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ACC
ACSS2
ACTA
ALT
AST
ASBT
BCAA
BMP6
CA
CPT1
CDCA
CIDEA
Collal
CYP3A2
CYPT7Al
CYP27A1
CYP8B1
DNL
DMT1
FASN
FPN
FFA
FN1
FoxO1

%%ED'_'%g
Acetyl-CoA carboxylase
Acetyl-CoA synthetase 2
Actin alpha 2
Alanine aminotransferase
Aspartate aminotransferase
Apical sodium-dependent bile acid transporter
Branched chain amino acid
Bone morphogenetic protein 6
Cholic acid
Carnitine O-palmitoyltransferase 1
Chenodeoxycholic acid
Cell death—inducing DNA fragmentation factor A-like effector A
Collagen type | alpha 1
Cytochrome P450 family 3 subfamily A member 2
Cholesterol 7 a -hydroxylase
Sterol 27-hydroxylase
12 a -hydroxylase
De novo lipogenesis
Divalent metal transporter 1
Fatty acid synthase
Ferroportin 1
Free fatty acid
Fibronectin 1

Forkhead box protein O1



FTH1 Ferritin heavy chain 1

FXR Farnesoid X receptor

G6Pase Glucose 6-phosphatase

HFD High-fat diet

HFE2 Homeostatic Fe regulator 2
HAMP Hepcidin antimicrobial peptide
HMGCR Hydroxymethylglutaryl-CoA reductase
HMOX1 Heme oxygenase 1

HP Haptoglobin

HPX Hemopexin

HS High-sucrose

A [ron-adequatet

ID I[ron deficiency

INSIG2A Insulin induced gene 2A

IL6 Interleukin 6

IL1B Interleukin-1 beta

IRS Insulin receptor substrate
LCN2 Lipocalin-2

LCN2RLipocalin-2 receptor

LXR Liver X receptor alpha

KHKC Ketohexokinase C

MAFLD Metabolic associated fatty liver disease
MID Marginal iron deficiency

mtDNA Mitochondrial DNA

mTORC1 Mammalian target of rapamycin complex 1
NAFLD Non-alcoholic fatty liver disease

NASH Nonalcoholic steatohepatitis



NCD
nDNA
PEPCK
PI3K
RPLPO
SHP
SREBP1
SCAP
STAR
TCA
TG
TFR1
TFR2
TGRb5
TNF a
VCM
ZIP14

Non-communicational disease

Nuclear DNA

Phosphoenolpyruvate carboxykinase
Phosphatidylinositol-3 kinase

Ribosomal protein lateral stalk subunit PO
Small Heterodimer Partner

Sterol regulatory element binding protein 1
Sterol regulatory element binding protein cleavage activating protein
Steroidogenic acute regulatory protein
Taurocholic acid

Triglyceride

Transferrin receptor 1

Transferrin receptor 2

Takeda G protein-coupled receptor 5
Tumor necrosis factor alpha
Vancomycine

Zrt- and irt-like protein 14
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Figure. 1-1. HFD induces hepatic steatosis

Figure. 1-2. HFD increases specifically 12 a OH in enterohepatic circulation

Figure. 1-3. HFD increases specific 12 a OH

Figure. 1-4. HFD modulates cholesterol metabolism in a direction favorable to 12 o OH
synthesis

Figure. 1-5. 12 a OH correlates with hepatic steatosis

Figure. 1-6. HFD suppresses hepatic gene expression regulates lipid metabolism
Figure. 1-7. HFD enhances apparent dietary fat absorption

25

Figure. 2-1. CA diet increases specifically 12 a OH

Figure. 2-2. CA diet induces hepatic steatosis and liver injury

Figure. 2-3. CA diet reduces fecal lipid excretion and modulates liver lipid gene expression in a
direction favorable to lipid accumulation

Figure. 2-4. Liver iron concentration negatively correlates with liver lipid accumulation
Figure. 2-5. CA diet induces liver iron deficiency.

Figure. 2-6. Primary 12 a OH is responsible for CA diet-induced disorders.

E3IE

Figure. 3-1. MID diet does not affect growth parameters

Figure. 3-2. MID diet induces iron deficiency without anemia

Figure. 3-3. MID diet induces iron deficiency without anemia in HS-fed rats

Figure. 3-4. MID combined with HS induces liver TG accumulation
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Table. 1-1. Diet compositions in control and HFD

Table. 1-2. Molecular species of bile acid

Table. 1-3. Molecular species of oxysterol

Table. 1-4. Food intake, growth, and organ weights in male WKAH/HkmSIc rats fed either
control or HFD for 8 weeks.
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Table. 2-1. Diet compositions in control and CA diet

Table. 2-2. Food intake, growth, and organ weights in WKAH/HkmSIc male rats fed either
control or CA diet for 13 weeks

Table. 2-3. Food intake, growth, and organ weights in WKAH/HkmSIc male rats fed either
control or CA diet treated with or without VCM in drinking water for 6 weeks (Study 3)
Table. 2-4. Aortic plasma bile acid profile in WKAH/HkmSIc male rats fed either control or CA
diet treated with or without VCM in drinking water for 6 weeks (Study 3)

E3IE

Table. 3-1. Diet compositions in control and HS either with IA or MID

Table. 3-2. Growth parameters and tissue weight in rats fed control and HS either with IA or

MID
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1900 R, AEDOIRED EU% HH TWDIRIBAD & 5 B OB CRED, ETIER
E bbb bANERRET BERES 572 (Jones et al, 2012), & F AR DEE OEFTLPHFEFT LA
A2 DBEZR L, BADL S LEERSCEREN T VAEICE 5 B BRFEDEREHRIFL T
DEICHE -7z, KRy T3 EM. Bk BF7AHNEDH. 10 AAHTY 500 FDILE % Bk
L7- Uonesetal, 2012), CHIFRAHFREZFEL TV IHEIOST VAL EABREOHETH
') (Hoseinpour et al., 2020). 72 TORRIEDBHDOAE SHAMEVAND, =LA I LIS, FHE
WEDRREERICED WL FHEDE R CIRFREDFE, F7IC 1900 FOHRMHZEICR=V ) >~
R & LT-MEMEDFEERE (Bennett & Chung, 2001) (2& Y BEREIC L 28T — XIS BIAYICHR
A L#as 7= (Achilladelis, 1993; Cutler et al., 2006), % DFER. 2010 FITH T TEEDFRTRILHE
AUTICETET T 2 ERAFICABEOEGIIRBICHOBHI-—F T, ABOIRR LIz 505 E
AN KELEET 2F &4 >7- (Jonesetal, 2012),

