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Nuclear receptors function as ligand-inducible transcription factors that regulate various physiological functions
such as development, reproduction, and metabolism. Dysregulation of the metabolism of cholesterol, triglyceride, and
glucose leads to the metabolic syndrome including type 2 diabetes mellitus, obesity, dyslipidemia, and atherosclerosis.
Studies of nuclear receptors promise to provide discoveries of therapeutic agents against the metabolic syndrome. Farne-
soid X receptor (FXR) is a member of the nuclear receptor superfamily and is activated by bile acids. FXR regulates the
metabolism of not only bile acid but also cholesterol, lipoprotein, triglyceride, and glucose, and is considered a potential
therapeutic target for the metabolic syndrome because of these functions. Nuclear receptors have two regions for trans-
activation, a constitutive activation function (AF-1) and a ligand-dependent activation function (AF-2). AF-1 and
AF-2 seem to require interactions with coactivators for the activation function and both work synergistically to give full
transactivation of nuclear receptors. However, coactivators for AF-1 activity are poorly understood, whereas coactiva-
tors required for AF-2 activity have been well studied. To understand the molecular mechanism of AF-1in FXR, we iso-
lated proteins associated with AF-1 by GST pull-down assay using the N-terminal region of FXR and nuclear extracts
from HeLa cells. This review focuses on the roles of FXR and our new findings regarding FXR-associated factors.
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7 FOBRRIZED, B MIBWTIL 48 FEOM
NZEERDEWHINTWS, ENZEKD DNA
EOEBR OB SO ERFEBNS, 6 DDT
)V —7 & DNA #&& 838 % £5 72 7211 dosage-sensitive
sex reversal-adrenal hypoplasia congenita critical
region on the X chromosome, gene 1 (DAX1), small
heterodimer partner (SHP) 2530176 TWw5 (Ta-
ble 1). %10

BANZERE, FNE2ERDDNVIEIATO2E
K, JOFHEEBARE L TR DNA B (hor-
mone response element, HRE) IZ#5% 9 %. HRE
W, 6 HENSIRAEN—T T A M2 DEFNRD S
WIZESCRIZAE Y, ZDN—T7 31 b ORITEER
BN D2 D, 20 HRE O/N\— 731 MM
NZBARDHES L, BNZERD DNA #i& O
PMNEENSD. ZD DNANDOFEEHEREUH R
Mo, BAZERITZ4DOZ ) —TInEans
(Fig. ). 1 DA77 841 FRILEHRZHEKT,
HO 1DIFIEATOA BRIVEHZEERTH 5.
FEATOA RRIVE RZEAKIL, DNA NOFEE
RANS ST HIT3DITHEEIN TS, retinoid X
receptor (RXR) ENTOFA XY —ZBRT 22H
K&, REFYAY—HD2WIE /X —THAIETS
F—T 7 DRFERIIGTENT NS,

AT 81 BRIIVE BZEERDE, KNTESNS
A7040 RRIVEZREZUTREL, EWHR
HTUH > REREETS. estrogen receptor (ER)
%> androgen receptor (AR) 7% & DENZAEKIT T
DTIN—TIET 5. IS OENZERIT, KE
2 BERZEBRL, BISCEICI A HRE /56
%. X704 RKIVE BIZRIRICIE, RXR &
AT O2 BRZERKL, EFRIZIEA K HRE 126
BT OEHMNZAEEKDPEL TS, FXRIZZDV
IW—=TIZJE L TWaH, BRI A7Z HRE IZHS
BTHIENMENTNS, FXR OfEAHKA D
M OWTIRRETIRR D, £z, EATOA KK
IWEHSHEERDOT I —T1203F, ERNOY T > R
MADTFS5NBHIC, AT A RFIVEZHAEKE
HFREDOEWERLRT & U THEESNABNZEERD
GENTVS. IS OBNZERIE, VT2 A
RHMTHB0, =77 ZFELEITN TN
B, F—T 7 RFRIL, FE2EEEBKL,
BEHBC A2 HRE IZHES T 2 NZ AR E, B

BEARELUTHRERHEATOIENZERN D
% 10D WS DNDF—T 7 VERNZERIZTDONT
&, OBIZUA Y RPFAESINE. ZN50U T >
REFEZATOA RRIVE BIZRIKE OSSN
X, A0 RBIVERZREKEENSDU T >
REDHEFMELIDENZ ENTENTNS, Xz,
RN RO BN S BT 2EEE T RET
5790, BEOE Y —ELTHWTVWSEEEZS
NTns 12

3. FXR &JEEE - L X 70— LG
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E95 FXRIZ, b Z2570—) )V ROREMRHICE
532720, #IREELIaZEOEN DT & L TRl
HEHEINTWS, bhibiid, ZOFXRIZEHL
TR 2D TNS, FXRIL, ENEETOT O
T — % — B ICHFEE T % FXR response element
(FXRE) 12, RXR &EATOF A X —2Z B L THE
HL, ENEZETORG2H#ET 2. FXR OER
FEH)E LT & D FXRE % Fig. 2 12k L7z 17

