VER ORIZHHAAAER AR v 21, 4
TIINA~—IRIE 19728 Dk 2 BN iR S TWD. A%, ARFZER I
HAX RXR RN—I % L TA=ARRAIHEN DL T, BWEMZERL7- RXR 7=

ARSI TSR B ORI L L RIS T ZHTHIFLI

70



o

AT BL, B 2 T HRE & T HEREA G0 F U7 LR IR AR

AR R S B PN REROR, [ LR B b R A A 2E
FLG REEELBH A 0 B 0K B HE R (R D K OB A R L E T

EAELL TR DOV Tl A X E U7z ] LR R 2B R S A 7E Rl
AR E LSRRI R L 3. F, B HEL SR, PPAR T
T=AF TIPP-703 3L NLXR 7= =Zh carba-T0901317 ZFEJETHEEL7-. HAT
BILHL BT ET.

Il & U CARGR U DWW Cagam T & E LTl [ R 2 R 2Bt 1= o 387 S A 20 B
WA E (L FBCFE0R, IR PR B E 3 R S A Je R A AR E A b
FOyEy RABPA RIS IR
Invitro FEERIZHE L Te 7 I AIR AR TIESWEL T H AR K 71 750 A (1
REE SR AL MBI EHLR L L £
In vivo FEBRIZBEL, 1 /1030 EU T2 U # 8B R AR AT 220 By 35 ) 1 Bkl
(CEHEALRL B ET
{LA B H EERE FEBRIZ BT, TSR THE E U RN B K AE M BR
HRAEMEN AR R ER RS P L L E T
RT-PCRIZEDERRICEEL, T RTEZ E U7l | LR KB R th S S FseF
Gy FIEALF R KGR M B0 RS R L T E
RXRa & AV 2R 7SS E LT § i BN R B R 2 TR T BR e i 2R W 4



JEE BRI AU RS L LI £

AWFZEIZBRL, Bk 224815 ) 2 TEV N B R B 98 23 FL R B L £ 9

72



Reagents

All reagents were purchased from Kanto chemical, Nacalai Tesque, Sigma-Aldrich, TCI
chemical companies or Wako pure chemical industries unless otherwise specified.

LGD1069 (1) was prepared according to reference 20.

NEt-TMN (6) was prepared according to reference 27.

NEt-3IP (7a) and NEt-31B (7b) were prepared according to reference 28.

Compounds 7¢-7m were prepared according to reference 29.

CBt-PMN (8) and CBiM-PMN (9a) were prepared according to reference 33.

Compounds 9b-9f were prepared according to reference 54.

TIPP-703 and carba-T0901317 were kindly provided from Dr. Hiroyuki Miyachi (Division of
Pharmaceutical Sciences, Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences).

Pioglitazone (as hydrochloride) was purchased from Wako Pure Chemical Industries, Ltd.

Culture of COS-1 cells.

COS-1 cells were maintained in Dulbecco’s modified Eagle’s medium supplemented with 10%
FBS, NaHCO; (1.0 g), rL-glutamine (0.292 g), penicillin (25,000 Units) and streptomycin
(25,000 pg) in a humidified atmosphere of 5% CO; in air at 37°C.

Luciferase reporter gene assay.

Plasmids used luciferase reporter gene assay were kindly provided from Dr. Makoto Makishima
(Division of Biochemistry, Department of Biomedical Sciences, Nihon University School of
Medicine) .

Luciferase reporter gene assays were performed using COS-1 cells transfected with three kinds
of vectors: each receptor subtype (CMX-hRXRa, CMX-hPPARy and CMX-hLXRa), a
luciferase reporter gene under the control of the appropriate NR response element, and secreted
alkaline phosphatase (SEAP) gene as a background.®” CRBPII-tk-Luc, tk-PPREx3-Luc, and
tk-rBARx3-Luc reporters were used as RXR, PPAR, and LXR response elements, respectively.

The amounts of each receptor subtype and response element were 1.0 pg and 4.0 pg,
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respectively. In the case of heterodimer assay, RXRa (0.5 pug), each partner receptor (PPARy or
LXRa, 0.5 pg) and the partner response element (4.0 pg) were transfected into COS-1 cells.
Transfection was performed with QIA Effectene Transfection Reagent (QIAGEN) according to
the supplier’s protocol (lipofection method). Cells in 60 mm tissue culture plates were incubated
at 37°C with medium with a transfection mixture composed of plasmid and Effectene reagents.
Test compound solutions (DMSO concentration 1%) were added to the suspension of
transfected cells, which were seeded at about 2.0 x 10" cells/well in 96-well white plates. After
incubation in a humidified atmosphere of 5% CO, at 37°C for 18 h, 25 uL of the medium was
used for analyzing SEAP activities and the remaining cells were used for luciferase reporter
gene assays with a Steady-Glo Luciferase Assay System (Promega). The luminescence was
measured in a Tecan Infinite F200 multimode plate reader. SEAP activities were detected by the
fluorescence assay using 4-methylumbelliferyl phosphate as a fluorescent substrate. SEAP
activities were measured at an excitation wavelength of 360 nm and an emission wavelength of
465 nm in a Tecan Infinite F200 multimode plate reader. Luciferase values were normalized
using SEAP activities to control for transfection efficiency. The assays were carried out in

triplicate three times.

