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L CHIZ

BB BN O 2 VAT o — Lt D 72D O & NRBEY TH 5 L ERFIC, B
HHRICBT2a VAT o —VOEE, BECBOTIIEEOHEL « BMIUZHLA
DEBEEYETLH D, ZOLIIC, BHRBIIFEBOa VAT o— L RE%
EOTEERHERICBT IR LHEFLE L LEHWDO—DLWVR B,

VAT VEIFETHEEBOBEEZRE T, —REHBRTH D 3 — Vg
(Cholic acid, CA), K *% / 5 A% ¥ = — LB (Chenodeoxycholic acid, CDCA)
WEH I A0, Figure 1A R V1B ICHHBAA SRR 2~ L7z, £ 7 Figure
AR T LS, aLRFa—A)AFI 2 8 Y — ACIEET 5 P-450 BEE T
& 5 Cholesterol 7a-hydroxylase (CYPTADIZ L VD, Tark FEF v alL AT
=~ D, ZORPOFISITEHBASROEEEMLEX LR TV,
®IZ. 3B-hydroxy-A5-Cgr-steroid oxidoreductase DOEIx |2 L ¥ 3B-/KEEE DEE
Ibé _EREDEBNEZ Y., Ta-hydroxy-4-cholesten-3-one ()% 5 % 3,
CAIZEHBEINDBEIT (I)(H L IH(V)YD C-12 228 sterol 12a-hydroxylase
(CYPSBDIZ K » T, KELENDRIEHR MDD, T D%, BREEOREZOLLE
EZITT, BERENEFN CARUCDCA LRI—TaLRATu— L AlgHE o
5B-cholestane-3a,7a,12a-triol (THC) (IV) % 8 5p-cholestane-3a,7a-diol
(DHC) (V)R £, fIHEBEOBRIZES,

BGEIL OB RBORSIR, S har F) 7IHET S sterol 27-
hydroxylase (CYP2T)IZ & % . THC (V)& Ut DHC (V)® 27 fir ~D Kk B {b. iz bt
%, IRWT. alcohol dehydrogenase. & U aldehyde dehydrogenase iZ & ¥ .
F N EF N B8a,70,12a-trihydroxy-58-cholestanoic acid (VI). & ' 3a,7a-
dihydroxy-5B-cholestanoic acid (VIl) & B8{fb &N 5, & 6, Figure 1B |2/~
£ 51T CoA FE B ~LEBINTZH, ~NFF Y —AMITBWTIEEDOPEE
b & L OB I X DRI A2 517 T, &&EAIZ CA (V)R T CDCA (IX)23
AR I D,

U< EAR SN CA (VIR T CDCA (IX)it, TDIEEAEREHIZUTD



2ODAT v 7R TIHERBHEEL 725, £, bile acid-CoA synthase {Z &
D, BEHBEED CoA = AT NVEIZ/ D, IRVWT, bile acid-CoA: amino acid N-

A e
HO

Cholesterol (1)
¢ Cholesterol 7a-hydroxylase (CYP7A1)

HO "”/OH
7a-Hydroxycholesterol (Il

¢ 3B-Hydroxy-AS-C,;-steroid oxidoreductase

Sterol 12a-hydroxylase
(CYP8B1)
O K

OH

HO
G@gﬁ% / 7a-Hydroxy-4-cholesten-3-one (lll) \

Sterol 12a-hydroxylase

(CYP8B1) d‘éjg\l{
HO “OH HO" H “"OH

5p-Cholestane-3a,7a,12a-triol 5B-Cholestane-3a,7a-diol
(THC)(IV) (DHC){V)

Sterol 27-hydroxylase (CYP27)

CH,OH

Alcohol dehydrogeb
/ Aldehyde dehydrogenase \

T T
QO - - ¢
A

HO™""0H HO™{""0H
3a,70,12a-Trihydroxy- 3a,7a-Dihydroxy-
5B-cholestanoic acid (VI) 5B-cholestanoic acid (Vil)

Fig.1 Bile-acid synthesis pathways.
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HO A HO' o

"OH "OH
3a,70,12a-Trihydroxy- 3a,7a-Dihydroxy-
5B-cholestanoic acid (VI) 5B-cholestanoic acid (VII)
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;QWICSCOA

I\!_:EZSCOA
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HQ |
(jf;EgEOOH [jf;EgEOOH
HO" A~ HO™

H- oA Bile acid-CoA synth HoH
Cholic acid (CA) (VIll) lle acid-CoA synthase ., odeoxycholic acid (CDGA) (IX)

?
CSCoA

0 / \ o
X Bile acid-CoA: amino acid

N-acyltransferase X

HO" ~4~""OH HO" ™~ ~""OH
Glyco-conjugated CA: X=NHCH,COOH (X) Glyco-conjugated CDCA: X=NHCH,COOH (XIl)
Tauro-conjugated CA: X=NHCH,CH,SO3H (X1) Tauro-conjugated CDCA: X=NHCH,CH,SO;H (Xill)

Fig.1 Bile-acid synthesis pathways.

acyltransferase IZ XV, 7V HBHWNEIF DY VAEA LT I Baan
FEHER((X)-(XIN) & 722 5,

JEHBRIZAF OB Ficmib sz, T 2R BB W TEEDOH/L, RiX%E
I8y - BRELEEZ, B OIREBRES THRINEN 95% L EXFREZEHR LT



BOFRICE> T & 05, Wb 3 BFER %9387 (Fig.2)ll, Z O,
W Z RN T-—HPEERICHIND, ZOEBEPICEDUIZEDENTERE
O IEHBOEGRPTTRbRS, BHEBOBFERIZ., FHRIZBITS
EERIZEVFRERTW SR, 2L E, OBEAKN L O5W, OFEE
RIHEIZ L DB L PR ~DE, QF Ml L 2B, ICBE5T 5k
Fiz kYR - STV B[R, '

FFigm & BAEE ~DREH B D 45 Wii% ATP-binding cassette transporter @
—-2. bile salt export pump (BSEP, ABCB1IZ X W {T2bh 5B, ZD#%H H*
O REH BRI — R IE B I IR - BAE S, ﬁ%d)%’gﬂ'& ZHE D REFE D INHE I
X, BELVFZHEB~LmWEINnD, BB i%@ >FRIZ 1 2Ll Eok
BRELINVAXFIUNVELZFEDL, TRILLoTT VAV RETIZEWTERAS I
CLCHEREL, RAEERERZ T, ZOERICEY., BHEEIEEHRKOE
JT7VEY RRaLRAFu— L REIBAVEERL, /NMNEELS DHELE
BEHL L, EERNIIIRILKIBEZRY ADOICEEREFZRIZL TS,

FEH BRISARE OB E D o 12, £ D 95% LN EIXERGRIGE L Y apical
sodium-dependent bile acid transporter (ASBT)D@Z iz L W BRIR L 54,
X5, BHIBEN TREH B 0% 2 5 intestinal bile acid-binding protein
(I-BABP)BI° | FJEAMIAN S FAR~DPEH IZE83 5 organic solute transporter
OST)a/BBlDEEIZ L Y PR~ L HEHEN D, FARF OBHEIZMET VT
VRVREZ R LFEALTHEET S, |

FEH B O M AR M A & M~ DB Y A A 1213, Nat-taurocholate
cotransporting polypeptide (NTCP) X organic anion transporting poly
peptide (OATP)2’EH & L T\ 5,

EHANTIRENEAEED 99% 2L LR Z ORSEMBIFERANICEEL, —ED
FVEBHELTWS, 20T —LEIIH 3g T, A—MEHESE 18 4~12E0
FERZATV. THICX D /BAIBRIZIEEBRR 30g DEHEERHAL TWD,

—%5. METRINEZEN-ZBEHEBIIEER L BEE. BRHEOCERIZLY
Bias., RUOBABEREEZZT TIZRBEHE L2, —EITRBHEE»L X



BEEININ, BRREZENZEHBIIEEICHEE SN D, T OEM B
VAT AT, BBzt oTal A TFa—ARRLENEIMCHEEEN S EER
BThy, malATu—VIENREEE R TWLIHEHADOEEDORERIZH -
TiE, BaLVATa— /VIEDRESY —F7 v FELTEETH D,

o> RBEHBOAGK, BREROA V=TI EHE LML T
., EMEOHFEICELY, INLDOA =X NIHNEMEEHTEEZNEMEY T
K& BERNZERE, Farnesoid X receptor (FXR)IZ & - TEEE H o751 1 il 18
SNTVAZEAELMICENTVAN 8, E72&iE, BHEBIZ G &/ s
EZBETGRE OV T FTHDZ L bHALNTEI N, BIFEERTROMEBRUS
THLY T FNGFLE L THELTWAZ ENRBEINDS, AFFEETIND 2D
DLETFEZ—DOEBERITE 2 2DV ETF—FNEFNIIHTIHBY T FO
BREBME L TEREEINE, UE, T8 1% FXR-ligand #EEHEMERE). 15
2% TGR5-ligand #EFEEMEL 0 TER D,

Enterohepatic circulation

(30g/day, 4-12 times /day) Liver

Bile acid synthesis 0.5g/day

Hepatic _ _
: uptake ~ Conjugation
Fecal excretion Portal vein
0-5g/da ' Secretion
( g“ Y Reabsorption
(Z95%)
Common bile duct
Gall bladder

Storage
> and

Concentration

Absorption
(Active transport) .