FXR I, F—77 0 ZRAKRELTHEEEN, O
L A7 0—)VAEE K O F KR TdH % farnesol
IZE > THWEMIUREI N Z &N S 2 OA4RITD
e OBICNEEOY A > RELT, Y
it (bile acids, BA) M[EE SN 7-. FXR L, JHH
it O v T %4712 chenodeoxycholic acid (CDCA) &
BWHEMMETHE ST 5. 1419 farnesol, CDCA &
FXR OGRRU 7T > R TH 2 GW4064'9 D it %
Fig. 31ZR U7z, JHITEEZ, FETaL A57o0—)b
MHERIN, HEICED SN, HEZE-> TN
e SN, IRECIEAEEE Y 2 > ORI 59
B, INBHTHE S N BB D RER ST, BRI E
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WHFIE, MEICHEBL, EBgo G,
A, Wk E, BITERICE ST 58T 2 EED
DWITHEEEMICHIEIL, HHEBORALTZAY 2%
Ho T3, 3D FXR 24+ L 72 HHFEECHHIC D W
T Table 2 fx U\ Fig. 4 ICF &7,

HigIcBWT, FXRIZMEITBEOE> Y —&LT
HWHREL TWS EEX6NTNS, HHER e #HE
MH5H5DOT, HiETHITREEN LFET 5 &,
FXR IIMIL 2 fRET 5 - D HI RO A K E HET
%, ZOKEMIZIE, FXR QDENIC2 DDBNZA
KNBEE5 925, HITBRAREHERBETDH 2
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Table 1. Human Nuclear Receptor Superfamily®!0
Group Nomenclature Name Abbreviation Ligand

NRI1A1 Thyroid hormone receptor « TR« Thyroid hormone
NR1A2 Thyroid hormone receptor £ TRS Thyroid hormone
NR1B1 Retinoic acid receptor o RARw All-trans-retinoic acid
NR1B2 Retinoic acid receptor RARpS All-trans-retinoic acid
NR1B3 Retinoic acid receptor y RARy All-trans-retinoic acid
NRI1C1 Peroxisome proliferator-activated receptor o PPAR«a Fatty acids
NRIC2 Peroxisome proliferator-activated receptor o PPARJ Fatty acids
NRI1C3 Peroxisome proliferator-activated receptor y PPARy Fatty acids
NRI1D1 Reverse erbA o Rev-erba Orphan

1 NR1D2 Reverse erbA S Rev-erbf Orphan
NRI1F1 RAR-related orphan receptor « RORw Orphan
NRI1F2 RAR-related orphan receptor RORpS Orphan
NR1F3 RAR-related orphan receptor y RORYy Orphan
NRI1H3 Liver X receptor « LXRa Oxysterols
NR1H2 Liver X receptor LXRp Oxysterols
NRI1H4 Farnesoid X receptor FXR Bile acids
NRI1I1 Vitamin D receptor VDR Vitamin D
NR1I2 Pregnane X receptor PXR Xenobiotics
NRI1I3 Constitutive androstane receptor CAR Xenobiotics
NR2A1 Hepatocyte nuclear factor 4 « HNF4o Fatty acids
NR2A2 Hepatocyte nuclear factor 4 y HNF4y Fatty acids
NR2B1 Retinoid X receptor « RXRa 9-cis-retinoic acid
NR2B2 Retinoid X receptor f RXRpS 9-cis-retinoic acid
NR2B3 Retinoid X receptor y RXRy 9-cis-retinoic acid

» NR2Cl1 Testicular receptor 2 TR2 Orphan
NR2C2 Testicular receptor 4 TR4 Orphan
NR2E1 Tailless homolog TLX Orphan
NR2E3 Photoreceptor-specific nuclear receptor PNR Orphan
NR2F1 Chicken ovalbumin upstream promoter-transcripition factor I COUP-TFI Orphan
NR2F2 Chicken ovalbumin upstream promoter-transcription factor I COUP-TFII Orphan
NR2F6 v-erbA-related protein 2 EAR2 Orphan
NR3A1 Estrogen receptor « ERa Estrogens
NR3A2 Estrogen receptor ERpS Estrogens
NR3B1 Estrogen-related receptor o ERRa Orphan
NR3B2 Estrogen-related receptor ERRp 4-OH tamoxifen

3 NR3B3 Estrogen-related receptor y ERRy 4-OH tamoxifen
NR3Cl1 Glucocorticoid receptor GR Glucocorticoids
NR3C2 Mineralocorticoid receptor MR Mineralocorticoids
NR3C3 Progesterone receptor PR Progesterone
NR3C4 Androgen receptor AR Androgens
NR4A1 Nerve growth factor-induced protein B NGFI-B Orphan

