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Sustainable development goals (SDGs)

HWERRELCEE 0%, HIRARE O L it a8~ O ic i id T, 2015 F o EELEIC B W
T SDGs 23R & 172 (UN General Assembly, 2015), = DOH <, [ _XTo NI L E@uk% | 2386105
N, ZoOBBEDERZHIEL T (2030 4F % Tio, TP E 721308 X o OERREREIC X 3T E
131 R3] BEDONT, EETHHICIE., BIEVIHEE CEEZHRT 2 LAMETH
2EEZ2oN3, FEOWHERIE THEMERE R WSRECIIEE N D 2RE] & THEERIEZD 3

S D3 R VIRRE ] D T ODREAFEEL . IO TR L R s hTw s (mAE

i

DA Tl

\

#i,2018), HEAERD H 2 KJWIRAEIL, M2 TRET 220834, LaL, ZHETFE»DOIFERE
R WFETH 720, KEOEVBHIIZEL ., /. BRERO RV ERRREIMEEZTOR W
RY FEEBHETH 5, X0 IEMHERZEI21T S 720icid, FEEYYICEET 2 ERBNASH~—H—0
WA RAI R TH %, JHAE, HTEE R OEM ORI X 0 B2 28R TR LS o0 b

%, FRCAMMEEIRE % K3 2 B 0L 13, ANORMBIEL T 2BEIC A VS5, L
5T, EEREICEGT 2 REEFE Ligki~—7—& LTHIAT 3 2 &3, 2hRMRIEETHICH
5C% %, KRIREBICET 2 EBNORMEELIEX 2 2 & T, HERTHOZDDOBMi~—A1—L 7Y

52 Yz fiti¢ 2 ATREME DS B %,
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Metabolic dysfunction-associated steatotic liver disease (MASLD)

FRREAEIR R IT WHO I2 X > TER I NIREDIET, BARHEIKN, ERGEEFEDEIEKED
WHRTH 5, ZoIEERMEBICE TN S MASLD I F A D) 30% 239 H L T % (Younossi ZM et
al., 2023), Z DHEHHEIE 25.3% (1990~2006 F) 7> H 30.1% (2016 F~2019 4F) L EL BN L T 5729
ZDRBOREE 721X PHIE DML 255 & 245 (Younossi ZM et al., 2023), 7 A /b A JEGL e U0 70
BGBEED N ICHBAD O T4 L 2 7 v a — A EFRERDFER %2 23 2 ZEEICH L T non-alcoholic
steatohepatitis (NASH) & \» 5 BE& 4% Ludwig IC & 0 #2018 & 172 (Figure 0-1) (Ludwig J et al., 1980), % D&
DEEZ FETHIETIE, X DIIERN Z K L 22> BFE~DfR R ZE % 7> MASLD & v 5 KD
NBICE 5T 5 (Renilla M et al., 2023), MASLD &, HAPEREHGH (metabolic dysfunction-associated
steatotic liver; MASL), % (metabolic dysfunction-associated steatohepatitis; MASH). ¥ X OFIEZ - JiF23
fo~EHEITS B3 —H OB % NIRRT A TH 2 (Rinella ME et al., 2023), DB DOFIEIZ, EiE

13
=]

BoRLNFIC X 2 HRFELIMNC, Tyt T4 7 ZACEBNERICEER2Z T2 LE20hTw
% (Buzzetti E etal., 2016), T % T, HHEEOETIET & L <, WIFEEE O K% first hit, Z HiCHt
 RIECHHMEIL TH % second hit 234 U 5 T & TEFSHICHEITS 2 L& 2 51T ¥ 72 (Two-hit theory)
(Day CPetal, 1998), L2>L. REDOHETIZLT LD ZOIEEE D IHETT 2D D TRV 2385
L7l EFICEWTIMRA A XV AT L CHAEICEI 53 % multiple parallel hits hypothesis 23/23
{EFFE N3 X 5T/ - 72 (Tilg Heet al,, 2010; Buzzetti E et al., 2016), 4 H £ TICHEERICEE I 2 L Hkk
WIZEDTHON T E 7225, KR7ZIC MASLD DA ZNR & L 2 EHEMDHELICIZRE > Tz, BIED
MASLD IR d 23R & LCid, EIT2IMZ 372004 v 2 ) VRGP #R . PR L
LAEEEEEESH W 5115 (Rinella ME et al., 2023), FFlEIC 351 2 184 20E L8R E S PR O
TRHE(LIC D 72285 729, NASH IZHFHEZE CRF 28 A SRS 2 28 h3% B (Younossi ZM et al., 2016), i
(LR 2 23 A AL IFAIE < I PR RE R B UL 2 o [EEIIREEcH 5, —J7. MASL D& ICIE, %
TERTHIFIRE SR 2 ET 5 2 & CIFIBOBEEZ EH IChE X% 5 Z L AT % (Romero-Goémez M et
al, 2017), TN O DIERERESH DM T 2 [HEM 2 EE T 2 & . MASLD O R MAF R - GBS IER G E
FRIBIC X 2HCHDBPICHFLE T 2 b D WFFI N5,

MASLD O KIFIREETH 5 MASL Z2Wi 3 2 7201t FIREERICEA L TCEIT 257 X =4

13



AT HERD L, L L, BE Tl MASL Z 23 2 ERIIFE I LT \n72 MASL 285
iE L 72 RO R BN RE 2 R 2 2 32035 5, MASL OZiHHO—2Ich v Bs b0 LT, &
o —mEzHOZIFIEEEMEREREZ b, H7E L, 2 OFETIEREOFIEEER e
ERD 30% LA T OIEHIER) # M Cc& 3, MASL 22Wi 32 2 L IIWNEECTH 2 & & 2 b1 d (HAKIR
Fax. 2021), X HUC. T OMAE TR LR & 5 < E2WTERN % 72 (X EERT O FEU 2 B K S 5 72 0
BTl RV, SO DML H 5720, EHz a -l 7 v 27 35 —2iEtEEo o
Wrox 7 A —x O L TN 2 (HARREY: 2. 2021), ZD72%, MASL ZE&RT 57201
FWL O DIFEALETH L EEZLND, Lo T, KL LTD MASLD D 2WikkHE % 3%E 3
% 7291C1%, MASL IZ B\ TR 2 (R 2 B & 221 L, MASLD FERI 0 (RHBhHE 2 FifiF4 2 2 &

DHETHLLEZOLND,

« Conception of NASH (Ludwig J etal., 1980)

« Elaboration of “NASH concept” - non-alcoholic fatty liver disease (NAFLD)
1980 (Schaffner F et al., 1986)

« Proposal of second hit theory (Day CP et al., 1998)

= Alteration of “hit theory” - multiple parallel hit hypothesis (Tilg H et al., 2010)

« Proposal of metabolic dysfunction-associated fatty liver disease (MAFLD) (Eslam M et al., 2020)
« Renamed from NAFLD to MASLD and NASH to MASH (Renilla M et al., 2023)

Figure 0-1. History of terminology related to MASLD
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Bile acid (BA)

MASLD ##F o) 9 FliF LG EE<H v . IFEAMER CIFEER I Z 0OREICEE KT TH
% L #E¥E X5 (Younossi ZM et al., 2016; Loomba R et al., 2021), L 7223 T, MASLD F&AEHME O BRI
IIEEREEOMHLSLRI R TH 2 L Ex ON D, BREIREIL/NGICERET % & IR & BE S 1.
TNICEEIND BAPES I v VBB L Y =8I X 20 %2 THRN~ I X L5 (Igbal J et al.,
2009), BA IZBHEE OHLLBIICB S35 —T77. g/ hNEics T 2 [FER# 2L 278 -1
(Chol) fR#HIC B EEG 42 Z & A3 5 A1 E L7 (Fiorucei S et al., 2021), BA 13/Ffii T Chol % Feic &K &
N, 70 vEkizzy ) vy TlE SN CNGERNICHWM I NS, NEIcmibS n-%&ic BN
HE I X 0 Bt R ORI L ZE o #2212 729, BA ICII%EO N TREMFIET 5 (Ridlon IM et
al., 2006), T H D BA G FHIZZNZE N, BNZEMEL G X v o3 72 BHZAZ A (GPCR) 1T T 5 Y
# v R LT HH#EET % (Fiorucci Setal, 2021), 2O DRAEK~DT IT=ZA N T v 2T=Z L LT
OEENBBASTFREICX VR 2 2 Lh b, 7z BA EBIRE O I FIEE R O B IC IR 2 &
FEAbNb, I THUIMEETIE. BAHMEZE P BEEFEMIIEEEHOFEICB D 2 vHeM % &
L 720922373 C X 72 (Hori S et al., 2020; Lee JY et al., 2020),

F 7% BA £ HURRHIZ [classical pathway | & [alternative pathway | T %, Classical pathway T %
cytochrome P450 family 7 subfamily A member 1 (CYP7A1) IC X - T Chol 23/KEfL S5 Z & ICHRE D
classical pathway I X > THRL X 1172 BA IZAEA BA BDOKY:% i 5 (Lefebvre Pet al,, 2009), — /7.
alternative pathway & (340 % $88 T 13 cytochrome P450 family 27 subfamily A member 1 (CYP27A1) iZ & -
ThfE N, ZHIHEHZR e FICE T 2 BAAKD 3~18%IC 72 % L #fis £ T % (Sonne DP et
al., 2016; Haeusler RA et al., 2013), BA ZEGOE —KFEZ1H 5 CYPTAL X BA A AKX OFREER L& 2
LN T3, CYPTAL IC X o CTPEEA X 117z Ta-hydroxycholesterol (7a-OH) (X, FEIC cytochrome P450
family 8 subfamily B member 1 (CYP8B1) <° CYP27A1 £ & - TKIEIL 252\ F, BRI Z v o a— L ig
(TCA) kU2 v ar ) 74 % a— g (TCDCA) F~ & G E 5 (Russell DW, 2003), ZDDlik
F DRI CIE S % £ %/ BA TH % (Lefebvre Pet al., 2009), ALK L~ 27 v b Tid, CDCA
RYNY TAF A= (UDCA) 25 I 2 ) 2 — g (MCA) & AK 3 % 5% cytochrome P450 family 2
subfamily C member 70 (CYP2C70) 253 % 728, 2 — L (CA) B X ' MCA 2P CAK E L5 (de

15



Aguiar Vallim TQ, et al., 2013), & b lx CYP2C70 #7727z, ARED MCA IZH R I N & ichk
b, TNHLD X CHIRTAKEI N BAZ R BA LR, ~RBAITEHE L2V Y v/ )y volfd
G E LCTIFEL, JEEAT BA & R L TRUKIETH % 72 % (Hanafi NI et al,, 2018), AH7F %/~ L 72 8E
MAFRE L 72 2, —R BA ZFHiEA &, BA =27 XK —%—TH 3. bile acid export pump (BSEP) %
multidrug resistance protein 2 (MRP2) % /1 L CEMAHE ~ L 2 X 415 (Sepe Vetal., 2016), BA (ZHHD
TT—AEnth, BRICELUED Y 2 odih, RIBEN R LRI VEEEE : L+ 256
IC b X 415 (Lefebvre P et al., 2009), BA IZFIEHMAEVE CH 2 720, BHHEY L SRR L 5 & BA
FIEE L S 2L, /IMETOREEHEL - WU LTI I @) < (Igbal J et al., 2009), 77is T
7= BA 13/ NG E R ARG I AN & 713 (Chavez-Talavera O et al., 2017), &8 BA 3Bk STTH 3
7=, a5 b A G o 45 e o MR iR 1< 637 L Ty B apical sodium-dependent bile acid transporter (ASBT)
IZ XY HEBhX T JAE 5 (Zhang Y et al., 2006), BA O —EIZIGAIMIE IC X > T K BA IC &1 &
N3 (Guzior DV etal, 2021), b MCHEWTEEICHFET 5 TCA 1T, Biua LR OBkt 220 <7
A% ¥ a— Vg (DCA) IC, TCDCA I3V b 22— (LCA) ~& 2 ZNEfLX 115 (Guzior DV et al.,
2021), BUKMED BA 43 TIMBEICIRIE T 2 C L KA 2 b 720, MIRHEMEAS TV & E 2 5
N5, Bitaa BA 12 ASBT ~OFMMEAME L 7 5 728, BRI & 1112 € \» (Schiff ER et al., 1972), % D
—J7 THKEEL E 7z Z R BA FBUKMEDE T 720, b7 Vv AR -2 —% A FHIRNICR AT 2 AThE
Wsd 2, MAE RIS BRI & 2u7z BA 12, RGBS BRI IS JS7E % heterodimeric
transporter (OSTo/OSTR) (T & > TEMIME ICFiIIAA (Dawson PA etal., 2010), FPIARIN % A~ L CHFHE~ &
3 L 7= BA |3 sodium-taurocholate cotransporing polypeptide (NTCP) ¥ & U} organic anion transporter
(OATP) IZ X » THFMIfE~ L HL Y AT, FFIH XN 3 (Slijepcevic D etal., 2017) , T D X 5 ICHLEN
RPN ZGER 3 5 » A7 L% BA OIGHFEER & WO, FFIRIC FFIRIN X 1178 2> o 7= — &R D BA 23 HFF#IR
AT % K B FRIE & REER & PESS, AL ERHIRIC RN & e 2 o 72 BA 33~ L Rt S

%,

Z O BA DG - FIH - Hik - PEEEERE X, BN O BAIREEIC X 2 7 4 — Fovy 7l 2 2

52T DOEEEIHERF I TV 5, T8 BA HEMEHIGEIA T 13 farmesoid X receptor (FXR) T® %
(Wang H et al., 1999), FXR (&, 1. B, ST, OEEHEEK. SEfiids & own 2 ol T

16



FIT D 20 EThH D (Lefebvre Petal., 2009), FXR I3 BA &fES LiktEfban sz, 20V v F
WETEIE BAPFREIC X Y B 5, BUK BA IZHMIEEUC X o TR AR E THECTE 2 —J5 T, #BUK
DN BA X P 7 v RF— X — %3 2 BEBENEIC X 0 MR~ A S 2 SN Z AR ICER T 2
ZEBRHERAE VIS, RINICNZ AR T 2 3EECRE IZBUKTE BA D AW EE 2 b b,
L7235 T, FXRIZNT %7 2=R il CDCA>DCA>CA>LCA DJIETH % (Makishima M et al.,
1999), —J7C. ToMCA ¥ X O TBMCA I FXRIZT v X 2= X b & L T{EH 3% (Sayin Sl et al., 2013),
FXR 13V 4~ F & EiAT 5 & retinoid X receptor (RXR) & f& L, 7 v € — & —fEBICHEA L CERLEG
T DEEGIHEN 21T 5 (Krezel W et al., 2019), FXR D& T-D—2 (3 small heterodimer partner (SHP)
T» % (Goodwin B et al., 2000), [F#51C 5T, SHP I liver receptor homolog! (LRH-1) % hepatocyte
nuclear factor 4 o (HNF4a) L f5&G3 2 2 & T, 2O DEHERT O 7 vt — 2 —fHil~DfAZHET 2
ERHLHICHR 5 TS, ZD LRH-1 3 X UF HNF4a i CYP7AL % CYP8B1 O FH Z IEICHlfH T 5 7=
». FXR OiEMALIX BA EE % M]3 5 (Goodwin B et al., 2000; Zhang M et al., 2001), FXR (35 b F Al
i b RIAL CTE Y, BENED S BA 3% 2T X 1L FXR 23576t 5 & | fibroblast growth factor
15, Fibroblast growth factor 19 (FGF15/19) O ¥ 343~ % (Inagaki T et al., 2005), FGF15/19 I35 15 %>
S MR A I 3w b &, FHAE o ZEIREIRTAEAR | ic 6303 % FGF receptor (FGFR4) /p-Klotho &4
I X o THAAZICEU Y SAE 1 5 (Tto S et al., 2005), FGF15/19 (% Proto-Oncogene C-Jun (c-Jun)® U v [E{t.
mitogen activated protein kinase (MAPK) DG (L Z 3% Z & T, CYP7A1 X ' CYP8B1 D FEH Z )
#1492 (Kliewer SA et al., 2015), FFHEAEANIC BT FXR DiG1E(LIZ BA = 7 2K — % —d BSEP % ATP
binding cassette subfamily B member 1 (ABCB1) (Ananthanarayanan M et al., 2001; Schuetz EG et al., 2001), ¥
YA VYRINEFF v, A X7z BA DX 7 2K — X —d MDR-related protein 2 (MDR2) (Kast
HR et al., 2002) 35 X O°, ATP binding cassette subfamily C member 2 (ABCC2) D ¥ % IEICHlfl 35 2 &
T. FXR (3 BA fiiik Z #ilfHfl 3 % (Donkers M et al., 2019), %7z, FXR OiEH(LIZIBA D4 v K =% —T
% % NTCP % OATP D FH1 % Jf/) ¥ % (Denson LA et al., 2001; Jung D et al., 2003), T & D & 1%, HF
N IC 15 2 FXR DG 23 HFIRN BA O HEMEEIC N 2 2 L 2 BW T 5, 72, HE LM
BT 2 FXR Oifthfbid, BAA v R —%—TH 2 ASBT ORI ZHET 2 & & T BA WU E k55 & &,
BA Ot A L CIBIFESRR 21 2 % (Chen F etal., 2002), Z®D X 9 iC, KN BAEE % FXR 28E =& —
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Lo BA O EF AR ICHF 53 21k 5 2,

JEREIC 3510 5 FXR O#gl: BARGEHC e Y63 IFERHC 7 v a2 — 2@ BI5 35
(Chéavez-Talavera O et al., 2017), FXR I3 & fEHf (high fat; HF) BB EZEEIC 5T, SHP %41 L T sterol
regulatory element binding transcription factor 1c (SREBP1c) D ¥ % £ I HillfiHll 3~ % (Watanabe M et al.,

2004), SREBPIc (ZfEHAIEE X (de novo lipogenesis; DNL) B D B4 52 56 IH % IEICHIfEI§ 2 729, FXR D
AL 1 fatty acid synthase (FASN), acetyl-CoA carboxylase 1 (ACC). stearoyl-CoA desaturase (SCD) & D &1
T-FHL % I3 % (Watanabe M et al., 2004), 12, FXR OiEHE(L X pEE{L % (it 5 peroxisome
proliferator activated receptor a. (PPARa) D F&3 % IE I Hill{#l 3~ % (Pineda Torra I et al., 2003), AHHAEIC 1T %
FXR DIEMEACIE. FHUENTRE AR OMNH & . WEENENTR O HE 2 e 5 720 TIEE DM Ic 2 5
EEZ LD, FXRIIIIEA 7 v — A REHNIC OGS F 2 Al S G I N T b, FXR KB~V 20l
figiZ BT, Chol = 7 A &K — % —d ATP binding cassette subfamily G member 5 & X 8 (ABCG5/8) F&Hi A3
W32 2 &EHBME TN TS (Repalletal., 2002), 7z, ¥V RICHIF S FXR DT =R MLHIZ
Chol ZE & K3 T & % 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) D 78 % Ji/) & & % (Niesor
EJ etal., 2001; Ong TP et al., 2005), HiC, FXR DLl % proprotein convertase subtilisin kexin 9 (PCSK9)
DAY S22 EDHMEINTEHY ., low density lipoprotein receptor (LDLR)IC X Z{KEE Y K % v/