-—

0

Jejunum

lleum

Large intestine

Fig.2 The enterohepatic circulation of bile acids in healthy adult.
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Farnesoid X receptor (FXR)iZ A —7 7 v FE L L CHEESh, 2L A5 o
—VARRBREOFMETH 5 farnesol IZ X > THWEMENTINEZZ D
ZOZHB DT biTcbl, 1999 £, EiHERY FXR OREAMEY T P& LTH
ESh, Bz /74xva—LE (CDCALEWVWBRIETESE T2 LR
Spdzlon], FXRIZEI, /MBI RHE LB BOARCHEL, B4, &
MRY, BIFERICEST5RET 2 ESED 5 \VIZMBENICHE L, Bt
fEEMEEHE - TV HI21d]

FERB O ERIREN LR35 & FXRITMEEZRET 2-OEHEBEOEK LA
S5, EHBICIEREEEER S0, BIRECSVTEEREEERT O
T, TOBBITEEBHEE LTHLBEIIH2-o2#BTHSH, FXR B BEE &
&3 5 &, retinoid X receptor (RXR) & ~T 0 ¥ A = — % WAL L. small
heterodimer partner (SHP)® 7 u € — ¥ —fEKIZHES L. SHP ORBE 4 EIC
#)4E4 B sl Z LT SHP 2 liver receptor homologue-1 (LRH1) D& % FHE
L. cholesterol 7a-hydroxylase (CYP7TALD) DO E B Z M+ 5= Lick v, BH
BOEKERET 5Fig.3), £/, FXRIZ SHP #4r L T CA & CDCA D4R
&R TE Y 5 BESR T H B sterol 12a-hydroxylase (CYP8B1L) D ZH. & #3517,
16, X 512 FXR O{EMHE(CITAEHEE % M AE/ZHEE 4% bile salt export pump
(BSEP)I81%> multidrug resistance-associated protein 2 (MRP2)171D 33 % {¢

L, FIRENIZE Y iATe Nat-taurocholate cotransporting polypeptide (NTCP)
DFEB % SHP HIArBIZimi 32 Z LT, MIRNOETEERE % fl#3 508,

B RmIZCEIT 2IEHEBEOBFRIIMICE L TIE 3 >OEEHEEDOEE1IH L 2
ERoTWVD, MBEIZRBWTHENTEREEE L, BHEEORVIAL L MENR

BARET B L E % b TV 3 intestinal bile acid binding protein (I-BABP)
OREBILFXRICL YV EICHE S D6, 72, FXR OFEMHEEIT/NMNEHE O EE
EEICHEBFEL TV HEMHEELE N VAR —F —TH D organic solute



transporter (OSTa/B)D FEEL b EIZHIE 3 26, —F5, /MGHIAE O TESRE I %
HLTVWHIHEHBERYIAR NI VAR —F—ThH5 apical sodium-dependent
bile acid transporter (ASBT) D3 E.i% FXR Iz L v Ml & h 3 (19,

ZD X5z, FXR ITHRANOBHEE

BBEES ERT B &, MR EEARRCRE M

DY AHZMEIT D -5 T, BHEBEREHEZREET S, TOD, FXRIFHEMT

MO Y —E LTHIELTNBEEZLRTEY,

A BROBIFRRII I

ODDAR=ALZREL TV HIBERRCHEEEIZLY, BEICHEHIA TV S,
fF. /NGO FXR %fﬁl\ L CHEANILE I D fibroblast growth factor 15

(FGF15)\ t L < iX FGF19 23FfR D> & AFlg 2 &

¥, FGFR4 41 L, CYP7Al

DA A MET 5 FXR-FGF15/19-FGFRA BHE b HE I LT 5200

Liver /~ )
Cholesterol FGFR4
O — =
CYP?A,./\ /\ SREBP1c
CYP8B . ‘
Fatty acids
Bile acids I _ _
) ————=> Q) Triglycerides
VLDL
\.

mmmsen : Enterohepatic circulation
— : Activation :

—] : Suppression

Fig.3 The regulatory mechanisms of enterohepatic circulation by FXR.
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FXR DU A RTHLHBEHEBEZEEAREE (FELE) P27 —/ViE
FEDCBEIIRET DL, PHEBEVBREL T LAMES TSR 22, F
7=, BHEBRER CTE I VAT e — VIEREEOILAF I IV ERETS
& . M very-low-density lipoprotein (VLDL) & RS ENEMT A Z & 2%
HohTWnae, Fif, EHEBRLIBERBOADN=LIIEELT, 7EFL
CoAINVAFYT—8 1, 2 RUIENEBRERERR L, FHARICEET 2B
FOREFERF TH D sterol regulatory element binding protein-lc
(SREBP-10)28 FXR R UF SHP I & - Tl & v, NSRS B & s oMl B OHFi
M6 O VLDL itz &85 2 & 3#E S - (Fig.3)24,

FLFXRIZa VAT e — Vv ROEERBOL LT BAHHICOESTT 5,
FXR OFEEIZIA AV 7T AE2RIE L, v~V 2OEHMERIZENTIZ v
a—Z20WMY AL ERESEHIZ LR EFL-BEFAEICEETLIBETHS
phosphoenolpyruvate carboxykinase (PEPCK) X glucose-6-phosphatase |
(G6Pase) DEBRLHAM T2 Z L A@MEshTVHRE30, LD X5z, FXRIiZ
abA7Fu—)b, BE., VR 74 U OBERBEHETZ2Z 00, BRE
fbichmz., EEFHEROBEREDCS -y FE LTEBEIhTWS, |

FATBRT- L 512, CDCA THEMEEAFEOF Txr b FXR EELEOEH WL
M THD, EEFOIX.BHBLERKRORT oS FEEZFE{LEMIZEB L,
INFETIZ UL RBEHEBFERIZOVWTENLLD FXR EEICELZ S L.
FXR EHELICBT 3 Y 4> FOMSEEREMEBIC W THRE LT EkBresl, 2h
LOBIBERICEY . BHEBEOREIZFEET DI NLRNF VNVEPKEBEEIZET
Shizfbe®md FXR EHkEZmET Lz e Z 51%‘%75}?8\&) bRizZ &b,
FXRIZES LIEMHILEZ® 272D ATa A FAEOR T T 4 7F ¥ — VIS E
TRRWZ R RENEB, 22T, AMETIIEHABLACAT a1 N
WEEED, TOMGIT 1 DL EOKBEE S & Te—RRYICI 7 43— LIF
I 2LEmicER LT,

BHT7Na— VETERFEBDICET 22V AT e —VORKNAHED & L
THLNTWVWS, E-MHABYICBITIBEHEBESKTHEL LTEELESIND
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bbb TS, URIOFEIZBWT, BHBASGKRTEETH S
5p-cholestane-3a,7a,12a-triol (THC)Z X FXR EMALEEZ RO o T2, £
NREERBRBIZB T 5835 TH 5 sterol 27-hydroxylase 12 & 0 KEE(L X7z
5B-cholestane-3a,7a,120,26-tetrol {ZiZ CDCA L REDEEZR DI & 2H
HL Tk,

AFETIEERTAVa— VDR Ta A FUSHICFET 2 KBEOMESED
BV FXREMLEICEZ DEBIZHOWTHRHZ{ThRo7-, M2 T, A5 udg
FEEDZERIZIDHE, SHIZ, XT84 FEED AIBROIMBEEDE
WAREH T v a— O FXREELEEICE X D BIZOWTHIME L7,
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1. B EEROREHT LI —L