4 NR4A2 Nur related factor 1 NURRI Orphan
NR4A3 Neuron-derived orphan receptor 1 NORI1 Orphan

5 NRS5A1 Steroidogenic factor 1 SF1 Orphan
NR5A2 Liver receptor homolog 1 LRHI1 Orphan

6 NR6A1 Germ cell nuclear factor GCNF Orphan

Dosage-sensitive sex reversal-adrenal hypoplasia congenita

NROB1 . . DAXI1 Orphan

0 critical region on the X chromosome, gene 1
NROB2 Small heterodimer partner SHP Orphan
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steroid hormone receptors nonsteroid hormone receptors

RXR heterodimers dimeric orphan receptors monomeric orphan receptors

AR CAR COUP-TFL I ERRao, B, y DAX1
ERa, B FXR EAR2 LRH1 SHP
GR LXRa, B GCNF NGFI-B
MR PXR HNF4a, y NOR1
PR RARaq, B, ¥ Rev-erba, NURR1
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VDR SF1

TLX

Fig. 1. Classification of Nuclear Receptors!1D

Nuclear receptors (NRs) recognize the specific DNA sequence called hormone response elements (HREs) to regulate the expression of target genes. HREs are
bipartite elements composed of two hexameric core half-site motifs. NRs are divided into subgroups on the basis of their pattern of dimerization, DNA-binding and
ligand-binding. One group consists of steroid hormone receptors which function as homodimers and bind to the inverted repeats of DNA half-sites. Another one
consists of nonsteroid hormone receptors such as FXR. This group was further divided into three subgroups. Some nonsteroid receptors heterodimerize with RXR
and characteristically bind to direct repeats. Almost all of other nonsteroid hormone receptors are orphan receptors. They bind to HREs as homodimers or
monomers.

target gene FXRE reference
IR-1
n1
ApoCHI AGGTCA g AGACCT  (37)
BACS AGGTCA a GTGCCT  (24)
9-cis bile acids BAT GGGGCA g AGACCT  (24)
retinoic acid BSEP GGGACA t TGATCCT  (21)
-BABP GGGTGA a TAACCT  (26)
0STa GGGTGA a TGACCT  (27)
AGGCCA g TGACCC  (27)
0STB AGGTCA g TCACCC (27)
PLTP GGGTCA g TGACCC  (36)
target gene SHP GAGTTA a TGACCT (18, 19)
FXRE IR-0
|:: > No
SULT2A1 GGGTCA TGAACT  (25)
ER-8
I ns |
MRP2 TGAACT ns AGTTCA  (22)

Fig. 2. FXR Target Genes and FXR Responsive Element
FXR binds as a heterodimer with RXR to FXR response element (FXRE) in the promoter region of the target gene. FXREs are composed of inverted repeats
(IR) or everted repeats (ER) of hexameric core half-site motifs that are separated by number (n) of nucleotides (IR-n, ER-n).

CO:H (o]
W © 8
OH Cl
HOZCO/\/Q/ cl
HO OH cl

farnesol CDCA GW4064

Fig. 3. Chemical Structures of farnesol, CDCA and GW4064
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Table 2. Genes Regulated by FXR2Y
Gene Function Regulatory effect Reference
SHP Nuclear receptor inhibitor Induced (18, 19)
CYP7A1 Bile acid metabolism Bile acid synthesis Repressed (19)
CYPS8BI Bile acid synthesis Repressed (20)
BSEP Bile acid efflux from hepatocyte Induced (1)
MRP2 Bile acid efflux from hepatocyte Induced (22)
OSTa, OSTS Bile acid efflux from enterocyte Induced 27)
NTCP Bile acid uptake into hepatocyte Repressed (23)
ASBT Bile acid uptake into enterocyte Repressed (28)
I-BABP Intestine bile acid dinding Induced (26)
BACS Bile acid conjugaiton Induced (24)
BAT Bile acid conjugation Induced (24)
SULT2AI Bile acid detoxification Induced (25)
SREBP-1c¢ Lipid metabolism Lipogenesis Repressed (33)
PLTP Lipoprotein metabolism Reverse cholesterol transport Induced (36)
SR-BI Reverse cholesterol transport Induced (39)
ApoC-II LPL activator Induced 37
ApoC-III LPL inhibitor Repressed (38)
ANGPTL3 LPL inhibitor Repressed (33)
PEPCK Glucose metabolism Gluconeogenesis Induced and repressed (40, 45)
G6Pase Gluconeogenesis Repressed (40)
EHEE RE
a3 L — ) »
/. cts cb BA

ﬂver

BA
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MRP2 @
BA \BAf
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Fig. 4. Regulation of the Bile Acid Metabolism by FXR

Bile acids (BAs) are synthesized from cholesterol in the liver, excreted to the bile canaliculus, reabsorbed from the intestine and transported back to the liver
through the portal vein. This process called the enterohepatic circulation. FXR activated by BAs, inhibits the transcription of genes involved in synthesis and uptake
of BAs and stimulates gene expression in concerned with excretion of BAs to regulate the enterohepatic circulation.