B (LDL) DHLY JAAEHEIC A B (McNutt MC et al., 2007; Zhang DW et al., 2007), FXR KiE~ 7 2
KhWTEA R ) —BREETEIER A v 2 ) vIBIEZRIEST 2 2 L 55, FXR IZ7 v a—x{
#ic b BG4 2 [REME DS B B (Cariou B et al., 2006; Zhang Y et al., 2006), < DIFR TN AT FXR KiE
~ U ATEADHNT, 2 FXR RV VA TOARBD bN-7z0, 7v a— AGFAEN AR
DIRALTD FXR %59 % & PRI N TV 5 (Zhang Y et al., 2006), Ff i (L& ERMIIEIC 1) 5 FXR
lZ. FGF15/19- peroxisome proliferator-activated receptor-y coactivator 1o (PGCla) FEEg DFHE 1 X b fEgrd:
BIRTOREEIE T 2 (Potthoff MT et al., 2011), 7z, HILE LK o LI B 1) 25 FXR 0iEHE(L 2
G protein-coupled bile acid receptor 1 (GPBAR1)% /i L T GLP-1 /3% et X &, T hABPEIc/ER 3 % <
ETAVRY Vi EIE#ET % (Pathak Petal, 2017), L 72> L. FXR & GPBARI DAL 234 v =Y v
SR LT RIEFRNRIC DOV Tld, MR T 2 b fF{ES % (Pathak P et al., 2017; Trabelsi MS et al.,
2015),
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BA % U H v F&3 2 FXRUINDZFEARL LT, GPBARI (Kawamata Y etal., 2003), £ X% I ¥ D%
21K (Makishima M et al., 2002), pregnant X receptor (PXR) (Staudinger JL et al., 2001), A7 4 ¥ T+ V/-1-
Y VEEZ 2K 2 (Nagahashi M et al., 2016). LA 71 V) v 574K (Sheikh Abdul Kadir SH et al., 2010) %5 23%i 5
INTWw23, GPBARI /M5 LAlE, s X A @M. Ho S EcRHlT2 2 v 2 ETH
% (Reimann F et al., 2008; Thomas C et al., 2009), AFi&IC 35 1F 2 iG MR 2A0AE. BRI, kU7 v
Nl JEEEME TR L, FFEEMIE IR L v &+ 38 E25% W (Keitel V et al., 2008a;
Keitel V et al., 2007: Keitel V et al., 2008b), GPBARI 13 "X BA & OFEHRENBE W EBH LN TEH
h, 7F=Z k& LTDRENIZ LCA>DCA>CDCA>CA DJIETH % (Fiorucci S etal., 2021). GPBAR1 137
Mibkaxhze, 770y 77— &ML T 2 2 &1 XY cyclic adenosine monophosphate (CAMP) %
FEA L, MBS 7" F e 21T 5 (Kawamata Y et al., 2003), GPBARI (344 ¥ —il#, 7 ra—=
TEHEME, RIS T2 2 E2ME ST 3 (Ridlon IM et al., 2006), £ £ I v D ZAE{AE X U PXR
I, LCAZT T=R F ET2RNZEETH Y, iEMHLT 2 & FXR EAFRICRXR e ~T v X f w—%
JERC L. FGF15/19 % & CIEMER T D5 G %2 /8 3 (Wistuba W et al,, 2007), 72, A7 4 v I -
1-V VAR 2 (IR L Ic IR L. GCA -2 TCA 7 K Ofa AR BA IC X W iEtE b S N2 ZRIAETH
b, ZomEHiE, A7 4 vy FF -2 2 MIlBE~RITIETRAT A VIV ERT 4 VTV
1-V vEBICZH1d 3 (Studer E etal., 2012), R 7 4 ¥ T v-1-V VglZ e X F Vi 7 & F M LEEE DT
ZHHl3 % 2 & T FXR % SHP. CYP7Al. ApoB-100 % D {n 1D FI % W3- % (Kwong EK et al.,
2019), A bk X951 BAlX, 72— ZAECIEENH#. Chol KFHICHBEEG T2 2 &R INT 5,
Lo L. ARG 2 8 135000 U 7= B 72 ic & &% o 37, Suligiifia e mieiie, s
FRRIC BT b RERBEAZICE ST 3 2 & D& T T B (Fiorucei S et al. 2021),

BA IZAEE - B - = A F — R OFHIMHEIE T & 72 5 72 ® (Chavez-Talavera O et al., 2017), BA X%
WLk A IR OFIEICBI G 3 2 AlReED B 5, FEFRRIC, BABBEZE L L <. RIS o WEBhEAF
B 7o —MERRER, 2 BUBEIRE, B, MASLD. 28A 7% E AR & T % (Chiang JYL et al.,
2018), A& KRV v 7 v Fu—LAid BAREE & OBERHE XN Tv 5 (McGlone ER et al., 2019),
HHUIEE S Chol DHENIZ. NRE WX S5#H Chol HEM D 72 12 BA Ak X UMt s s 2 &
T, BATHAZE) T 5 (Hori S et al., 2020; Nakade Y et al., 2021), % < DfffFeid. 4 v 2 U VIEHIHEL &
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W R R 1 B > TR CA RS2SR & & L 2 ERRIE SR BA 285 < 72 2 {HIAI23 5 5 & & %
# L CT\» % (Haeusler RA et al., 2013; Cariou B etal., 2011), %7z, 2BFERFE Tl AV ICHED L4 v 2
Y VST E W EBRE IS s W CET 12 KEE{E (120H) BA/FE 120H (n120H) BA He2s8ind 2 2 & b
& T 5 (Haeusler RA et al., 2008), 1T, IMAEHHE BA JREE I3 A0 B CHEM L body mass index
(BMI) & tHB3 % (Lefebvre P et al., 2009), NASH 35 1 5\ TIZAFNE BA 7217 T/ <, I8 BA 80
% LA ST B (Ferslew BC et al., 2015), NASH 3 1C 1) 28 F BA ~ D25 (IMACES O R
&7 NASHIETORKIC D 7x 2 nlREMEA R X LT\ % (Lefebvre P et al., 2009), Z U5 O
X, AN TD BA BCHKOZEAREBRIEICTHS T 2 HEMEEZRT D 00, TR EESR A 2
F— P A X RO ERLTLIFE—INTwAavy, 2D X 51T, BA DS MASLD D ZHi~—7
— IR VIFBAMREMEA R I NDODH % b DD, FEFIEICE T 5 BAMEH OKEICOWTOLER

fREA S LT,
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Chol

Chol (3 T ICHIAERE SR & L CHIEIC/R7E L, 2 & ClEE 3 26 S MHAMEA L <. Mg
Wl ey Eh i, & & AT 9% (Luo J etal., 2020), #HAZD#E Chol D K& IE. A7 4 v IFE Y
AVNKRAT 7 FINA ) b= AT v A=y e UCHIEE EICFEST 2 2 2 5% 0
(Liscum L et al., 1999), Chol (ZHIAZAIC & 8EHE Chol & L TIFEET 225, Z D IdERIC X > TBA R
AT A FFLEVESL B NEMGEEYE L LR S5 (LuoJ etal., 2020), f&A Chol L~ L
G, B IASR, ik, BEIcs T AHAERICL > TRES NS LEZ b5, Chol EAKITIE
7 & F L CoA ZFE & LT ATP £, nicotinamide adenine dinucleotide phosphate (NADPH) & & Of
nicotinamide adenine dinucleotide (NADH) # % &I & L, T4 ¥ —MICEffizFLRIGTH 5 L&
Z b T3 (LuoJetal, 2020), B5 Chol X, /N5 K D TAGZRH IC H % Niemann-pick C1-like
intracellular cholesterol transporter 1 (NPC1L1) IC X - THIL X 415 (Altmann SW et al., 2004), WRIN X 17z
Chol D KR I RHIEIAEE L #5A L T Chol TRAT ALY Fr 7 m vICUYATHCIiE N

25 O~ &EITN S (Igbal Jetal, 2009), % LT, REZ &M~ ZTESFEEFuI o i
BIzavl Aty e ) OrTFE~NEHIVIAE LS (Igbal Jetal, 2009), 7z, AFABICHU D AE
72 Chol lx, VKX vo8 7 CfRH & HICHIKERE Y KX v o878 (VLDL) & L T X, R~ &
53BE X 1% (Goldstein JL et al., 2009), AR IC I 1F 2 KRF Chol 137 RV F X v 37 HE Al (ApoA-]) I
BAIN, BEEYFRZ o878 (HDL) & 72 0 IIJE % /v L CTHFEA~ & ik < 41 5 (Phillips MC, 2014), AT
i1 351F %385 72 Chol 1. acyl-CoA cholesterol acyltransferase (ACAT) I X > T X7 WL X1, Chol
AT NE LTHA FYVIRIARE IR & U5 2 HHH R~ X 115 (Chang TY etal., 2009), ¥ 721%. 5t
MUY RE v 7BHe LTHRER~EIE SN2 2, BAICGR I W TRA~ RS, chbd
DOEFEEHER X FIGEET 0GB X ORERRERMIIC X > TfTH 4L 5 (Luo etal., 2020),

Chol ZE & HICEE D 2 B E DFA &1%. Sterol regulate element binding protein-2 (SREBP2)/ sterol regulatory
element-binding protein cleavage-activating protein (SCAP) / insulin-induced gene 1 protein (INSIG) i & V) #55.
D3I X 5 (Luo J et al., 2020), SREBP2 (3/MEfAk (ER) IR T SCAP 35 X IV INSIG & #i& L T8k &
L C/RTET % (Gong X etal., 2016; Yang T et al., 2002), SREBP2, SCAP. INSIG (%% #1Z AUild N Chol #i
AR A A L, MIIEN Chol IBE EWIFICIX, 2 DX v X7 T Chol (L Chol 23 5A T2 2 &
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T. SREBP2 DERE LM IZINH] X 115 (Luo J et al., 2020), & Chol i 1X, =&{k7%> 5 SREBP2/SCAP 7%
ER 7> b I 2 T v PR~k X 115 (Horton JD et al., 2003), Z & C SREBP2 (Z 7 vt v 7 X i,
JKFY SREBP2 & 7% 5 & & THRBIEMEALREZ Fi D . BMN~BAT L 7' 0 & — X —FHIIC H 5 SRE FHIE~#
& U EIR F IR E 2 151t 3 % (Brown MS et al., 2018; Gong Y et al., 2006), SREBP2 /¥ HMGCR
squalene synthase % & Chol ZEG IR D% 2 G 1EM L35 2 & T, Chol A Z e T % (Wong
LH etal., 2019; Liscum L et al.,1999), L 72%%-> T, SREBP2, SCAP. INSIG DFHEL X v ¥ 7 EH o35
25 DfRE, ER I CORFFI NPT X, TAVE~DENE, Toxs v BA~DEIE, SRE ~D
SREBP2 D U 7 v — b 72 £ % #illfill$ 2 K713 Chol A K& HlfHI 32 & & 232K % (Luo J et al., 2020),
IR AE~D Chol DEfiEIL Y KX v 327 E %4 L TiTbN 3 (Kwiterovich PO Jr., 2000), LDL (Il
RO FICF#ET % LDLR ICZAIND &, =V FH A4 b= R X o> THIREN~ELY A £ 215 (Goldstein
JLetal., 2009), LDLR % SREBP2 DIEHEIL T TH % 72, HIFEZA Chol LMK 4 2 BRic F I 2 e i
X5 (Lopez D etal., 2007), #1C, #AEHN Chol 23 W f, LDLR O FEHIT#NH & 415 & [FIKfIC, LDLR
7% % 5 5 myosin regulatory light chain interacting protein (IDOL)D FEIL A3 2% & & THIIC Chol DHLY
AB 3% (Zelcer N et al., 2009), IDOL D FEH & (3 liver X receptor (LXR) IC & 2 &AL, F 7212
ubiquitin specific peptidase 2 (USP2) & DFAAFRAIC X % LDLR 2 fiiiilic X o Tl X 71 5 (Zelcer N et
al., 2009; Nelson JK et al., 2016), —7J7. fliid7>5 D Chol #Eittiz ABC + 7 v AFK -2 —7 7 3 Y —TdH
%, ABCAl., ABCGl. ABCG5. ABCGS C X > T{Th# 5 (LuoJetal,2020), =27 177 — Tl
ABCA1 ¥+ X TN ABCG1 78, /L& EEAIAE Tl ABCAL, ABCGS5 & X U8 ABCGS 25, AF#ifid<ix
ABCGS5 3 X O ABCG8 2 FEICFHL L T\ 5 (Gelissen IC et al., 2006; Kennedy MA et al., 2005; Graf GA et al.,
2003), ABCAI % ABCG1 (ZIf1H D ApoA-I ~® Chol ik % fifr4 5% & ¢, HDL EAZ N4 3
(Gelissen IC et al., 2006), ABCG5 ¥ X U8 ABCGS8 i~7 v ~EBRZ AL T £ 72 1385 1 BRIk
ICIFTE L. HE £ 72 1358 HE~ Chol % PElt 9~ 2 (Graf GA et al., 2003), FFICAHE ICHiHI 9 % Chol 12 BA
TRMICHD AT, REICHELEN~ PRt X L2 (Vrins Cetal,, 2007), L72*L. ABCGS 3 XU
ABCG8 %1 L 7z Chol fitti DIEME R A 71 = X L D13 72 T T\, ABCGS B X U ABCGS (33t
7mE—2—7%HL (LuKetal., 2001; Berge KE et al., 2000), Z DFEIHIC (3 LXR (Berge KE et al., 2000),
LRH1 (Freeman LA et al., 2004)., HNF4a (Sumi K et al., 2007). GATA binding protein (Remaley AT et al., 2002;
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Sumi K et al., 2007). forkhead box O1 (FOXO1) (Biddinger SB et al., 2008) . nuclear factor-kappa-B (NF-kB)
(Kikuchi T et al., 2016) DFEATIRFFET 5, FRCLXR IZZ D 7' v — &2 —fEICK A L. ABCGS
X N ABCGS ORI % IEICHillfEl 3~ % [KFTd % (Berge KE et al., 2000; Repa JJ et al., 2002; Yu L et al.,
2003) o
Chol ® T & 7 WAL acetyl-CoA acetyltransferase 1 (ACAT1) ¥ 7z I& ACAT2 I X - Tl x 3

(Rogers MA et al., 2015), HFlEIC 35T ACAT1 % 7213 ACAT2 IZ X o TFELE S L7z Chol = 2 7 V1%, fiF
[~ Chol Z i3 2TXRETH % & & HICT., ABCGS B LU ABCG8 IZ X » Tk e kb T e

b, MWD L EGICHERT 2 2 L AR S LE X BN TS (Nguyen TM et al,, 2012), & I ACATI
lZ LXR ® SREBP-2 23#ti5 5 % 7' 0 & — X — il 2 & e \»—J7 T, ACAT2 |3 LXR I X o TE Dl
ZZTBHIEBHE SN TS (LiBLetal, 1999), L 727235 T LXR (¥ Chol ® = & 7 b % /i L CHiAE

Hk~D Chol HEMt-CHEGTR~DE Y iIAA R EE X &5 2 L 23K 5,
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EZ1t Chol

Chol D BRI IC 35\ TFEAE X 415 E{L Chol 13 Chol & [RIFRIC Chol fEH MEAERFICBI S92 Z & 2551
b T\ 5 (Samadi A et al., 2021), BE{L Chol (X, Jtib L 72 LXR %° SREBP-2/SCAP/INSIG ¢ #i&d 5 2 &
WKz, BN AR (Lehmann JM et al., 1997; Umetani M et al., 2007; Soroosh P et al., 2014; Voisin M et al.,
2017) ° G £ v ¥ 7 B HA%Z 24K (Hannedouche S et al., 2011; Liu C et al., 2011; Nachtergaele S et al., 2012)
ICHEG L. 2 OHEERIENICEI D 2, HFICHR{L Chol 13 Chol & HEXE E DB A5 & v X 7 ~DFEAHES]
IR B 720, TR 7 Chol THHE TEMERMIE & L TiFEH & T % (Schroepfer GJ Jr, 2000; Javitt NB,
2004), F{l Chol 34 72 CYP b Fu ¥ 27 v 4 FIKEBEESE LN L 28, 7213, iHMEHE
fifi (reactive oxygen species; ROS) FFIC X 2 HAABR(LIC X - CTPEA: X 415 (Russell DW, 2003; Zerbinati C et
al., 2017a; Xu L et al., 2013; Zerbinati C et al., 2017b), FEERFEILIC X o CTRHEA X L5 TEREE{E Chol IT1E,
24(S)-OH, 27-OH. 7a-OH. 4B-OH. 25-OH. 24(S)-OH, 25-epoxycholesterol 25 %, 7a-OH X CYP7A1 IC
X WA E N2 BARIEKATH Y (Bjorkhem I et al., 2001), 4B-OH iF & F ICH T CYP3A4 & W TN 2 fif
BOFLOERIC L > TARI NS o, ftififdh L L TR CcOEARELL VW EE X L) (BodinK
et al., 2002; Diczfalusy U et al., 2011), ROS (% Chol B4 D 7LD fRkFRICHE AT 2/KBITEHAL LT Wi
o, HENB LA OEE{L Chol Tl 7B-OH X 7-keto. 7o/B-hydroperoxycholesterol 23PE4: X #11° 3"\ (Brown
Aletal., 1997), %7z, 6-oxo-cholestan-3B-5a-diol % triol, B-epoxy. a-epoxy 7t & b HENE(LIC X D AKX
L% %1t Chol T& % (Brown Al et al., 1999; Lordan S et al., 2009; Zhang HF et al., 1990), B£{t Chol 3%
A BERGEL RIAE. MLtk T2 v 7P VmEME & LCHRES 5 C L 28 iE I T & 7z Chol fink <
DNL BEEE R T F I % HilfHl 3~ % LXR 1% 24(S)-OH, 27-OH, 25-OH iZ X » CTifitfb 1% (LuRetal,,
2009; Holy Pet al., 2018; Liu Y et al., 2018), 7z, Tt 5 D&l Chol 28 INSIG & Fi&+ 2 &,
SREBP2/SCAP/INSIG # Ak % ZE L & ¥, 1% SREBP2 @ ER i & Ot #FHE L, Chol A AL % ]
3 % (Saito H et al., 2023), LXR %> SREBP-2 D&t % illf#l 3~ 2 #£{t. Chol i%. FEE S O° Chol G % il
{42z B FHEINS, EBRIT 27-0H, 7-keto, 7a-OH, 7B-OH, B-epoxy 13 2 FUHEFRIE FAE & D BEHE 23]
HIN TV 3B (Zarrouk A et al., 2014; Kloudova A et al., 2017; Menéndez-Carrefio M et al., 2011), % 7z, HE/K

o ERE TN ICEEL A P L RABE L TE D, Z4F 70-OH, 7B-OH. 7-keto #2fE EFIC X o TH[ &
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5 A[REME D3R E LT\ B (Zarrouk A et al., 2014; Menéndez-Carrefio M et al., 2011), ~ 7 AD;

oy

iy

N

JEfi i Chol (HFHC) 8% 5 2 % & I D o-epoxy. 4B-OH. 70-OH. 7B-OH. 27-OH iEfEDSH

=t
=T

-

3% (Wooten JS et al., 2014),
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IEASLOR

TR L72k51Ic~=7 22Ty b, b MiZEWTHA D AT v — U HEH X MASLD #JHAAEIR ICH;
255 AIREVEDS A S 22 e o T & 72, 2 D—TCAT 0 —ARBIEYHBTRAZ L DL, ITR -
TEY, v AR Ty P CRONAZHMEEZEMIce MY Tld®b 223 TERy, L, ATH—
MR 2 T v b b=y ROBCHE T 2 RBFEEFE T 2 2 D 1F, Z AT RIS FEE AR
AR TH 2RSS . B MICB W TH AT 2 RN T 2R DL LD EXOND, £
ZCAWIE T, 5 1EICHE W T, C57BL/6) (B6)~ ¥ AIC BT HF BHEL BA il # EE & 2 2 2>
ZMGEEL . 120H BA & FIEESEREOBBRICOWTHIT 2T 72, St THE 2ETIE, BV RICE
T Chol ®° CA ZiffI L 72 BHFIC & W 27 v — W ARUH AR X & il CE U 2 IRE MR 7 1 — ARG
BENCOWTHEEZ /T 272, O DKGREEZEIC, =7 RICEB T S TO X 7 v — G & IR &
OBRICO VT, FRICHIEEE/ LS A X v M KT 120H BA O Z % FHli L 72, 2116 D%l