Production and purification of RXRo. protein.

RXRa protein was kindly provided from Dr. Hirotaka Naito (Graduate School of Nutritional
and Environmental Sciences, University of Shizuoka) as following method.

Production and purification of recombinant RXRa protein were done using the GATEWAY ™
technology.®®” Destination vectors were generated by insertion of human RXRo DNA
(Ultimate™ Human ORF Clone, Invitrogen)® into a pDEST17 vector (Invitrogen), and were
transformed into E. coli BL21-Al cells (Invitrogen) by means of LR reaction. These cells were
used as expression clones. The expression clones were cultured in LB medium containing 100
pug/mL ampicillin at 37°C with shaking until the ODggp reached 0.6 to 1.0, and then were diluted
to OD 0.1 at 600 nm. After addition of 0.2% L-arabinose and 0.1% glucose to the culture during
the exponential phase of growth (OD 0.4 at 600 nm), cells were cultured for 2 hours and then
harvested. The cell pellets were resuspended in Lysis buffer (50 mM Tris-HCI, pH 7.5, 0.15 M
NacCl, 0.1% SDS, 1.0% Triton X-100, 1 mM PMSF) at 4°C. The RXR protein was purified
using a His GraviTrap column (GE Healthcare)® to give 2.2 mg/L pure protein in the culture

medium.
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Fluorescence polarization assay.

Fluorescein-labeled co-factor peptides were purchased from Invitrogen. Assays were performed
in 96-well half area black plates (Greiner) in a final volume of 40 pL. All reagents were diluted
in phosphate buffer (50 mM sodium phosphate pH 7.2, 154 mM NaCl, 1 mM dithiothreitol, 1
mM EDTA, 0.01% NP40), and the final DMSO concentration in the assay mixtures was
adjusted to 1%. The mixtures containing fluorescein-labeled co-factor peptide, RXRa and
various RXR ligands in phosphate buffer were incubated for 1 h at 25°C. The fluorescence
polarization of the mixtures was measured at an excitation wavelength of 485 nm and an
emission wavelength of 535 nm. Fluorescence polarization measurements were made with a
TECAN Polarion. Fluorescence polarization is the ratio of the difference between the intensities

of parallel and perpendicularly polarized fluorescent light to the total light intensity.

Electrostatic potential fields of compounds and molecular docking.

The crystal structure of human RXRa ligand binding domain was retrieved from the
Brookhaven Protein Data Bank: http://www.rcsb.org/pdb/Welcome.do. Polar hydrogen atoms
were added to both the protein and the ligand. United atom Kollman charges were assigned for
the protein. The 3D structures of ligands used for the docking study were constructed by using
Spartan® (Wavefunction, Inc.). After semi-empirical pm3 calculations, 6-31G* ab initio
calculations were performed to find the lowest energy conformers. The electrostatic potential

fields (ESP) were drawn with Spartan®. The AutoDock4.2 molecular docking program®

was
employed by using a genetic algorithm with local search (GALS). One hundred individual GA
runs, 150 chromosomes, a crossover ratio of 0.80, a rate of gene mutation of 0.02, and an
elitism ratio of 0.10 were used for each ligand. The grid box was created with dimensions of 40

x 40 x 40 A*, which encloses the original ligand. Molfeat (FiatLux Co., Tokyo, Japan) was used

for molecular modeling.

Electrostatic potential field of RXR (3H0A).

The electrostatic potential fields (ESP) were drawn with Molfeat after docking simulation using
Autodock 4.2 molecular docking program. The calculation parameter of dielectric constant and
radius of water molecule were 4.0r (threshold is 10 A) and 1.4 A, respectively. The calculated

ESP was displayed on the solvent-accessible surfaces (1.4 A ) of protein.
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Measurement of serum concentration of test compounds after oral administration at 30
mg/kg to mice.

Groups of six-week-old ICR male mice (n = 6-9 in each) were treated with solutions of test
compounds 30 mg/kg (1% ethanol and 0.5% CMC in distilled water) at a volume of 10 mL/kg
of body weight by oral administration. At the indicated times, 0.6 mL of blood was taken from
the inferior vena cava under diethyl ether anesthesia. Each blood sample was centrifuged at
1,900 x g for 5 min at r.t. To 100 pL of the resulting plasma were added 100 pL of ice-cold 5
mM ammonium acetate solution (adjusted with acetic acid to pH 5.0) and 1 mL of ice-cold
ethyl acetate. The resulting mixture was vortexed for 30 sec, kept at room temperature for 10
min, and centrifuged at 1,900 x g for 30 sec at room temperature. An 800 uL aliquot of the ethyl
acetate phase was removed and concentrated to dryness in a centrifugal evaporator. To the
resulting residue was added 100 pL. of HPLC-grade methanol. This solution was directly
subjected to HPLC analysis, and the concentration of each compound was determined from the
peak area of the sample with reference to a calibration plot obtained with the authentic
compound. This experiment was conducted in accordance with the Guidelines for Animal
Experiments at Okayama University Advanced Science Research Center, and all procedures

were approved by the Animal Research Control Committee of Okayama University.