CYP7A1 O F 8 Z BTl 9 % BN Z A 1K liver
receptor homolog 1 (LRH1) &, DNA f&& &0
IBROWVENZ BERTHOBENZER LG T 2 SHP
T®» . LRHI 1Z CYPTALl @ 7 O € —4% —fHI{IT

ta L, CYP7TAl OBz 24 L, SHP I
LRHI1 &K ZERK L, LRHI OREZHET 5.

FXR A /T 5 &, SHPO T OE—4 —
R ICHE A L, SHP OFB 2 EICHET 5. 18 %
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LT, SHP %' LRH1 O#EEZHEL, CYPTAL ©
FEZWNHITHZERD, HEHBROGHKRZEHET S
(Fig. 4). %7z, FXR I SHP 2/t L THLD HV
Bkl TH % CYPSBL OFH B HIHIT 5. 1920

S 5 FXRSHEIT R Z il M TS 2 - 5 >
AR—F —DFBZREEL, MENICIRDAD NS
SAR—F —OFEBENHT S LT, MENOHE
HERBEZHET S, HiFROHEH N > AR —
4 —T & 5 bile salt export pump (BSEP)2D <> mul-
tidrug resistance-associated protein 2 (MRP2)22 M %
Bz FXR FECHETZ., oD b7 AR—
4 —1%, ATP-binding cassette transporter IZJ& L T
B0, HHEOEEMCHEERL, Mast~EVTEEZ
P %, FXRIE, NS5O TAR—F—D
FEH 2 EEICHIET S, #iZ, HEiFEgRZEIRDAD
k5 > AR —4—"T&H 5 Nat/taurocholate cotran-
sporting polypeptide (NTCP) D %I 7% FXR I
SHP Z 4t U CHIEMICHIHI L, RN ORE TR
EE2HET 5. £/=, FXRIZMEHEBOZY > >
KO HEICBE G 5% (bile acid-CoA
synthetase, BACS; bile acid-CoA: amino acid N-
acetyltransferase, BAT) <°,24 JHIEE DfEZH(LIZE
59 %3 (dehydroepiandrosterone sulfotransfe-
rase, SULT2A1) D¥EH %2 LF 4,2 JHITEE O
Rz fli#H 3 % (Fig. 4).

MNBIZHBNT, FXRIGHEMHER S > N7 H il-
eal bile-acid binding protein (I-BABP) DI % IF
2T 5. 20 I-BABP 13, /NMEBMIRICHE L, M
JEIZBWTHHMR EHEET 5. [-BABP ORED
A AT H 7%, FEVTEE D ELD 1A A & Hl e N i
EEREETSEEZSNTWS, £z, FXRIFH
il DA TIER<, NMNEZBWTHHEITENS >R
RN—% —DRBZHIET S, /INEHTL OB EE Eo
JHyFEEHEH b2 > AR —4 —Td % organic solute
transporter o (OSTa) e Of OSTB D F I % 112 il
9 2. 20 —J, /NEHIIE O THm R b o JEEEEO
AB KT AR—F—Td % apical sodium-depen-
dent bile acid transporter (ASBT) DFIRZ <
% (Fig. 4).%

DX DIZ, FXRISHALAN D EI B =AY 57
T5 L, HIBRERCHITREZRDAD NS X
R—% —ORBEZMNHIT2—FT, HEITEIEHHE
Gz RET S, 2070, FXRIZMEITED

o —ELUTHELTWDS EEZSNTVS,

4. FXR &EHE

JEB T H, FHZ high-density lipoprotein (HDL)
JL A7 0— )LD 4, low-density lipoprotein
(LDL) I L Z 70— )L O & H ik fg i o ¥ hn
1%, BlREE(LDOU AT 77 757 —ELLTHISLNTY
5. BREE(LIE, L ATO—=)VERDALESY
07y —NMERICILAE L, BILLDL 23S 51
EETHILETHIERIIND, ILZATO—)L%
JBERH, <7077y —YDAANRPr—LtS
Y —DHRBICEHG T H5HNZHEERTD S liver X
receptor (LXR) <= peroxisome proliferator-activat-
ed receptor 7% E1d, EWAREE(L DEYIREEITH N T
FEHINTWS, 2