AFETCHWEZEHBEOCOEF T LVa— oG FigldllRmLi, 23—
% (CA). X CDCA (8a,7a-dihydroxy-5p-cholan-24-oic acid, (1)L /iR & % FB
Wiz, 8a,7a-dihydroxy-5a-cholan-24-oic acid (allo-CDCA, (31X B A K FEXHE
FEHAER RAREELVEMEENTZEWNWT, ba- & T 5B-cholestane-
3a,70,120,26,27-pentol (50('&@ 5B-cyprinol, (24 and 19)) . 5a-cholestane-
3a,70,120,26-tetrol ~ (25)iX = A FEH LV N F AU EEE, R L 7z Basel)
5a-Cholestane-3a,7a,26,27-tetrol  (26)I% 5a-cyprinol(24) L Y (k=& L 7=
(371 ,  5B-Cholestane-3a,7a,12a,26-tetrol(11)[881 | (225)- & O (22R)-5p-
cholestane-3a,7a,12a,22-tetrol (22S-% Of 22R-OH-THC, (4 and 5))[391, (23S)-
% UY(23R)- 5B-cholestane-3a,7a,120,23-tetrol (23S- % U 23R-OH-THC, (6 and
7)B | (245)- % U (24R)-5B-cholestane-3a,7a,120,24-tetrol (24S- & O
24R-OH-THC, (8 and 9))l40. 41, 5p-cholestane-3a,7a,12a,25-tetrol (25-OH-
THC, (10))[42], 24-nor-5B-cholane-3a,7a,12a,23-tetrol (Nor-C-OH, (12))148],
5p-cholane-3a,70,12a,24-tetrol (C-OH, (13))144, 26,27-dinor-5p-cholestane-
3a,7a,12a,25-tetrol (Ho-C-OH, (14))45], 27-nor-5p-cholestane-3a,7a,120,26-
tetrol (Bis-Ho-C-OH, (15))481jX CA L W #hF &R L 7=, 5B-Cholestane-
3a,70,26,27-tetrol (20)46] 50 &% TF 5B-cholestane-3a,7a,26-triol (27 and 21)47.
48] | 3a,7a-dihydroxy-23,24-dinor-5B-cholan-22-oic acid (Bis-Nor-CDCA,
(16))149) 30, 7a-dihydroxy-24-nor-5p-cholan-23-oic acid (Nor-CDCA, (17)).
3o, 7a-dihydroxy-26,27-dinor-5p-cholestan-25-0oic acid (Ho-CDCA, (18)) IZ
CDCA LY E=nEhgak L7150 51,
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Rs (24 OH OH OH

5a-Cholanoid

(25) OH OH H

OH H OH (A/B trans)

26) H OH OH

(27) H OH H

(28) OH H H

Fig.4 Structures of bile alcohols and bile acids. A: (1), 30c,7oc-dihydroxy—5B-cho|an-24-
oic acid (CDCA); (2), 3a-hydroxy-5B-cholan-24-oic acid (lithocholic acid, LCA); (3),
3a,7a-dihydroxy-5a-cholan-24-oic  acid (allo-CDCA); (4), (22S)-5B-cholestane-
3a,7a,120,22-tetrol  (22S-OH-THC); (5), (22R)-5B-cholestane-3a,7a,12a,22-tetrol
(22R-OH-THC); (6), (23S)-5p-cholestane-3a,7a,12a,23-tetrol (23S-OH-THC); (7),
(23R)-5p-cholestane-3a,7a,120,23-tetrol (23R-OH-THC); (8), (24S)-5p-cholestane-
3a,7a,120,24-tetrol  (24S-OH-THC); (9), (24R)-5B-cholestane-3a,7a,12a,24-tetrol
(24R-OH-THC); (10), 5B-cholestane-3a,7a,12a,25-tetrol (25-OH-THC); (11), (25S)-
5B-cholestane-3a,7a,120a,26-tetrol (26-OH-THC); (12), 24-nor-5p-cholane-
3a,7a,120,23-tetrol (Nor-C-OH); (13), 5B-cholane-3a,7a,12a,24-tetrol (C-OH); (14),
26,27-dinor-5p-cholestane-30,7a,120,25-tetrol ~ (Ho-C-OH);  (15),  27-Nor-58-
cholestane-3a,70,120,26-tetrol (Bis-Ho-C-OH); (16), 3a,7a-dihydroxy-23,24-dinor-
5B-cholan-22-oic acid (Bis-Nor-CDCA); (17), 3a,7a-dihydroxy-24-nor-5p-cholan-23-
oic acid (Nor-CDCA); (18), 3a,7oa-dihydroxy-26,27-dinor-5p-cholestan-25-oic acid
(Ho-CDCA); (19), 5p-cholestane-3a,7a,120,26,27-pentol (5B-cyprinol); (20), 5p-
cholestane-3a,7a,26,27-tetrol; (21), (25S)-5B-cholestane-3a,70a,26-triol; (22), 5p3-
cholestane-3a,7a,12a-triol (THC); (23), 5p-cholestane-3a,7a-diol (DHC). B: (24),
Sa-cholestane-3a,7a,120,26,27-pentol  (5a-cyprinol); (25), (25S)-5a-cholestane-
3a,70,120,26-tetrol;  (26), 5a-cholestane-3a,7a,26,27-tetrol; (27), (25S)-5a-
cholestane-3a,7a,26-triol; (28), 5a-cholestane-3a,7a,12a-triol (5a-THC). Compounds
in the figure are indicated by bracketed numbers.
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2. HlAE
bt MATE#ER Huh-7 #lgid, EBERFRFREHEFZREIER HFHEE
TN EREOR I —BER LV EEEN -T2V,

8. NGV ATz varkbklbR—F—T—rT oA

pFXRE-tk-Luc, pcDNA3.1-hFXR. pcDNA3.1-hRXRa® % 77 A I NiXEL
EELELEEFEFTOR LAFEERVEHEENZZW,

b FATE B EME Huh-7 #52iX DMEM(10%FCS #&3e) TiE&EL, 24 UV =
NTL— b MZHERELIFI VAT =27 va iV, hFUvRA 727 v avic
X Attractene(Qiagen) % i\, pFXRE-tk-Luc.(FXRE-Luc.)%# 188ng/well,
pcDNAS3.1-hFXR(hFXR). % Of pcDNA3.1-hRXRa(hRXR) % = 1L 1 63ng/well.
oy ba—N_J Z—L LT pSV-B-galactosidase(p-Gal.) & 313ng/well HIAZIZ
BALTe, PTURT7=27vay 3 RKE%ZE, BHBELIIERTAVa—AE O
~50uM % L . DMEM(0.5% delipidated serum & #&)® T 20 BFfEEE L=,
FMAR & 75 fE% . Steady-Glo Luciferase Assay System (Promega)Z i\ T/l ¥
T2 —VPEEEABIEL. AT P —EEETHIELEZ, 512, DMSO
DHEBMUIHERITT 4T arba—LEe L ZONVY 72T —BiEHEE 1
L L7l EDZLEYMDIEM % Relative luciferase activity & L TsR L 7=,

4. EEHY TV H A 5 RT-PCR |

Huh-7 #1234 DMEM (0.5% delipidated serum & F)¥ . HEH‘@?& =i REH
Toa— )T 20 RFEIALE L7, MAEZE L 7%, SV total RNA Isolation
System (Promega)% Fi\ T total RNA #H#ii L7, mRNA ¥ L~V DO HE|E
(21X Tagman one-step RT-PCR Master Mix Reagent Kit & ABI Prism 7700
(Applied Biosystems)Z A\ 7=, BIEfEIZ 18S rRNA ® mRNA &% AW THIE
Lize ERLET 74— u—T7 ORFNILLTIZR L7z, 18S rRNA 2
WT I R §h(Applied Biosystems) % 77,