Rzkic, 7y be=yRicET 5270 - AREOIEEPHERICOWTERL 72,
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F13E HFEBEIN~YXACofiggaERIcBIT 3

120H BA DB 5
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F1fi FRBEIVHEHW

NEWIRT % 0I5 2 & &, BERRIE. BF2. FFle)E 72 & OREFIE Y R 7 Z BT 2 R R 700 5K ik
& L CHIfF S LT\ % (Chrysavgis L et al., 2022; Perry RJ et al., 2014; Geisler CE et al., 2017), L 2> L. FJE
YIHAEL B Dl ce = 2 A 0 2 L, FRICRMIMNT © triacylglycerol (TG) & Chol 2334113~ % LART D R34
DEACIC O WTDORIRIZ 72\ HHFFEEDLIRTOWIZE T, HF 8237 v F OfHitHh @ BA, FFIC 120H
BA D4l % B X € % Z & (Yoshitsugu R et al., 2019) . PRI FFi T D 120H BA 2L 23 HF TG HEE
CHHRET 2 Z E AR E T W3 (Hori Setal., 2020), —/t MiZHEWTDH, KMHIMMFEH TD 120H
BA/n120H BA IHFAREERE & AHEA T 2 & 285 & 7172 (Haeusler RAetal., 2013), TN HD T &,
R CoD 120H BA R & IFIREI &R & ORIICBIRA H 2 2 L 2R LT\ 2, A B O FIERT
DL BT DB TOBE AL ICT 2720~y ZABHABLNTED, Be~T 22N/ v 7
Tv MEiTe N T v ARY 2 =y ZHARA < LT 5 (Zhong F et al., 2020), BhfEfE < BA G0
HESBE XN T3 729 (de Aguiar Vallim TQ et al., 2013), 7 v FEZHW TR OLNEHALRZ DT T~
7 ZAICHYTEE 2 RARIZ RV, 22 TAETIE, HFB%Z 527 B6 vV R E 1T 5 BA RE#ZH) & I/

AR L DBE I O W THEE R FT o 7.
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FH2H EKBRMBE X UG

2.1 EBEER

4 D B6 Mt~ 2 (HA SLC. HA) 16 PE% 1 HERMEE & CEIHL L7-, SIEBREIZ 12 R o IS
JEH (B © 8:00~20:00), Fif% 22+2°C, WE% 55+ 5%ICHEFF L. HHEERIVCHBHRKE LTHE
L7z Bt “FHERE BW) 2817 % X 9 §IEd DI T L, Tablel-1 ISR @E R F 7213 HF
Bx5 2 13EEEE L7z, BFH Chol 154 ¥ (0.26 mg Chol/g casein). K Li (0.01 mg Chol/g
soybean oil). 7 — F (1 mg Chol/g lard) ICHK 3 2 CCHRIEE. 2023), BW B X UHEEEZ 2 HIC—&
HEL., o2 BckiBRES XU Chol BIUEZHIIN L 72, 13HEDEEK T ORTH 2 5 Y HICH T
CTHMF 2L L 72, 50 mg/kg body weight (BW) D~y koL v & —F + U 7 LJGIREPR G CRRE L 7=
~ v Z%FHE L. PRI OGN % BREL L 72 R E A L. IR, EISUIRI RS X OV NBRED

(SIC) ZERHLL 7z, MRV v T icid~ Y v F U v o (s, HA) Z@MML. 2000 x g, 4°CT
15 RS 2 2 & TS v P 2572, BARITHY Y 7330 )CTRIF L. 2 Ao & v
7 N1E-80 °CTERTF L oo 3N C OB IR 13 E LK B NACHE R LB S50 B 5 2 BUE (dkilgE R
FRAEFAER) R LIRS R F B LR~ = 2 7 4 (BN KRR AL ERGEB Y EREZ B &) ICE®

LNTHEICHI YT o 7, KFEFHES 1 17-0119 I X T 19-0161)

2.2 Im#Er 7 YRT IF—UIEERT

miEr v A7 IF =¥ LT, 77=v7 I/} 7Y R7 7 —+ (alanine aminotransferase ; ALT)
BIXUTRARNIFVIET I/ 7 VA7 =7 —% (aspartate aminotransferase; AST) % HlIiE L 7z, HIE 11
FIVATIF—X¥CUT AT a— (BEL7 4 2RSS, BAR) 2H L. FIEFICHE

fiEbT 247 > 720

2.3 BT
FFREAHASR 100 mg £ 72 (ZBHASZE I SmL D7 m a sk L L/ A & ) — A (25 1,viv) ZEIN L. 2 HRE

B35 L CHEEZEH L 72 (FolchJ etal., 1957), BN L 7z Bz B S g72b D% 4 Y Fro8) —)u
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ICFHAMR L. TG, total Chol (TC). free Chol (FC) ¥ X U free fatty acid (FFA) DHIE % 1T - 7z, HIEICIZZ
NENPY 7YV TA4 FETAMY a— (BEL7 4V 4HHHME HEA), 2L AT -V E-TAI7 2
— (17 4 VAR, BHA), W2 L 27 e —VE-TR MY a— (B 7 4 L AHDEE. H

AK), NEFAC-T A M7 a— (17 4 L LHDEHEE, BHA) ZH 72,

2.4 Bt Chol MEET

BEAY Chol IXSUMNRAAREBER A FEFEAR AT E (REERBIZ. HBEMIE) THoir s
(Hori S et al., 2020; Shirouchi B et al, 2017), #f#H & L T T o@Y TH B, 7FreFafs brzyv
GHEZauRVLIAR ) = (201, vW) & HW CHASTZEEFERD AR 100 mg 22 SIEE # B L7z, 20
NEEHY %2 J A e, ~F 3 v 2 HvCIET AALEID % B L 72, Sep-Pak Silica Vac cartridge (H A
F—x =X, HAER) ZHWT, ZDIEFA{LES 2> 5 Chol & BE{L Chol Z 0L 72, EHRHF A EZHWTZ
DAL Chol Hify ZHe [l & 2742, F I AFAL Y MEEITo T, WIEICIEIAAZu< 2T 7 4 —HE
IIHTEEE (GC-MS) % 72, GC %@ & L T Shimadzu GC-2010 Plus (B EEHUWERT, HA), MS%E@E & L
T QP2020 series mass-selective detector (B E(EAT, HA), # 7 L & L T Inert Cap SMS/NP capillary
column (30 m x 0.25 mm i.d.. 0.25 pm thick, ¥ —IA %A TV 2, HA) ZEHA L, PEEEL LT

19-OH Z i L3 2 fli1E L. Table 1-2 I8/ Chol IEE# EE L 7=,

2.5 BIETREENT

FFh 2> & @ RNA fliH 12 13 RNeasy mini kit (Qiagen, & 7 ¥ &) % FH\» 7z, filith L 72 RNA DR % HIE
#%. RiverTra Ace RT master mix with gDNA remover (TOYOBO, HA)% Fl\» T cDNA Z & L 72, F#Eln
FFH1E. TB Green Premix Ex Taq II (Takara, HA%) 2 U8 Mx3000P real time PCR system (Agilent
Technologies, 7 A U 71) % > quantitative reverse-transcription polymerase chain reaction (qQRT-PCR) i C#Hl]

5E L7z, qRT-PCR ICfFFH L 727 7 4 ~— 1% Tabel 1-3 IZ/R L 7=z,

2.6 BA MBENT
BA O rHT X BEERICHI Y SE/E L 72 (Hori S et al,, 2022), AT, SIC. FINRIMAE, BHARIDLSE 3 X OV % Bikh
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WEEL . HPiE S |IZFBECTT D OB LMRIE L 72, SIC ROMEEY v T3 FY b vy zHwThEY
FARXLARIC, TXTOY Y TS RBRRIC X > THICHEEL 72, 2ho ok — i
AR ) — )VCHEM L. HLB 1 cc (10 mg) Extraction cartridges (H A Y + — & — X, HA) % v C#E
I U7z, BA 23 FREQHIE 1 EEEEIA 7 v~ 77 7 4 —HEEHW%EE (UHPLC-MS) % Fi\» 7z,
UHPLC #£i& & L T Ultimate 3000 (Thermo Fisher Scientific, 7 A U #1), MS %£#& & L T Q Exactive™ Plus
Hybrid Quadrupole-Orbitrap™ Mass Spectrometer (Thermo Fisher Scientific, 7 X U #7), 517 ALICIZ

ACQUITY UPLC BEH C18 1.7 pm column (HAR 7 + — % — X, HAR)ZMH L 7z, &EERICIE 10 mM BEE
TYEZULER20% T =P IARPIOmMEET v E=Y 256 80% 7 =+ VL %fERL
720 PNEREEHE L L CTHMN L 72 Nordeoxycholic Acid (NDCA) 1 & 0 iHIZh= # #ii1E L. Table 1-4 I2/83 31
FEFHD BA A X2 v X — FEHOCCEEHRRZERKT 22T, Y Vv 7LNOBAREZERLZ, &

REH S5 FFEDOBEFR L. Table 1-4 1Z/R L 72,

2.7 AZxFuIZR

FFliEAHA% 50 mg 1IC X & 7 — v (4 mL/g sample) X UF Milli-Q 7K (0.85 mL/g sample) % fill 2., 48 & A
BEHOWTHESF A XL, TRICZ B aFRLL (4 ml/gsample) 3 X O Milli-Q 7K (4.4 mL/g) % 7l
Ly A7y 7 ZTRIMBA L7RIOK ECHHE L 7o, =00 HEic & 0 AHE R OOKE Z2 [ L
Millex 0.2 uL 7 4 )L &2 — (Millipore, 7 A U 71) TAM# L 7z, fFo =MD 5 b EWE IZEFR T R Tz
] & &, KJE TR ORI XD R X 7

IKJE 7y D A 2R — LHEICH W7 3RE AT Ol Y TH %, UHPLC EE & L T Ultimate3000
(Thermo Fisher Scientific, 7 A U #7), MSZ&& & L T Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass
Spectrometer (Thermo Fisher Scientific, 7 * U 1), 71 7 A 1C{3 ZIC-pHILIC column (150%4.6 mm, Spum
polymer, Merck, F A V) i L7z, BEERICIT 1I0mMEE T v =V &6 5% 7 b=+ VLR
10mMEFIR T v =7 L5H 95%7 & b = b Y vz v/, ARERS O REYETIcE LT, B
[FIfkDEEE % L7z, # 7 24121 Hypersil GOLD column (1.9um, 150 x 2.1 mm, Thermo Fisher
Scientific). WHER & LCT10mM X7 Y E=7Y LEH 60%7 2 F = F U AR 10mM FET vE=v
LERTEF=PI /A Y T a8 =)L (10:90, viv) IER ZE L 72 K8 R ERESE 3 L D fiffiric
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F1 T, Compound Discoverer 3.0 %\ CHFRED[FE % 1T > 72,

2.8 frEHEAT
T ORI FIIE £ SEM T/R L 72, IMP14.0 (SAS Institute, 7 X Y /1) ZF\» T, Student’s #-test IZ &
2 BRI OEBEREZITV., PIEA 005 KM TH I bOEHEREEN DL LA LIz, T2, oM

R C 13 Smirnov-Grubbs rejection test IC & U Al % FRAb L 72,
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H3IH MR
3.1 BeE-HE- -7 v RT7 IF—¥HEE
HF B~ 7 2T, BREOHDPRD LN, T4 F —{HBIEITHEEICHIN L 72 (Table
1-5)c BW K ORISAUIEHAAHARE & 12 HF AEEEE N L 7223, BW 47- 0 off ERICITHE R 22T
D LN o Tz, M ALT iEVE I HF S1BHl~ 7 2B T L 7225, ASTIEMEICEEZE IR >N

o7,

3.2  Chol fREEE

T TG IR & Chol B E 2 HF BBHI~ 7 A T L 72 (Figure 1-1A, 1-1B), % 1LICFE W FfE#R Chol
IREE, SUEHE Chol JRIZ. IMI¥E Chol iRFE, 3 X UFErh Chol HElE 252 2 1 HF B~ v A TN L 7=
(Figure 1-1C), ¥ 72, HFIRMNEE(L Chol 1213 & A ¥ O FHECHENN L TV 7z (Figure 1-1D), Chol fXFHES:#
BT ORI 2 {To72 L 25, HF BEEEICE VT, 27 v —V 12 KE(LEHETH 5 Cypshl
(Bjorkhem I et al., 1983) S HEICHIM L, X7 1 —n 27 hiKEELEEE CH B Cyp27al (Twisk J et al., 1995)
DFEBIIEEICHD LT, —J7. THKIELEERZETH 5 CypZal (LiYC etal., 1990), Chol % R#f3 % 7=
IZ I b3 v F U 7~k 3 5 steroidogenic acute regulatory protein (Star) (Stocco DM et al., 2001)%° Chol 4
AR OHEIESE TH 5 Hmger (Goldstein JL et al., 1990) D FEHICTITHE L 213500 b Lind > 7245,
Cyp7al KU Star 134T 2 % . Hmger (39D 3 2 A 235580 S 4172 (Figure 1-1E), % 72, HF 81

~ VR ICEWTHEFa a2z — PRI L, #E: Chol HEIEIZIE N L 72 (Figure 1-1F),

3.3 BAMEEE

I 35> T BA &K BELE S T O FIH T3 120H BA 2 AT 2 HIAICES ¢ 2 nlgetk iR S h -
72 BFIE. SIC K U3 o BA A% FHl L 7z, HF BBH~ 7 2icE T, AFlEo 120H BA EEIC
BERMEMIGED b 72D o 72 (Figure 1-2A), —77. MERICE W Ty A Cid B E ICHFET
TBMCA 7217 T7 { . TUDCA., PMCA, ToMCA, oMCA % & nl20H BE IEREICHA L, i

FEGHFIRN O BA B 2 O n120H ¥R 13 HF 8EIEEIc s W THEICHEA L. 120H BA/n120H BA It
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FERICHINL 72, SIC ICH W Tk TOMCA DHERIMDEL DV DE W 358D bz b oD, fFlE L [F
FEIZ 120H BA /n120H BA i3 A EICHE NN L 72 (Figure 1-2B), #H1TlZ DCA % 3012a. CA. 120LCA.

70DCA % &1 120H BA D#EE 13 HF BEE B W THREICHEIM L, ¥ PMCA ° oMCA 136 212K
L 7z (Figure 1-2C), A5 ICfEWEEHIC I W TH HF BEEEEIC BT 120H BA/n120H BA L IX3EN
L7z, Z offm i FIRIMEE+ BAAMK TR0 b iz—75 . Bl ci3ilo & iz v - 72 (Figure 1-

2D, 1-2E),

3.4 BAKRLHF TG KU TC ERE OMHEIfFT

WEIFIGER (B b 2 #fkiC 35\ T HF B8HUH T 120H BA /n120H BA L3I L 7z, 7 v b Tt HF
FIEICCPIIRS N « 3T D 120H BA #EE & I TG i & OfICH & 72 IE OB 238158 X 7z (Hori S

etal, 2020), =7 ZICEH VT HEAMARERVBRON 2 02 RAET 2 720, &AL TD 120H BA JEE

120H BA/m120H BA lt &\ I TG & & O OHB % T L 72, &7 120H BA IREE & TR TG iR

DRNICIIARE R EOHBIIBE S nAh o7, LA, #D 120H BA/nI20H BA [t & JIF TG i & 281E
OB %R L, HFlE - SIC - FAIRIMAEF - BIARIMAEH TD 120H BA /n120H BA b & IF TG IREE OICH
BHEEo N o2b 00, WMRIEOHEZ /R TER 2589 &z (Figure 1-3),

% 72, RPN Chol #2EE & iFfiEl 120H BA /n120H BA k& ORTICHHBIRIIR 13580 & L7z 0> o 72 A3,

SIC. 3Erf'd 120H BA /n120H BA HIZATHE#E Chol iFE & & OMBE% 7R L 7= (Figure 1-4),

3.5 KD X %K uv 7 XE

HF BHEEUC X W AB L =R 2 FET 27204 2 K0 2 7 2@ 2 EfL 72, Bt I PR
d18:1/20:0 & 7 I F K& U*d18:1/22:0 (n-9) & 7 I F D& A HF BEEEHIC B VT L 72 (Figure 1-5A), £
7o A BEEO T e F A= F BB L Tz (Figure 1-5B), 1§E AL DT I/ EEICEH)IZ
BN oT—F ., ALA=VIHMEPICHEMLTED, VY v DELWIRDAED Lz (Figure 1-
5C), MRIAEEFHEKIC O W T AEDE D b, P TI A2 ) ku— (DG) M TG 13% { D4y FFiCH
M+ 2EAEZRLEZ—F, FRATZ77FIAa) V(PO LT+ AT 7 FINTE ) —AT IV (PE) Tl
T 2 D oy F A3 B HIA % 7R L 72 (Figure 1-6),
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3.6 HEEE

HBREN BW N KIS T HERZMGET 2 7-01c, BWHNE» LIERBXIRYT 2 2 & CRERNER R
BH L7, 7 v MCHF B2 B2 7258 08B I Y7 E CLARTEM S Lz 7 — X % w7z (Hori S
etal, 2020), Z DfE%. HF BB~ 2OBEHMFEIZ., 7 v FOGE L HIRL THREIEWEZ R L 72

(Figure 1-7),
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Table 1-1. Diet compositions

C HF
g/kg diet

Corn starch ! 397.5 167.5
Casein 2 200.0 200.0
Dextrin 3 132.0 132.0
Sucrose * 100.0 100.0
Soybean oil 3 70.0 70.0
Cellulose ¢ 50.0 50.0
Mineral mixture ’ 35.0 35.0
Vitamin mixture 10.0 10.0
L-Cystine ° 3.0 3.0
Choline hydrogen tartrate ' 2.5 2.5
Lard ! - 230.0

! Amylalpha (Chuo Shokuryo Co., Ltd.)