JLA70—)b, BEKROFERBICEEGT 2EE
FT, FXRIZEK> TEDOHRENHEHINZEIET
%Z Table 2 IZ/R L7z, FXRIZ, L A50—)L %
MEHRICE Z, YT ZzHEH T SEET 26 2
ZETcalAro— )VR#ICEET S, £/,
FXR G REIC OG5 2 &3l <ns
MHNTWe, FXROUKF > RTH DM EZE,
fEEREE (EEME) 3L X70—)VEAED
BEICREGTDE, PHENNEAT 2 Z EnmE
INTWDB, 303D T 50z, HFREEEL, AL X
TH=IVIRZHET2EFTHLIALAFITI >
P59 %5 &, A very-low-density lipoprotein
(VLDL) &EHMIEFEMEMT 5 Z EMAI SN T
W3, 32 ZOMEIEE EIREAH D AL LIZTDWN
TEAHTH o 2, &&IEIC/E>TFXR AT LXR
& Uf SHP %41 L T sterol regulatory element binding
protein-lc (SREBP-1c) ORI ZHHIT 2 Z & T,
fEE G ZMHIL, Mg, S kitiEn 5 VLDL %
BAIELIENMEINL. P EO—HT, M
mHHIEEE 2T 5/N\ LAY —IT CDCA &5
L T® SREBP-1c ® mRNA L X)VIEHHA L 2
ENHEIN TS Z &5, 3% SREBP-1c 2/
LHUNDREBEZ SN TN, 2

FXR D/ v 77T o AGiMmd, Figoal
27 0—=)L KOH RN & D EF %2879, 3 &g,
i@ VLDL % LDL L A5 0—)L D L7, X/
HDL 2L X50—)Lb EHRL, AL AF70—)b
MEMNT 572 EDEEAHMAEEZ2 0, BIREE{LO
YR 0E<72% (Table3). ZHIIFXRA2 L
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Table 3. Metabolic Parameters in FXR~/~ Mice

Ifn &
JiERaNi 3 1
aLAFo—)b 1
HERE I 1
yiR7a5A1 >
VLDL 1
LDL i
HDL 1
JHF-Tik
JLAFO—)b
s AR

AR iz
i E

references : 35, 40).

“— — > —

Z 7 O—=) )L EREIHRE A, URTar1 >
HHIE T 572 % TH 5. 2Y FXR 1d phospholipid
transfer protein (PLTP) DFIHZ EICHlEH T 5. 30
PLTP iZ i1 A5 0 —)L D%\ VLDL
2 LDL 56U UfgE®a L A5 0—)L % HDL iZ
BIHYRNIETHD, HHEEHOZ VY > A2
B959 %, £/=, FXR I apolipoprotein C-II (ApoC-
I) OFBEIEICHIE T 24T, ApoC-1I,*®
angiopoietin-like protein 3 (ANGPTL3) OFHHHZHA
IZHIEY 5.3 ApoC-TIZU R 7071 > HOH
ER; & 43 fi# 3 % lipoprotein lipase (LPL) ZJ& M1t
T5HDITw L, ApoC-1I, ANGPTL3 & LPL &%
ZHHT D, Zhe0dy N\ EEHIETS Z &I
Lo T, FXRiZMmEH MO VY T2 &
ZHIFEIT 5.2 £ 7=, FXR I 012 scavenger
receptor BI (SR-BI) OFH#EICHI#ET HHEFT
»5. SR-BLIX, HF&lcHHL, HDL 2L X 5
O—=)L OO AARICEEGTEHEY NIV ETHD. %
DzHFXR O/ v -7 h<w A, HDL aL
AT O—=)VDBHICER DA ENZ</ZD, ALVAT
O—)LoHEfEi O 27 07 5 > ZAME R L, fho
MaL 27 0—) )L oH RS LA 95,3

DUED /v 7RI TABREDHFTLD,
FXR Z{E LT 2 2 & BRI (L D IBEIT D72 n
HEEZENDEYD, FXRDTY I A M EYE
BOEMNSTELUTHEASNTWS, EEIZ, &5k
7IZABMTH D GWA064 2T AICHRET S
&, ML AT O—)) KHEIEEN T8 5 2
EMBEINTNS., ZHIEFXRD /w7 7Dk

RIUATEREZSRWI EnG, FXR 2 L7/
BThHDHEINTND, ISHITHRKBETIVIT R
(KK-Ay, db/db) 1T GW4064 ## 5.9 % &, (i
R ENHA TS E, IbicalLAFao—)b
E RN DB WA T 5 2 EARSIN T
%5.340 £/ FXRO7IAZAMIILATO—)b
HEEICOEHATHS., HAEEZAASE2RHEZE
HBZEZFXROD /w777 R IAFaALZAT0—
IWHAEEDIERZ R T ST &, HAEZFHRIE
L REEHEZ YT A FXR OERY H > RE#
E3252LI2k-T, HAEDOEZ < L@ S
NTHWE, INHBFXRD/ v 77T I TATK
RN ENS, FXREZNLEIEATH S &
EZAH5NTWVWS 4