t ~ BSEP
T#Y—R7714<—:5-GGGCCATTGTACGAGATCCTAA-3’
VNR—RX7FFf<—:5-TGCACCGTCTTTTCACTTTCTG-3
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Tua—7
5-FAM-TCTTGCTACTAGATGAAGCCACTTCTGCCTTAGA-TAMRA-3
t F SHP
4T — K754 ~—: 5-GGTGCAGTGGCTTCAATGC-3
) R—RF 54 <— : 5-GATTGAAGAGGATGGTCCCTTT-3
Ta—7 |
5-FAM-TCTGGAGCCTGGAGCCTGGAGCTTAGCCCCA-TAMRA 3’
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E9. B CA LA—TabVXT
o — VI8 % F T 5 5B-cholestane-
3o, 7a, 120 triol (THC, F#3&) ORI D
22 L ~26 fLIZ/KEEEDN 1 >PBEA ST -
BT A3 —AionTENSD FXR 1O
EHALREZ e L7-((4)~(11)), FXR{E  5B-Cholestane-3a,7a,12a-triol (THC)
# {k g8 @ # F X . FXRE-driven
luciferase plasmid, & F FXR plasmid. &  RXR plasmid, }2 O'B-galactosidase
plasmid #—@MEICFHEEA L7~ Huh-7 #2 % FH\ 7z cell-based luciferase
assay TIT72 o 72, Fig.5 IZFT & 91z, THC ORISED 25 f2dH 5N E 26 748
KL 2= 25-OH-THC(10)H A\ T 26-OH-THC(M1)IZHWEMEY > N L
TR LBVEMEET 5 ODCA ICIEHF 5 FXR BHE(LEER R L, T hid,
LLRIIC CV-1 MR 2 AW 7= [EER D assay IBIC X DR & —F L7=B2 ¥ 7= THC
D 22 fL~24 fLIZ—D>DKBEENEASNIZBH TV =M CHERER 25
DR BMEEBFEET 5 ((4)~(9).23-OH-THCs(6 and 7). X U 24-OH-THCs(8
and 9)iL CDCA L IiZIXR%E D FXR EMILEEZ R L, £, TEhDOILE
BEHEARMICE FXR EHLECAERERZEIRB OO o2, — 77,
22S-OH-THC(4) & 22R-OH-THC(5) D ZEEDEIZIT FXRIEMEILEEIZE LW &
D712, 22R-OH-THC(5)i% CDCA & REDEME %R L7243, 22S-OH-THC(4)
TR EALEEEZ IR 2T,
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Fig.5 The effect of the presence of a hydroxyl group at the different positions in
the side chain of THC on FXR activation in the cellular transactivation assay.
Huh-7 cells were transfected with expression plasmids for human FXR and
RXRa, and the FXREptpx4-tk-luc reporter plasmid together with a
pSV-B-galactosidase vector as a control. Cells were exposed to vehicle alone or
1-10 uM of the bile alcohols indicated. Luciferase activity in the cell extract was
normalized to pSV-B-galactosidase activity and expressed as fold induction
relative to vehicle-exposed cells. The values are means = SD of three
experiments. Compounds in the figure are indicated by bracketed numbers.
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WICEHT AL a—LORIEENSZ O FXRIEMILEICE XL IEEL R LT,
Fig.6 IZR" T &L O, BEHTAra—LOREENIE 251220 T, FXR &
LEEIRIE T Uiz, BiC R 535 24 & 0 D 7220 Cos BH 7 L = — L (Nor-C-OH(12))
IZFERIT/NSWEE LD RS o T,

RLA

Nor-C-OH(Czs)  C-OH(C2s)  Ho-C-OH(Czs) Bis-Ho-C-OH(Czs)
(12) (13) (14) (15)

Fig.6 The shortening of steroid side chain of bile alcohol resulted in a decrease
in FXR activation. FXR activation was evaluated by the luciferase reporter
assay as described in the legend to Fig.4. Data are represented as multiples of
induction relative to vehicle-treated cells and represent means £ SD of three

determinations. Compounds in the figure are indicated by bracketed numbers.
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RNT, BEHBOREEEEXZBHEEFRED 7‘5:0b’€lﬁﬁ@1‘ﬁ§¢%ﬁiﬁ
o7z, Fig.TAIZRT X 512, CDCA & 0 BISENEL 725 L. FXR EHLIER
2 2T L, Bis-Nor-CDCA (Co)(18)I3FE LWEEDEKTE R Lz, —F,
CDCA LV mFE—DMEE L7z Ho-CDCA(Ces)(18)IXF BERIEH LR 2R & I h
o7, & biZ, Luciferase assay DFERN FXR # —7 v N ELFORBEITEE
LTWADNERETT D=0, % CDCA A v 7 T Huh-7 Mild &L ¥ %, SHP
mRNA EH L XV &2 E L7, SHP mRNA L~V X Luciferase assay O &5
EEKFHBLTEY., CDCA XV IHENE WA E R Z Tidk SHP. mRNA ¥
LARAVIEBFICETLTWEFiQIB), —F. CDCA LV AIEENRE WL
Ho-CDCA(C25)(18) CALEE LT b SHP mRNA L~LIEZE AL L 72 7 » 7= (Fig.7B),
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Fig.7 The shortening of steroid side chain of bile acid resulted in a decrease in
FXR activation and in expression of SHP mRNA which is direct FXR-target gene.
A; FXR activation was evaluated by the luciferase reporter assay as described
in the legend to Fig.4. B: Huh-7 cell were treated 20 hr with 10uM CDCA or
CDCA-derivatives. Gene expression was analyzed using qRT-PCR. Data are
represented as multiples of induction relative to vehicle-treated cells and
represent means + SD of three determinations. Compounds in the figure are
indicated by bracketed numbers.
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RARWCHFEETHIEHT AV a—ADIEEA LT Sa, Tak O 1204017 KEEHR &

3 O2KFTH CA LRUBEKIBETH BN, 3ok TafLiZ/kEEEE 2 2HT 5
CDCA ¢t A UBEEEDBHY 7La— VL FEET S, #2 T CDCABE#E-
BEH7rva—VEIZODWTHE 21T -7, 5B-cholestane-3a,71,26,27-
tetrol(20), 5B-cholestane-3a,7a,26-triol(21)iZ CA F % b OEH T LI — L
(IMNMET(M9)EFRER., HHWITENLLED FXR EH(LEEL R L= (Fig.8A), =
7o, BIERIZ 2 >DOKEEEZFD (200£ 0 b, HIHIZ 1 DOKEEE LN
(1) DFHEHBFEL < 7V FXR EHLEEZ T Lz, £/, CA LR UHBEEEZ D
D(1M)ET(19)D FXR EMHLEEIZIE (21) R T20)ICEB D O L 2 =N
57z h o 7= (Fig.8A),

ELIZ, INOEH TV a—LD FXR ¥ —45 v FEBTFRERE~OEE L R
L& Z A, SHP, BSEP W HIZBWTH luciferase assay OFER & HEI L
TR 1E b 7= (Fig.8B),
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The position of hydroxyl
groups in steroid nucleus

Structure of steroid side chain
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Fig.8 The number of hydroxyl group of 5B- (A/B cis) bile alcohols affected FXR
activation and FXR-targeted gene expressions. A: FXR activation was evaluated
by the luciferase reporter assay as described in the legend to Fig.4. B: Huh-7
cells were treated for 20 hr with vehicle (DMSO) alone, 10 uM CDCA, or bile
alcohols indicated 5p3- (A/B cis) bile alcohols. Total RNA was isolated from the
cells, and the levels of BSEP and SHP mRNA were measured by real-time
quantitative RT-PCR. Data were normalized to 18S rRNA levels. Data are
represented as multiples of induction relative to vehicle-treated cells and
represent means + SD of three determinations. Compounds in the figure are
indicated by bracketed numbers.
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XbiZ, A7uaA FEED ARLE BREROMNKEEED FXR EHE{LEICKIET
EEOWVTHRILEZ, RRICAHSNDEHBOIFILALIZAT oA FEEZEO

BRe BROBAA cis BD 5p-IBH B TH 5 (Fig.dA), —F . RARICHEET D
B 7NV a— A OFRIIZIEAT oA FEEO ARE BROEMD trans D ba-
A TORHFTNVa— VL5 FEET H(FigdC), £Z T, Zib ba-ffD FXR i&
PEALREIZ D W THRET L 72,

Fig.9A IZ;R3 X 912, CDCA @ 5a-KTdh % allo-CDCA(3)iL CDCA & ixix
%D FXRiEMEEEZ TR L7, £72, Fig.8 TRLIZ L 512, CA LA LEERE
B2 (19T (11)iX CDCA & RREOEM.Z R LEYS, TR 50 50- Bk
tkTd B Bacyprinol(24). 5a-cholestane-3a,7a,120,26-tetrol(25)iZiXIE & A
CiEMEEZRD 2D 2 72(Fig.9B), —F . allooCDCA ¢ FLHEHEELZHE
5a-cholestane-3a,7a,26,27-tetrol(26) . 5a-cholestane-3a,7a,26-triol(27) {Z iX
FXR {EH(LEEZ B D - (Fig.9B), X 52, Thb{bEamDo FXR % —7 v M ER
F. SHP, BSEP ® mRNA L /L luciferase assay {2 & 5 FXR i&H{LEE
X < 8B LT\ 7= (Fig.9C),
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Fig.9 The number of hydroxyl group of 5a- (A/B trans) bile alcohols affected
FXR activation and FXR-targeted gene expressions. A, B: FXR activation was
evaluated by the luciferase reporter assay as described in the legend to Fig.4.
C: Huh-7 cells wére treated for 20 hr with vehicle (DMSO) alone, 10 uM
allo-CDCA, or bile alcohols indicated 5a- (A/B frans) bile alcohols. Total RNA
was isolated from the cells, and the levels of BSEP and SHP mRNA were
measured by real-time quantitative RT-PCR. Data were normalized to 18S rRNA
levels. Data are represented as multiples of induction relative to vehicle-treated
cells and represent means = SD of three determinations. Compounds in the

figure are indicated by bracketed numbers.
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ZR2 KR OV/NE

A7V a—VITEICAE - MEESO TEFHEYOBH FIZ/A REE
NEZFEDORY & Fax27a—LThHhY, WLEWIZK ) 5 EHER & R,
TEFHIHOFBICBNW T VAT e —VORKRBEDE L TEREIND
B2, F7z, @EAOETH, EFRTRPICHMETIEIH D5, BHELESK
TS LINIEIEFENENLFHE éa”bE)HEhL?/l/:z—/th?T‘ LTW3
(Fig. ) B3l, Z ORICHEH 7T Va2 — VT ABAICLEEMICLBHERE BEICHE
BT 5ILEHWTH D, .