RREEDZ RO ENANTBD LR, MRAEOTEDOKF¥Z 52 L 5273 >7-DIFFE
Bt % 2B (non-communicational disease, NCD) T# %, tHFR{REMR (WHO: World Health
Organization) IC& % &, NCD I¥ ["TMEBRARECES AR, BUE, BEOH, KIBRML EIC
JUBIERIEIND., & BRE - BESES - TRBESR - AV XUANLVRZRFEHET 2B
REZEEHTHRIFLIHD] EEZRENTWLS (Alwan, 2011), 1900 FHRDEHIZIE NCD 12 &
HITERADWICRGEA EA Y (Achilladelis, 1993; Cutler et al., 2006). IR TERADEE & &
272, 2008 FICIEFERDE L Z 35D 2 % NCD ¥ E&, B DIE~FFIEE ClEZ DEIGIE
80%(ZH DT 57z (Alwan, 2011), BERENKRITER EMIE EH BT 7Y A TS X, 2030 FETIC
NCD |2 & 2ERAMBEEAEE EE] 2 & FRA SN TS (Alwan, 2011), F7b b, NCD OFBES
S BB EDHELIZFABENRLEITEIRNEREEZRED 1 2E L ->THBETIEAL,

JET77 )L a— LMERSRART (non-alcoholic fatty liver disease. NAFLD) [$1@F| 4 &CEA £
ICHTREICBER A BB T 2B TH %, BHTEHRARFEE N, L) BENLERBREeRIHmLEL
THREMEREHITE S (metabolic associated fatty liver disease. MAFLD) & HMEFRE NS L 5 124
Y (Eslam et al., 2020). $ERBPOLMBEREELZD NCD OFFEY X /% LRI E2ELHA-T
=7- (Younossi et al., 2018), PEFICH1F 5 NAFLD OEEZX(Z 20-30% (Vernon et al., 2011).
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HRFPTIE 10 BAL D NAFLD BEHTEFEL (Younossi et al, 2018), IR EEHOEED
MTZDEZEMAEIML T B (Wiegand et al., 2010), #E3&. NAFLD IZEARZ X ZRY v o
FAO—LOHRED 1 D2EEX LN TWA, KEZF > 72IET7 L3 — L IHERRBRRF 4
(nonalcoholic steatohepatitis, NASH) & & UFFEZE., HEE0EELAREEZRNTH S -I1FTHL
(Younossi et al., 2018), #ERFELME RELIZHTZ > TR L (Lonardo et al., 2015), FFiE/
FTIICBE OB WNCD OREY X 7% ERIE2FENHEL NI > TEF (Younossi et al., 2018),
b, NAFLD OFBhH L AEEDREILIE NCD FIEY X 7T, OWTIIAFEORREGIL
RICERT %,

FFEgAsppEEITATRICL B2 MU 7 U T 4 F (triglyceride. TG) £RAVLDLIZL B TG D
MHELO B BALICK 2EMESRE ER-7-355(I1CRI 5, O8R5 E b NAFLD @7 —
X A&BH B & VLDL MHEE X0 (Fabbrini et al., 2008, 2009; Targher et al., 2016). FFigERERFEL
iz —EN T L AT % (Bugianesi et al., 2005; Chalasani et al., 2003; Sanyal et al., 2001),
7 H B, NAFLD (28T 2 AP ERE O RE ISR DBEE B L U TlE7a <. BTG
ERDIEBAR, EENICIE (1) BT - NERBEBORER2#® CERMS £ CFIMRILICHE S h7-hg
frle (2) B#F O I7AYD TG 28R IC L Y EIRIICHE S N7 fgfhie (3) FFlEICEX S /-
URE> oD TG, %2 LT (4) IERERIERAED o7 (B S N7 fERAEL (De novo
lipogenesis, DNL) @ 4 DOHHGIRICEHRT 2 L EX HN D,

DNL 3EHD X T v T2 BEA TR 2EM B A XY b THS, DNLIZRIGICHER
NADPH/NADP @ Lt @ WHIlEE TIThN D, BIBRAE 25 DIE7 I A—RP 7N b—R 72
/B BFBAR Eh oIEI N B T F L CoA TH S (Wallace & Metallo, 2020), 7=72 L. fEHEXR
MHIPIAVRUTTERINZTEFILCoAIEI bV FY TEREZBXTHEET 2ENTER
W7z, DNLIICEEREATER L, ZD7dH, BIEREYD 72T /L CoA % DNL ISHAAL 7
BICIE—E MY HILAVBERYAZIVICAY, 7T0BRELTHY AR VBEEEAZBL CRiEE

ICEPEEI NI, ATP 28U 77—+ (ATP citrate lyase. ACLY) (C& > T7+tF /L CoA ~
TRINDDENH D, 25 L THIETER LT FIL CoA X, 7HEF I CoA hILRF
Z —+ (acetyl-CoA carboxylase. ACC) I[C&>T~¥A =)L CoOA~NEEHEIND, vA =)L CoA |E
FePRBR & B E% 3% (fatty acid synthase, FASN) (Z& - THeE. =Ejt. ik, ETolExigy) kL T
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TEFINCOANE 2DDREIVEHAENTNL, DY A 7 ESIVIFUEBREBKTHET
rE, LNV IFUyREIOVA-—FLICLVELRLZREERE. 797127 —CICL2TE
M % 2 CREMBFEA D b TWL, TEF L CoAnbvHA =L CoA #E/HKT 5 KISIE
ATP ZE & % 7-% (Wallace & Metallo, 2020), EEREIF TR {HMEERND ATP EES
DNL DEBARFICH D,