2 NZMP Acid Casein (Fonterra Co-Operative Group Limited.)
3 TK-16 (Matsutani Chemical Industry Co., Ltd.)

4 Nippon Beet Sugar Manufacturing Co., Ltd.

5 J-0Oil Mills, Inc.

¢ Microcrystalline cellulose (Ceolus PH-102, Asahi Kasei Corporation)

7 AIN-93G mineral mixture (MP Biomedicals)
8 AIN-93 vitamin mixture (CLEA Japan, Inc.)

? L-Cystine (Fujifilm Wako Pure Chemical Corporation)

10 Choline Hydrogen Tartrate (Fujifilm Wako Pure Chemical Corporation)

1 Bell Shokuhin Co., Ltd.
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Table 1-2. Measured oxysterols in this study

Systemic name Trivial name Abbreviation
Cholestan-3[3,50,6p-triol B-Triol B-Triol
Cholestan-3p3,5a-diol-6-one Sa-hydroxy-6-ketocholesterol S5a-OH-6-keto
Cholestan-5a,60-epoxy-3-ol Sa-Epoxycholesterol a-Epoxy
Cholestan-5p3,6B-epoxy-3[-ol 5B-Epoxycholesterol B-Epoxy
Sa-Cholestan-3-ol-6-one 6-Ketocholestanol 6-Keto
5-Cholesten-3f3,43-diol 4B-Hydroxycholesterol 4B3-OH
5-Cholesten-3p3,7a-diol 7a-Hydroxycholesterol 70-OH
5-Cholesten-3f3,7p-diol 7B-Hydroxycholesterol 7B8-OH
5-Cholesten-3f,22(R)-diol 22(R)-Hydroxycholesterol 22(R)-Diol
5-Cholesten-3,24(S)-diol 24(S)-Hydroxycholesterol 24(S)-Diol
5-Cholesten-3f,25-diol 25-Hydroxycholesterol 25-OH
5-Cholesten-3p3-o0l-7-one 7-Ketocholesterol 7-Keto
5-Cholesten-3f,7a,25(R)-triol 70,25(R)-Dihydroxycholesterol 7a,25-Triol
25R-Cholest-5-en-3[3,26-diol 27-Hydroxycholesterol 27-OH

5-Cholesten-3f,19-diol (19-OH) was used as an internal standard.
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Table 1-3. Primer sequences for qRT-PCR

Gene Forward primer Reverse primer

Cyp7al CCTGCAACCTTCTGGAGCTTA AGCCTCCTTGATGATGCTATCTAGT
Cyp8bl ATGAGCTGTTCAGGAAGTTC TGTCCTGCATGGATGAAGC
Cyp27al CCAATGTGGACAACCTCCT CTTGTGGTCTCGGTGGTC

Star GGAGCTCTCTGCTTGGTTCTC CTTGTGGTCTCGGTGGTC

Gapdh TGACCTCAACTACATGGTCTACA CTTCCCATTCTCGGCCTTG

Bbox1 TTCTCAACAGGCCAGAGCAA TTCAGAGTTGGCAGCTGGAG
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Table 1-4. BAs analyzed in this study

Systemic name Trivial name Abbreviation
Primary 120H BAs
5B-Cholanic acid-3a,7a,12a-triol Cholic acid CA
5B-Cholanic acid-30,7a,12a-triol-N-(2-sulfoethyl)-amide Taurocholic acid TCA
5B-Cholanic acid-3a,7a,120-triol-N-(carboxymethyl)-amide Glycocholic acid GCA
Secondary 120H BAs
5B-Cholanic acid-30,12a-diol Deoxycholic acid DCA
5B-Cholanic acid-3a,12a-diol-N-(2-sulfoethyl)-amide Taurodeoxycholic acid TDCA
5B-Cholanic acid-3a,12a-diol-N-(carboxymethyl)-amide Glycodeoxycholic acid GDCA
5B-Cholanic acid-30,7f3,12a-triol Ursocholic acid UCA
5B-Cholanic acid-3a,12a-diol-7-one 7-Oxo0-deoxycholic acid 70DCA
5B-Cholanic acid-30-0l-12-one 12-Oxo-lithocholic acid 120LCA
5B-Cholanic acid-120-o0l-3-one 3-Oxo0-120-hydroxy-5p-cholanic acid 30120
Primary n120H BAs
5B-Cholanic acid-30,7a-diol Chenodeoxycholic acid CDCA
5B-Cholanic acid-3a,6a,7a-triol Hyocholic acid HCA
5B-Cholanic acid-3a,6p,7a-triol a-Muricholic acid aMCA
5B-Cholanic acid-3a,6p,7p-triol B-Muricholic acid BMCA
5B-Cholanic acid-3a,7a-diol-N-(2-sulfoethyl)-amide Taurochenodeoxycholic acid TCDCA
5B-Cholanic acid-3a,7a-diol-N-(carboxymethyl)-amide Glycochenodeoxycholic acid GCDCA
5B-Cholanic acid-30,6B,7a-triol-N-(2-sulfoethyl)-amide Tauro-a-muricholic acid TaMCA
5B-Cholanic acid-3a,6p,7p-triol-N-(2-sulfoethyl)-amide Tauro-B-muricholic acid TRMCA
Secondary n120H BAs
5B-Cholanic acid-3a,6a,7p-triol ®-Muricholic acid oMCA
5B-Cholanic acid-3a,60a,7p-triol-N-(2-sulfoethyl)-amide Tauro-w-muricholic acid ToMCA
5B-Cholanic acid-3a,7p-diol Ursodeoxycholic acid UDCA
5B-Cholanic acid-3a,7B-diol-N-(2-sulfoethyl)-amide Tauroursodeoxycholic acid TUDCA
5B-Cholanic acid-30,7p-diol-N-(carboxymethyl)-amide Glycoursodeoxycholic acid GUDCA
5B-Cholanic acid-3a-ol Lithocholic acid LCA
5B-Cholanic acid-3a-ol-N-(2-sulfoethyl)-amide Taurolithocholic acid TLCA
5B-Cholanic acid-3a-ol-N-(carboxymethyl)-amide Glycolithocholic acid GLCA
5B-Cholanic acid-3a-o0l-7-one 7-Oxo-lithochoic acid 7o0LCA
5B-Cholanic acid-3a,6a-diol Hyodeoxycholic acid HDCA
5B-Cholanic acid-3a,6a-diol-N-(2-sulfoethyl)-amide Taurohyodeoxycholic acid THDCA
5B-Cholanic acid-30,6a-diol-N-(carboxymethyl)-amide Glycohyodeoxyxholic acid GHDCA

23-Nor-5p-cholanic acid-3a,12a-diol was used as an internal standard. All BA standards analyzed in this study were obtained

from Steraloids, Inc., except for UCA, which was obtained from Toronto Research Chemicals.

39



Table 1-5. Food intake, weights, and plasma transaminase activities

C HF

Total food intake (g) 329.5+299 282.9 £ 12.1*
Total energy intake (kcal) 1266.0 + 115.0 1524.9 + 65.3*
Final BW (g) 29.4+0.8 46.5 £ 1.0*
Organ weight (g/100 g BW)

Liver 42+0.1 45+0.2

Epididymal adipose tissue 29+0.2 53+0.2%
Plasma ALT (IU/L) 3.0£0.2 10.7 £ 2.4*
Plasma AST (IU/L) 65.5+9.6 77.0 +14.8

* Significant different from the values in control (Student’s ¢-test, P < 0.05, n=7-8)
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Figure 1-1. Distribution of Chol-related molecules in mice fed control or HF diet. (A) Hepatic TG
concentration. (B) Daily Chol intake. (C) Chol concentration in the liver, blood, and feces. (D) Concentration
of liver oxysterols. (E) mRNA expression of genes involved in Chol metabolism. (F) Coprostanol and neutral
steroid excretion per day. Open bars, n = 8 for control; filled bars, n = 8 for HF. Data presented in E was
normalized to Gapdh mRNA expression. Values are shown as the mean +£ SEM (n = 8). Asterisks indicate a

significant difference compared with the control (P < 0.05).
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Figure 1-2. BA compositions in the liver, small intestine contents, and feces of mice fed control and HF diet.
BA composition; 120H BA, n120H BA, and total BA concentrations; and the ratio of 1220OH BA/n120H BA
in the (A) liver, (B) small intestinal contents, (C) feces, (D) portal plasma, and (E) aortic plasma. Open bars
represent control (n = 8) and filled bars represent HF (n = 8). Values are shown as mean = SEM (n = 8).

Asterisks indicate a significant difference compared with the control (P < 0.05).
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Figure 1-3. Correlation between the ratio of 120H BA/n120H BA and hepatic TG concentration. Correlation
in the liver, small intestine contents, feces, aortic plasma, and portal plasma. Filled bars represent HF (n = 8).

P-values are shown in the inset.
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bars represent HF (n = 8). P-values are shown in the inset.
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Figure 1-5. Composition of various metabolites in the liver of the mice fed control and HF diet. Relative
abundances of (A) ceramides, (B) acylcarnitine, and (C) amino acids. Open bars represent control (n = 8) and
filled bars represent HF (n = 8). Values are shown as mean + SEM (n = 8). Asterisks indicate a significant

difference compared with the control (P < 0.05).
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Figure 1-6. Composition of various metabolites in liver of the mice fed control and HF diet.

(A) Triacylglycerol (TG); (1) 20:0/20:1 (n-9)/20:4 (n-6), (2) 18:2 (n-6)/18:2 (n-6)/18:2 (n-6), (3) 16:1 (n-
7)/18:1 (n-9)/18:1 (n-9), (4) 16:0/18:2 (n-6)/18:2 (n-6), (5) 17:1 (n-8)/20:2 (n-6)/20:2 (n-6), (6) 18:4 (n-3)/19:4
(n-6)/18:4 (n-3), (7) 18:3 (n-3)/14:0/18:3 (n-3), (8) 18:1 (n-9)/18:2 (n-6)/18:1 (n-9), (9) 18:2 (n-6)/18:2 (n-
6)/20:2 (n-6). (B) Diacylglycerol (DG); (1) 18:2 (n-6)/18:2 (n-6), (2)18:3 (n-3)/20:3 (n-6), (3) 14:0/14:1 (n-5),
(4) 15:0/16:1 (n-7), (5) 16:1 (n-7)/18:1 (n-9). (C) Phosphatidyl choline (PC) and lyso-PC; (1) 18:3 (n-3)/18:2
(n-6) PC, (2) 16:0/18:3 (n-3) PC, (3) 16:1 (n-7) lyso-PC, (4) 18:3 (n-6)/p-18:1 (n-7) PC, (5) p-16:0/16:0 PC,
(6) 22:5 (n-3) lyso-PC, (7) 20:4 (n-6) lyso-PC, (8) 18:2 (n-6) lyso-PC, (9) 14:0/18:1 (n-9) PC, (10) 20:5 (n-
3)/24:1 (n-9) PC, (11) 18:1 (n-9) lyso-PC, (12) 16:0/18:0 PC, (13) 16:0 lyso-PC, (14) 18:3 (n-3)/18:3 (n-3)
PC, (15) 17:0 lyso-PC. (D) Phosphatidyl ethanolamine (PE), phosphatidyl serine (PS), and lyso-PE (1) 20:4
(n-6)/22:6 (n-3) PE, (2) 22:6 (n-3) lyso-PE, (3) 18:1 (n-7)/20:4 (n-6) PE, (4) 18:1 (n-9)/18:2 (n-6) PE, (5) 18:4
(n-3)/24:1 (n-9) PE, (6) 18:2 (n-6)/24:0 PE, (7) 24:0/24:0 PS. Each marker size indicates range of area values

shown in inset. Markers in red indicate a significant difference between the dietary groups (n = 8, P < 0.05).
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Figure 1-7. Difference in feed efficiency between mice and rats
The ratio of weight gain to food intake over 8 weeks was calculated. The values in rats were calculated with

the data in our previous study.

Feed Efficiency (%) = —centgan(® o,
ee 1eny )= Total food intake ()

Open bars for mice (n = 8) and filled bars for rats (n = 6-7). Values were shown as the mean with the SEM.

Asterisks indicate a significant difference compared to control (P < 0.05).
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Figure 1-8. Graphical abstract in Chapter 1

48

Hepatic Lipid
& Chol

Liver
120H/n120H T

Intestine
120H/n120H T

Feces

120H/n120H



FAH EFE

b b TIE#EF 120H BA DR IE n120HBA X Y H &\ 2 & 238k 1T\ % 2% (Hashimoto N et al.,
2020), REERIMAH Clx n120H BA @ /5 2388 ICFEES % (Jiao Netal., 2018), T4H D &k, BA D
E7Z T T, 2o OMEAHMEI CRECER L LER LTS, 7 v FTld 120HBA ORE
VBTG BR BE ARG 1S 50 TEW (Lee TY et al, 2020), B6 ~ 7 R IC T n120H BA (33 {F i i BHE I
EE N Tz (Figure 1-2), HF BB T v + CIHAFIEEER & FIRIMAH 35 X 0% 1200 BAEE & O
RICIEDOHEER S 5 2 L BRRH TV % (Hori Setal, 2020), D X 9 7x 120H BA & fFIREER & @
BfRIE~ 7 2 Z W72 DD Th FRITR®B I N T2, Cypshl KB~V A3 120H BA 3%
IIC Y7, TOR Y RCHEFEREZ G 2 5 LI TGIRE QMM Z b, Z OfEHC TCA 2z % &
W TG IREEDSEEMNICHE U % (Bertaggia E et al., 2017), HIOWFEIC B WTH, I E T 2 Cypsbl D K1
23 high Chol (HC) B% 52 7z~ v ADMNEFEEE Z WET 5 T & AR S 17z (Patankar JV et al,, 2018), A&
W7 <lix. HF BEEB6 ~ 7 R ICH W THH O 120H BA /n120H BA [t & I TG B & i IED MR
BB I N2 L A5, #P O 120H BA /n120H BA 2SI E £ % K3 2 812 & 72 0 15 2 mlRELE
BRI NTz, 72, Hori HIC X% HF BT v b @7 — X % FICHMBIT 21T - 7245 HR. HFEIZ v b
DHE 120H BA/n120H BA & iF TG EEEIZIEDHBZ /R L 72 (R=0.77, P=0.0019) (Hori et al., 2020),
BMI 2% 27 LA Lo v+ GG IC BT, #d CA/CDCA I TR & & 1E o MHBAdE R 2 7R3 23,
FHO A B IR S LT\ iR\ (Chen Leet al, 2020), < O Co Rl & IZR7E 7' 2 b v EEAS:
Bk E W CTEIT SN TE Y . MO AIEDE R CORFIRITRIIE TH o 72, K~ DIBIATLE 1X
HEAEAR R I — BRI £ 2 L IZBR O 7o v ARBFZE T I AFIEAHAR © N HIEE (median lobe) Z Y] b Hi L Cfi#
ML T3k Y (Martins P et al., 2007). EHE7- 1 T K EGHFAL OB W FERDOEWDFHK & 7> T 5
AIREMED B B,

~ 7 ADFH 120H BA/n120H BA L & ff TG IR & oICIEOHBEA R & /-—F . Bl - SIC - K
FIARIMAE - FIIRIMAE Clx © o X 5 R BAME R HHEARIIRIZFE® O 1178 D> o 7z (Figure 1-3), T LI & fAbfHAR
LOF VTV IEHEDENCIEbDEEZOND, HiT 24 ORELERILL 7225, I fEHIEE

MTORNTHE, 2L VHEMEPDOBAIZ I HORBEMHETH Y., thoFALD BA (3R 5D BA KK
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ERMLTw3 EEZLbND, D Cypshl FEFLOIEMICE D &3, IFlE+ @ 120H BA IR ICIZZA(L
D3RR b NTe H> o Tz (Figure 1-1E, 1-2A), & 51T, /Mads X O#EMEF D 120H BA 2L IZHEM L (Figure 1-
2B, 1-20). /NE® X 0 D Chol #2FE & 120H BA /n120H BA & i3 & OB B T /-
(Figure 1-3), ZH 5 OFEHRIZ, HF BEIURE CTIZ 2 7 v — AHEIIEIES 120H BA (1< < J7 i fR# 28
ZB)L7-AlREEEZ R L T 3,

Chol IIFEEMNICKE L7z BE e 2 T 0 4 FEEEZFRD, ANTRAMEI NE Wz, T LF—%
o 3 & 23T &\ (Wang HH etal., 2017), T4 b ¥ — iR A3 Chol Z A & & 5 2 & 2% 2
% & (Rocha-Gomes A et al., 2021), T3 7 =4 V¥ — B H NI Chol GITIREZI N D LEZ bR
%, LHL, TANMF—% Chol b TrEFET 556, Chol iZHRM T N2 A[REMED B 5, KIEHE: % L
% < H3 % 120H BA BKRICHER LT w274 FERERED D LEZ 208 TE S, F
oo BEAL THRICZ AV F = 23MEE I 0 2 58 I IIAFIEE SR SHE X 12 728 (Hori Setal.,
2020), & IEE SR & #iEH D 120H BA EEICIEOHBARR S S 2 L IcRE#HIT R, EEE, b
b CIIABIARTFEAE & KEIIRIMAE T @ 120H BA /n120H BA & @ [FE OB E X LTy 3 (Haeusler RA
etal, 2013), <7 ZICFH\\TIIFF 120H BA /n120H BA LD AP TG IEE % K32 2 & 25, B
ok Mz -IFIREEM o L L <, #H o 120H BA/n120H BA W23 © & 2 AlgEME2R & 1
726

HF B18HLZ v b Tl Chol ® 120H BA ~O &350 L, FFIEIC 31T 5 Hmger FRPMET 32 (Hori
Setal, 2020), —/7 T, ¥~V A CRMAERZIT > 5GE IR ~D Chol HEATTHEL T Y | IR
T L D2 DEE{E Chol DL L 72 (Figure 1-1C, 1-1F), TN 5 DfER 25, HF B8~ v X Tl
Chol % BA DAKICHE S D TiEA <, T LA Chol 2D d D% EHHEMT 2 Z & i X W AN TD Chol D
TEHEEZHRFL CORHEEELRD 2, ZO XS ~vV AL Ty b TOD Chol BRITEREDE WV ITIZ, =4
¥ B OHEDLBED 2 HEEREZ b D, =7 ZOREZIEIZT v F X ) b HEICEL (Figure 1-
7. AR DO 72DIC IV % DT AN F—PEEIND LRI NS, HF B2 EIL 2561k, /i
i 5102 TG IZRBEICH 2 Z &3 TE 52 —77TC, HYUED Chol BERAFT L2 LiCkd, TOFE <
7 ADIANF—FREICED LS, FFIKT Chol % BA ICE #1942 1C13—3E D NADPH 28k X 1 3 7=
% (Dashty M, 2013), Z Ot d &b 2% L 227 ) O NADPHHE & 725 2 &L BRI ND, £ T T,
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Chol Z D & D ZEHEPEIMT 27723, TANVF—HEOBIRTIE~Y RIC & o THELA D0 iERE 72 5
DHdH L7z, NADPH DA IZFE(L R F L ARG OIS IC D723 Z & 2> 5 (JuHQ etal., 2020), HF
B~y R EH T 210 ALT IEHEOBEIIZ, BELA F L ADRIGER T2 2 e AEZ N5,

HF B18HB6 ~ 7 A Tl3, 4L OFEHEOT P A I =F v L _AUHEENN L T 72 (Figure 1-4B), 771/b
=F v AEERICEID % Y ¥ v (Tanphaichitr V et al., 1973; Kunau WH et al., 1995) I3 HF B18H(B6 ~ 7 2 D
JHF IR G4 A I IR L T 72 (Figure 1-4C)y A= F Vi3 2 b a v F U 7N~ RIS D% % /i
L CHEWAIE O BBt % EH#ES % (Ling B etal,, 2012), B V=F ¥ L <L OHENIA, @H 2 fEHH IC)GE L T
a2 aHiE 2 B c & 2 X 5 i 2 R 2, LoL. Ar=F vEAKOFEEEETH
5 y-7Fa Rz A vKBCEESR | (Bbox]) DFRICIZZIED LNAE o7, EHRIET v Mtk
C. BBOXI1 ® % v 3 7 EFBRITR Y 77 = UIC X 5 mRNA OLE, BRI O8N % 58 U <Y
$ % 72 % (Rigault C et al., 2013), AR ICHWTH BBOXI X Y X7 EHEOEOMMENLIzhNV=F v
AR DOIEED A U T B ATREMEIZ S E T & o\,

A ZRu— LEFT Tk, TG, DG. PC. PE & X U PS OEHAEEHLAK IC—E OEL BB S iz 28, 3
AT = AT 2T > TH TN O DEBNTHIGT 2R IZFIE 2 NWind o 7o, i o T v T %
3 2 B8, BUKME L BUKE O FoMIERIERIEI D F 2L Ic e 2 2 e MEICE V55, Ak, it
BIRIINRIFEIC X > CRRET 2 LEAH 205, V) VIEED X 5 Rl oE chhid, z oK
HEAGNEIDTFREICX > TEEKTH 2720, REOHBNIMEITICIIAT LIRALD 2 L FHEINE, K
B CIE. A XK m — AT L 723 v 70 & B CRERE Chol IREE % THRIIC T L 72 & 2 A,
HHRICHEREZRRO bk d o7z, ZAICKH L, Folch i Tt L 7z IEE 43 1% HF BB~ v 2 Djf
fi 1< 5\ CTHERE Chol DHENNASFR® &7z (Figure 1-1C), —M%ic, U v F I 7 R IIREMK 020 % H#EE
TE2DOICHATH 22, IRET DB LW 30 FREIGHIETE 2B MFIEE LAV LICHBETRE
Th b, ARAEEOEY) IR HERFS, Frc) e F I 20)CHICEIREATH L EEZ LN
%