PEHEEENEMRY H FETAFXRIZILAT o — LOEHEED KR R 4R ¥
VAEFREBTHET TR, I ra—xR bV SV EY FORBICLEST S,

DFEY, FXRT7 A=A MIAFRY v 7 Fa—LbDFTH, RNEEEEL - .

NI55,Z20Z¢Lhb BHEEEZY — NMueW L 728k~ 2B EFEEEO FXR
EMLESRF SN TE 7, TNIZXL 5T, CDCA ® 6ofiLiZ = FILENEA X
NIALEHBRAE N2 FXR 7T I=A b LTRIE S B, F& L IXLIET, CA
L CDCAZERLT DI Lo THELNIET NV a—VER FXROY H v N
LTH#ETIZ N, BHEOMEORXTT 4 7F v — ik FXR OFEMHLIZ
DETRRVIEEFRLEBL, Z0ZEhnd, RAKFEETHIHERY & Fe
XLATRA FTHLHBEHETVa—VIZEBL, FXR7I=X N LTHEAR
LEMERETH LRAKRIZ, FXR LIEHT Vv a— v & OFEEEHEBEZ AL,
2T D7 DICARFEEZITR 2T,

E9. THC ORI D 22 fL~26 (LIZKEEN 1 >BERINZEAHT La—
DWW THKE L7=(Fig.5, (4)~(11)), 25 {iL, 26 fLIZ/KEEENEA I NT-{LEY
X CDCA IZICEd % FXRIEMALEEZ R LT, 237, 24 LIC/KBAEN BRI N
ATV a—MZIEENEN 2 DOMEEEEBNEET D, 5T
H< CDCA L RZEDEMEEZRLEDN, AEEREEB CHEEOEVEIRD LR
Molz, EZAHN, 22HLITOVWT D 2 oD RMEIZBWVTIL, 22R-{E1X CDCA
R OB T v 2 — VEERIC FXR EMEEZ R L2 b OO, 228 I3 OFF
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PELREIXIZ L A LR bhiahr o7z, BLET, CDCA ® C-22 KT C-23 fiLiZ A F
Ly EEEE L (225,23R)-, (225,235)-. (22R,239)- & Uf (22R,23R)-
3a,7o-dihydroxy-22,23-methylene-58-cholan-24-oic. acid @ 4 F&EiH D BRI
DNTENDL D FXR IEMHLES R SN ZBS, ZO/BR. Elshizvrur
B NVEROMBEE, FIC 2 MOMNEEBECEWILY, £ b FXR &
fLREIC KR ERZEZEENRBDOONT-, BB, AF VLV EOBEAIZL VAU C-22 7
DARE, BEIZAEDOKEBEDERIZLSD C22MOFREFNRY TV FIFHIZKER
EEPEZLZLIIHARTHD, ZTNHLORKRIT, EASIN-BREOEMEIZ
BIt%72 < bulky REBHRENHDIHFECEMESEFTHIFICER L TVDLEX
bhvd,

Elz, BT ra—n, b LIEBEHEEO FXR EMHLEIZZNL O ORIEHNE
KRBIZONTEDTHZEEZHALMNILE, ZORRIX., REHOBAIZE
HZEFEBECETERBELTNAZ EFFETE R, LirL, Lal, XK@
TRAEVEBERWEZ AT I FR—EIFEET vEAITBWT . C-lBEHETH S
(16)IX FXRBESHENDITEAER VI EBRESINTWVBE, b DOfERIT
TaA4 RELVEVYDE FFXREZEMHIELTERNEWVWI ZLEEEL TS LA
phpWl, LRio X HEREERTO/BRENL . BHEIX FXR 0 U v Mg
ERT Y MIAT A FEEDO ABRBANOEETHIN, AT RKKALVEVR
PHMORT a4 FEHREET BLEDIETNLICRET 2 RNZEED ) H

FEERT Yy MDD BRI OHEETHZ LALLM EINTWSHB6 57 L ED
Zlhb, CDCA DRIHELFRAILL bV SRESORFHEHEFORAT A R
ILEMDOHNBFXR EFEETEDZ EBNRBEEN, &b, EHEEORIIZTE
ETHDINK=NEOBRERFIIL FFXROY TV FEART v FOAD Ot
TICFEETD3BLEEOTAX =V L KERETDHIETLESF—-UFT R
BEBEOEERIIFEL TS Z EARBINTVWSHB6,57, JETEE K OB T
NWa—)VOREREREIZEY., TOKBRBEDPERTERIR2TLIEN, 20
BEeBhOZEERDET., FXRIEMHLECETE b Lz e #RII N,

ShIZ, BTV a— LV ORIEICFEET D KBEEOHESEMTE2Z LTk
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T, FXREMHILENET T2 2 BN RENT-(Fig.8), Z ORERITRIBRDRFEH
DEMIZL DR AR, KEBEOHEMIMES MREEAEOR D %2 Kk L /-
HLOTHDEVWIHREEDLHD, LU ISHIZKEEEZ 2{8H 3 5 5a-cyprinol
(19)<° 5a-cholestane-3c,7a,120-25,26-triol (Sa-bufol) 7’ FXR &7 T =X k
T 5 GW4064 X° CDCA O FXR{EMALEZAETD LW IHIRRIT, 2o
BT a— BN HENICERYVAERN TSI LETTHLOTHY, KEED
WMCES ESEBREORMPITIEETELILDLEZLD, o TIDORBE®D

2T 1A FRI${D hydrophobicity 7% FXR FEMHLEEICEE L2 52 -bDEE %

o —HT. KEBEOFEMIKIZZENZER I ZMHELEZZ LIZL - T,
FXR LA ET Lz 8105 Wil Z 2 b5,

WEIZ, AT a4 FEEZEDO AR, BEOMFEENBEH T A 2 —1D FXR &%
{LEEIZ 5 X B EBIZ OV THRE L7z, CDCA @ 50- %K TdH 5 allo-CDCA(3)
{Z CDCA L RIZEDEMEEZFRD,. & 512 ba-cholestane-3a,70,26,27-tetrol(26).,
5o-cholestane-3a,7c,26-triol(27) S Z N DI XIS T D BR-BMEK L REE D
FXR /&ML EHFoZ L 2HALNIZ LTz, MBAIIZ. Sa-cyprinol(24),
5a-cholestane- 30c,7cx,12a,26'tetrol(25)i I LA ELTEEEZRD R ho -, FH
HiX, 5B-cyprinol 28 FXR 7 =X N TH Y, Sa-cyprinol(24)7> FXR O 7
FA=ANTHDZLEHREL, FXR OESEIIZAT A FEED AIBEREODIL
FEENBEERZFERLTILHER L TNRB, LU, 4H allo-CDCA &
FUBEEEL2ET S 5a-BH 7 V22— /L (A/B trans)iZ b FXR iE L EEN R
iz b, AIBROMEEEBOEWEZNLT L FXREE/LEICEE T
RN AR LT,
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JEHEBREHPOBEDOHEAL - BRRPa VAT a—VEEEOHEFIILER
AIR7eHETHDZ LIFRIEE TTR7=, B MzBWT, ERNEHEED 99%
PLENBIFRERRHEBICHEL TWA M, EHEOMLFIEERER TN 5uM
CEFBRRAZLDLTLRVOLHFEET D, Lo, REELZOMPIREIT 15uM
WETERT 268, ZOZeROETBOEBERABBEICBOWTOLRES
NE5OTIERL, BFLIV VI LEEFOV T TV EESFELTEALTY
LFREELETEZLOND,

RiE, G Z U R EREZAE. TGRS BEHEEIC L > TEMELELDZ &
MR ENT=09 60 FEMELENZ TGRS I Gs XV X7 2N LTTT=AEEY Y
F—BEEEILL, EH L RFAv By —Th DN cAMP #E & i &
3, b MERABRT v A8 E IR BB T ERIC & 0 B S R
TGRS BHMIFRENR I 7TV EBEEREN LT RAF—HEZ M EZ 2
&R EN7=(Fig.10)6l, Z ik, BHEEO TGRS 2 LIZHEHERA L Wo
EED TENREAZHHSEL O TH 5, |