NS OS5, FXR 7 I A Mg R
BEORBEICHEL TWD EEZENSD, FXRO
FOAIAZARNTH DT VIVATOL &R T AT
HEzZ ik oFalL 2o —-nEbdse&En
SHmEMNBRINZ. P LnL, FZIIVZATO ik
FXR DA DBENZEERICE D BnkEEHEE2RT 2
EAURSI N, ZOZEMS, FUINVATO DO
VAT 0= )EFERIZFXR OF > I= A ME
ATIRELS, MOBNZERZNTL TNWDEEZDS
NTns. 9

7, FXRIZaL A5 0—)L K OEEH D A
257, HERHICOES5T5. FXRD/ v 77w
D31 AU btk E 2L, FERHRE 2
F7= 9.4 /2, BERWBETIN T B TIEFXR O
HIEMENZ ENA SN TND. ¥ X512 GW4064
EHERBETITAREEGET S &, I§EREE
(BIRIMAE) WA T, 1> AU KB, & ik
NWET DI ENREIN TS, ZOHBELT
FXR A > AU 2T FIVEEEILT S T &5,
JVUa=7 2 alkENflTs s, IHITHERE
B959 % E% 3 (phosphoenolpyruvate carboxykinase,
PEPCK; glucose-6-phosphatase, G6Pase) DFH %
MHTHZENHESINTNS O ZFD—FT,
PEPCK OREBMN LA TZ DR LZMEDBINT
Wb ZEMNS,* FXR DWHERB#ICHE A D EEICD
WTIE, SR ISRIMENNBETHD EBONS.
INETHRXRTERLXLDIZ, FXRIFOV AT
O—)b, 88, UARTOT1 o HEZHEd 2
ZEMNS, BIREE(RICIA, AIEEEROBEED
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Y=y hELTHEAINTWS, FXRO7IZ
ARDRBITEN THD EZEZENDN, ERITXK
STEBIFDBHEINTBO, SEOFEMMET
NI N 5.

5. BAREED AF-1(CAE5$2a7799—
BNZ B RIIEE EEEEDR-M S ANSFO
6 DOEIZHT BN TS (Fig. 5). A/B fEIH
WX, UK RITKE LR WER R 5 S ML bE
(AF-1) 269 2#EThH5. CHEEIL BNZE
RA—=)N—=T 7 2 U =DM TR HRE I N /- fEk
ThO, 2DO0Zn 74 2 H—FEF—T%FbH,
DNA EHINDHEGHEEH T 2B TH 5. D HEH
1%, CfEEk&®%RO E/F 8% D/ <k > D
Th5. BE/F I, BUKEY I JBICTEALY
2 BREGRT Yy bR L U > RGGEEET
5. £ZoEEI, UH > RMKEEOEREIEE(L
£ (AF-2) 2HF 9 5B THS. AF-11ZUHF >R
IKBEMTH D0, UH > RAKEE ORETIIEN
SRS EIEHLREZ FF /2722 &5, AF-1
WXAF22 I X THIlEN TR EEZSNTW
L., UNRBEETHIEICEST, BNZAERK
@ AF-1, AF-2 O 5 DB HALRENAEE I NS
EEZLNTVD VO 2D, BNZEKRDE
B A A = X L DRIAIZIE AF-1 X AF-2 Ofig
HANNETH 5.

CBPIp300

AF-1

ligand-independent transactivation

ENZEERIL, U2 REMEETSE HRE %258
WL, TNTNOZEMREERISIENEET QRS
ZHlHT 5. 2 OEE KNI IR G H25% KT s B
THO, %@Lic‘:/uc‘:bi@/\ﬁik LTHRET 5. Z
DEGLEERFHIIRE< 2 D0&E 2FED. 1D
13, BEX }\ > ERALEEE (7 2FIE, AFIVAL,
UL E) L, 7O0XF > OMIEELEIT ST
&, BIOIDODEIEBANZEREEARKTER T
(general transcription factors, GTFs) <> RNA ;R 1)
XS —¥ 1T (RNA polymerase I, pol II) & ZF&jE
L, BEHBRIESEROERZRET 2%ETH
5. BRERERTH 3R 2EE LT 27 7 F
N—=F—&, BHEzHHITZ2I) T v T —0dH
5. —MIZ, VT Ly =3I T 2 KRS DO
NZBERITHEGL, BE2IH L TWws, LaL,
U2 ROENZHERICHEEGT 5 &, BNZHED
SEARREENEEL, aUT Ly —0REEL, a7
DFR=F=0%EET D, TLTC, BNZEERDORE
HELTOERENRESI NS, BANZEEROEE
HcEET35a7 7 FR=F =) T Ly —%
Flg 6 :i‘—bf: 6,46,47)

INETITAF2 IG5 T 28G5 E /T FE
SN, AF-2 297 L i EHlEEE I DD
»H5. 377 FXX—4—& L T Brahma (Brm),
Brahma/SWI2-related gene 1 (BRGI1) <> CREB