RETIE, B6wVRACBWTH 7y FoRTr—ARG@HoMLERE LT, #HD 120H BA ML

fBEEER IS T2 naetE 2 A L7z, —AHhES & LT, HF B8EEUC X o TR TEIN L 72 Chol

51



XL, ~ 7 XA TIFEAEER 7S T { Chol DEHEHEI I X O 4 DE{l Chol fH ICES D 2 REE& 23

WML N B REEZ I S 2T L 7e,
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F 2% Chol MU CARIIEEI~Y Itk 3
Mg E&EE & 27 v — U E B O BE{%
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F1fi FRBEIVHEHW

F—EICE VT, B6~ Y A T3P 120H BA /nl120H BA LIZAFARERH & Bl#d 2 2 L 2VR&E
720 L2 L. (AP D Chol DBIEEMHERF D720 D A 71 = X LD W TIMKARH R 2%\, FiC,
7y by 2R L 254, HF SIBEUREE Tl Chol HEMERE 35 X UNEE{L Chol FELETZRE IC 72 HAYE
HHNFz, £ T, KETIIRAT o — LVARKHCA U2 Chol {RHZEH) & FFIEE (A E IC oW CTiGE%
fiocexzBHME LT,

Z v b OB Tt d BE 7 BA 1 TCA T Y (Yoshitsugu R et al., 2019), TBMCA & X Of ToMCA
%4 n120H BA DB X, TCADKI3rD 11C& &% % (Yoshitsugu R etal., 2019), 7 v M HF 8%
S EIBE X €72 & & A, HEERIC BT TCA OFRIBMAER X, MIRIMEE-C#EMHE I 5T
nl20H OH B R HEMNIIEIE X hind> - 72 (Hori Setal., 2020), 13 T/RL7Z L 9, B6 <7 A TIEAF
il - PIMRIAE - 3E6FC i3 n120H B2 <L PIIRINAE C I ARMEER IR X 0 b @iRE O BA St
7o HF BRI~ v 2 O#EFHClE 120H IRE O & n120H BA IRE DD 23815 & L7 (Figure 1-
2)e £72. T v MITBWT CARMETEL (0.5 gkg FkL %2 5 2 7256, BNHEIC X 2 BA © 77D K
iz BHEE 3 Ic. IREERE. WEY 7oMest. e LA, BRME 02 L, & X OHFEco
%1t Chol J2JE DI A3 FHE X 172 (Lee JY et al., 2020; Liu H et al., 2022; Shimoda T et al., 2023), L 7223-
T, Chol XU CAMMEEBEUC X 2 A7 v — AL, w7 RICBWTHIFIKICE T 5 27 v — ARG
EEE X2, ZOBRONRMENCH 4 b A4 VEREHEICHELRIST LA THINS,

Chol F N X, BIRIE{L, FHOEK, NASH O£ 7L %2HE T 2 -0 IfHHI LT3
(Hartvigsen K et al., 2007; Wang TY et al., 2018; Fujihira E et al., 1978; Radhakrishnan S et al., 2021), ffif}ic
Chol Z RIS 2354, ZOWINZ{EHET 272012, LIFLIE CA 2SFEFICHIE L3 (Woollett LA et al.,
2004), NASH E T /LICHEWTIE, Chol & CAZFIL7- HF B2 Wb L5 Z L A% % (Radhakrishnan S
etal,2020), L2*L. T4 5D Chol AffE T A Tld, Chol DFMEIX 10~25 ghkg BEHTH 5 2 & 23%
{. Chol DFIIES BARINMEDZYUHEICOWTHHPRIEENEDONT WD & FE 2w
(Santhekadur PK et al., 2018) » £ 7z. Chol & CA % RIFFICEIE ¥ 72540 27 10— MO IRERHZL

BT 2 1ERE R TZ & TE RV, B~ Chol B X UF CA DHIRF 7= IZ[FEERASINIC X 51X
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HEFHOA L. TIEEERE ZOBDORBIELRLEDARY MIBTBE2EFNFNOEEZIHLHICT S E
TEETH S,
L7228 TARETIE, FB~D Chol & CA ZIHRINT 3 5EDHMALELEDERN, HIEEERHRL AT

m — VAN B 3 5 -1 SIS 32 8 2 Bt L 72,

55



FH2H EKBRMBE X UG

2.1 EBMER

FEREY & LT B6 i~ v A (HASLC, HA) ZEIRL. 4Hlino~ v X% 1 AR & THit
L7, BH T 12 WEfE oo BHIEEIHA (B ¢ 8:00~20:00). =R % 22 + 2°C, {BE % 55+ 5%ICHERF
L. BHHRHERRUHAHBMHAKE LTHEE L. BIHLERFE BW 2389 —1270 2 X O #E0J L, Table 2-11
N E R (C) £ 7213 Chol FSINE (Ch). CA FSIIE (CA). Chol X U CA A (ChCA) % 5- % 6 3F
fiH L7z, Chol BNINEIC DWW CIIBIZ S ICIFEE R FHE I N5 Chol BVINE & 5K 6 g/kg
diet & L (Hashimoto N et al., 2020), CA {/FINE % 0.5 g/kg diet & L 7z (Lee JY et al., 2020), ATk
HEAIC X B JSE % 81T 5 72 ® (Hashimoto N et al., 2020), Chol #HIE % 3 g/kg diet I 5 L 72 I D0
THWAEZ T o7, BW B X UCEAEEZ 2HIC-EHEL, 5 1 & L FRKICHRIBERRS X U Chol 8
NEAREH L7, 6 HOFBERT 2HE2OYHICH T C2HAOEMBEENLL 7z, RV F oL E X
—F b U7 L (50 mg/kg BW) DEENT G CHRFE L 72~ v A2 BHIE L. PRI O% O ikt % £ L
U ER U, iR, BISEAUIERGHAR S & O SIC Z 8L 72, RHD 5 1ZIHE % #5535 I & 7
BE LB L 72, MR~ T~ v P Y v L (GiEsE, HA) kL. 2000 x g, 4°CT 1547
Ot 2 2 & CIEEY v TN 21572, BAFTHIY ¥ 70 13-30 )CTIRIF L. Z St o 3 v
TNALFENTICH 3 % £ TR T-80 °CTIRIF L 7oo X C OB FEERIZENLKEE NALRE R 8
FEERICBE T 2 BUE (i Rt L AR ARER) K GiE R8P 38k~ = = 7 v (BN RSE AL
BB EBREER) ITED O N BUE I 1T o 72 (kZFS 1 19-0161)

2.2 g

(55 1 R B X OO7E] © 123 JEEmT] ICiE 77k L RIBRICER L 7.

2.3  BAHBET
(56 1 EEBMES X OWHE] © 2.7 BA MM | 15t 3 H & RIBRICER L 72,
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2.4 &ML Chol KLRLARAT
(55 1 EEEME S X O] © 124 (L Chol FLAKMANT | ICie3 ik L RIRICHEM L 72, 7277
L. Z3Hr%&EiE & L Tl Shimadzu GC-2030 (E#EE8/ERT, HA) & T QP2020 NX series mass-selective

detector (S BLERAT. HA) Z Hw 7z,

2.5 BETREMEN
(13 EEME s X OHE] o 125 B rREMNT] i3k RIRICERL 72, #H

L7277 4 ~—oldH % Table 2-2 1</~ L 7z,

2.6 M v 5 v 27 I F—@Eh
(183 EBRMEBLXOHE] © 22 M7y 27 I F—EEEEE] I35 E L Ak

WCHESE L 72,

2.7 Im#E Lipocalin2 (LCN2) HIE
MAEIC BT % LCN2 813 ELISA iE 1T X - THIE L 72, HIE I 3 PIIRINAE 2 50 uL OffF L. LCN2

HIE ELISA ¥ » } & LT MLCN20 (Biotech R&D. 7 A U /1) ZffH L 7z,

2.8  JERIEEAE AT
BERR (REILSEEE, 2023) 1T L 7228 o THEWIRE D il S Mg 217 o 72, [2.2 JEWIIEA#IT ] <157

EE ML 2 X 73 DI 0.3 MIKIRIEA U 7 5E8H 90%A X 7 —VZ ML, 80°CT 1 Kl
m#Ehs 2 2 & TR D J A L2 T2 72 FRRIC X Y iR, TAAL L ZMRE B I ~F v ZH T
B L 72, IRAERZE R X & 7 — VICHRME L, Millex 0.2 pm 7 4 )L % — Millipore, 7 A U 71) %
THMBL T, AX =T Y 10f5HARL Tofry- v 7 & L7z, UHPLC-MS (UHPLC :
Ultimate3000 . Thermo Fisher Scientific., 7 X Y 71, MS : Q Exactive™ Plus Hybrid Quadrupole-
Orbitrap™ Mass Spectrometer , Thermo Fisher Scientific, 7 A U #7) ZfEH L T L 72, /17 LTl
Hypersil GOLD column (1.9 pm, 150 x 2.1 mm) (Thermo Fisher Scientific, 7 X U %) Z /] L 7z, AHER
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LLTIOmMM ¥FBET Y E=T LAEHED 60% 7 b=+ ULl 100mMFHET v E=V LEHT &

F=bUA/L Y TSN =L (10:90,vV) EFIWT, TP PV AEENBYT XTIV
VBT CHEERIT o2, 717 LR 60 °C. HEIE 0.3 mL/min & L. ¥ ¥ FUREEL 4 °)CITfR
S720 MSIFA ¥ ¥ VHIFlZ m/z % 67~1000 & L, =— N FEHE % positive mode: 4.5 kV, negative

mode: -4.0kV, ¥ ¥ v 7 U —i@x 320°C& L Tl %47 > 7z, Trace Finder (Thermo Fisher Scientific,
T AU A ERCCRIB TREOFES L L) THEOFHZ{T- 72, NEMEHEL LTl 7z~
AY VIR A7:0) DY THEE T Z i L, Table 2-3 1278 3 AR HATE 7> -1 o FEHE Hh i

ZRIHALCTERL 7=,

2.9 AEEFaIT R
il 2> & DR H X Maddocks & D3 (Maddocks et al., 2013) % i —f A L <{T > 72, I

FiAEA 50 mg ICNEAEHE S LC Img/mL /v a4 ¥ Vg% 10 uL ROOK L7zA X ) = T+ b
=bYAk=5:3:12% 15mLllA. FY br Yy ZHGTHRESF A XL RICEE EIRPREIC X
o> CTHICHMRZ AL 72, 4°CT1IHRBL 2L TR Y N7 E R E ¥, 16000 x g, 4 °CT 10 471
WOEEL 72, EiEZ UL, Millex 0.2 pm 7 4 /L% — (Millipore, 7 A Y /1) Z B L CTAiL 7z, 15
DN HRICT 2 = P YV EREREMZ, 2EA ML 72, UHPLC-MS (UHPLC; Ultimate3000 ,
Thermo Fisher Scientific, 7 X U 77), MS : Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass
Spectrometer , Thermo Fisher Scientific, 7 X V #) Z i L <217 -7, —F A7 L L LT
SeQuant® ZIC®-pHILIC Guard 20 x 2.1 mm PEEK coated guard column (5 uM polymer) (Merck, I £ ) %
fER L. 7r#fEH 7 2 & LT SeQuant® ZIC®-pHILIC HPLC Column 150 x 4.6 mm (5 uM polymer) (Merck,
A ) 2 LCERA L 72, BEIH A 13 20 mM (NH,),CO; in H,O, BB IZ7 & F =+ U VIR
EREHL. T =PV REZ 80%~40% DT/ 7Y 2y Pt s L CREODEEZAT
o7ce /17 LURELIX 30°C, WHIF 03 mL/min & L, ¥ ZOVIREI 4°Cicffo 7z, MS Z 78
tHiZ 2> T Thermo Fischer O A & w1 I 7 Rt A Y v F2SH I, A% v VHIAZ m/z 25 67~
1000 & L, =— FA#EME % positive mode: 4.5 kV. negative mode: -4.0kV, ¥ ¥ &' 7 U —iafE(d 320 °C
E LT E T 720 &Y v I NADHEERICH T LNEDEHE L. quality control ZBERFT 5 & & THIE
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DIEEE®E=%— L7, fF5N 727 — £ 1x Compound Discoverer 3.3 (Thermo fisher scientific, 7 A Y 77)
DA XK\ I 7 AR 7 7 — ITHEFENT % 4T o 72 (Workflow Templates/Metabolomics/Untargeted
Metabolomics with Statistics Detect Unknowns with ID using Online Databases and mzLogic), < DfE#TiC X

D F Y —7Ied 20 7iizE FHIL 21%, HiZoTox ) THEZFEE L CHMELE L.

2.10 HEgH#ET
FRICE M LR WIRY . FfELSEM TR L 72, IMP14.0 (SAS Institute, 7 X U 77) % i\ C —JthliE
TDELHT (Two-way ANOVA, Ch x CA) 1T\, RAFEHDERD b 7z5E1C1d, Tukey-Kramer test 1<
X 2B OB BEEME 21T o 72, — DGR TlE Smirnov-Grubbs rejection test IC £ Y AR Ui % Rk L

T3, PP 0.05 Kz BEERH L L AR LT,

59



HIH AMR

3.1 BeR-EHE - FERH

CARMTIREEEMET L, 2ty BW 23584 L 72 (Table 2-4), Chol Sl CIXERRICHE
VRO LN VICH b6, BW A L7z, £72. Chol & CA BHUIFHR D EH & %2 Hin X
7z, CA OEEUIEISALE A G eWAT) EEZ WD X E72, 2o L2 CARIMICET BT
TEDMER QMG L 225 2, WINOREDL ., HO 5> OMERICIIEREAMEL K
T o Tz,

Chol I CIIHF TG, Chol. ¥ X U FFA JREE DM IFED S a172, Chol ANINC X Y FFiE Chol 23
WL, ZoEMiE CA L OfAAEDLETI HITHEML 72 (Figure 2-1), —/ T, CA IIIZE T Tl
~® Chol IEEDHINMIZFRD &N - 7z, #rh TG FEittiZ Chol FIITHAIN L 72, 3 Chol HEifttE @ <
£ — T TGHRME D 2 & U7 H %R L7223, 3 Chol HEMHE T Id TG Il ~ CHATE 2= R A &
VRO b NTz, HIT, Chol IVINIC X VNN L 723 Chol BRI IZ. CA & DflAGDLEIC X VLT 2
T EAIRE NSz, Chol ASHNC X 0 3 FFA HEIEIIIM L . Z DR IX CA & Dl A A b CHHE 1K
U7z, PBRIMAEF O TG IR ICIIEREREZIRRD bk h -7z, FIRINEEH D Chol 35 X I8 FFA DR
X CAGRINIC X Y BEICHEA L 72 (Figure 2-1),

Z DX RHNAFER#H~D Chol B X U CARMDEEIC DO WT, X D&\ Chol B (6 g/kg diet) T
WREE % 1T > 72 (Figure 2-S1A), % DfEH. & Chol Z7MME L CH AFIEEIRE O RBEMA R 5 s,
CA L DMlAGDLEICEWTITL LA T3 2 %R L 72 (Figure 2-S1A), & D &> Chol /I T I3
D Chol HEMtE 23N L 7z, BT, K&k < D RGE ] (Srebfl; SREBP1 D~V A4 — Y v 7, Fasn) KO
Chol X (Srebf2; SREBP2 D~ 7 A4 — 1 7' Hmger, Abcg5, Abcg8) BB T D 5 B, Chol DFNIIE
Z B3 2 CHERFBMEZ R L 72 b Dl Chol DHEIMICES D 2 {5 T (4bcgs, Abcg8) TH 2 Z L %
R L 7= (Figure 2-S1B), L 72435 T, Chol iFIIIE % 6 g/kg diet iIcH-C L7z LTd, AffL 7z Chol IZ
eyt . IS E SR OE 2 22 EICZST L 2B bh W LRI NE, £2T, &

LA D FEER Tl Chol IMINE % 3 g/kg diet & L 7z 7' v — 7 CHEEEZ 1T - 72,
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3.2  BAMKEH

JFRIC BT, C & i L € TBMCA &I Chol FNIITHEICHM L 7223, CA L DflAab b THE
A L 72 (Figure 2-2), CA #INZAHIS° SIC IC BT % 1CH1F 5 TCAREZ M &7z, FRrC SICICH
W, Chol & CA DA A DL TBMCA IRIE Z HHERNICHEIMN X & 72, FEEH D 120H BA IR Z. Chol
BILUYCADRIMCHhHb 6T, BHEREMIFED bhkd o7z, ZDO—F T, Chol FNIIC X b
BMCA D BEZE IG5 b iv7z, DL EDFER L 120H BA & n120H BA O3 HD O bR T 2 Z &4
Hik 7z (Figure 2-4), Chol #SINIC 5 TPl X O°'FE n120H BA 1338013 % 23, CA ¥hl <l EIFIEER
(SIC 3 X U'HH) TD 120H BA ZHiil1 & ¥ 7z, Chol *° CA DI, PINRINIEICE ) 2 %Ak BA TH
% TPMCA ¥ X U TCA IBE % Z W2 N & & 7z (Figure 2-3). — /5. BHRINEE Tid TBMCA O TFFELL DS
FELUETL, EIERHC X 2528 L LT CABIMIC XY TCAIREDOHEMA R b d oo, RN
TR LN XD 7 Chol IRINIC X 2 TBMCA IRFE D HEMIZBIZE S Nie 2> 572, 120H BA & n120H BA

DHRDOFER XY . CATITIIEIFIEERAN 120H BA 2381 L T\ 3 & & 23R T ¥ 7= (Figure 2-4),

3.3 ML Chol B}

Chol ZMITlix. AFIEMN D o-Epoxy. 7a-OH. 7p-OH. 4B-OH. 6-Keto DL 2SHAM L 72 (Figure 2-5).
—77. CAGIIC X v, K+ @ B-Epoxy. 7-Keto. a-Epoxy. B-Triol, 78-OH. 4B-OH. 50-OH-6-keto .
6-Keto JEFEAHENI L 72, Chol & CA DAL DE TIZ, Tp-OH & 4p-OH DIEME I B\ T HNEH 33880

6 ﬂf:o

3.4 EEAHFHcED 3B TRELD

Chol NANIC X Y Srebfl DFEFAIENS %5 —7J7. Fasn. acetyl-CoA carboxylase 1 (4ccl). carnitine
palmitoyl transferase 1a (Cptla). Srebp2 35 £ U Hmger DRI FGEICIA L 72 (Figure 2-6A), % D—7
T, CARINTIE Cptla B X O Cpr2 DRI L 7z, Chol SN TIE CypZal. Cyp2c70. Abcg5. Abcg8
¥ X O cytochrome P450 family 3 subfamily A member 11 (Cyp3all) (t b CYP3A4 DA — Y u 7'y OFIE N
L. Cyp8bl DFEEILIA L 72 (Figure 2-6B)s —77. CAMIMTIE Cyp27al DIFEBI A L. Abegs

B X Abcg8 DFEIADBENM L 72, HIT Abegs I & O Abcg8 DFILIT DT, Chol & CA DFlAADLE
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IZ X 3R AERDSRED DTz,

3.5 MPrIvR7IF—EiEM - REEIA VA4 VRE

Chol i’filE X U CARID WFNICHEWTH ASTIHEZ M X 72235, ALT WG ICI3AE A2 Lz X
|3 & 7222 o 72 (Figure 2-7A). —F. HFRCORIEMED 4 b A4 VEDFHICTIE. Len2. tumor necrosis
factor o (Tnfa). interleukin 6 (16). interleukin 1B (Z18). CC motif chemokine ligand 2 (Ccl2) D F I 5 A AE

H2358® & 17z (Figure 2-7B, C),

3.6 IrAixFAVREREUORT v — A BEERT

AzFR\ L7 ZADOFER Chol FSIIC X Y ETTM 7' v 2 F-4 v (GSH) & X WL 7' v % 54 v (GSSG)
L LR FEEICHA L 72 (Figure 2-8A), BHERZE W & L1, Chol {1 Tld GSH/GSSG Hea3 8L TH 9 |
Chol & CA DiflAEDE T Z DML L 72, MEICE T 2 7% 54 RGN D 3 8I5FD 5
% glutathione S-transferase pu 1 (Gstm1) ¥ X U glutathione S-transferase o 1 (Gstal)® % Chol & CA DAL
bR THEARMIMDEE® & L7z (Figure 2-8B), Gstml % Gstal DB TR N2 — 13, FFigicEsT 2

#1L Chol BRI DA L - MHA %2R L2720, 2o ORI DB 21T 5 &, Gstml MU Gstal 73
7B-OH ¥ X UF 4B-OH /% & 2 L2 iR\ IEDHHBE % /R L 7= (Figure 2-8C), I, RO EL TR £
— V%Y Abcgs B X U Abcgs X 4p-OH IRJE L W IEOMBARR 2 H 2 2 L Z RH L 72, —75. HFIEA
AZRA = LD T I K TIX, Chol BNINIC X » T Y v o=@ L. GSSG & U7 2B

M % 7~ L 7z (Figure 2-9), 7z Chol iNIIC X D, v A > v OEBEEL 72,

3.7  JERiEEAET

Chol ifINIC X D SV I F Vg AL A Vg, AT TV VIR V=AM V7Y Vg, S
IMLAVEE, Fad~FH vk o) VL YBRO LRI L 72, CARINIC X Y 2 2 CTRd 4
CTONEWIED L RV L 72, Chol & CA DflAA DRI X 2 HAEMILFRD b e h> o 7 (Figure

2-10),
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3.8 LCN2BE# D ¥ 2 — & FF{H
CA #NAIClX. transferrin receptor 1 (7fi1). ZRT/IRT-like protein 14 (Zip14). divalent metal transporter 1
(DmtI). haptoglobin (Hp). Hemopexin (Hpx). Hepcidin antimicrobial peptide (Hamp) DFEHLHHENN L 7=
(Figure 2-11A), Chol & CA DiflHEb & TORAEMDFRD b NIZBIEA1E Fth DA TH o 7205, FE8
L) 138D THEDTH o 72, IMIEH LON2 DIREICIIE R R ZAIZFE D b L7n D> - 72 (Figure 2-11B),
Lipocalin-2 receptor (Lcn2r)D FEFIR°, NF-xB A% LCN2 #illf#l14:#5 5. K F glucocorticoid receptor (GR) °

Z OENEE T ORI Z MBI L7zd 0D, AEAFRIHZE) LD b L7 5> 5 72 (Figure 2-11C),
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Table 2-1.