HPLC conditions.

The HPLC system used in this study was a Shimadzu liquid chromatographic system (Kyoto,
Japan) consisting of an SCL-10A system controller, LC-10AD pump, SPD-10AV UV-Vis
spectrophotometric detector, SIL-10AD autoinjector, CTO-10A column oven, DGU-14A
degasser and C-R7A Chromatopac. The samples (each 20 pL) were injected using a refrigerated
autosampler kept at 10°C. The chromatographic analyses were carried out on an Inertsil ODS-3
(4.6 i.d. x 250 mm, 5 um, GL Sciences, Tokyo, Japan) kept at 40°C, using methanol : 33.3 mM
ammonium acetate (adjusted with acetic acid to pH 5.0) (85 : 15, v/v) as a mobile phase. The

flow rate was 0.7 mL/min and the absorbance was monitored at 280 nm.

Evaluation of blood glucose-lowering activities of 12d or piogritazone in KK-A" mice.
Four-week-old male KK-A” mice were purchased from CLEA Japan, Inc. (Tokyo, Japan). The

KK-A” mice were allowed free access to solid food and tap water. After arrival of the animals,
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all were group-housed and acclimated to the colony for 6 weeks before the experiment. Before
the experiment, they were housed with one mouse per cage, with free access to water and chow
pellets. The animals were housed in an air-conditioned room at a temperature of 23 =1 °C and a
humidity of 60 + 10%, with lights on from 8:00 a.m. to 20:00 p.m.. Before experiments, mice
were assigned to experimental groups so as to minimize the variance between groups based on
the blood glucose level (one per cage (17 x 33 x 15 cm)). Body weight and water intake change
was measured at approximately 10:00 a.m. every day for 14 days before dosing. Mice were
administered orally with a solution of test compound at a dose of 10 mg/kg or with the vehicle
(1% ethanol and 0.5% carboxymethyl cellulose (CMC) in distilled water) at a volume of 10
mL/kg of animal at approximately 10:00 a.m. every day for 14 days. At day 15, oral glucose
tolerance test (OGTT) was performed and animals were fasted from 17:00 p.m. and given water
ad libitum. On the next day, at approximately 10:00 a.m., animals were weighed and
anesthetized with diethyl ether. Blood was removed immediately and centrifuged in an
Eppendorf sample tube to obtain serum. Each blood sample was centrifuged at 1,900 x g for 5
min at r.t.. This experiment was conducted in accordance with the Guidelines for Animal
Experiments at Okayama University Advanced Science Research Center, and all procedures

were approved by the Animal Research Control Committee of Okayama University.

Glucose Level in Blood in KK-A" mice.
Samples for measurements of fed blood glucose level were taken from the tail vein of the mice,
and glucose was measured by using the glucose oxidase method (Medisafe-mini, TERUMO,

Tokyo, Japan).

Oral glucose tolerance test (OGTT).

KK-A” mice treated with each compound for 14 days were fasted for 17 h, and orally given
glucose solution (100 mg glucose in 1 mL distilled water) at a dose of 1 g/kg body weight. At 0,
15, 30, 45, 60, 90 and 120 min after the glucose loading, blood glucose level was measured as

described above.

Observation of side effects after once-daily oral administration at 30 mg/kg for 7 consecutive
days in male ICR mice.

Six- to seven-week-old male ICR mice were purchased from Charles River Laboratories Japan,
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Inc.. After arrival of the animals, all were group-housed and acclimated to the colony for 1 or 2
days before the experiment. Before the experiment, they were housed with four mice per cage,
with free access to water and chow pellets. The animals were housed in an air-conditioned room
at a temperature of 23 + 1 °C and a humidity of 50 £ 20%, with lights on from 8:00 a.m. to
20:00 p.m.. Before experiments, mice were assigned to experimental groups so as to minimize
the variance between groups based on the measured weight (four per cage (17 x 33 x 15 cm)).
Body weight was measured at approximately 10:00 a.m. every day for 7 days before dosing.
Mice were administered orally with a solution of test compound at a dose of 30 mg/kg or with
the vehicle (1% ethanol and 0.5% carboxymethyl cellulose (CMC) in distilled water) at a
volume of 10 mL/kg of animal at approximately 10:00 a.m. every day for 7 days. On the final
day of dosing, animals were fasted from 17:00 p.m. and given water ad libitum. On the next day,
at approximately 10:00 a.m., animals were weighed and anesthetized with diethyl ether. Blood
and liver were removed immediately, and the liver was weighed. Approximately 1 mL of blood
in an Eppendorf sample tube was centrifuged to afford a serum sample. Each blood sample was
centrifuged at 1,900 x g for 5 min at rt. This experiment was conducted in accordance with the
Guidelines for Animal Experiments at Okayama University Advanced Science Research Center,
and all procedures were approved by the Animal Research Control Committee of Okayama

University.