2T A—LHEMBEREESEES AT 1 (sterol regulatory element binding protein 1.
SREBP1) IFEFE AT OB R F T, ACC X FASN Z EAHIEHT 5 Z & T DNL Z7T#d % (Horton
et al., 2002; Shimano, 2001), SREBP1 Z ;&4 €2 RFORELIEA R Y > TH D
(Matsuzaka et al., 2004; Osborne, 2000), A4 >R U VIZFFEBICHKIRT 24 v X U SRIKICHES
L. TROY 7 L% EEILEE % I & TSREBPL ORRZIEMEE S (Haas etal, 2012), £ D
BB ICIZTRBALRANZVH 0D, D 2 DB T SREBPL 2 gk 5, 1 DBIX
SREBP1 0 #xE{E# (Foretz et al.,, 1999), 2 2 BIIEIIREMEERIC L V) REME A oJEE SREBP1
NEZIEDHETH D (Yabe et al, 2003), 7=, 70— XL RAKICEE L SREBPL O EMH
TERFTHY ., APLT PPV BEICESTAVRY Y ERZI /YT RTH, BIIEIRE
#' SREBP1 0 #IR%FET % (Matsuzaka et al., 2004),

DNL I& NAFLD O fFiEREfrZEREICKE LT ET %, EHERREWZ &2, NAFLD B%E (L FFiEAE
HEBENEATLSICHEDL ST DNL A TTET 2 74 RIBA 2R3 (Lambert et al,, 2014),
ek, PL—Y—HBRTHEEINT-FRETENIND LI FUrBOAGKEIFEELE FT1-10%
(Diraison et al., 2003; Faix et al., 1993; Hellerstein et al., 1991; Lambert et al., 2014: Marques-
Lopes et al., 2001). NAFLD £& T% 15-26% %2 (Donnelly et al., 2005; Hodson et al., 2017;
Lambert et al., 2014; Tamura & Shimomura, 2005) £ &ML TH Y, DNLIFEEBRINTWED -
7= LD LAD S, NAFLD BZE DT TIE SREBP1 mRNA RIRAEEEHICLLXTH EICIEMNT 3
=2/ Z (Kohjima et al., 2008), #@EDHE THIE I N7 DNL DTS ENFMEINTWSEER
AT, BERZEAVTRERE 3~5 BM) BBRNMTHONIIFR TIE. NAFLD BF0MH TG IC&Fh
58 40%H DL I F U EEH AR DNL ICHRT 2FE 2B 5 A 127 - 7= (Smith et al., 2020) ,

NAFLD T DNL A'JTH#ET 2 A H =X LIFBE oA TIER WA, A4 XU VIETTEICHE - 7218
BIAOA YR ) »yELUT7LO—-XEEDOEMNA SREBP1 #IRZIEAX S 25 TDNL ZTEX
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TTLWBDTIEELAEEZ LN TWLS (Smith et al., 2020), £D—7 T, SREBP1 O HRIEMN%
Hhr O MREERTIE. 1 XY VIEEA 10-100 nM (Kim et al., 1998; Li et al., 2010;
Shimomura et al., 1999), 7 /L. 3—X ¥ > 25mM (Iroz et al., 2017; Yamashita et al., 2001) &, 4
BRTEHRINZ2EN’HBLAREENBLONTWEEZEZR 5 £, KRANO DNLIRERFH S % A6
EIEFBEETER L,

EABRIZOL AT O— LA OB TEREIN, FEOHREEBEEZE T 21LEYMTH S,
BEMNBELMMEA LI L AT A—LANFIRETH S I &1 1920 FRALHERINTW DD, b
L—%—HBA AV TERICEBABORIHRENILRTE—LTH D L RIS N-DIL 1943 £
ETH5 (Bloch et al, 1943), BETIE. FEICHE T2 AL RTA-LRKREED L L TLLER
FHINbd LIk o7z (Schwarz et al., 1996), FEHBEERERREDIFTH2 AL X FO—IL Ta /K
B v B3 (cholesterol 7 a -hydroxylase. CYP7AL) (&5 v k TIEFIRD L EEN/-BRITEHEF L
(Ugele etal.,, 1991), AL ZX7O0—LD7a KEILKEZIBS (Myant & Mitropoulos, 1977),
CYPTAL IZ L A RISZEZ T /-B BRI AL, 12 a KEB{LEEZE (12 a -hydroxylase. CYP8B1) &
Y 12 S KEAL G (Pandak et al., 2001) 2313 2 Hh&EA T & > T 12 a KERALAETER (12 a OH)
L <IEFE 12 a KBEILABHEE (non-12a OH) ICH¥ETE 2, FIBCERMENS 12a0H 5LV
non-12 a OH (3 — /L (cholic acid, CA) &4 / 7T# %> 23— L (chenodeoxycholic acid,
CDCA) TH %, Z7 L THBTAERINZIEARIE—RIEARET I, BENICHMSINSHE
ICAKBMEE BT 272017V LAIERT7 Y vICk a6tz 5, BIFERZ ENKBIC
FELAZ—REBAERRIZ. 27U VEBLUT U v OREAEEZIT%IC. BRAEICK S 7a Bk
BACRISIC & W ZRIEHEE~ & Zax 115 (Ridlon et al., 2006),

PEABROAEEBIERE LT, KITBEFICKWIEBZ AT 21FANH 5 F13 1 i m <7l
A ofoNTWe (Verzar, 1938), BREEDOTIUIEEDRIACHIERRICHD I &b
(Hofmann & Mysels, 1988) . FFi&n S BB %8 > T”/NGICHW S N BHERISBERE DB -
TINDOIREICETE ST 5E LA D (Hofmann, 1999) , AL R T O —ILBREEARE L THEERES
ICHRA. KREBD DREABRIZEIGICEFEIRT 2T8mAEIF b U 7 AMRFMERE T ER&EREM (apical
sodium-dependent bile acid transporter. ASBT) (2 & 2 8E8h#k % N L CPIIRMF %@ > THW
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g~ E R 2 BAER CBAA S NS (Chiang, 2009), IL AT A—IILHEZR/NRICIDZ A 5,
MENICEIANT —BREEORNEZRET 2TIWRI AT LTH S,