—F#EEH 51T, FXR EMHLEE & BRI~ 22 B9+ BRI BRE LA © TGRS
EME LR BRET L2, BBHEEOBKENEL 251220 T, TGRS EHEILEE.
KT TGRs ~DOEFENEMT 2 LE2ZMEL TS, ¥ T, BHEOH
FHICTFEET DA INRF T IVENKBEIZCET INTZILEYW D TGRS &ML
VEFEZBREILEZEZA, S THEHEEIZHLTELS EHETH5Z LA
LML, TRNOLOHENL, AR TITEHBERORAT oA FEZEEAET
HBHER)E FeF A7 — LT, RARLEBEBEICHFETIEHT L a—L{Z
FEHL, T b D TGRS IEMHALEEZBIET 5 L EIC TGRS LEH T La— Lk
OEEE MBI SN TR ZITR o 7=,
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Bile acids ~——— TGR5

TOUNCUCONNCEERONCEORN 10 7 T OO
LIRRERLELARLRENCRENERLENERS 2 X 2 3 5 & CERERERRERHp L ERLEL

Inactive PKA  Active PKA

/—\
CREB CREB-P—
Nucleus
DZ PGC1 a
T4 T3

}
-iR Mitochondria

Oxidative
Uncoupling phosphorylation

);?&; el \ %
| ) |— Muscle

Fig.10 Intracellular cell signaling pathways induced by TGRS activation. Upon
ligand binding, TGR5 activation is followed by release of the Gas subunit and
activation of adenylate cyclase. The increase in intracellular concentration of
the cAMP second messenger activates protein kinase A (PKA), which
phosphorylates cAMP-response element binding protein (CREB). This activated
transcription factor transactivates its target genes by binding to cAMP response
elements (CREs) contained in their promoter. In metabolic tissues (brown
adipose tissue (BAT), muscle), bile-acid- dependent increases in cAMP leads to
the activation of type 2 iodothyronine deiodinase 2 (D2) and hence boosts the
local production of thyroid hormone. Activation of the thyroid receptor (TR)
increases mitochondrial oxidative phosphorylation (muscle) and uncoupling
(BAT), resulting in enhanced energy expenditure. PGC1a, peroxisome
proliferator-activated receptor-y co-activator 1a; T3, 3,3’,5-triiodothyronine; T4,
thyroxine.
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1. 27 /4 FOFR

ARV LA WA Fig.d (=5 L7 (HiES M), lithocholic acid (LCA,
3a-hydroxy-5B-cholan-24-oic acid)(3)ixm iR % A7, NEMHEEHED > b,
LCA i3f%&b TGRS UV v FIEMSPBWL I EHLUROBME TRENTNB 0,
R T4 7aryibao—E L THWVEBI, 5B8-cholestane-3a,7a,12a-triol
(THC)(22). 5B-cholestane-3a,7a-diol (DHC) (23)IXLLRTOHETRENTZ L D
(ZFA B L 7= 631, 5a-cholestane-3a,7a,12a-triol (5a-THC)(28)i% LLRT D #4512
T, 5a'ch01eétane-3a,7a,12a,26'tetrol(25)J: DALFEERR LTz64.65], fhoo o>
A FIZOWTIHRIEICERD L BY AR LT,

2. flka

b MRIRMEE AL B Hek293T #ARILA BER R FEEMEFLR, A8
MEAEZOILUNHEBHEEZ L VELES W=7 VW2, Chinese Hamster Ovary
(CHO) MBI RFRFREFEFHERN S FHRBEFFHFREOCSPTE
HEHER L 0 {5 W72,

3. NFUART =2V alEVR—F—U =T kA

CHO cell. & L < i% Hek293T il % 96 well plate T—#tiF®E %, pCMV-
SPORT6/hTGR5 (invitrogen) % 18.75ng/well . CRE (cAMP response
element)-driven luciferase reporter constructs (SA Bioscience) % 12.5ng/well
THIBIZEEEA L, 4B AT A VLERHBE L. 0.1uM ~10uM DIEE
ML b E TN ZENEML, 37C, 5RMA v FaX—va i, 1
X Passive Lysis Buffer (Promega) CHif@ 2 ¥ #% L. Dual-Luciferase Reporter
Assay System (Promega)Z AW LR —F =T v AN T =T —FiF
HEREL, VIVAFIN YT 27— BEETHELZ, 512, DMSO ©
BEBRMUEEZ23 T4 7arbo—LEel, TOALY 725 —ViEHE 1
L LIzt EDEZLEYDIEME % Relative luciferase activity & L TR L 7=,

4. EC50(uM) & Efficacy(%) D HE H |
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BTN T 2T —ET vEAXENEDHZY 4 SLLEDRETITRW, o
FNENDOEMBIZEB VT triplicate TITo 72, ECsfEIX7 o By oIz LY
Kbz, FXRIEMALEEIZR T B Efficacy (WITHWEMEEATED > 5, &b FXR
JEMEILEEA RV CDCA 10uM DOFEM%Z 100% & LI=E{LEMOBRKREHETRL
7z. TGRS JEMHALEEICR T B Efficacy (WIXHNEMEEHAHED > B, &b TGRS
EME(LEEDSE W LCA 10puM DiEME % 100% & L= ELEHORREME TR LT,

« FXR i&E (L RE D Efficacy (%):

ZREH T V3 — LD i KD Relative luciferase activity

Efficacy (%) = X 100
CDCA 10 u M @ relative luciferase activity

- TGR5 &AL BE D Efficacy (%):

HFBH TV a— LD KD Relative luciferase activity

Efficacy (%) = X 100
LCA 10 u M @ relative luciferase activity
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TGR5-Y H > K7 v A LAV 5 MR DER

LRTOHEIZB W T, TGRS Y F v FIEMHORFHTA VW= MAakk i CHO ik
Thollzd, TOMEEETAVWTTFHRERZIT o7, BHEOHR TR LE
DBV LCA 2 AT TGRS IEME/LEELZ BIE L7 Fig.1MAIZR T X 5 12, LCA
Ex T 47 a2y b —)L(DMSONZ AR THESELZEMIEEN . FEETH D
LODZEDOWMIMN2/ETHo7z, —F. Hek293T Milaz AW TRIERDER %
TR0z Z A, LCAE =z ba— M ZHART 5 FZLLED TGRS EHILE L R
L 72(Fig.11B), Tt » T, AW IEIT Hek293T Mz BV THEt 3562 & & L7,

A B
7 r CHO cell 7 HEK293T cell
6 6 o
5r 5 r
<, | <, L
El4 E4
3 3
2 r 2 +

DMSO ‘10uM LCA| DMSO ‘10uM LCA
CRE-Luc.(+) hTGR5(+) | CRE-Luc.(+) hTGR5(-)

DMSO ‘10;1M LCA| DMSO ‘1011 M LCA
CRE-Luc.(+) hTGR5(+) | CRE-Luc.(+) hTGRS(-)

Fig.11 LCA activates CRE-Luc reporter construct via TGR5 in the cellular
transactivation assay. CHO (A) or Hek293T (B) cells were transfected with the
CRE-driven luciferase reporter constructs (SA Bioscience) and human TGR5
expression plasmid (pCMV:-SPORT6/hTGRS5) or mock (pCMV-SPORT6). Each
cell was exposed to DMSO or 10 pM of LCA. Luciferase activity in the cell
extract was normalized to Renilla luciferase activity and expressed as fold
induction relative to vehicle-exposed cells. The values are means + SD of three
experiments. *: p<0.05, **: p<0.01 respectively.
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CA REUCBE#HEZAL.,. fIHEavATo— VL RLCHEED 5B
cholestane-3a,7a,12a-triol (THC)(22)IZ DWW THE L= L Z 5, TGRS F#(L
BEH TGRS ~DOFFfEH LCA I L TED TEWE D Th - 72 (Fig.12), KW
T THC ORIHIC/KEEZZ —2>FTH5BH TV a—IZOoOWTHRFZITR -7,
5B-cholestane-3a,7a,120,26-tetrol(11) & T  5B-cholestane-3a,7a,120c,25-
tetrol(10)® TGRS {EHE(LEEIX THC(22)IZkk L CE LS ML=, C-24 b
C-22 LIz ARBEER B OFENIF T L a— T EFNFh 2FEEDOBEENTEEL.
FREEMICEEOZITIRD DD, £FENICITAISEH O KEEE DAL E N
(L3 <24, TGRS EHEALREIZEA T oMz R~ Lic, 72, &V biF C-23
fiL, RO C-22 (LiC/KBREZFOEH TNV a— L ORMEER T TGRS fEHE{LEE
DEEREN RO,
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Wiz, BT rva— L ofIEEN TGRS EMHELEEICE X A EEIZHOWTHE!
L7z, Fig.13 IR T & 912, Cag~Cas DEH T LI —MIZB VT, ZDRHE
PO TEMICEEREIRD bR oA, BMIMERICH -7,
Elo, REHOEMIZHEW, TGRS IZHT 5 HAMEEC)BIET TR L 2o
720