Observation of side effects after once-daily oral administration at 30 mg/kg for 28
consecutive days in SD rats.

Four-week-old male and female SD rats were purchased from Charles River Laboratories Japan,
Inc.. After arrival of the rats, all were group-housed and acclimated to the colony for 6 (male) or
7 (female) days before the experiment. Before the experiment, they were housed with two rats
per cage, with free access to water and chow pellets. The animals were housed in an
air-conditioned room at a temperature of 23 + 1 °C and a humidity of 50 = 20%, with lights on
from 8:00 a.m. to 20:00 p.m.. Before experiments, rats were assigned to experimental groups so
as to minimize the variance between groups based on the measured weight (two per cage (25.0
x 41.5 x 19.0 cm)). Body weight, water intake change and food intake change were measured at
approximately 10:00 a.m. every day for 28 days before dosing. Rats were administered orally
with a solution of test compound at a dose of 30 mg/kg or with the vehicle (1% ethanol and

0.5% carboxymethyl cellulose (CMC) in distilled water) at a volume of 5 mL/kg of animal at
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approximately 10:00 a.m. every day for 28 days. On the final day of dosing, animals were fasted
from 17:00 p.pm. and given water ad libitum. On the next day, at approximately 10:00 a.m.,
animals were weighed and anesthetized with isoflurane. Blood, liver, brain, kidney, spleen, and
testis (male only) were removed immediately. The liver, brain, kidney, spleen, and testis were
weighed and frozen with liquid nitrogen. Approximately 10 mL of blood in a centrifuge tube
was centrifuged at 2,000 x g for 10 min at 4°C to obtain a serum sample. This experiment was
conducted in accordance with the Guidelines for Animal Experiments at Okayama University
Advanced Science Research Center, and all procedures were approved by the Animal Research

Control Committee of Okayama University.
Measurements of blood parameters.

All values were measured by using a Fuji Dry Chem system (Dry Chem 4000V, Fuji Medical

Co., Tokyo, Japan) according to the supplier’s protocol.

79



255 3CHR

(1)

2)

)

4)

)

(6)

(7

(®)

)

Leid, M.; Kastner, P.; Chambon, P. Multiplicity generates diversity in the retinoic acid
signalling pathways. Trends Biochem. Sci. 1992, 17, 427-433.

de Lera, A. R.; Bourguet, W.; Altucci, L.; Gronemeyer, H. Design of selective nuclear
receptor modulators: RAR and RXR as a case study. Nat. Rev. Drug Discov. 2007, 6, 811—
820.

Glass, C. K.; Rosenfeld, M. G. The coregulator exchange in transcriptional functions of
nuclear receptors. Genes Dev. 2000, 14, 121-141.

Mangelsdorf, D. J.; Evans, R. M. The RXR heterodimers and orphan receptors. Cell 1995,
83, 841-850.

Svensson, S.; Ostberg, T.; Jacobsson, M.; Norstrom, C.; Stefansson, K.; Hallén, D.;
Johansson, I. C.; Zachrisson, K.; Ogg, D.; Jendeberg, L. Crystal structure of the
heterodimeric complex of LXRa and RXRf ligand-binding domains in a fully agonistic
conformation. EMBO J. 2003, 22, 4625-4633.

Kanda, S.; Nakashima, R.; Takahashi, K.; Tanaka, J.; Ogawa, J.; Ogata, T.; Yachi, M.;
Araki, K.; Ohsumi, J. Potent antidiabetic effects of rivoglitazone, a novel peroxisome
proliferator-activated receptor-gamma agonist, in obese diabetic rodent models. J.

Pharmacol Sci. 2009, 111, 155-166.

Mitro, N.; Mak, P. A.; Vargas, L.; Godio, C.; Hampton, E.; Molteni, V.; Kreusch, A.; Saez,
E. The nuclear receptor LXR is a glucose sensor. Nature 2007, 445, 219-223.

Joseph, S. B.; Castrillo, A.; Laffitte, B. A.; Mangelsdorf, D. J.; Tontonoz, P. Reciprocal
regulation of inflammation and lipid metabolism by liver X receptors. Nat. Med. 2003, 9,
213-219.

Schultz, J.R.; Tu, H.; Luk, A.; Repa, J. J.; Medina, J. C.; Li, L.; Schwendner, S.; Wang, S.;
Thoolen, M.; Mangelsdorf, D. J.; Lustig, K. D.; Shan, B. Role of LXRs in control of
lipogenesis. Genes Dev., 2000, 14, 2831-2838.