ek, BBTERITELZRERERINEEFRZHF2>PE L L CRAMINTW A, ZTH+
FOMRMERICEY NCD ZEENT 22 7 FILHFE L TEEIND LD IR 572, 1999 FITIF
NZERERTHD 7 74 K XZ2ARE (farnesoid X receptor. FXR) (Makishima et al., 1999;
Parks et al., 1999; Wang et al., 1999). #:\\T 2002 —2003 FICEEBAEZAAETH 5 Takeda G
RNy BHEZHRIES (takeda G protein-coupled receptor 5. TGR5) (Kawamata et al., 2003;
Maruyama et al., 2002) A EHEED B Y —& L TREEI N, ZNLE, IBEOERINIC
BFEFOSBRVWRHEHHEHERTE L TOEABROERINIEEIND L 124 -7 (Kliewer & Mangelsdorf,
2015; Thomas et al., 2009), Z 5 L CRBABZAMAEE X —7 v ICL7- NCD OWEFRIFHZ <R
RINTEED, XBEHRFENA T IR M7y RO M 2BW-EAHBERA%Z H DER| = E
FAL7=6Dh% < NCD BIEICEWTERRNTARICIBRY 2 BB OZENIC I TBAERLS
LYo

BE. AAZERYT 2EABREIIHBICHEHINTL S, BIFERZ AN 7-—EBOBTE L
BEAACHEMEIND /-, FEM SN/ BABRE S 7= ICH7 ICHB TRAIBA SR I NS,
CYPTAL ICL 2BABREMEIIFES L ONMGICERIRT 2 FXRICEZ A2 AT 4774 —F\y
7 %%\F % (de Aguiar Vallim et al., 2013), FEAERIC & 2 HFED FXR EELIS/NEATFOL A <
—/X— k F— (small Heterodimer Partner, SHP) Z/L T CYP7TAL OFBRZMHT 5 —H T, /I
5D FXR EMAL XIS TF MR R E T 15/19 (fibroblast growth factor15/19. FGF15/19) ® P9k
mf~DwzR L. FFICEREL 72 FGF15/19 A CYPTAL #DfIC & V) BABREKREZE T St
% (de Aguiar Vallim et al., 2013), F7-. BABE I v A R—%2—3 FXRICL 2FAEEFT5 2
& TR DBHEEERE % 81 % (de Aguiar Vallim et al.,, 2013), B NEZHE(Z, 25 L7 FXR
BIEMALT BEENIE. LY KBREDS L 12a OH Tld non-12a OH & tb_T 100 fFU &<
(Parks et al., 1999). 12aOH [ZREEABR DR THHERNTEML LT WO FEES R D,

12a OH RE DIENNA NCD OFRIE & B ICHAET 2 FNEMONTHRESIN T WD, 1
VAU VIETEEE L PERMICEWT, 7 12a OH BEANFEREFERE L EOHEEZ T
(Haeusler et al., 2013), F7-. NAFLD (Chashmniam et al., 2019; Mouzaki et al., 2016; Puri et
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https://paperpile.com/c/aXGY7Y/zsB4o
https://paperpile.com/c/aXGY7Y/iXNXN+e3knk+KCfY
https://paperpile.com/c/aXGY7Y/iXNXN+e3knk+KCfY
https://paperpile.com/c/aXGY7Y/e3pG+15HS
https://paperpile.com/c/aXGY7Y/e3pG+15HS
https://paperpile.com/c/aXGY7Y/Ulv4+wUL1
https://paperpile.com/c/aXGY7Y/Ulv4+wUL1
https://paperpile.com/c/aXGY7Y/A1D7K
https://paperpile.com/c/aXGY7Y/A1D7K
https://paperpile.com/c/aXGY7Y/A1D7K
https://paperpile.com/c/aXGY7Y/e3knk
https://paperpile.com/c/aXGY7Y/3brix+TYQT+Y3wH

al., 2018) B (Haeusler et al., 2016) (CHWLWTH, MF 12a OHEBEOEMAERIN S, 45
EIANEEInon-12a0H BEIF—EMED L <IFRDT 2 —A7T. 12a0H A&7 L THEMICIEM
T5RCTHD, REORKRITEEHE (high-fatdiet, HFD) 2527-7 v FBL VT TRICHENT
HLEER I NS (Devkota et al., 2012; Yoshitsugu et al., 2019), TN S DIFREHE (XA S H OHEERE T
RERAICEML 72 12a OH A AFEEEERB %5 SR I AIREMEZ T~ T, LA LAA L, BEER%
FHIGICHENTEENRL NIV TEHT S 120 OH OIBMEE., L0 12aOH IC & 2 BRI AFE
ERFEBMRORETIE A I N TLARL,

AR IE. NAFLD o FFREEEZ5|I SR THEME L L T12a0H ICEE
L. BREZERICKY 120 0H AFENICIEINT 2HiEH L O 12 o OH A HFEEERERE~RITTHE
AT 2EXERLIEBARTHS, 2HATIORBALOBEENTZFET S NAFLD @
FEEREEAETREYVEOHTE L. NAFLD OFHES L EEROETEICH T 2 EEEHE
TH5,

KL ERDBRIICIA > TIT o 7-ARAR T EIULCCaidh Lz, B CTIEARMITEITICH
o> TOEBRNERZHNICHES, ERNREZELIELOEIRICHHL L, BEZLICEREH
M), REHE BR. ERE2DRL, EROTBICEIHMELZETHLNICE > T-BROMELE R
L7z 881 ETIE, HFD IC& % 12 a OH RFERIEMEE ORERE K U0 12 a OH A FFEEEERIC
RIFTHEEOFTMERAT, BAEMICIE, HFD A5 727y MBI 2BERS L U0EFDHE
SHEEERL. BB RE ICEh 2 BEEFRIEL NLERT L, FEESAS E 0BRSS L 7=,
B2ETIE12a0H ICL 2 FBEREBR~RIZTEES LUV ZOBEZRETT 527202, HFD T
WY 2FER 12a0H O—REHE, CAZ5X77 v bOEABRSS L RGNS ®
ril7ze EIC, BRMEICL 2 12a0H ORBAHEEHBREICES T 20 ED D ERILET 2720
IZ. CA &> a< A > (vancomycine., VCM) D&k G5 x2HAEDLE T v b DFFEIEE RS
TR L7, B3IBTIE. F2EBLU 3 ETHEINIEHFREET & AFEAEHSREDOZ L
HEREBRORREREAT, HBIETIE. ULOERBERZ SENICED, BERRL SBkH /=K
MREDIBAES LVSHOBLEZR LT, REICIEARHF THIA LB L OFE O FMH
RICHBEB I N/IwmELH&; L 7
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£ 1EHFD (2L % 12 a KEACRETER DIEINEERE & Ra R AT