\\./

AF-2

ligand-dependent transactivation

un{"AJB_|C|D]_EIF__}con

I
DNA binding domain

Fig. 5. Cofactors for AF-2 and AF-1

ligand binding domain

On the basis of structural and functional similarities, NRs are divided into A—F domains. NRs have two transcriptional regulatory functions, AF-1 and AF-2.
AF-2 works by recruiting a large coactivator complex in a ligand-dependent fashion. Coactivators for the AF-1 activity are poorly understood, whereas coactivators

required for the AF-2 activity have been well studied.
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ATP-dependent
chromatin remodeling

complex
Brm/BRG

@

histone acetyltransferase

histone methyltransferase

ATP-dependent
chromatin remodellng

N-CoR
complex

CBP/ p300

p160fam|l
BrmIBRG

SMRT
complex

>

target gene —

Iigand-dépendent
and -independent
transactivation

M

mediator complex

target gene

Fig. 6. Activation and Repression Function of Nuclear Receptor Regulated by Coactivators and Corepressors

Transcription mediated by NRs requires the recruitment of large corepressor or coactivator complexes for switching gene repression or expression. Corepressor
complexes including Brm, BRG1, N-CoR and SMRT complexes are recruited to nuclear receptors and repress the transcription of target genes in the absence of
ligand. Coactivator complexes including Brm/BRG, histone acetyltransferases, histone methyltransferases and DRIP/TRAP complex activate the transcription of

target gene.

binding protein (CBP), p300, p300/CBP-associated
factor (PCAF), pl60 7 v 2 Y — (steroid receptor
coactivator-1, SRC-1; transcriptional intermediary
factor 2, TIF-2; activator of thyroid and retinoic acid
receptors, ACTR) 72 EMNH SN TWS, Brm/BRG
I3 ATP KERICZ O F > OEE L Z G S
THEAEER ATPKEE 7O F > UETY 27K
F) THU, HEEHEICHHGEICBTET 5.

CBP/p300, PCAF, SRC-1, ACTR I, EX +>7
t FIV{LEE#%E (histone acetyltransferase, HAT) %
Wafiokw, JOE—Y—fHElOEX N 2T
FIUEL, 70X F > OMEZMESESEEAS
NTWa, £/, E AR AFILIERZFD

coactivator-associated arginine methyltransferase 1
(CARM1), protein arginine methyltransferase 1
(PRMT1) 72E®a7 7 FN—4—& L THET
5. CBP/p300, pl60 7 7 = 1) —<> CARMI i, #
GRERRELZORTF > OMEEMRI TS &
T, EAEERTF pol IO 0OE—4 —fHIHA
EeeREL, BEEEHEIESEEA5NT
Wa. Zof, HATEEZARWHEnThan
vitamin D receptor interacting protein (DRIP),
thyroid hormone receptor associated protein (TRAP)
BEEEIT, BNZHRREEREEELE S ZFELT
LT, BMEMBHESAROERZREL TV
EEZONTWS, aU T Ly —&L TIE,
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nuclear receptor corepressor (N-CoR), silencing
mediator of retinoic acid receptor and thyroid hor-
mone receptor (SMRT) 72 EA3dH 5. N-CoR, SMRT
FEA Y £ F IV LEESE (histone deacetylase,
HDAC) t#GHKREEMKL Tns. Zd HDAC /¢
EX R EBTEFIL, 7O T > O E
LIEDHILCTEST, BENMHIND EEZS
m"c‘b)é 6,46,47)

—%, AF-1 TBEET285H_ERTEL T,
ERa 72 £ @ AF-1 (T B 5 9 % p68 RNA helicase
0,449 AR @ AF-1 [TE§ 59 %5 AR N-terminal
domain transactivating protein-1,9 breast cancer
susceptibility gene 1,5 cdk activating kinase’? 7z &
MaAY 7 FNRN—F—ELTRIEEIN TS, LrL,
AF-1 24t U 728 Gl AF-2 & i U TR
K% (Fig. 5).

6. FXR D AF-1(CRGT 2B EMEEFRATS
A-¥

LDNbIL, AF-1 IG5 T G HHK 172 5K
I BHIET, AF-1 241 L7z Gl 2 B 5
MITL, & 51T AF-2 &3 OINZ AR DR 5 il i
Bz NI THZEE2HMELTWS, 22T,
FXR @ AF-1 259 2z &0 A-C I & A
BEMT2RTOREZZITo 2. FXR O A-C fH
@ glutathione S-transferase (GST) Fi&% >INV 'E
& HeLa il fed % 1 i 2 FH W 7= pull-down assay,
MOMEERT 25 >N EeER&IEHI X DK
9 2hEER W TORE, FXR O A-C f#i5
kST 5HEF & LT, DNA-dependent protein
kinase catalytic subunit (DNA-PKcs), Ku80, Ku70
MEE S N7z