80



(10)

(1)

(12)

(13)

(14)

(15)

(16)

(17

Schulman, I. G.; Shao, G.; Heyman, R. A. Transactivation by retinoid X
receptor-peroxisome proliferator-activated receptor gamma (PPARgamma) heterodimers:
intermolecular synergy requires only the PPARgamma hormone-dependent activation

function. Mol. Cell Biol., 1998, 18, 3483-3494.

Yoshikawa, T.; Shimano, H.; Amemiya-Kudo, M.; Yahagi, N.; Hasty, A. H.; Matsuzaka,
T.; Okazaki, H.; Tamura, Y.; lizuka, Y.; Ohashi, K.; Osuga, J.; Harada, K.; Gotoda, T.;
Kimura, S.; Ishibashi, S.; Yamada, N. Identification of liver X receptor-retinoid X receptor

as an activator of the sterol regulatory element-binding protein 1c gene promoter. Mol.

Cell Biol., 2001, 21, 2991-3000.

Forman, B. M.; Umesono, K.; Chen, J.; Evans, R. M. Unique response pathways are
established by allosteric interactions among nuclear hormone receptors. Cell 1995, 81,

541-550.

Shulman, A. I.; Larson, C.; Mangelsdorf, D. J.; Ranganathan, R. Structural determinants of

allosteric ligand activation in RXR heterodimers. Cell 2004, 116, 417-429.

Lenhard, J.M.; Lancaster, M. E.; Paulik, M. A.; Weiel, J. E.; Binz, J. G.; Sundseth, S. S.;
Gaskill, B. A.; Lightfoot, R. M.; Brown, H. R. The RXR agonist LG100268 causes
hepatomegaly, improves glycaemic control and decreases cardiovascular risk and cachexia
in diabetic mice suffering from pancreatic beta-cell dysfunction. Diabetologia 1999, 42,

545-554.

Pinaire, J. A.; Reifel-Miller, A. Therapeutic Potential of Retinoid X Receptor Modulators
for the Treatment of the Metabolic Syndrome. PPAR Research 2007, 94156.

Cramer, P. E.; Cirrito, J. R.; Wesson, D. W.; Lee, C. Y.; Karlo, J. C.; Zinn, A. E.; Casali,
B. T.; Restivo, J. L.; Goebel, W. D.; James, M. J.; Brunden, K. R.; Wilson, D. A_;
Landreth, G. E. ApoE-directed therapeutics rapidly clear B-amyloid and reverse deficits in
AD mouse models. Science 2012, 335, 1503-1506.

Liu, S., Ogilvie, K.M., Klausing, K., Lawson, M.A., Jolley, D., Li, D., Bilakovics, J.,
Pascual, B., Hein, N., Urcan, M., Leibowitz, M.D. Mechanism of selective retinoid X

receptor agonist-induced hypothyroidism in the rat. Endocrinology 2002, 143, 2880-2885.

81



(18)

(19)

(20)

e2y)

(22)

(23)

24

Standeven, A. M.; Thacher, S. M.; Yuan, Y. D.; Escobar, M.; Vuligonda, V.; Beard, R. L.;
Chandraratna, R. A. Retinoid X receptor agonist elevation of serum triglycerides in rats by
potentiation of retinoic acid receptor agonist induction or by action as single agents,

Biochem. Pharmacol, 2001, 62, 1501-1509.

Davies, P. J.; Berry, S. A.; Shipley, G. L.; Eckel, R. H.; Hennuyer, N.; Crombie, D. L.;
Ogilvie, K. M.; Peinado-Onsurbe, J.; Fievet, C.; Leibowitz, M. D.; Heyman, R. A.;
Auwerx, J. Metabolic effects of rexinoids: tissue-specific regulation of lipoprotein lipase

activity. Mol. Pharmacol., 2001, 59, 170-176.

Beard, R. L.; Colon, D. F.; Song, T. K.; Davies, P. J.; Kochhar, D. M.; Chandraratna, R. A.
Synthesis and structure-activity relationships of retinoid X receptor selective diaryl sulfide

analogs of retinoic acid. J. Med. Chem., 1996, 39, 3556-3563.

Ohta, K.; Kawachi, E.; Inoue, N.; Fukasawa, H.; Hashimoto, Y.; Itai, A.; Kagechika, H.
Retinoidal Pyrimidinecarboxylic Acids. Unexpected Diaza-Substituent Effects in

Retinobenzoic Acids. Chem. Pharm. Bull. 2000, 48, 1504—1513.

Tashima, T.; Kagechika, H.; Tsuji, M.; Fukasawa, H.; Kawachi, E.; Hashimoto, Y.; Shudo,
K. Polyenylidene thiazolidinedione derivatives with retinoidal activities. Chem. Pharm.

Bull. 1997, 45, 1805-1813.

Pogenberg, V.; Guichou, J. F.; Vivat-Hannah, V.; Kammerer, S.; Pérez, E.; Germain, P.;
de Lera, A. R.; Gronemeyer, H.; Royer, C. A.; Bourguet, W. Characterization of
the interaction between retinoic acid receptor/retinoid X receptor (RAR/RXR)

heterodimers and transcriptional coactivators through structural and fluorescence anisotrop

ystudies. J. Biol. Chem. 2005, 280, 1625—1633.