HIE~NDOEE
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-l EREEN

FEHATIERSEEEREICEEL CRETIHRICH ITE2XXRY vy FA— LD
BD1OTHb, BFRABICLS &, BHFIEEECERRK, OMERKEEZED[NEKNL NCD O
FHAEY RV % EIFB2ENFREINTULS (Lonardo et al., 2015), FEAAFOREICEVLWTREZEN
BEELBERD1O2THY ., BRAGTFILF—EBRIIFTEEROERZIRET 5, FiC. BMIEHE
4 EUCREZAFICEIRIE/-5E (1 HH7-Y 1000 kcal :BF), FEZFEHE Y aEEz 2
BILEUCRFOBRERLY LB NICHBEREEEZREI S I D7 v X LLEERICE VTR
£&E T3 (Luukkonen et al., 2018), BLOBRIIEBYWET L THERINTE Y BBNEER
BELU -6 ROSMAEMBEHEZLENESICEL 7 — FX—XD HFD 25X % & fHlEfER
REDBEE (TINS5 (Buettner et al,, 2006) » —H. TN o DBRKRIE n-3 ROTEIMEHEE S
ICEDRBARN—XO HFD OB TIERLZ 59 (Buettner et al,, 2006). & FHXUT v b DfERH
FFRIER (I n-3 ROZMAELMEFEEE5X 2 &6 LAHEICHD D (Marsman et al., 2011;
Nobili et al., 2011), 2 Y. n-3 ROLMEFEIMAEHERZ LS ICECEEHL IO L TSI
IZE < —FH T, BIFBEREE Y n-6 ROLMAEIMAERAER U v F B ILBERHAT O FAE (IR ERT IZE)
o LA LGS, INOOBREFEMOBHAREZENTH5RAFOFEIFHSAICH > TLA

(AN

m

12 a OH I BEEF ST, 5IC HFD ICK 2B REZ BN T 2TEEFRFD 1 D TH
AN H %, 7 v MICHFD 28RS 2 &, BIMERB L UCEFRBHICE TS 12a OH A1
ZMITEINT 2 —H T, non-12a0H IE—EE, & L <IZEAPT 2 (Yoshitsugu et al., 2019), [F
BROBRIISEERSY aBERZERS B/ 7 v  (Yoshitsugu et al., 2020) PHERFETILY T X
(Lietal,2012) ICEWTHERINTWVS, I LI, YTV RICHENEPRZEEICECEREZS5X
12355 CIEBBH R d & 7 03— LB (taurocholic acid, TCA) A #8h013 %A, AR Tl
FEIFROIRRIFER I N7 L (Devkota et al., 2012) , BIZ. 12a OH EEIMET L7z Cypdbl / v ¥
77 b (knock-out, KO) ¥ 7 X TIIREEHRNDET ZH > TamEl - @I LXTA—-ILEH
DR IGE S D A, TCA #@iad 2 L IRIFRICIEA #RE S 15 (Bertaggia et al.,
2017)s N o DIWEE 12a OH AR EZ(RET 5 2 & CREBFEUDOEHFARELZHENT S
21


https://paperpile.com/c/aXGY7Y/5AGWV
https://paperpile.com/c/aXGY7Y/jvd25
https://paperpile.com/c/aXGY7Y/MflQ3
https://paperpile.com/c/aXGY7Y/MflQ3
https://paperpile.com/c/aXGY7Y/ocrh3+lox95
https://paperpile.com/c/aXGY7Y/ocrh3+lox95
https://paperpile.com/c/aXGY7Y/3uhxb
https://paperpile.com/c/aXGY7Y/kIBv
https://paperpile.com/c/aXGY7Y/QxK3R
https://paperpile.com/c/aXGY7Y/jSX24
https://paperpile.com/c/aXGY7Y/jSX24

AlREMZ R D, £HZH HFD 25 R 7358 (ICHKR I % 12a OH ORFRNLIEMER S & 054
PETELAE & BRRRAT DBRIEIITEATH 2,

ARETIE, HFD 25X 77 v MBI 2BTERS L OZR ORETERACH & 3/ (S BT L.
FEABARHICEDLSELFHIREANDS & TI12a00H FENZIBIEBEDO—imZHONICT 55
ERHNE L THREZIT o7, £/, ERREBEHIME S OFEEERSTICEO 2 B8R TFRERE BT
5ET 120 OH DR EMNLIEN & AEMAT & OBIRIMEZ DT L 72,
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1-2. EBEMES L UERAE
1-2-1. EEHYS L VREF

AIN-93G ZRX—X & L7za> b BE— LBk (Reeves et al, 1993) T 1 BRI EIE{L X B 7=
5 BES DI WKAH/HkmSIc 7 v b (AAZZTLy—, TR, HA, NBRP 7 k No:0154) %
KRB E L TER L7, BAEAIL 08:00~20:00, JRE 22 £ 2°C, BE 55 + b % DEEINLER
BCENCEE Lz, R LTCary o= (n=6) £/IEHFDR (n=7) 2 SBEEZ 7-
(Table 1-1), 7 v M3eARPMHT B L CHRER - BHRAKOEZET AT TV, HBRIAM
BLUOREFZEDRBIEIN T ED o7, ARFOHEA VY BLOT—FRICEEFNSILXTH
—LEIFZNZEN 80 mg/kg £ LU 860 mg/kg TH-o7-, KMESLUREHEINEIZ 2 H Z & ITA
EL7o CORREIEIRFEANBERFZOEEZBYNER - FREERTATINTEY (ER
#S 1 17-0050, 17-0119). £ COEBYERIZIBERZHNERICETEH4 KT A4 VI -T