Diet composition

C Ch CA ChCA
g/kg diet

Corn starch ! 397.5 394.5 397.5 394.5
Casein 2 200 200 200 200
Dextrin ? 132 129 131.5 128.5
Sucrose * 99.5 100 99.5 99.5
Soybean oil ° 70 70 70 70
Cellulose ° 50 50 50 50
Mineral mixture ’ 35 35 35 35
Vitamin mixture 8 10 10 10 10
L-Cystine * 3 3 3 3
Choline hydrogen tartrate '° 2.5 2.5 2.5 2.5
Cholesterol! 0 3 0 3
Cholic acid'? 0 0 0.5 0.5

! Amylalpha (Chuo Shokuryo Co., Ltd.)

2 NZMP Acid Casein (Fonterra Co-Operative Group Limited.)

3 TK-16 (Matsutani Chemical Industry Co., Ltd.)

4 Nippon Beet Sugar Manufacturing Co., Ltd.

5 J-Oil Mills, Inc.

® Microcrystalline cellulose (Ceolus PH-102, Asahi Kasei Corporation)

7 AIN-93G mineral mixture (MP Biomedicals)
8 AIN-93 vitamin mixture (CLEA Japan, Inc.)

? L (-)-Cystine (Fujifilm Wako Pure Chemical Corporation,)

10 Choline Hydrogen Tartrate (Fujifilm Wako Pure Chemical Corporation)

' Cholesterol (Fujifilm Wako Pure Chemical Corporation)

12 Cholic acid (Fujifilm Wako Pure Chemical Corporation)
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Table 2-2.

The primer sequences for qRT-PCR

Gene Forward primer Reverse primer

Abcg5 GTCATCGCCACGGTCATTTT GGCCAAAAGAGCAGCAGAGA
Abcg8 ATCCATTGGCCACCCTTGTC CTTTGCTGCGTCTGTCGATG
Accl AGCCTCCGTCAGCTCAGATACA GTTTTACTAGGTGCAAGCCAGACA
Atgl GCCAACGCCACTCACATCTA GCCTCCTTGGACACCTCAAT
Bmp6 TCTTGCAGGAGCATCAGCAC TTCCAGCCAACCTTCTTCTGA
Ccl2 ATGCAGGTCCCTGTCATGCT GAGTGGGGCGTTAACTGCAT
Cptla GACTCCGCTCGCTCATTCC ACCAGTGATGATGCCATTCTTG
Cpt2 CACAGCATCGTACCCACCAT TCATTCAAGAGAGGCTTCTGTGC
Cyp27al CCAATGTGGACAACCTCCT CTTGTGGTCTCGGTGGTC
Cyp2c70 AAGCTCTGATTGACCAGGGAGA TCCATTGCTGAAGACGATGC
Cyp3all CAAACGCCTCTCCTTGCTGT TATCCCCACTGGGCCAAAAT
Cyp7al CCTGCAACCTTCTGGAGCTTA AGCCTCCTTGATGATGCTATCTAGT
Cyp8bl ATGAGCTGTTCAGGAAGTTC TGTCCTGCATGGATGAAGC
Dmtl TTCCAGGATGTGGAGCACCT CAGGCTTGTGAACGTGAGGA
Dpepl CATGAGAACCACACCGGTCA TGGTCTCAGCAGCTGGTTGT
Fasn CTTCGGCTGCTGTTGGAAGT TCGGATGCCTCTGAACCACT
Fpnl ACCTGACCTCAGCAAAATTCC CACTGCAAAGTGCCACATCC
Fthl CATCAACCGCCAGATCAACC GAGCCACATCATCTCGGTCA
Gapdh TGACCTCAACTACATGGTCTACA CTTCCCATTCTCGGCCTTG

Gck CCTTCCCTGTAAGGCACGAA TCGGAGAAGTCCCACGATGT
Gele AGAAGATGCGGAGGCATCAA ATGCTGCAGGCTTGGAATGT
Gelm CAAATCAGCCCCGATTTAGTCA CGGGATTTATCTTCTCCACTGC
Ggtl AAGCGCTGCTCAGAGATTGG CATGAGCCCCATACACAGCA
Gpxl GGTTTCCCGTGCAATCAGTT ACCAGGTCGGACGTACTTGA
Gpx2 GAGCTGCAATGTCGCTTTCC GCTGTTCAGGATCTCCTCGTTC
Grl CACCACGACCATGATTCCAG GTGGCCCTTTTCATCCGTCT
Gss TGGATGCTGTCAGCCAGAAC TGCCCTCTTTCAGGACTTGC
Gstal TGGGAAGGACATGAAGGAGAGA TCTCTTTGGTCTGGGGGACA
Gstml TTCCCAAACCTGAGGGACTTC CTCCAGTGGGCCATCTTTGA
Gstpl TCGCGGCAAATATGTCACC GGGACAGCAGGGTCTCAAAA
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Table 2-2. continued

Gene Forward primer Reverse primer

Gsttl TACCTGGCATGGCAGCATAC AACGTGGCTGCCAGTGTTTC
Hamp AGCAGCACCACCTATCTCCATC GCAATGTCTGCCCTGCTTTC
Hfe2 TGGCTCGAGAACCCAGTATCA CCGGTTCTTCCCAGATGATG
Hmgcr ATGGCAGGACGCAACCTCTA AGCTTCAGCAGTGCTTTCTCC
Hmox1 CAGATGGCGTCACTTCGTCA AGTGCTGATCTGGGGTTTCC
Hp GCAATGGGTGAACACAGTCG CATCCATAGAGCCACCGATGA
Hpx CTGGAATCCCATACCCACCA TGGCAAAGTCCCAGAACCAC
b CAATGTCACCTCCATCCTGGT CAATGTCACCTCCATCCTGGT
16 TGATGGATGCTACCAAACTGG TTCATGTACTCCAGGTAGCTATGG
Lcn2 CAATGTCACCTCCATCCTGGT CCCTGGAGCTTGGAACAAAT
Len2r CCTCTTCATCTTGGGCTTTGC CCCAAGGTCAGCAGCACAAT
Mrpl ACACTGCTGGGCATCACCAT GCATAATTCCCGAGGATTGGA
Pde3b CCTGGATTTTATCCCTGCTCTG TCAGCTGTGGAGTTGGGAAA
Srebfl GCACAGCAACCAGAAGCTCA ACTGCCACAAGCTGACACCA
Srebf2 TCTCAACGTCAGCGGCACTA CCTGCTTTTGCCAGAGTGCT
Star GGAGCTCTCTGCTTGGTTCTC ACCTCCAAGCGAAACACCTT
Tfrl TTCCGCCATCTCAGTCATCA GCAGGACAGCTTCCTTCCATT
Ifir2 ACGCCTTGTGGTCAACAACC GGGCCCCAATGACAACATAG
Tnfa ACTGAACTTCGGGGTGATCG TGAGGGTCTGGGCCATAGAA
Zipl4 GAGTGGGCCGGGATAATGTT TCTGAGATCGCTCGCTCAAG
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Table 2-3.

Measured fatty acids in this study

Numerical symbol common name
12:0 Lauric acid

14:0 Myristic acid
16:0 Palmitic acid
16:1 Palmitoleic acid
18:0 Stearic acid

18:1 Oleic acid

18:2 Linoleic acid
18:3 Linolenic acid
20:1 Eicosenoic acid
20:4 Arachidonic acid
22:1 Erucic acid

22:4 Docosatetraenoic acid
20:0 Arachidic acid
22:0 Docosanoic acid
24:0 Lignoceric acid

17:0 margarinic acid was used as an internal standard.
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Table 2-4.

Food intake and growth parameters

C Ch CA ChCA  Two-way ANOVA P-values

Ch CA  ChxCA

Food intake (g) 133.8+6.3 1252+4.6 119.0+4.7 113.9+5.1 NS 0.0221 NS
Chol intake (mg) 7.1+0.3 382.1+14.1 6.3+0.3 347.8+15.6 <0.0001 NS NS
Final BW (g) 251+£0.6 23.1+04 22.0+06 20712 0.0412 0.0017 NS

Organ weight (g/100 g BW)

Liver 39+0.1 42+0.2 42+0.2 50+04 0.0306 0.0385 NS
eWAT 24+0.3 2.1+0.1 1.6 +0.1 1.5+0.1 NS  <0.0001 NS
Gallbladder 0.05+0.02 0.08+0.02 0.04+0.01 0.10+0.10 NS NS NS

Values are presented as mean + SEM (n = 6).
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40+ A 20+ 20+

= = = i A
% 304 o 2 5. d T2
= . [=)] A o 154 N
“g: 204 g’ 104 £ 10 Oc M Ch [COCA HEChCA
E 104 g 5+ ; 54 ° Two-way ANOVA P-values

0 04 0- Ch CA CA=Ch

Liver

1.8+ = 407 TG <0.0001 NS NS
s s 20l Chal <0.0001  0.0340 NS
£127 s« E FFA <0.0001 NS NS
@ 5 20+ Feces
E 0.6- o
g T 10 TG 0.0002 NS NS
i 00 & 0 Chol <0.0001 <0.0001 <0.0001

e FFA 0.0019 NS 0.0203

100 = __ 200 Portal plasma

2 o o . TG NS NS NS
2 757 H £ Chol NS 0.0082 NS
o 50 2 100 FFA NS 0.0008 NS
F A O
£ 254 ¥ 50
8 &

0 0

Figure 2-1. Lipid parameters in liver, feces, and portal plasma

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as the means +
SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the Turkey-
Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values not

sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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OC MEch [OCA [EChCA Two-way ANOVA P-values for liver

1004 Ch CA CA>Ch
ab
754 . TCA NS NS NS
2 o TDCA 0.0037 NS NS
A
()] .
5 50 1 4 ° N TRMCA 0.0001 0.0038 NS
2 L s
S o5 71 R 2 TwMCA NS NS NS
. I Al H L " o2 4 BMCA NS 0.0001 NS
04 [ | . » il ba 5 g v o
TCA TDCA TEMCA TwMCA BMCA  TUDCA TUDCA 0.0060 0.0024 NS
120H n120H
150~
o Two-way ANOVA P-values for bile
Ch CA CA Ch
- Y
2 100 TCA NS 0.0043 NS
c
= GCA NS NS NS
£ 504
TRMCA 0.0295 NS NS
TwMCA  0.0188 NS NS
0- : =
TCA GCA TBMCA TwMCA TUDCA TUDCA NS NS NS
120H
n120H Two-way ANOVA P-values for SIC
180 Ch CA CA>Ch
H TCA NS 0.0001 NS
a
S 1204 T b CA NS 0.0061 NS
“—g GCA 0.0363 0.0016 NS
+ TBMCA  0.0006 0.0001 0.0136
TwMCA  0.0323 0.0203 NS
TCA CA GCA TBMCA  TwMCA  TUDCA TUDCA NS 0.0161 NS
120H n120H
159 A Two-way ANOVA P-values for feces
Ch CA CA Ch
w
8 104 ad DCA NS 0.0165 NS
2 3012a 0.0001 0.0011 NS
e | . a
£ 5 . o ba, bP CA 0.0009 0.0001 NS
A - 'Y
élﬁi E 3 " i . ﬁ ﬁ BMCA 0.0001 NS NS
/=
DCA 30120 CA BMCA WMCA wMCA  0.0081 0.0060 0.0272
120H n120H

Figure 2-2. BA compositions in liver, bile, SIC, and feces

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as the means +
SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the Turkey-
Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values not
sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test). BAs account for less than 1%

of the total BA concentration are not presented in this graph.
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Two-way ANOVA P-values for portal plasma

aoc B Ch [COCA HEChCA Ch CA CA > Ch
TCA NS 0.0058 NS
1004 A CA NS NS NS
§ * DCA NS NS NS
% TDCA NS 0.0089 NS
E TBMCA 00349 NS NS
; TwMCA NS NS NS
’ BMCA 0.0078 NS NS
TCA CA DCA  TDCA TBMCA TwMCA BMCA TUDCA TUDCA NS 0.0491 NS
120H n120H
257 Two-way ANOVA P-values for aortic plasma
E 20 R ch CA  CAxCh
a TCA NS <0.0001 NS
; CA NS =0.0001  0.0346
(]
c DCA 00014  0.0001 0.0215
=3 TDCA NS 0.0006 NS
TBMCA NS 0.0051 NS
TCA CA DCA  TDCA  GCA TBMCA TwMCA BMCA  Ty,MCA NS 0.0489 NS
120H n120H BMCA NS <0.0001  0.0051

Figure 2-3. BA compositions in aortic plasma and portal plasma

BA compositions in aortic plasma and portal plasma. Each data plot in control mice (C), Chol-fed mice (Ch),
CA-fed mice, and ChCA-fed mice is shown as open circles, open triangles, closed circles, and closed
triangles, respectively. Values are presented as the means + SEM (n =5 - 6). Two-way ANOVA P-values (Ch
x CA) are shown in the inset table. Post hoc test with the Turkey-Kramer was performed when the interaction
was significant in the two-way ANOVA (P < 0.05). Values not sharing the same letter are significantly
different (P < 0.05, Tukey-Kramer test). BAs account for less than 1% of the total BA concentration are not
presented in the graphs.
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Two-way ANOVA P-values Two-way ANOVA Pvalues Two-way ANOVA P-values
Ch CA CA~Ch Ch CA CA+Ch Ch CA CA>Ch
120H NS 0.0104 NS 120H NS NS NS 120H NS <0.0001 NS
n120H 0.0001 NS NS n120H NS NS NS n120H NS 0.0014 NS

Total 00001 NS NS Total NS NS NS Total NS  <0.0001 NS

OC m®mCh OCA HEChCA ° Two-way ANOVA P-values

- 9 Ch CA CAxCh

& Liver 00499 <0.0001 NS

£ Bile 0.0006 0.0002  0.0081

8 sIC <0.0001 <0.0001 <0.0001
Portal plasma 0.0004 <0.0001  0.0047
Feces <0.0001 <0.0001 NS
Aortic plasma NS NS 0.0342

Figure 2-4. Concentration of total BA and the proportions of 120H and n120H BAs in liver, bile, SIC, feces,
portal plasma and aortic plasma

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Total BA concentration and the
proportions of 120H and n120H BAs. Values are presented as the means + SEM (n =4 - 6). 120H and
n120H BAs are shown in black and white bar, respectively. Two-way ANOVA P-values are shown in the inset
tables. Values not sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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4 OC MECh [OCA EChCA

Oxysterol (pg/g liver)

Two-way ANOVA P-values o

ch cA CA > Ch ch cA CA*Ch
B-Epoxy NS 0.0012 NS 7B-OH 0.0018 0.0098 0.0249
7-Keto NS 0.0127 NS 48-OH <0.0001  <0.0001 0.0023
27-0H NS NS NS 5a-OH-6-keto NS 0.0123 NS
a-Epoxy 0.0161 0.0004 NS NS
7a-OH 0.0172 NS NS E-Keto 0.0272 0.0M0 g os85)
B-Triol NS 0.0009 NS 25-0OH NS NS NS

Figure 2-5. Hepatic oxysterol compositions

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as the means +
SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the Turkey-
Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values not

sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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Two-way ANOVA P-values

4=
OC Mch OCA EChCcA ch CA  CAxCh
3] N Srebfl  0.0143 NS NS
A a4 . Fasn 0.0026 NS NS
2 2 oF o . Acct 0.0110 NS NS
e o . Cptta  0.0019 00050 NS
14 4 b Cpt2 NS 00027 NS
ﬁ ﬂ Iﬂi m .E_. .ﬁj_ Srebf2  <0.0001 NS NS
0- N N N N Hmger 00002 NS NS
] D 4
%;6’3& & W 0\'5“\ o Q,@é Y\é‘qo
B
Two-way ANOVA P-values
6- i ch CA CA~Ch
CypTal  0.0224 NS NS
Cyp8b1  0.0052 NS NS
Cyp27al NS 0.0094 NS
Cyp2e70  0.0015 NS NS
Star NS NS NS
Abcg5  <0.0001 <0.0001  0.0048
Abcg8  <0.0001 00001  0.0009
Cyp3al?  <0.0001 NS NS

Figure 2-6. Hepatic gene expressions

(A) Lipid metabolism-related genes. (B) Chol metabolism-related genes. Each data plot in control mice (C), Chol-

fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open circles, open triangles, closed circles, and

closed triangles, respectively. Values are presented as the means = SEM (n =5 - 6). Two-way ANOVA P-values are

shown in the inset table. Post hoc test with the Turkey-Kramer was performed when the interaction was significant

in two-way ANOVA (P < 0.05). Values not sharing the same letter are significantly different (P < 0.05, Tukey-

Kramer test).
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Figure 2-7. Plasma transaminase activities and hepatic inflammation-related gene expressions

(A) Plasma AST and ALT activities. (B) hepatic Lcn2 expression, and (C) hepatic inflammation-related gene
expressions. Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is
shown as open circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as
the means + SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the
Turkey-Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values

not sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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Figure 2-8. Relationships between glutathione metabolism and oxysterol metabolism in the liver