Gendimenico, G. J.; Stim, T. B.; Corbo, M.; Janssen, B.; Mezick, J. A. A pleiotropic
response is induced in F9 embryonal carcinoma cells and rhino mouse skin by
All-trans-retinoic acid, a RAR agonist but not by SR11237, a RXR-selective agonist. J.
Invest. Dermatol. 1994, 102, 676—680.

82



(25)

(26)

27

(28)

(29)

(30)

€2))

Gniadecki, R.; Assaf, C.; Bagot, M.; Dummer, R.; Duvic, M.; Knobler, R.; Ranki, A.;
Schwandt, P.; Whittaker, S. The optimal use of bexarotene in cutaneous T-cell lymphoma.

Br. J. Dermatol., 2007, 157, 433-440.

Lalloyer, F.; Pedersen, T. A.; Gross, B.; Lestavel, S.; Yous, S.; Vallez, E.; Gustafsson, J.
A.; Mandrup, S.; Fiévet, C.; Staels, B.; Tailleux, A. Rexinoid bexarotene modulates
triglyceride but not cholesterol metabolism via gene-specific permissivity of the
RXR/LXR heterodimer in the liver. Arterioscler. Thromb. Vasc. Biol. 2009, 29, 1488—
1495.

Fujii, S.; Ohsawa, F.; Yamada, S.; Shinozaki, R.; Fukai, R.; Makishima, M.; Enomoto, S.;
Tai, A.; Kakuta, H. Modification at the acidic domain of RXR agonists has little effect on
permissive RXRheterodimer activation. Bioorg. Med. Chem. Lett. 2010, 20, 5139-5142.

Takamatsu, K.; Takano, A.; Yakushiji, N.; Morohashi, K.; Morishita, K.; Matsuura, N.;
Makishima, M.; Tai, A.; Sasaki, K.; Kakuta, H. The first potent subtype-selective retinoid
X receptor (RXR) agonist possessing a 3-isopropoxy-4-isopropylphenylamino moiety,
NEt-3IP (RXRalpha/beta-dual agonist). ChemMedChem 2008, 3, 780—787.

Kakuta, H.; Ohsawa, F.; Yamada, S.; Makishima, M.; Tai, A.; Yasui, H.; Yoshikawa, Y.
Feasibility of structural modification of RXR agonists to separate blood glucose-lowering
action from adverse effects: studies in KKAy type 2 diabetes model mice. Biol. Pharm.

Bull. 2012, 35, 629-633.

Ohsawa, F.; Morishita, K.; Yamada, S.; Makishima, M.; Kakuta H. Modification at the
lipophilic domain of RXR agonists differentially influences activation of RXR
heterodimers. ACS Med. Chem. Lett. 2010, 1, 521-525.

Michellys, P. Y.; Ardecky, R. J.; Chen, J. H.; Crombie, D. L.; Etgen, G. J.; Faul, M. M.;
Faulkner, A. L.; Grese, T. A.; Heyman, R. A.; Karanewsky, D. S.; Klausing, K.; Leibowitz,
M. D.; Liu, S.; Mais, D. A.; Mapes, C. M.; Marschke, K. B.; Reifel-Miller, A.; Ogilvie, K.
M.; Rungta, D.; Thompson, A. W.; Tyhonas, J. S.; Boehm, M. F. Novel
(2E,4E,6Z)-7-(2-alkoxy-3,5-dialkylbenzene)-3-methylocta-2,4,6-trienoic acid retinoid X
receptor modulators are active in models of type 2 diabetes. J. Med. Chem. 2003, 46,

2683-2696.
83



(32)

(33)

(34)

(35)

(36)

(37

(3%)

(39)

Haffner, C. D.; Lenhard, J. M.; Miller, A. B.; McDougald, D. L.; Dwornik, K.; Ittoop, O.
R.; Gampe, R. T. Jr.; Xu, H. E.; Blanchard, S.; Montana, V. G.; Consler, T. G.; Bledsoe, R.
K.; Ayscue, A.; Croom, D. Structure-based design of potent retinoid X receptor alpha
agonists. J. Med. Chem. 2004, 47, 2010—2029

Germain, P.; Staels, B.; Dacquet, C.; Spedding, M.; Laudet, V. Overview of nomenclature

of nuclear receptors. Pharmacol. Rev. 2006. 58, 685-704.

Kakuta, H.; Yakushiji, N.; Shinozaki, R.; Ohsawa, F.; Yamada, S.; Ohta, Y.; Kawata, K_;
Nakayama, M.; Hagaya, M.; Fujiwara, C.; Makishima, K.; Uno, S.; Tai, A.; Maehara, A.;
Nakayama, M.; Oohashi, T.; Yasui, H.; Yoshikawa, Y. RXR partial agonist CBt-PMN
exerts therapeutic effects on type 2 diabetes without the side effects of RXR full agonists.
ACS Med. Chem. Lett. 2012, 3. 427-432.