:0.1uM
14 r & ;0 0.5uM
: 1uM
: 5uM
12 f B 1ouM
10
< 8t
|
o
6 -
4 - -
0 S el Sl
_C-OH (C3s) Bis-ho-C-OH (Cas)
(3 a4y ()
"""""""""" e
Efficacy:  o9g76% | 06.86% |  77.93%
(% of 10pM LCA) | ; ;
................... e cccrrccccreecrcecceed i cccrcc e cce e r e e e f e e e c e r e, e - ———-————
ECso(uM): 0.99 g 0.56 g 0.39

Fig.13 The effect of shortening of steroid side chain of bile alcohol on TGR5
activation. TGR5 activation was evaluated by the luciferase reporter assay as
described in the legend to Fig.12. Data represent means + SD of three

determinations. Compounds in the figure are indicated by bracketed numbers.
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SO EBHTLVa—VORIEICEET SKBEOESLAT oA FEED A/B
ROMMEEEL TGRS EHEAMBICEZDIEEICIODVWTIKRF L, BED
30,70, 120 IC KEEE ZHOBEH 7L a— LEIZBWT, AIBEBORKESN trans
B CoH D ba-lBH 7 /v 3 — L F((24),(25),(28DIT b~ 2N B IZXHIET D A/B cis
M@ 5p-fBH 7 v 2 — L EE((19),(11),(22)) ®» TGR5 {EMEALEEILE 7 o 72
(Fig.14A), F72, B D 3o, TofLIZ/KBELZF/FOBEHTLVa—LEIZBNTDH
Sa-fEFT N a— il LT, ®IST 5 5p-fEH 72— D 5 vy TGRS
EHLREZ TR THEHAICH - 72 (Fig.14B), X 512, ba-, RO 5B-EHFT v = — b
BRItz IS OKEEENEE L7222V THC (28 and 22), fAlgHIC/KkEEESY 1 oF
3% 26-OH-THC (25 and 1), 184 /kEEE % 2 2F 3 5 cyprinol (24 and 19)
DJET TGRS EMHALBEERHEMT 5 Z L 58O 72 (Fig.14A), Z O RITEFED
Sa,7a0 L I Kk B 2% % &F o B # 7 L =2 — A ## (Ba- and
5B-cholestane-3a,7a,120,26-tetrol (27 and 21), X T 5a- and 5B-cholestane-
3a,7a,12a,26,27-tetrol (26 and 20)iZF VT H [FER TdH - 72 (Fig.14B),

A

OH H OH
OH H OH R4 OH Rs
R» R4
5a-Nucleus OH 58-Nucleus
(A/B trans) (A/B cis)

14 £ 0.1uM

3 - 0.5uM
1uM
: 5uM
£ 10uM

10

3=H R3=0H

R1=H R1=0OH R1=0H

R
R2=H R2=H R2=0H Ra=H R4=H R4=0OH
(28) (25) (24) (22) (11) (19)
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H
OH H OH R1 OH R3
R, Ry
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R1=0OH R1=0H R3=0OH R3=0H
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(27) (26) (21) (20)

Fig.14 The number of hydroxyl group in the side chain of bile alcohols and their
A/B ring juncture configuration affected TGR5 activation. TGRS activation was
evaluated by the luciferase reporter assay as described in the legend to Fig.12.
Data represent means £ SD of three determinations. Compounds in the figure

are indicated by bracketed numbers.
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Fig.12, Fig.13 X U*Fig.14 TR LB 7 v a — il onWT, £ 6 D TGRS
~DOFREELRET LT,

FXR XU' TGRS IZBITH5T7 A=A F & LTOEEHT Va—nD ECs DL
(TGR5/FXRECso L) ZH M L. £D{E% TGRS BREDHEIE L L, Table.1A-D
R L7z, EH L7 ECso EIZTENENAREN 1% U T THERETH- -
(r>0.8), Table.1A IZ;R L 7= X 912, 23-OH-THCs (6 and 7)D EM AR D
TGR5/FXR ECs0 fLIZEF LWERR D b7z, 283S-OH-THC ® TGR5/FXR ECso
1% 0.118 2% L.23R-OH-THC @ % hiX 2.651 LA 20fEmV b D TH o7z,
fitDILEMIZOVWTEITRD bR 2Tz,

Flo, BH7Ara—LvOfIgEEIC XD TGRE/FXR @REDOZELITA R LD
Cos~Co fEH+ 7V 2 — VD TIXER® b 72 0> - 72 (Table.1B),

& 512 Table.1C IR+ & 512, TGR5/FXR ECso kb 1310185 0D 7k Be £ 0> 5 A5 Ha
ZBIZONTREADLEZ L&k, BISEOKBEDOKROHEMI TGRS ~DREIRM
BT AHILBRALNER-TZ, 2, RIHIZTKBEIFELR WY 5B-
cholestane-3a,7a-diol (DHC)(23)?® TGR5/FXR ECso 1% 2.2 ThH 545, 1AIEH
IZkEEE % 2 A 4 5 5B-cholestane-3a,70,26,27-tetrol(20) D % 111 0.069 &
BELEILUBIETLTEY, CDCAREEZF BT La—AVEOFN LV
ExfERnR3hi=(Table.1D),
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Table.1 TGRS selectivity of bile alcohols.

A
TGR5 FXR TGR5 selectivity index,
Compound . .

ECso Efficacy ECso Efficacy Ecy, ratio (TGR5/FXR)

26-OH-THC (11) 1.17 85.85% 4.18 85.96% 0.279

25-OH-THC (10) 1.36 85.72% 3.56 109.65% 0.383

24R-OH-THC (9) 1.43 35.07% 3.83 84.68% 0.373

24S-OH-THC (8) 1.74 57.52% 3.26 122.11% 0.535

23R-OH-THC (7) 9.17 20.85% 3.46 108.75% 2.651

23S-OH-THC (6) 0.62 75.94% 5.47 110.96% 0.113

22R-OH-THC (5) 1.01 72.93% 2.92 113.64% 0.346

22S-OH-THC (4) 2.05 0.19% 3.62 34.09% 0.566
TGRS, FXR: Units are uM for ECsp and % of 10uM

LCA or CDCA value for efficacy, respectively.
B
TGR5 FXR TGR5 selectivity index,
Compound - -

ECso Efficacy  ECso Efficacy Ec, ratio (TGR5/FXR)

Bis-Ho-C-OH (15) 0.38 77.93% 2.62 92.22% 0.148

Ho-C-OH (14) 0.56 96.86% 2.86 113.08% 0.195

C-OH (13) 0.99 96.76% 5.79 81.11% 0.171

TGRS, FXR: Units are uM for ECs¢ and % of 10uM
LCA or CDCA value for efficacy, respectively.
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Table.1 TGR5 selectivity of bile alcohols.

C
Compound R R TGRS FXR TGR5 selectivity index,
No. 1 : ECso Efficacy ECso Efficacy  ECs ratio (TGR5/FXR)
(22) -H -H 3.39 36.05% 4.29 130.8% 0.789
(11) -OH -H 1.17 85.85% 4.18 85.96% 0.279
(19) -OH -OH 0.58 94.28% 3.99 63.70% 0.146
TGRS5, FXR: Units are uM for ECso and % of 10uM
LCA or CDCA value for efficacy, respectively.
D
H
OH ' Rq
| OH Rz
Compound R R TGR5 FXR TGR5 selectivity index,
No. ! 2 ECs, Efficacy ECso Efficacy ECso ratio (TGR5/FXR)
(23) -H -H 5.07 43.71% 2.31 53.34% 2.2
(21 -OH -H 1.02 84.89% 3.18 126.6% 0.32
(20) -OH -OH 0.27 93.97% 3.88 50.3% 0.069

TGRS, FXR: Units are uM for ECso and % of 10uM
LCA or CDCA value for efficacy, respectively.
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EZR R OVUNE

FXR IZEHEED T /) I v J1ERZHN T 5ERNAZAETH S, TGRS 1XB
WEED ) v F )y EAE BT ARBBZ AL LORER LS AESR
7= [59, 601

GH YN EHRBRZERED—DTH 5 TGR5 D mRNA T2 HIZEBH L T
LR, FOFBBELVVITHEBRB TR RS, BETORBIIHENE L, BAlE
ARk, BFNE. /BB TlIteskAg(Euv e 66l /- MBI TGRS # A L TUT
DERZTT ; OREZRERICBNWTORE .:Hanf’ﬁ%[*i*’l@HJEﬂmT@Hﬂ%é{’Eﬂﬁ
R MB35 T DB A 2 i A & 1E A 166, 67118 € i 15 # B X0 7 A A :%’D‘ZDIZ\/WF
— AR EALLGs 691, FFH O3, FITHEHEED TGRE 2/ L7c= Rk F—
BHAEHIERICER Lz,