(A) The levels of GSH and GSSG with the ratio of GSH/GSSG in the liver. (B) hepatic gene expressions in
relations to glutathione metabolism. (C) Correlation among oxysterol concentrations, glutathione-related gene
expressions, and the expressions of Chol transporters Each data plot in control mice (C), Chol-fed mice (Ch),
CA-fed mice, and ChCA-fed mice is shown as open circles, open triangles, closed circles, and closed
triangles, respectively. Values are presented as the means + SEM (n =5 - 6). Two-way ANOVA P-values are
shown in the inset table. Post hoc test with the Turkey-Kramer was performed when the interaction was
significant in two-way ANOVA (P < 0.05). Values not sharing the same letter are significantly different (P <
0.05, Tukey-Kramer test).
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Two-way ANOVA P-values

Ch CA CA>Ch
) val NS NS NS
1 OC Mch [OCA EChCA

8 . Ala NS NS NS

C L ]

g 4 a Pro NS NS NS

J

® Leu NS NS 0.0347

o

g le NS NS NS

a»

e Phe NS NS NS

Gin NS NS NS
Glu NS NS NS
Met NS NS NS

8 Asn NS NS NS

c:

el

= Gly NS NS NS

» Asp NS NS NS

< Thr NS NS NS

o

Tyr NS NS NS
His NS NS NS
Ser 0.0085 NS NS
Trp NS NS NS

Figure 2-9. Alterations of amino acid abundance in the liver

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as the means +
SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the Turkey-
Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values not

sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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Two-way ANOVA P-values

OC MWCh [©OCA MChCA Ch CA CA*Ch
§ 20 16:0 0.0003 0.0002 NS
° 20:4 NS <0.0001 NS
é.’f 20 18:1 0.0003 0.0205 NS
§ 10 18:0 0.0005  <0.0001 NS
% 182 <0.0001 0.0028 NS
=0 24:0 00002  <0.0001 NS

220 NS <0.0001 NS

\.\\0@"\ 16:1 0.0004 0.0455 NS
& . 22:4 00345 <0.0001 NS
v 183 0.0021 0.0060 NS

Figure 2-10. Alterations of fatty acid compositions in the liver

Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, and ChCA-fed mice is shown as open
circles, open triangles, closed circles, and closed triangles, respectively. Values are presented as the means +
SEM (n =5 - 6). Two-way ANOVA P-values are shown in the inset table. Post hoc test with the Turkey-
Kramer was performed when the interaction was significant in two-way ANOVA (P < 0.05). Values not

sharing the same letter are significantly different (P < 0.05, Tukey-Kramer test).
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A Two-way ANOVA P-values for mRNA expressions

ch CA GA~Ch
6 Oc mch DCA MChCA Tird 0025 00014 NS
s Tir2 NS NS NS
s Zpid NS 0.0162 NS
4 Dimt1 00092 00120 NS
Hp NS 0.0485 NS
Hpx 00335 00331 NS
Fpn1 NS NS NS
Len2r NS NS NS
Fth1 0.0107 NS 0.0458
Hamp 00014 0.0065 NS
& & 4}@“‘ 0(55 R et QQQ\ \/0&‘ ((.\9" ‘\@@Q ({\0{‘ %((\Qb ‘X\eﬂ’ Hmox1 NS NS NS
N Bmp6 NS NS NS

B C target genes of Two-way ANOVA P-values for plasma LCN2
09 GR Ch CA CA>=Ch
o Plasma LCN2 NS NS NS
E A
IS)
2 064
o Two-way ANOVA P-values for mRNA expressions
b 4 ch CcA CACh
-
@ 0.3 . Len2r NS NS NS
5 Atgl NS NS NS
@
o 0.0 Gek NS NS NS
) Pde3b NS NS NS

Len2r  Atgl Gek Pde3b

Figure 2-11. Hepatic gene expressions related with iron metabolism and LCN2 transcription

(A) The expressions of iron metabolism-related genes. (B) LCN2 protein concentration in portal plasma. (C) The
expressions of LCN2 metabolism-related genes. Each data plot in control mice (C), Chol-fed mice (Ch), CA-
fed mice, and ChCA-fed mice is shown as open circles, open triangles, closed circles, and closed triangles,
respectively. Values are presented as the means = SEM (n=5-6). Two-way ANOVA P-values are shown in the
inset table. Post hoc test with the Turkey-Kramer was performed when the interaction was significant in two-
way ANOVA (P < 0.05). Values not sharing the same letter are significantly different (P < 0.05, Tukey-

Kramer test).
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50— a
= 40 I~ T
2 = E ac HCh HCh
o 30 o =
= (=
2 E £ O CA EChCA [ HChCA
® = <
= [
= 104 (5] u Two-way ANOVA P-values
Ch CA Ch=CA
Liver
B z TG =0.0001 0.0070 0.0006
o
;61 Ea Chol <0.0001 0.0083 0.0455
é’ l;};' FFA 0.0336 NS NS
(5] w Feces
© g
§ ki TG <0.0001 0.0383 NS
Chol =0.0001 =0.0001 <0.0001
FFA <0.0001 NS 0.0361
) I Portal plasma
S 150 =4
g2 2 TG =0.0001 NS NS
5 100-{}o < Chol NS NS NS
) L FFA 0.0110 0.0001 NS
™ o
+ 504 b=
g <
0
B a Two-way ANOVA P-values
R -
sa 100 a Ch CA___ Ch<CA
30 . Srebf2 <0.0001 0.0290 NS
- Hmger =0.0001 NS NS
Srebf1 0.0031 NS NS
Fasn <0.0001 NS NS
Abcg5 =0.0001  =<0.0001 0.0024
Abcg8 <0.0001  =0.0001 0.0019
Len2 0.0132 0.0020 0.0187

Figure 2-S1. Lipid parameters and hepatic mRNA expressions in mice fed a higher level of cholesterol

supplementation to the diet
(A) The concentrations of TG, Chol and FFA in liver, feces, and portal plasma. (B) Relative mRNA

expressions in the liver. Additional groups of mice were fed with diets with a higher level of Chol at 6 g
Chol/kg diet (HCh) without or with CA at 0.5 g CA/kg diet (HChCA). The additional Chol was supplemented
at the expense of dextrin. Each data plot in control mice (C), Chol-fed mice (Ch), CA-fed mice, ChCA-fed
mice, HCh-fed mice, and HChCA-fed mice is shown as open circles, open triangles, closed circles, closed
triangles, open square, and closed square, respectively. Values are presented as the means + SEM (n=5 - 6).
Two-way ANOVA P-values (Ch x CA) are shown in the inset tables. Post hoc test with the Turkey-Kramer
was performed when the interaction was significant in the two-way ANOVA (P < 0.05). Values not sharing the

same letter are significantly different (P < 0.05, Tukey-Kramer test).
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Figure 2-S2. Graphical abstract
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Chol ¥ 7213 CA DREH~DFMIZ. v~V RICE T 2 BHEFEETFEERE =T LTHV S
N T\ % (Santhekadur PK etal., 2018), L2 L. Tt b6 ZF|H L 72FEERICH VT, BE{L Chol % BA &
A7 = BB T 2 EHRITIZ & A v, BA DSRARAEIERICMA T, CADRMEDL T v
FOFRESEEARET 2 Z LRI N T3 (LeeJY etal., 2020), ~ 7 A TORBHFENIFIE S
KB TBRTa—AOERAZHL2ICT 2720101, Chol % BA OIUHIZH) & BIEAEIN & O BfR % 5F
i3 2 BEHH %, AIFFEICHEVTIZ, Chol & CA DFlAGDLEIC X Y, FFKIC I 2 FE{L Chol #EEE
DYEE BN, Abcg5/8 DFI LR, RIEBLEERLR T RIEOTUENF ERc I N 2 L2 R L -,

LY. XV EW Chol ivIL ~ e LT 6gkg BEHAHWAIELDRE L7z, L L ZORETIE, 3
g/kg @ Chol FINAHE L L L <. #EF D Chol HEltt & I3 H B IS L 72—/ CHFARE Ef = 1338
3, AR I N7 Chol DL K I N TLE S #iR e o7z, T 7. iBFIZ Chol #lifa 1L IHA DI
FRIC D72 A8 % Al REEASH % (Hashimoto N et al., 2021), ChCA B %5 2 7-<=7 ZDH®D 5 513 1 kD
BN AP S 7208, E AN~y R CTHEA I S e d o 72, @ 7 Chol Eififid, AH
[0 X5 EFIFESEELSN OIERZ 5] S C TAlREELR S W iFE2 ET 5, HEOREHEICS T 2%
RIS 2 L 72 e KA B o A BRI IEEEMOFEICHE T2 2 e F T oL, LY
BEMW R 2T 17— VARSMICE W T Chol A OZ BT - THN T 2 R % -l 3 2 LA B
%, AR TIZ, =7 ZDEAITIE 3 gkg D Chol A AAZYTH B R R LT,

BA &1, Cytochrome P450 (CYP) %55 (C X % Chol D/KEE(LIIGIC & 0 #EfTS 228, 2 DRIGIC
¥ NADPH, 37 % NADP IZ X 232 01 303 TH % (Pandey AV et al., 2013), L 72725-> T, g
TORIRTCAN T VAR AT o —ARHOTUETEB T2 2 L ARB I E, KRBT Chol FINE
%5 2 72~ 7 A Tl¥ GSH/GSSG b3 EFH L7223, CA & OffF <l GSH/GSSG e 2ME T L 72 (Figure 2-
8A), NADPH % GSH D FEE & DNL I % il &1 5 (Ju HQ et al., 2020), GSH/GSSG Lt i Chol T
ZEMT 2H DD, CADHAGDLEICK Y ZDIEIAET S 277MIC 7% 5 Z & 2> 5 (Figure 2-8A). &
LA PLZEZFCTIREEICEE L T3 2 EARBE N7, 7 Chol ifITIE, HE DA IC X

2 TN T F v G & 5 ATREMEAVR T, BRILIETT S 7 vV ADBFEL 20 H 5 T L 3%
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Z 613 (Figure 2-8A, Figure 2-9), M ALTiGHHICER AL NAR W 2 bEEARIERER I LT
WhRWZ EBHEZE XS — T, Chol & CA DA D+ TIE ROSIC X - THEE X L5 7B-OH (Dyer
RG et al., 1997) % 7-Keto (Vejux A et al., 2009) D¥EE M FERIC EF L. NF«B G ICSE T 2 8T
DFIAHHENN L 7= (Figure 2-5, Figure 2-8B, C), FFiC. NF-kB DEEREIR T % LCN2 (Zhao Pet al.,
2014; Borkham-Kamphorst E et al., 2021) O FETUI BT & B L CIEFICm KM I NTIH Y, Len2
FEHIHY NF-«xB DU EIEMALIC X o TEEMICEFEE I N RN 27", £ 72, Chol B X U CA DfflA
BbRIC X D AB-OH IREE & Abcg5/8 FETADHFERIFEEIIEMIL, Chol & Bl Chol DHFH % (RS 2
LXR DEHALIC X 2 d D &F 2 505 (Figure 2-8C), Chol & CA O IABHUIC X % Chol WL & D N
IZlt. Chol HEM D TTHEDSEE Z U | Chol & CA DRIFHEHIC X o> T3 L b FFHFEERE oMt X L7 D>
SlEHHDO 2O EZLNS, £/, Chol BEUC X %I TG %3 LXRo/SREBF1 D FIBEM % /i L
7- DNL DfEHEIC X 2 b D TH 2 L {EZLTZ % (Figure 2-1, Figure 2-6A) (Luo J et al., 2020), L 2> L.
SREBF1 OfEMEIR T TH % Fasn % Accl DFBIL, Chol HIUC X W HEECHA L TH Y, B TH
BB TR TE 2RI TIE 72> > 72 (Figure 2-6A), %N D KFVE SREBF1 % v % 7 B I3 14 3 K
MIFEEEC& L < J&4 3 % (Horten JD et al., 1998), HHIC. Fasn *° Accl \¥ miR-27a i< X - CTHIFING] &
2729, TND OFIHIEEERE DM\ 72 2 & T, Srebfl DFIIR & OBEMEDRD b Ninh o 72 Al HE
TE23% % (Zhang M et al., 2017), Chol AT X b FFIICE R S NG EH s T Tld. 77 F Fvigoex
~VIETIXAEERBEMNIED b3, ARSI IENEE O R R A3 7R X L7z (Figure 2-10), AaABRIC
BT 2 RN DT v TV IR IR 2 VIR L CEB Y. T DREEA C - ChEfL CA - ChCA
HCHRR S 2 LBEN RO BRNEHNCE L 27/ S O I ITER 2 BT 5,

Chol ZEHX L 72~ 7 ZDiFfifids X VHEEF D BA 70 7 7 A vicksWC, iFlds X C#EfETF o
TBMCA ¥ X UF BMCA 213 2 2 1L L 72 (Figure 2-3) T D T &1, Chol Z &AM L 72H& I~y
2 DFf& T % Chol Z TBMCA 72 £ @ nl120H BA ICEJEiICZEH L . Tz #Hic BMCA & L THRIL
TV AR R S Tz, RIFGETIE. Cyp2e70 FEFIEMNIIVAE CTld7ad> o 7210 H 22h2H 53, Chol
ZEELL 72= 7 2 Tl BMCA D3 rhfEift & 23 JEH# 1B L 72 (Figure 2-6B), % D —77. Cyp8bl DI
BT Chol BIUTHE MDY B I N2, B TZ DL RVICRE RERLITRD bl ho 7
(Figure 2-6B), T 6 DAERIE. DL )LD Chol &1 Tl Chol % n120H BA ICZ a3 % DI +47 70
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CYP2C70 /&2 H V. =7 A Tid 120HBA KL Y b T L A nl20H BA GRS ERACTH L Z L
IREL T 5,

Cyp3all DFHIL, Chol FShMIC X Y ¥4HN L 7z (Figure 2-6B), CYP3AI11 (. 4B-OH % PEAE L, LXR
DIEHAL & LT, HFIESe /NG T Abegs %° Abcg8 72 & D Chol HEHIN T ORI AFHFET 2 L E 2 HN D
(Janowski BA et al.,1996; Repa JJ et al., 2002), 4B-OH /% D ¥EZE 7234/ Chol & CA DA G L EHET
FHSERICHEIN L 7272 1HHL CA DI BA G % Fr 8IS 2 Z & 231L Chol BEEAE ZIE L
TWw3DhH L7 (Figure 2-5), L7225 T, Chol & CA DA A b+ TlLiEFE 722 B Chol F X
UZ % FITHE S L 2 BE{E Chol 8 ABCGS ¥ X UF ABCGS8 %41 L TiFlifs X VB2 & BA & L TOE
R ATt B 2 L ARBE NI,

~ 7 ATIIFIKIC TBMCA # £ 2861 03H 2 AlREE 2 E 2 5 2 L b TE 5, ZHIFHH= SIC
TliZ, MR TED b7z TPMCA DM D b e o722 & L RE-KROERICH L L EZ LN
%, AWIETIE, 2 HEICH 72 0 BRI E N7z B 2 Frp BA AT ICH W T w5720, 2 2 CHEr BAH
B, BENICWI NI BAOHNELH Z REL HEEx b5, —/7. it E SIC IZfiFHKIC
NI NDbDTHY . b DN BA ML AEEIRE 0 — Rl 7 BA MR K32, CA EHY
TIEH, SIC, FAARIMAE IC B\ CTEVEE O TCA 2% & 117z (Figure 2-2, Figure 2-4), BA HUY :AH %
55 ASBT (¥, MCA 72 &£ D nl120H BA & L C TCA 23 XL (VAL Z e BAIE I LT3
(Kramer W et al., 1999), T 5HD T &5, TCA ILERMNICIGITFIEER B b 2 AL CEER < 2 — 7.
BMCA iIHEM E e dT VW & REI NG,

AREOMERE LT, R Chol BT ICH T 2 CA DANIMNIZ, BT Chol INZ fRHET 2 72 1F Tt 7x
(o A7 e —AEZEE) 2 ) U CRLETTIREE - RAEBIEE(R T O BB UEICED 2 2 2R
720 AWFFEICEH T 2 BEF~D Chol & CA DIFIIEIL. IERFEHINTHIHME L VK1 o7d D
D, HFlETomEL Chol JR1E . BELIZEITIREE, Chol b 7 v A K — X —FKBWEMIC BT, Chol XU CA

I & 2HEERZD S, T DIHRIC NF-xB/LCN2 $£8& 23890 2 a[gEME 23R X L7z,
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AWFFETlX. MASLD OARJFIRFEIC 1T % 120H BA OEEZHL T2 2 L ZHWE L, vV AT
BIFIFREEE L 27 v — A R#Z B % HF & & Chol - CARMEBEHWTHIEL 72, ZL T, 7 v

b DIEATHISE (Lee JY et al., 2020, Hori et al., 2020) & D HET, BRI TD 2 7 v — ARHE O HE % B
AlE L 7z (Table 3), {1 ETld, 7 v bicH T HF BERDGHEERN 120H BA IRE o % 5 i 2
T EEEZT, HFB2EMX¢72B6~ 7 RICH ) % BAMBOL# %3l L 72, % D%, B6~
v 2@ BA Mk I3 HE BRI X - THHf#7: 120H BA E OINIZEZ S g, £ L 5 nl20H BA %
I T2 2 LRSI o7z, KK, SIC 3 X CPINRIMNAE T 120H BA R L I TG EfE & O
ICHHBEIZEE D b o 72435, @ 120H BA /n120H BA D A TG iEEE & DI IEDHBEAZ® &
Nz, 2O LiE, vV RICHWTHHFD 120H BA DHXHREZ W2 2 & CHIFE SR/ ORE %
FHILS 25/B5 22 RLTw5, F1ETRIAANF—EIGASL TO R T v —AHEBICOWTD
fRNTCoH o770, F2ETRATH—LVAMOAEFEL 2D B6~ v RICHE T 2 FIFE R IR T
17— AR OB & fEHT L 72, fEEL Chol EORIMIE, FIIRINAE T D n120H BA L OHEI-LH~D

n120H BA HEM O3 Z 5| ¥ 2 L7223, 120H BA ORI 138 % MU X 70> o 72, CA T 120H
BA/mI20H BA lidlgn €72 b o0, WREEEZFEL kh o/, ThHbD T &k, ¥ 120HBA
/m120H BA o2 TG L AHBRIR 2 R T Dk, TAAL X —2HRICHFEET 2 2 L ARELEETH
2 EMRBE NI, 72, Chol & CA ZHlAA DR - RRHIIAFIEE I TE{L Chol 321, KAERIE

GFHEZ LV 2 2 RO LR o7z,

INLOMREREEZ 2L, 7y e~y ATRIBRIEE LB R 77— BEICH L AT 17— AR
HEBD R 2 Z EARBE NTz, AT L 72 B6 ~ 7 2B WK, /M5, PIIRIMAE+ 1< 5
WD BE 7 BA 1Z TBMCA T® - 7z (Figure 1-2, Figure 2-2), % ®—77C, WKAH/HkmSlc 7 v + %
W EATIFZE Tl TCA %7213 CA BB E TH - 7z (Hori S et al., 2020), 415 D BA MK DE W 1ZTH{L
E R E 72 3 IC B 2 FXR OIEEIEEOECEZ A L S Tw 3 a[HEMEA2 5 %, FXR IZBA &
e LIREIEH L S g &, FFIIC 3\ Tt BA SR MR & BA #HUY AL 4 v R — X — D
FEEH, HALE EEMIEIC B W TIREED S D BARYIAREZHS + T v 2K — & —OFIIH %

FHEL., BIFTEERN O BA B2 A X ¢ 2 LB 2 55 3 25 (Lefebvre P et al., 2009), Z D7z®, FXR