Heim, M.; Johnson, J.; Boess, F.; Bendik, 1.; Weber, P.; Hunziker, W.; Fluhmann, B.
Phytanic acid, a natural peroxisome proliferator-activated receptor (PPAR) agonist,

regulates glucose metabolism in rat primary hepatocytes. FASEB J. 2002, 16, 718—720.

Laffitte, B. A.; Chao, L. C.; Li, J.; Walczak, R.; Hummasti, S.; Joseph, S. B.; Castrillo, A.;
Wilpitz, D. C.; Mangelsdorf, D. J.; Collins, J. L.; Saez, E.; Tontonoz, P. Activation of liver
X receptor improves glucose tolerance through coordinate regulation of glucose
metabolism in liver and adipose tissue. Proc. Natl. Acad. Sci. U.S.A. 2003, 100, 5419—
5424.

Kim, S. Y.; Kim, H. I.; Kim, T. H.; Im, S. S.; Park, S. K.; Lee, I. K.; Kim, K. S.; Ahn, Y.
H. SREBP-1¢ mediates the insulin-dependent hepatic glucokinase expression. J. Biol.
Chem. 2004, 279, 30823-30829.

Miyazaki, M.; Dobrzyn, A.; Man, W. C.; Chu, K.; Sampath, H.; Kim, H. J.; Ntambi, J. M.
Stearoyl-CoA desaturase 1 gene expression is necessary for fructose-mediated induction of
lipogenic gene expression by sterol regulatory element-binding protein-1c-dependent and

-independent mechanisms. J. Biol. Chem. 2004, 279, 25164-25171.

Horton, J. D.; Goldstein, J. L.; Brown, M. S. SREBPs: activators of the complete program
of cholesterol and fatty acid synthesis in the liver. J. Clin. Invest. 2002, 109, 1125-1131.

84



(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

Awazawa, M.; Ueki, K.; Inabe, K.; Yamauchi, T.; Kaneko, K.; Okazaki, Y.; Bardeesy, N.;
Ohnishi, S.; Nagai, R.; Kadowaki, T. Adiponectin suppresses hepatic SREBP1c¢ expression
in an AdipoR1/ LKB1/AMPK dependent pathway. Biochem. Biophys. Res. Commun. 2009,
382, 51-56.

Nahoum, V.; Pérez, E.; Germain, P.; Rodriguez-Barrios, F.; Manzo, F.; Kammerer, S.;
Lemaire, G.; Hirsch, O.; Royer, C. A.; Gronemeyer, H.; de Lera A. R.; Bourguet, W.
Modulators of the structural dynamics of the retinoid X receptor to reveal receptor

function. Proc. Natl. Acad. Sci. U.S.A, 2007, 104, 17323—17328.

Hashimoto, Y.; Miyachi, H. Nuclear receptor antagonists designed based on the

helix-folding inhibition hypothesis. Bioorg. Med. Chem. 2005, 13, 5080—5093.
[ IR 2B R A AT 7ERt BRIy Fak et SRASFEE & im0 (2008)
B RSB R R TR SRR LG 0 B IR 2T &R SC (2011)

Oberfield, J.L.; Collins, J. L.; Holmes, C. P.; Goreham, D. M.; Cooper, J. P.; Cobb, J. E.;
Lenhard, J. M.; Hull-Ryde, E. A.; Mohr, C. P.; Blanchard, S. G.; Parks, D. J.; Moore, L.
B.; Lehmann, J. M.; Plunket, K.; Miller, A. B.; Milburn, M. V.; Kliewer, S. A.; Willson, T.
M. A peroxisome proliferator-activated receptor gamma ligand inhibits adipocyte

differentiation. Proc. Natl. Acad. Sci. U.S.A, 1999, 96, 6102-6106.

Egea, P. F.; Mitschler, A.; Rochel, N.; Ruff, M.; Chambon, P.; Moras, D. Crystal structure
of the human RXRalpha ligand-binding domain bound to its natural ligand: 9-cis Retinoic
acid. EMBO J. 2000, 19, 2592-2601.

Li, L.; Andersen, M. E.; Heber, S.; Zhang, Q. Non-monotonic dose-response relationship
in steroid hormone receptor-mediated gene expression. J. Mol. Endocrinol. 2007, 38,

569-585.

Levy-Bimbot,M.;Major,G.;Courilleau,D.;Blondeau,J.;Levi, Y. Tetrabromobisphenol-A
disrupts thyroid hormone receptor alpha function in vitro: Use of fluorescence polarization

to assay corepressor and coactivator peptide binding. Chemosphere 2012, 87, 782—788.

85



(49)

(50)

(51

(52)

(53)

(54)

(55)

(56)

(57)

Ozers, M. S.; Ervin, K. M.; Steffen, C. L.; Fronczak, J. A.; Lebakken, C. S.; Carnahan, K.
A.; Lowery, R. G.; Burke, T. J. Analysis of ligand-dependent recruitment of coactivator
peptides to estrogen receptor using fluorescence polarization. Mol. Endcrinol. 2005, 19,

25-34.