DNA-PKcs, Ku80, Ku70 {Z DNA-dependent pro-
tein kinase (DNA-PK) &IFIN2EEKREFELT
%. DNA-PK i3tV > /AL F=>FF—EHD
PI3-FF—VYHE#EFF—ET77IU—-D1DTH
D, Spl, Oct-1, p53 72 EDF & IRIEE R T DU >
Fi& (<> Ku80, Ku70, DNA-PKcs 2 U > (LT 5 Z
EMMEIN TS (Tabled). F7=, Kuso,
Ku70 13705 1 X —Z B L THRET 57210 T
1372 <, Ku70 ZHEMTHHEET S 2 &6 NT
W3, Ku80, Ku70 %, NFo0&¥ 14 ~x—TU 7R
DOHEIEZIED, DNA Ef5E9 5. 2 Ku80, Ku70 13,
DNA “AHMHREBEICHEG TS5 NIV EHELT

Table 4. Properties of DNA-PK

il 7" 1= b DNA-PKcs
mHy >N o 8 Ku70, Ku80
HH
DNA &15B# K 1
Ku70, Ku80, DNA-PKcs, PARP-1, XRCC4,
artemis, RPA
[RCATSES

PR, GR, Spl, Oct-1, p53, ¢c-Myc, c-Fos, c-Jun,
TBP, TFII B, RNA polymerase 1, II
R AR T
TRBP
bR~ BRI T
HDAC3
EX K>
HI1, H2AX

references : 54-62) .

FICHFZENEATHED, DNA —AHEBERBLO
DNA KUiEBsr1Z#i & L, DNA-PKcs % DNA 51
F—RAEDDNABESY NI EEY 7 I)— T
LHEAEEZFF> TS, ZOMIZH DNA-PK IZV
D)J#H A, TOX7 OMeRE, 7R M=, #g
B EkABRBERICEALE T Z&nHmEI A TY
7&‘ 54-56)

ZOEDIZ, FXRIZHAMEHT A REFELTH
FINZINs 3 D0 K T DNA-PKes, Kuso,
Ku70 &, R4tz NIV ETHD. Z
NS DENZ R % B0 15 K T O x5 Hl #12 B4
EI25ZEMAILNTVWS, BRNZEIRICDONTI,
glucocorticoid receptor (GR), progesterone receptor
(PR) ®° AR O#FIZRET 5 Z EMMmEINTH
%. DNA-PK X GR % PRICHAEMEHL, Zh 5
DODENZHZKZ Y 2R T %. 579 DNA-PK |4 GR
L7 O0Ee—%—EWE2IHT 2 2 LGS
NTVWEN, AR EZNLETOE—F—IZH LT
WBIEHET 2 2 EnMESNTNS. O £/,
DNA-PK 3G H_EZK T OHIH 7> T 5.
GR, thyroid hormone receptor % AP-1 7% & DiirE
KTDa7 7 FX—4%—"To % thyroid hormone
receptor-binding protein (TRBP) % DNA-PK |3V
gL, TORREZEZHIEIT S 2 EnHE SN TN
5.0 7= DNA-PKZ2VY L vwH¥—Tdh5 N-
CoR/SMRT EHHEEAL, ZOEAERPIZEEN
%5 HDAC3 = » (k95 Z LIk > THDAC D
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EHEZEHETEZEMNRINTNS. D ZDLDIC
DNA-PK D IZICIELEEEOMENH D T LN 5,
DNA-PK 7' FXR OB HEIC G A 252 BITDNT
B 7SR BB T H .

7. &HYIC

FXR IZHHEEZ VT > RETHRNZHEARTH
0, ALATFO—)l, EEKUERHICES TS
O, BRI EMGD, TREEFE (SIEME)
FRI% 75 & DETE BB OIREEOEN L L TO
ENEAIITONTNS, biitbiud, BENZHE
ROEEIEME(LEEHED S B, RMHDI 01N
AF-11Z#%HL, FXR ® AF-1iCB59 % A-C fHi%
WHEERT 5K T &L T, DNA-PKces, Ku8o,
Ku70 Z2HE L. NS ORTIE, BNZEKE
B OBk & I3RS K DR EEVE 2 Fil 2 #Hd A Ts
SN TW3., 4%, DNA-PKcs, Kuso, Ku70 7%
FXR @ AF-1 2t U =G 6l 5 A 25 812D
WTOMEA, FXR QG HIHEHE OB, =5
WIS EIIREE(L DRIEE - {EDOIFRIT DN 5 & iR
IN5.

HiEE AR TR LbnbnOWEL, 4
T RHNLRFREREIELHTR - 0 FAEYSES 8
ZBWTITTbNE L. AHTBRHILKERERE S
FZERt, SNIERBEIRICEELEL BT Ed.
7z, WREZEITT AN > THfEEZ B E L
Bl RN KPR AL IR, RHS R
%, PEEABA, WNICEARERE L EZRD,
EOERIEMHB L ET
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