=5 L 7,

1-2-2. R, ##E L IEDEIR

HERTHICRY FNLER—ILF ~ U L (50 mg/kg) #IEERNE ST 2 E CTHREEE DM T, KB
fRifn % ~/<) > (50 IU/mL) & 77 A5 = (500 KIU/mL) 2&8 > ) » PICHRE L 7=, KMIC &
D REIS B RICHES L ORBE EEREFESZES» SRV H L TCEEZRE L. 4 BEUA
ST RTOMBY > TN Z I L 7, EIFERKTRIC 24 BB L 7z, MARIE 2000 x g, 4°C
T10 RO BT 5 2 & CMBEEEURL 7, BEURL72Y > 7ILid. oA T % £ T-80°CT
®’F L7

1-2-3. fE1EERF T

BHEHE - MIFICH T BBTEAE S OHE 1248 > THIH (Hagio et al., 2009, 2011) . 2
#r (Hori et al., 2020) L7z, BIE L7=BABH FREDEMIL Table 1-2 (Tx L 7=,
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https://paperpile.com/c/aXGY7Y/Baon
https://paperpile.com/c/aXGY7Y/JyxBJ+7llsX
https://paperpile.com/c/aXGY7Y/aANq

1-2-4. Bt 3 L X 70— LEEHT

FFig R ERe 2L X7 0 —LEE X BEER (Hori et al., 2020; Shirouchi et al., 2017) (2% - Tl
E L7z AELZE{ILXTE—IILOFFEMIE Table 1-3 (CREHE L 7=,
1-2-5, qRT-PCR

FrlE A D BB+ RRCR. FREMRH. Wit LOREICEDL 2 B FRERZHRRICEH I N
B Y IAEMT L 7= (Hori et al., 2018, 2020), REMREZAVTEREGTFORREZ AT L7-&IC. ~7Y
Ax—E VBT E LT 60SEIEY R —Ls>22E PO (ribosomal protein lateral stalk
subunit PO, Rplp0) OFIRE %> THIE L 72X H 4 mRNA L N Lz EH L7z, TagMan Gene
Expression probes (U —F7 4 v v =Y ATV T4 74w, DALY L TAYA)IFUT%
A L7, Rn03302271_gH : Rp/p0. Rn00561420_m1 : 7> 4% —0O1 F> 6 (interleukin 6. 1/6).
Rn00580432 ml : 7 > s —0o4 > 18 (interleukin-1 beta. //15). Rn99999017 ml : fEE#
JEKF (tumor necrosis factor alpha. Tnfa). Rn01759928 gl : 72 F> a2 (actin alpha 2.
Acta?). Rn00569575 ml: 77 7oz 2 F> 1(fibronectin 1. Fnl). Rn01463848 ml : 7> —
o> %47 1al(collagen type | alpha 1. Collal). Rn01495769 _ml : Srebpl.
Rn01463550_m1 : Fasn, Rn00580702 ml : HIN=ZF > "I fAIFZ>R 71 Z7—4]
(carnitine O-palmitoyltransferase 1. Cptl). Rn04181355 m1l : #AIFEFED N A Br A 1EAF A
¥ 71 2 x—A (cell death-inducing DNA fragmentation factor A-like effector A (Cidea).
Rn01502638 m1l : Srebp2. Rn00565598 ml : £ FOF > X FI TN YL CoA L &2 % —+
(hydroxymethylglutaryl-CoA reductase. Hmgcr). Rn00756461 ml: > A2 oL P 450773
=377 73 1)—AX>s"— (cytochrome P450 family 3 subfamily A member 2. Cyp3a2)
which is a ortholog of human Cyp3a4. Rn00572658 m1 for Fxr. Rn00589173_m1 : Shp.
Rn00581185_m1 : ffa X = &5tf (liver X receptor. Lxr). Rn01445029 sl : Cyp8b1.,
Rn00564065_m1 : Cyp7al. Rn00710297_m1l : 27 (k1L S (Sterol 27-hydroxylase.
Cyp27al), SYBR Green method [ LU TFDEEHID 7' Z 4 ~—%{ER L 7= : Rplp (forward: 5'-
GGCAAGAACACCATGATGCG-3', reverse: 5'-GTGATGCCCAAAGCTTGGAA-3'. 5 uM) and X7
04 RELZIEFE % > 2 & (steroidogenic acute regulatory protein, Star. forward: 5'-
GCCACACACTTTGGGGAGAT-3', reverse: 5’-GTGGTGGGCAGTCCTTAACA-3', 2.5 uM),
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https://paperpile.com/c/aXGY7Y/d3B59+aANq
https://paperpile.com/c/aXGY7Y/lV2d7+aANq

1-2-6. ffhi, EHE L VREFFPIEEDIE

FFf s & OEFEE LR ICTEE I N/@ Y (ISHH L7z (Hori et al,, 2018, 2020), ##HHR&
h o TG, BEEEREAFEE (FFA), JLX 70— LigzhEnbU )54 FE-TX 73— (0%
fEE K. AA). BLONEFAC-FR 73—, AL RFA—LE-FRF7a—(BEL74L
LAz KBR. BA) #BWTHET L7z, FFEPERHIL X 70— ILREE Sperry BX T
Webb D& IZHE - THIZE L 7= (Sperry et al., 1950), BEEREE LA Vv 7O/ / —IL&EBAWTHE
L. ILATFAE—-ILE-TR b (BT AL LMNHMEE) & BT L7,

1-2-7. MFEELELDT I/ FFRT7IF—EDHE

MR TG, FFABLUALRTE—LIE MY 7Y ET4 F E-T X b 73— (MHAHE).,
NEFAC-7RX b7 33—, ALRTH—LVE-TR M7= (BEL7 AV LFAME) % BTN L
foo MMV RTIF—EEEE IV RT7IF—ECI-TRA 73— (B 7 AL LFNHEK)
ZFRWTRE L 7=,

1-2-8. BFHEENT

FRICERLABWERY ., T—2OB(EIZFIE+SEM TR, ITEEOTRZABVWTE
KB, ®/IMBE. FRE. Z L ERED 7Oy b%ZERLTz, JMP 14.0 (SAS Institute Inc.. Cary,
NC. USA) #H W T, Student’s ttest ICL > T2 BB DO FHEEEEREL (T o712, BEENKE
& P<0.05 (C3%7%E L 7=,
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Table. 1-1. Diet compositions in control and HFD