86



DTV REIT=ZATH3B MCADPEEICE VB6~T 2D X 5 7AW I13 FXR 255 (I & 2 Bibs
ICH DT LD E LD (Sayin Sletal., 2013), ZDEEEZH T 2432 5 ThwdEY L L <, IF
iEIC BT BARBAK X NIT L K, BE T E 172 BA FHIRIN X hic  WREIBIRE % & 2 ATREE DS
» 5, KWFFETIx HF U3 X U Chol % 721% Chol & CA DlAEDERBIOLETT, B6~ 7 AD
Chol Rt E2SE = ICHIINT 2 2 & % RH L Tw % (Figure 1-1C, 1-1F, 2-1), —7/j. HF S8
WKAH/HkmSlc 7 v b IZE T 2 OEMANIZEE®D 5Ty 72\ (Hori S et al., 2020), Chol % BA I fR3# L i<
CWIRPL TR, B D IR IC Chol AEEI N B AJREMEN H 2, TD T Lld, =7 RCHBWTERA 5k
b Chol ZSBEIMT 2 HND—D2 & 75 T & /KRB L T3 (Figure 1-1D, 2-5), T T® Chol #&{l Chol
DIRERENE, LXR DL %/ LT, Chol &K DM E X HF A ~D Chol HEilt % ¢t 3% (LuR et
al., 2009; Holy P et al., 2018; Liu Y et al., 2018), L 7z25> T, B6 =7 2D X 9 7z FXR Z{I#H L 3 kR
BREZH T 5EY T, BA 2/ L7 Chol Mt X U % Chol D EEEI S EAKOMIT 21T & T
Chol fHH#MEZAMERF L T 2 A[EEMEA S %, Schwarz b DWEIC X 3 &, ~ 7 R H T % —H D Chol
IEZDWNERIZ, BB 5 3.3 mg, BEEA 53 04 mg L. BA & LTH 0.9 mg. fHHF~DE
BEPE e LT 1o mg i 3 2 & 23 T B (Schwarz M et al., 1998), = 7 A 78 Chol &K %
HUL T RN @ Chol & % B0 & & 2 {REBIAE % & 2 01k, (L Chol Z 41 L T LXR % 72 1% SREBP2 IC &
% Chol EABERBEIL LTV LICERT 200d Ltk y, LXR DM LiZ DNL #{gi# X 2 2
(Repa JTetal.,2000), L2>L. LXR DY /7 FTH % 4p-OH RE AN T 5 CARIMEBER~Y 2icE
WC, FFIRE SR B IS 2 A 13789 5 in 2> o 7z (Figure 2-1, Figure 2-5), —/77 v F Tid, CA
INEIEEUC X o T 4B-OH IRE M L, FFAEE BRI L T 7z (Lee JY etal,, 2020), 7 v F &Lt
WL T, =7 RIIEREY 72 ) ORKEREAKRE W20 B S 23, $72E8 8088 x 5 ke
Wbz, 2oz b, BWIEHLTHEEDZAALF -2 EIL 2546 TH, HE~&Efczs
INF—BIEITTRADOITRV R LRI NG, o), WAEYRELE D 4p-OH DM X - T
DNL ZfREZI N2 DD, vV ATIIZANF —HEBDOAERD) OIPIFEEM BISE S i h o - v]HE

e 5,

~ 7 A (Figure 1-3) + 7 v } (Hori S et al., 2020) Ti33kic, HF SEIUCEH T TG & #h 120H
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BA /n120H BA S IEDOMHBA%Z R L7z, L2 L, CABE~Y RICHEWTIE Z 0BRIZFFED bk s -
7oo TORIRERZIT T, vV RCHWTEFEIUFEE RS & 7% 235412 120H BA /n120H BA H & /it
TGIRE L BT 2 L FLz, 77/ V4 V2% HWT CYPSBI % @RFI X 272 B6 vV RiCH W
T, JHD 5 D TCA R IZH 1.5 SRR L, MCA B34 2 #IJi 3 % (Pathak P et al,, 2019), <
D=y A% BEHRTHEBET 5 &, K TD SREBFI XU Fasn DFIASHINT 2 25, FFIEESHEICEH
BaAITEC R, LA L, HF BECYPSBI ¥ T~ v 2 CTid, BW OZ U7 LITHF TG A3
L 7z (Pathak P et al., 2019), CYP8BI KiE B6 ~ 7 2 Tix, M. IFl&. fHD 5 D3F¥) 120H BA EE A, B
AR D 1THIATICHA L. nl120H BA IREEAHY 2 5190 L 72, 120H BA /n120H BA HIZEF AR I
1.87 T®H - 7223 CYPSB1 RiE~ v A TlZ 0.06 I F T L 7z (Bertaggia E etal., 2017) ., Z DIREED~ v
AGBEEREER 5 25 L, TEWHBRORA I X ) BW 2ME A L, A4 v 2 ) v E2EA LiihERE
HEPZED LNz, —H T, 2OV RICHHER (4.5keal/g, TANALF—ILe LT 42%2 fFEHNR) %218
WEe2d e, High7 127 )€r— & Chol DIRELILEH FIEE~ Y 2 & FFEE <. I+ Chol
BIUTGOREICHEIFFBEDoNLh o7z, HIC, 2O~y RICHEIEEZGEHL TH BW, FHEH
B, FREEERE IR AR, Cof, BRzAVF B EZREFTD LRV, TNLD
MR %ZE LD 2L, 120HBA OREHEH ICHECITIREEHEELZH) T2 D1k, HF BZEINL T35
fFFC® Y. 120H BA/n120H BA H & T TG i & OBfRIZER T 4 v ¥ —& X 0 b BIUEE & 1K
T AHEMSE Z b D, BA ICITHILE COREBINOIREEN 225 5 —/7 T, CYPSBL EHIFEH ~ v
A T3 mechanistic target of rapamycin complex 1 (mTORC1)/pS6K D i1t 2% SREBF1 #%5E 4 D DNL % {i¢
T 3 EBME TN TS Z LA 5 (Pathak Petal., 2019), 120H BA 25IFHEE SR D yUitk i B D 2 k%

DSRIRAELIINC D H 2 b D LHEFE I N,

CATMEIT X - T 4B-OH 2SN 2 A T~ 2L 7 v F CHET 2729, 4B-OH 235§ 3
FEPKICEE LT b Bk 2SR 720 B, 4B-OH 1Z CYP3AL1 IC X o TAK E N B EE{L Chol TH % (Diczfalusy U
etal,2011), CYP3A ¥ 77 7 I U —3iHLE LEAMIE S X ORFEIC 5\ CTRICREIREDS % CYP 5
T®H Y. NASH FHEREH~ 7 2 DFFIRIC B\ THREAHINN T % (Suzuki S et al., 2016) , PXR ¥ 7213

constitutive androstane receptor (CAR) DG AL IC & U CYP3A11 DHEE 237G ML X 1% (Zanger UM et al.,
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2013) CARBLXUPXRIZEELEL L BAZ YAV P& LTEHILE N ISR T TH S (Moore JT et al.,
2003), L2L. AHfFEIcB T, HIE L2 0TFho BA DEE D 4-OH 12 & oI HIBIRR 1320 &
Nt o7z, CARBXUPXRIZY Y FREEEMELS . EYRIC X o TV A Y FRHEICED D 2 72

. invivo Y H Y FERIATEICKRE S 2 2 L IZWEETH 5 (Moore JT et al., 2003), FEIC, in vitro ICH >
T Y AV FIEREEIREETH o TH CAR IZHFEICEA~NEITL, a7 27 F =X —% Y 7Lr—}L
CEIETFOIEHEZEC 32 & L 72 5 (Kanno Y et al., 2010), F 7z, b M HAEREEk oM T
% % HuH7 IC 48-OH % EA & & % & SREBPIc ¥/ L. DNL OfEtE% N L C TG SEEE M L
7z (Moldavski O etal., 2021), L2>L. ZOREIX T v + oW {UEEELFMZIC B CRERI N TV
> (Salonurmi T et al., 2020), T DiEWIE, RIL T2 aT7 7 FR—X—F/iFa) 7Ly F—nfx
22 ENFERTHD L FHRINTWS, LXRIFY AV FEEAT 2L, LXR-RXR ~7 7 “R{KZ 7R
E—X—fH~EE T 5, TDE X 3T 7 F X — X — (peroxisome proliferator-activated receptor gamma

coactivator 1-a., transformation/transcription domain-associated protein., acyl-CoA synthetase short chain family
member 2. E1A binding protein p300. tyrosine-protein kinase SRC-1) £ 7z =2V 7'L v % —"T&H % nuclear
receptor corepressor2 L3 A T & T, WMRE D 7 vE— X —FHIEE R IS (HuX etal., 2003;

Huuskonen J et al., 2004; Oberkofler H et al., 2003; Wagner BL et al., 2003; Zhang Y et al., 2004) , LXR IC#56&
LV AV FEaTrrsdx—2—2a ) 7Ly ¥ — L OMHAMEHIT 2RSS 0 . BAEXRE Cldin
FEAGRDIEKIHZEZ TS e PHEING, LirL, vVRERIET v F OfFlEN TS 2
LXRICNT 2377 F_R—2—2a) 7Ly ¥ —DFEPLZNS T 2L Chol DIEH O Z 11/
et SBROBELSHFE NS, #iad 25 ) H Y FOREIC X - T LXR 2GR

T HIEET OSSRV U 5 C & 28 b 410 . MASLD RIS IGHIC % 6 THEMEAS B 5,

Chol °#{t. Chol DIFE~DFEM X, MLHEEDHEKA L 72 Y 5% (Minowa K et al., 2023), HF L7 »
F Tld. 70-OH % [R < BE{L Chol IR ICZ{LIZFE® & 4172 \»—5 (Hori S et al., 2020), HF {8~ 7 2 Tl
fE{t Chol DIEHN & IMAE ALT iGHEASHEM L 72 (Table 1-5), L7285 T, =V ZXix7 v b LKL TR T
— VA X 2 RIEFH B RO AR FE 2 b b, 72, Chol & CAHlABDLEICL Y, ~ 7 ZfF

fif T 1ZFEIL Chol DIENNICHI 2. RIEMED A4 b A1 A4 v OB TFFIRDTCHEE L 72 (Figure 2-7), FEIIEIN %
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NLEBETD OB, BEEICHKBEMAZ R L7 LON2 1Z CARIE 7 v FIFIIC BT h FBI2 83
52 LDREINTW A (Hori Setal., 2021)e A7 B —LHEFIC X 5 LCN2 DFHFIEMD w7 2B LT v
FICBWTHHL CROONEIETH 5720, LENICE W TEHEERINETH 5 MRS 2,
LCN2 3Bk MER 7 v b 2G4 28 25kDa D & v X 7B TH % (Flower DR., 1996), T DHR7 v MT/NE
REUKMESF2o AT A F RS U4 2 E % Wik 3 2 #EE % 15D (Flower DR., 1996), $7-, > 7T H
T7AT EHET S L THREHIRT 270, MIENEAHICEIS 3 2 AlEEMEA S % (Lim D et al., 2021),
Z DX 57 LCN2 DFfMEIZ. MASLD % &8 kk 4 78 B O FAE 1B b 2 AIREME DS ® 5 (Asimakopoulou A
etal, 2016), <V ZFEEMILIC B CIREFBRESEMFICE VT, LON2 ZiEBRNIC B &2 & DNL - &
iE + BRAE(CBEEE (R 1 0 SN & AR 7 AR BELE (R 7 O RN A FFE L. LON2 K~ 7 R iTH W
T3 DNL - KIE - SRAECBIEE R T O BIATHE < v, BRI fREIERE R O BB HIH E 5 (XuY et
al., 2019), L 722%- T, LCN2 OFEHENIN IR Z HEE B HE 0 Z AU HE 5 RIECHAEIL ITxT L CLRFEm
K@ & PRI TS, ZD—J T, HF BB oblob ~ 7 AT a-smooth muscle actin (0-SMA )/ matrix
metalloproteinase-9 (MMP9)/ signal transducer and activator of transcription 3 (STAT3)> 27" /v % 4/ L T H 2
Ha % SR & R ME(L %2 4T 2 8 2 (Kim KE et al., 2023), L 7228-> T, FFEMIIETD LCN2 i MASH %
T E 2R EZ O NS, LCN2 BRI WED X v o8 7 TH Y JITHEIcH 1T 5 LCN2 DixH|
ZIEHT 27201t ZDEMNZHO 2ICT 201D 5, RTEICE T 2 RO EIE T FEHRENT X,
JFlg% Y0 L %2 oM o&Th Y F 4 XL RNATHE 217> T %, APl IC 5o 2 F9E
ML DE & iz 8 FIFREE TH 5 720, BRI OES TR L FREMIEORIL L »7 L TN %217 5 72,
L2 LGB IC X, AIFSECIiFEMIE e 7 v X —Hilg, BE L 25 hER23 & £ T 2 AlReE I3 S €
E7n\, LCN2 IXFRICHFHERICEE ICRIR L T3 72® (Cowland JB et al.,, 1997), iFHEk~ — 7 — DHIE
HiTo BRI N o7z, Tz, HEMILC 7 v X —HilgdkTH 2 a[REtEIZBETE vy, 2D

fRRD =113, CATRIETHEINS LCN2 1T L DMl HE» 24 ET 2 HER D 5,

b b TlE CYP2C70 IXFH L s\ 7z®, £E 4 nl20HBA 12 CDCA TH Y, ZNIE FXR D177 =
= A b TH % (Makishima M etal., 1999), 7z, t b OINHE-LH#H Tt n120H BA & [L#K L T 120H BA

DI D% 7z~ AT & FXR BHIH E N T BB Cld A wvwZ & AP X 115 (Hamilton JP et al.,
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2007; Angelin B et al., 1982), Schwarz & D#HEIC X % &, & b DFFfEM Chol &34 100g TH O, —HY
72 0 OFHAEER & LT 600~900 mg, B2 5 1% 300~500 mg D Chol 28B4 %, —FH., —H%7”=ZY
BA & L T 500~600 mg. AHit~®D Chol DEEEFE & L THJ 600 mg 2383 % (Schwarz M et al.,
1998), b L7z & 92, HFiETD Chol DEERNICHE VT, v~V A TIHELAKIC X 2% 50358 TH
27, e FCTRBEILOFLGLS T RICHRTKE W, b b TEAFIED SO Chol BEEREIZ, BA
& Chol & L COEBEHEMAFRE TH % (SchwarzMetal., 1998), b x%F x5 &, b b KL
T~ v ZFHHHAZAIC Chol % @ iAAR Z WHTREMED B 5, MASH 7 & LT, Chol (1.25%) & CA
(0.5%) ZHM L 7=fdkl %~ 215 2 2 3B#% 25 % (Matsuzawa N et al., 2007), & OREHZHEIL 7z~
T ALk, 6~24 NI 2 TR A RIS RRIAZS -0 RAE. FFHIRE DN v — = v 7 % 5 FERRHERE S ©
MASHMRIER Z 232, T HICZOREIC 0% DIEE Z MM 2 &, 12 ClREREE. IEEEE
b, ML 2 F L AHEHEE X L5 (Matsuzawa N et al., 2007), L2 L. Z OBEEFAK CHH 3 % Chol /N
BN REFICH L TRV EBBERING, IhoDZl e z2fiEzrdL, vV ATIIe el
B LCAT B —VARIC K 2 COREEDOISER TS 5 IR A E CHN 2 /RS E 2 5

nd,

JHO S 2 HT 5L winlE~vrv AL e bod@EKmTchHY, 7y FEDERTH S (Kruepunga N et al.,
2019), BHD 5 1ZHFIED © /i S L7z BASRE U v v Chol ZHiT & LTl - I L. HEICISL T
+ i8I T 2T H B (Housset Cetal., 2016), ~ 7 ZICHWT, HD S Z[EIINT % & & THEH
DI BEZTH B0, 7y PIHE~D =2 L —v g VICHEMZ2EST 270, B0 A 25T 5
L IINEETH Y, EEAETRERHIE TS Z 3L v, MA T, =72 Tlik + @ BA MK %
L7zt T v AP 2=y 7=y RADWEBITONTED, ThHDET AT 120HBA I X ZAFIRE R
WA OMAINICHS T2 b0 XN 2 (HondaAetal, 2020), —J77 v b & kT, MIRIMLIC
BT 20H B K FHET 5 &) Hnth@d 3720, BARBEHCE T 202 CRIA LT\ 3 (Hori S
et al., 2020; Angelin B et al., 1982) , 7 v M FTlx CYP2CT70 23F I35 2 23, AFlE</NMEIC B\ T it TCA
DI EEICFAES % (Takahashi S et al., 2016; Hori S etal., 2020), TNLHDZ &b, 7 v bo/NGE

KONl IC 310 2 EH 70 FXR DIGEMER Chol fREHHIZ e F & UAB 2 2RT 2 e A TFRING, &
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Fe=v 2Ty bTIRER L2 XD dll - HESDD 2720, BA RUEHEREE X 2 nicibi+

% BERICBE S 2 WHE ORI 3 2 RERBIP) I3 f#bT L 72 R ICHE D& TEIRS 28803 H 5,

AFEIC BT, vV RICEWTHHF O 120H BA/n120H BA ttx HH 9 5 2 & © HF fEEZEFC
IR RS & OMIC IEDMHBIA B S L7z, BRI~ Chol & CA DflAADLERMIZ, A7 17—
HED) %A L TR D B TR EE-C SR EBIR T O R BUTEICBID 2 T L R & e AT H—
R & AR SR ICET 2 2 b OAIRIX, MASLD A&RIREEIC 5 W TR A R#to —2Th 2 & &
Abd, Sk, RRFHCEBH T 2 thOREWZHSL 21T L. MASLD KIRO LB %22 52 LT, 2
Wik L O FHIEOMICEDR 2 2 LRI NG, 51T, BA IIHEERICLE TRV T WnW T &0,
ek BA ZFIH L 72X IFREERICITZA 2 2 &L 2 E 2 2 £ . MASLD Atk RE W HE 1 BA K
ZAFCE 3RS E 2 b b, REYOMBIZEMTRE ORI EZ KM L T3 EEZ LN D,
FIRTEROFEEE 2 X D BHTEIC IR T 2 87 X — X DIRRIIS5HZ DG M TN EFE2ObNE, KIF
REEICIZEEERIZD 2 PRECERELSAD ONARVIRENRTFET S, 20X mRHOBEICEWT
b RE AR L2200 X o TRRIREBR R T 2 2 L 3AREIC R 2 00 b Lvde v, SEFE, HRESY
HrRETE 1% R B e fdT o gt NEUL P ZflizE T A OBBIc L EREERE LTI YSALS
TWRIIC AR Y 20D 5, —HT, FRALZED 2 -0 i3RI &EOmiEl, Db eF
WIEHRE LIRS 272007 — X BT 2 7 LOREED RAIR TH 5, FFrc, BMARKEE BN 2 72
DITIIHY) DIAZE D) & KB D5 1CBT 2 MR OENBSLEIC 2 5, K2 U & 7R o B
DS IS RNE, A X R v 17 2EHH L CRBIREORBENZWARE L 72 5, ROk
RIFRIE LM 5 2 L S ATREIC i, R MR BE DO RIE 2 RRICH < T L IcEHM Y . 2

SDGs ICE 1) 2 HELGER OEIC b FHE5 T30 e AfFEn s,
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Table 3-1. Metabolic differences and similarities between mice and rats

Main BA species in enterohepatic circulation 120H BA n120H BA

HF diet
Excretion form in sterols BA Chol
Sterol oxidation in the liver E;llzd}:g(l; ;f;&iigiig);fn
Enterohepatic 120H/n120H BA circulation Increased Increased
Ifgglg?gfgg;g\g/iz% ;)f the hepatic TG concentration and fecal Correlated Correlated

CA diet
Hepatic TG concentration Increased No change
Relationship betweeg of the hepatic TG concentration and fecal No No
120H/n120H BA ratio
Sterol oxidation in the liver E)I:lzd}::lléil Qluzt}(l)r-r?i)éigitii(;);ifn
GSH/GSSG ratio in the liver Increased Increased
Susceptibility to inflammation Enhanced Enhanced
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