Stafslien, D. K.; Vedvik, K. L.; Rosier, T.; Ozers, M. S. Analysis of ligand-dependent
recruitment of coactivator peptides to RXRp in a time-resolved fluorescence resonance

energy transfer assay. Mol. Cell. Endocrinol. 2007, 264, 82—89.

Ghosh, J. C.; Yang, X.; Zhang, A.; Lambert, M. H.; Li, H.; Xu, H. E.; Chen, J. D.
Interactions that determine the assembly of a retinoid X receptor/corepressor complex.

Proc. Natl. Acad. Sci. U.S.A4. 2002, 99, 5842—-5847.

Connors, R. V.; Wang, Z.; Harrison, M.; Zhang, A.; Wanska, M.; Hiscock, S.; Fox, B.;
Dore, M.; Labelle, M.; Sudom, A.; Johnstone, S.; Liu, J.; Walker, N. P.; Chai, A.; Siegler,
K.; Li, Y.; Coward, P. Identification of a PPARdelta agonist with partial agonistic activity
on PPARgamma. Bioorg. Med. Chem. Lett. 2009, 19, 3550-3554.

Arakawa, K.; Ishihara, T.; Aoto, M.; Inamasu, M.; Saito, A.; Ikezawa, K. Actions of novel
antidiabetic thiazolidinedione, T-174, in animal models of non-insulin-dependent diabetes

mellitus (NIDDM) and in cultured muscle cells. Br. J. Pharmacol. 1998, 125, 429-436.
i LR SEER 38R I 225 ST (2013)

Ohsawa, F.; Yamada, S.; Yakushiji, N.; Shinozaki, R.; Nakayama, M.; Kawata, K.;
Hagaya, M.; Kobayashi, T.; Kohara, K.; Furusawa, Y.; Fujiwara, C.; Ohta, Y.; Makishima,
M.; Naitou, H.; Tai, A.; Yoshikawa, Y.; Yasui, H.; Kakuta, H. Mechanism of retinoid X
receptor partial agonistic action of
1-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)- 1 H-benzotriazole-5-carboxylic
acid and structural development to increase potency. J. Med. Chem. 2013, 56, 1865—-1877.

Qu, L.; Tang, X. Bexarotene: a promising anticancer agent. Cancer Chemother Pharmacol.

2010, 65, 201-205.

Cho, Y.; Noshiro, M.; Choi, M.; Morita, K.; Kawamoto, T.; Fujimoto, K.; Kato, Y.;
Makishima, M. The basic helix-loop-helix proteins differentiated embryo chondrocyte
86



(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(DEC) 1 and DEC2 function as corepressors of retinoid X receptors. Mol. Pharmacol.
2009, 76, 1360-1369.

Uno, S.; Endo, K.; Jeong, Y.; Kawana, K.; Miyachi, H.; Hashimoto, Y.; Makishima, M.
Suppression of beta-catenin signaling by liver X receptor ligands. Biochem. Pharmacol.

2009, 77, 186—-195.

Kaneko, E.; Matsuda, M.; Yamada, Y.; Tachibana, Y.; Shimomura, I.; Makishima, M.
Induction of intestinal ATP-binding cassette transporters by a phytosterol-derived liver X

receptor agonist. J. Biol. Chem. 2003, 278, 36091-36098.

Kain, S. R. Use of secreted alkaline phosphatase as a reporter of gene expression in

mammalian cells. Methods Mol. Biol. 1997, 63, 49-60.

Landy, A. Dynamic, structural, and regulatory aspects of lambda site-specific

recombination. Annu. Rev. Biochem. 1989, 58, 913-949.

Walhout, A. J.; Temple, G. F.; Brasch, M. A.; Hartley, J. L.; Lorson, M. A.; van den
Heuvel, S.; Vidal, M. GATEWAY recombinational cloning: Application to the cloning of
large numbers of open reading frames or ORFeomes. Methods Enzymol. 2000, 328, 575—
592.

Liang, F.; Matrubutham, U.; Parvizi, B.; Yen, J.; Duan, D.; Mirchandani, J.; Hashima, S.;
Nguyen, U.; Ubil, E.; Loewenheim, J.; Yu, X.; Sipes, S.; Williams, W.; Wang, L.; Bennett,
R.; Carrino, J. ORFDB: An information resource linking scientific content to a high-

quality open reading frame (ORF) collection. Nucleic Acids Res. 2004, 32, D595-D599.

Hengen, P. Purification of His-Tag fusion proteins from Escherichia coli. Trends Biochem.

Sci. 1995, 20, 285-286.

Morris, G. M.; Huey, R.; Lindstrom, W.; Sanner, M. F.; Belew, R. K.; Goodsell, D. S.;
Olson, A. J. AutoDock4 and AutoDockTools4: Automated docking with selective receptor
flexibility. J. Comput. Chem. 2009, 30, 2785-2791.

87