Control HFD
g/kg diet

Casein ! 200 200
Dextrin 2 529.5 299.5
Sucrose * 100 100
Soybean oil * 70 70
Lard - 230
Cellulose ® 50 50
Mineral mixture © 35 35
Vitamin mixture ' 10 10
L-Cystine® 3 3
Choline hydrogen tartrate ® 2.5 2.5

! NZMP Acid Casein (Fonterra Co-Operative Group Limited, Auckland, New Zealand),
2 TK-16 (Matsutani Chemical Industry Co., Ltd., Hyogo, Japan)

$Nippon Beet Sugar Manufacturing Co., Ltd., Tokyo, Japan

*J-0il Mills, Inc., Tokyo, Japan

5 Crystalline cellulose (Ceolus PH-102, Asahi Kasei Chemicals Corp., Tokyo, Japan)

® AIN-93G Mineral mixture (Reeves et al., 1993)

" AIN-93 Vitamin mixture (Reeves et al., 1993)

8 Fujifilm Wako Pure Chemical Corporation, Osaka, Japan



Table. 1-2. Molecular species of bile acid

Systemic name

Trivial name

Abbreviations

Primary 12a OH
58 -cholanic acid-3 a,7 a,12 a -triol

5B -cholanic acid-3 a,7 a,12 a -triol- V- (2-sulphoethyl)-amide

Cholic acid
Taurocholic acid

5 -cholanic acid-3 a,7 a,12 a -triol- V- (carboxymethyl)-amide Glycocholic acid

Secondary 12a OH
5B -cholanic acid-3 a,12 a -diol
5 -cholanic acid-3 a,12 a -diol- V-(2-sulphoethyl)-amide
5 -cholanic acid-3 a,12 a -diol- N-(carboxymethyl)-amide
5B -cholanic acid-3 a,12 a -diol-7-one
5B -cholanic acid-3 a -ol-12-one
5B -cholanic acid-12 a -ol-3-one

5B -cholanic acid-3 a,7 8,12 a -triol

Primary non-12a OH
5 -cholanic acid-3 a,7 a -diol
5 -cholanic acid-3 a,7 a -diol-NV-(2-sulphoethyl)-amide
5 -cholanic acid-3 a,7 a -di-ol- N-(carboxymethyl)-amide
5B -cholanic acid-3 a,6 8,7 a -triol
58 -cholanic acid-3 a,6 8,7 B -triol
5B -cholanic acid-3 a,6 8,7 a -triol- V- (2-sulphoethyl)-amide
5 -cholanic acid-3 a,6 8,7 B -triol- V- (2-sulphoethyl)-amide

Secondary non-12a OH
5B -cholanic acid-3 a,6 a,7 8 -triol
5 -cholanic acid-3 a,6 a,7 B -triol- V- (2-sulphoethyl)-amide
5B -cholanic acid-3 a,6 a,7 a -triol
5B -cholanic acid-3 a,6 a -diol
5B -cholanic acid-3 a ,6 a -diol- AV-(2-sulphoethyl)-amide
5B -cholanic acid-3 a,6 a -diol- V-(carboxymethyl)-amide
5B -cholanic acid-3 a,7 8 -diol
5 -cholanic acid-3 a,7 8 -diol-NV-(2-sulphoethyl)-amide
5B -cholanic acid-3 a,7 B -diol- /- (carboxymethyl)-amide
5 -cholanic acid-3 a -ol
5B -cholanic acid-3 a -ol- V-(2-sulphoethyl)-amide
5 -cholanic acid-3 a -ol- V-(carboxymethyl)-amide

5B -cholanic acid-3 a -ol-7-one

Deoxycholic acid
Taurodeoxycholic acid
Glycodeoxycholic acid
7-oxo-deoxycholic acid
12-oxo-lithocholic acid
3-0x0-12 a -hydroxy-58
-cholanic acid

Ursocholic acid

Chenodeoxycholic acid
Taurochenodeoxycholicacid
Glycochenodeoxycholic acid
a -Muricholic acid

B -Muricholic acid

Tauro- a -muricholic acid

Tauro- 8 -muricholic acid

w-Muricholic acid
Tauro-w-muricholic acid
Hyocholic acid
Hyodeoxycholic acid
Taurohyodeoxycholic acid
Glycohyodeoxycholic acid
Ursodeoxycholic acid
Tauroursodeoxycholic acid
Glycoursodeoxycholic acid
Lithocholic acid
Taurolithocholic acid
Glycolithocholic acid
7-oxo-lithocholic acid

CA
TCA
GCA

DCA
TDCA
GDCA
7o0DCA
120LCA
3012

UCA

CDCA
TCDCA
GCDCA
a MCA
BMCA
TaMCA
TBMCA

wMCA
TwMCA
HCA
HDCA
THDCA
GHDCA
UDCA
TUDCA
GUDCA
LCA
TLCA
GLCA
ToLCA
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Table. 1-3. Molecular species of oxysterol

Systemic name

Trivial name

Abbreviations

5-cholesten-3 3,4 3 -diol

5 a-cholestan-3 3 -ol-6-one
5-cholesten-3 8 -ol-7-one
5-cholesten-3 8,7 a -diol
5-cholesten-3 3,7 3 -diol
Cholestan-5a,6 a-epoxy-3 8 -ol
Cholestan-5,6 5 -epoxy-3 3 -ol
Cholestan-38,5a,6 8 -triol
5-cholesten-3 5 ,25-diol
25R-cholest-5-en-3 5,26-diol
5-cholestene-33,22(R)-diol
5-cholesten-3 8,7 a,25-triol
5-cholesten-38,24(S)-diol

4 B -hydroxycholesterol
6-ketocholestanol
7-ketocholesterol

7 a-hydroxycholesterol

7B -hydroxycholesterol

5 a-epoxycholesterol

5 B -epoxycholesterol
36.,5a,68-trihydroxycholestane
25-hydroxycholesterol
27-hydroxycholesterol
22(R)-hydroxycholesterol

7 a,25-dihydroxycholesterol

24(S)-hydroxycholesterol

45-0OH
bketo
Tketo

7 a OH
78 0OH

a -epoxy
[ -epoxy
S -triol
250H
270H
220H
7,250H
240H
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1-3. 8
1-3-1. BEBIERESL S VIR E - [R5 EE