VIFTNEEDE L L TORHEBREE T EOBELELMNR=ZERER G ¥~
RIBIEDLY GE NN EEEELI L. EELENTE G F 37 E(Gs)
SIS EET AT T VB 7 T — ¥ 2 EM{L L, ATP 225 cAMP D FEA
EHETDH, EEEINTZCAMPIZE Y FuTi A v —¥ A (PRABEML S
. BER~EBEI L, cAMP ISZEFSI(CRE)E S ¥ v /37 E(CREB) % V VB (L
35, CREBixV VBt S5 & DNA LIZFEET S CRE L EIEh 2 EWEE
BFlcHES L. CREB#EE X v /"7 H(CBP)%5| &% %% %, CREB-CBP #&/&
IZ CRE @ FTiIZIEET 5 E&IxF. type2 iodothyronine deiodinase (D2) D#RE
EIEMALT S, D2IXAAVEVHIBEETH D Fu kv (T2 FEEE B RRHR L
TUTHB3,35 M) I—FFu=(THICERTD, BEASNZT3IEZI b=
YRYTIERAL, BEECEBIb ) B EEMESEE I L TR F—iH
& RE S ¥ 5(Fig.10), Z 2 T, TGR5 & D2 i3~ 7 X TIIBEIEI5AR(BAT)
2. B MCBWTIHEBERBIZERBELTEY, 2o oMEICIEI FXRITHEBE L
TWhawn, ZhbnZ &nd, BHERT TGRS %4 L T(FXR JEERFRIDTLE
WERZE LR hTWael, DIl BEHEBOBEKEL TGRS-U - K
T, b LSRBEAEICEOMBEBEERR O, E5iC, BHEBEOAISEERNS

l
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FETDIINVKR=NVEDNKBEIZETINTCILEMIZ TGRSV T FiEHER R
b BARESRTVD0A, ZDZ b, U N TGRS IR LiE
B SEBEDICAT O RAUEOI T 4 T F ¥ —CRLETEANT &3
RENE, FIT, ZHEIITHORIE FrFT A5 uAf RTHLHEHF T L=
—MZHEB LT, AFETIE. FRCEETABEATAI—ARENE 2L
BRICEVFAYMLUZBEH T a—L® TGR5- U H > FiEHE2 BREMIZEMT 5
LlbiZLeTE— ) Hy FEEFEEMAEIZ OV TRE LT,

£9, THC ORISEHICKBENL—DBEBRINTZBHT Va—AiZoNT, £1
5@ TGRS iEMALEEZ BT L 72 (Fig.12), EAR—ZAD VR—FZ—T vk %2 H
WERREHTRER LY., THC(22)ix TGRS 2H £ v iEML Loz b oD, I
(ZkBEEE 1 DF TS 25-0H-THC(10), 26-OH-THC(M)IZRITF 4 7= k
2—/L & L TRV LCA(2IZIEE+ 5 TGRS {EM LEEZ R LI, 2D Z &5
BBHTLa—VOREOBEFIRTOFEIXZ TGRS EHLEEEZE DD Z E0HDL
MEipolz, E-, KBEOHFETLHIHMEICLY, EHAEBIZEVVRHDZ L
LB L, SOICKBEDOYAEELEMERBAOCOEELEFIZRDZ LM
T THLNE RS T,

Wiz, BBHTAa—AORIEEZEHRSES L. TGRS X+ 2 Btk B
D BERICH D 2 & AR L7z (FigA3), = Auid, FBVHEE o I8E % 546 & 7
L& (IRFEL 22)121% TGRS EHELEZ RO o LEIOBRE L —HKL TH
ple2l, 257 oo NMUBHEZHEEL TV 5 RFHD TGRS HEHELRBIIKLETHH Z
LATEE NI, |

F7o, AT a4 FEEEEN TGRS EHARBICEETLHIZ L bHALNERS
72e AIB SV RABITHD ba-fEHT NV a— v 50D A/B cisTLTH B 5p-1EH
Tha—nroin, TGRS EHEILENRF - 7=(Fig.14), ABE. BEROMFEE
BELRDATaA FRAVEANIDNT, FNLHD TGRS EHE(LEEEZBET L 2L
HIDOHEIZBNT, AT a4 REVEVITEAFERIZE L TEY TGRS EHE{LEE
ZRLTZH, A/B cis B D 5755 TGRS IR T 2 B AESHIHIZE W Z & PR &S
NTWEZENOH AIBROMBEBIIESEREBEOEERREFIZRD Z &1
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Bk leof-lea,

AR D L 512, FXR IZEICFBC/PBICB T a L A7 o — L -BHEBRET
BIFEROFAE. S OICIIHEE - BERB#ICEb-oTWS, —F5. TGR5 35
FFERZABRLUSN OB EREHMRCHMEIZENT, =X AVF—R#0HAGHZ2 -
T72>TW5B, DF Y FXR & TGRS IZFNFNMML LI-HBRICB W T, EEKE
BIZENZEROEREZRLTVWAEEZ 6N D, E7-. in vivo 2B % TGRS
DAEBBREOEADI-DIZH TGRS BRI T T =X FOBRRILERFARTH
ZrEZLNS, 22T, FXR & TGR6 TR 2RI T 3 E(LAHD ECs0 D
ka2 lbnZ 2k, TGRS/FXR BREIZOWTHE L=, ZO/KR, AL 23
(LiZ kB % £5> 23-OH-THC D EZMEAEMIZ TGR5/FXR ECso lbDFE LW ER
589 7= (Table.1A), ZDZ &b, 23S FIZITBEBREBRAE LNV DD,
23R Ri%X FXR T LBIRMEZFH-Z L&z, £72. 22-0H-THCs, K
24-OH-THCs D& BHEERICIIE L7 ¥ — ot T 2@ REOZ IR D L
(Table.1A), & B2, IEHEOCRRZBEH T LV a— LB WVWTH, ZRHD
TGR5/FXR BRI D b2 o 7= (Table.1B),

— 7%, BIBEOKBEDOEN L A2 o0 TLY TGRS BERENE L ol
BISEDOKBEOHK DK ET CARBZERF QBT Va— LY L CDCA B8
HEFOBEWH T A a—AVEBEOFREHEFIZRD bvi=(Table.1C, D). Zh b OE1L
EENENOZEFEOY H Y FEEGEE, HICATuA FASHLERT 58S
DEEDEBWIZLDbDERBEINT, T7b5B, TGRS OEHT /L a— L
B DERAMAMIIERAICHENELS . FXROZHITHEMENL O LHE S
Nz, £l BHT7ra—LVORIEEERAT S TGRS © Y F v FE& #EEIE FXR
ICHARTELLOBKET I/ BICEL > THERINTWDMEELE XL O,

VIRIOHEIZB T, LCAD TALIZAFNVENEBEBR LIZLEMIC I VEAR
TGRS 7 F =R MEMEBRBED LN TWBEA, “hbnZ thn, XYBEAKED
BmWAT A REEE LY BEKEOENUIHEZ FEEFE2LEH D TGRS EIRA
TIAZRAMERDBI ENRRBEINT,
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FEERICBWTLDNMEREOFEZFEICEMNLTWD, ZNIEERE/LD
WMmEI<HBLTREY., BIELOEBZIIEZERERNIR I 77 7 4 —
ELTHDLoTWVWAIZENALNEZ2TWVS, L AT a—LOEREPER
BAEDOBREFTH D I LIF—XIIBERINTVEDN, ZhiCE M) 7Y kY
- FMfE, BffE, SME. BEFE6HT D LBRELY X 7 BHEEAIHEMT
Do TNOEMRENY X7 2#RETHRERONBIREIGEEOAIR % B 5
LTAFREZFHE L., AMETIIRAICEBLHFET I IEH TV —VIE
BEL. MaBLEFERACHERBIERZEN TS FXR, RUHIERER 2 87
T5 TGRS L Wolz 2 BRDEZZTEFERLEERBHTT LV a— L OEEREEMEE

WZDOWTHRE L7z, 2ORFR, NEEBHEBELESEOTI=X MEEEZFE T
BBHTNLVa—ABnRBOONTN, LVEARTI=RA M RHTIZEIEL R,
o7, LU, RFROERN B ONFH L7y — U 7 FHEEESE
FEOMBIL, FlRIBEREAMALER ST bDLEHEELTWD, £-
AFFEIZBWT, £ TV a2 — 10 TGRS/FXR EIRMEZBE L, TGRS EIR
B7R7 A=A POBERERART-, SHIIFRFRLEIC., TGRS BRHYT T=2
M AW invivolZ BT % TGRS D RFHI REEREREIT ~E X ZHEBIE T
ER AR
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