HFDBfiZa > bA— L & kR L CEHEHEIRRERBRICEAS LT-AERI AL —EFFE
([ZIEML 7= (Table 1-4), BERI X LF¥—EDEME—HL T, HFD BHORES L OEEH-Y O
EREMES £ 1B L 72 (Table 1-4), £7-. FFREMREZIZIBML7ZH DD (control: 10.3 = 0.4 ¢
vs HFD: 11.7 + 1.3 g. P=0.016), AEL7 Y OFTIEEZICIZZ LA HRH > 7 (Table 1-4),

1-3-2. M - FFAGFAEE /Y5 X — %

FERRRFORIEZHER T 57D ICHBHEEREZAE L& A, FHEY HFD & CHRE
TG, FFABEHNEBEICER L7 (Figure 1-1A), Mm#Eh o FFABEIZ HFD B TEEICLR LS
DD, M TGERE (Figure 1B) LUV v A7 I+ —EFHICERELRLHILAH > 7= (Figure
1-1C), HEHOXKEE~—I—IL6 BL P TNFa DB EFRIBICEMEILLL >7-—H T, FiE
IL1 B DEMELEFFIBL NILIE HFD BICB W THERISES L7 (Figure 1-1D), R ELTF~—h
—ACTA2 BIETHIBIZD > b A—ILICHART HFD EEE CEIMERICH > 7= DD (P = 0.054),
AL~ —H —FN1 5 KO COLAL OBEFRREERICER AL IO oNgh -7 (Figure 1-
1D),

1-3-3. BHFERS & OEERM - 28,18 # 5%

HFD ZFE SRR ISATICE 1 2 IBFTEIRICEIE T 218 - AR B & OVEA 0 JBHEEIER % AT
Liz& 2 A, EhELOMRMEBERORIEATE (Figure 1-2A) £#2 12 a OH JEBE (Figure 1-2B) A°
HFD B CcHEICEML7-:—A T, B non-12a OH EEICEELZLIZAH - 7 (Figure 1-2C),
HFD ERIC L 2 EBHBRE/Z 572 12aOH ICEB L TREAEBRS TRZMERICR 2 & M. PR
Mg, ABARMEE TIE—RIEHAETH S CAP TCA, ERTIEIZRBHETHS DCANEER
12 a OH 72 > 7= (Figure 1-3A-D), HFD # D #h DCA 3 & ' % DB 3012 a JEEA B BN
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L. ZNICHE-> THETIEZ 7074 %> 0—)LE (taurodeoxycholic acid, TDCA) JBEHMEEIC
+FH L7 (Figure 1-3A, D),

1-3-4. FrigBEE T L X 70— - OREFERHICE D 385 F R

HFD FEM D 12 a OH FFRAPEMEE 2 Az, FROEH I L X 70— s L omFik
AL ZATH—ILVEEICHBEZIIR»7T-b DD, HFD B CTHEFR ORI L X7 0 —ILEE (Figure
1-4B) £ L O'PBHERRIER{AD 7 a OH EE (Figure 1-4C). 7aOH #E4% 3 % CYPTAL &L FH
WAEMNMER %R L 7= (P=0.062) (Figure 1-4D), 12a OH &% 7% CYP8Bl OELEFHRIBENE
BEICEML7=—7A. non-12a0H OERKICEES 9 5 CYP27A1 5 LU STAR OEGFHKIRICE(LIE
B oz, TDEEEABREMDELFHIREZIWHT 2 FXR. LXR BL U SHP OB FHRICH
BEAEZAIE D -7z (Figure 1-4D),

1-3-5. HEBLREEERBIE & FFHdhE & B IE DIEERENT

120 OH B EMNIENM LRI OBERMEZ ET Y VBRI K > TN E 2 A, IFE
TGHLUPILRTA—LOEEIZFFE. FIRMBELS L UOEFD 1200H ORE L EDOHEEZRL
72— T, non-12a0H OWFNHFFIEE /T X — & &L OIERE%E RS e h - 7= (Figure 1-5A), #
POREAMYFEZENCETH, 12a0H OKXENE TG REE L HEZ /R4 —7HF T, non-
12 a OH DAEBIF—3ZF L MR S e H - 7z (Figure 1-5B), I R ¥ —IEIRE|IEE & BHEEIC
MBI L TWizht (r=0.97. P <0.001) (Figure 1-5C), ¥T I F—IBEE & fTiE TG & DEEE (L
LEERIEE M > 7= (Figure 5D), F7-. #ASMHEREIIAE TG RE LHE LTS VWEDHEBEZRL
7= (r=0.91. P<0.01) (Figure 1-5D), BT IEHABEL TH Y BELMBERBEREGRE TV
ST, MMIFRINF—ENELIRW TCRE L EOHEEZRLAA. EE 1200H EFE TG EED
BT & Y EROTRVEREABRE SN (r=0.87. P£<0.001) (Figure 1-5D),

1-3-6. FFHIEE - D B 1815 F75 DAEHT
HFD B8RRI ICE T 2RI ERH ZHANE -0, FFEOBEREICEET 35
T3 % 24T L 7= (Figure 1-6), HFD B CIEFEBFER AR % IEICHIfH I 255K F SREBP1 & aL
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AT O—ILER%EEICHET 255 R T SREBP2 OB EFRBABEEISHI LTV, Ih5DE
EL—HL T, HFD B ClEFBAMOREBEZETH S FASN, JIL XA TFA—ILEROEERZETH
% HMGCOR OEEFHEIBL NLAZTNENERISED L TWiz, Z0—A T, FREERBEMKIC
B§59 % CIDEA 6 LK O fEREEEE{L 1CBH % CPT1 OBETRERIFERICEML T/,

1-3-7. REBIEETIRINE & EFfEEHEH DIFIT

120 OH O ENLEMHNBFEIH BN EZ(RET 20 E D M ZIRIET 57-0H (2. EEENE
PLUOERREEIMEZ TN/, HFD B CIIIEEERE (Figure 1-7TA) LUV TG H LU FFA 03
REEHE AL 72 (Figure 1-7B), 7=, BN T DIEERINE (Figure 1-7C) H L VIRINE A
HFD B2 TEEICEF L7 (control : 96.1+1.4% vs HFD : 97.5+0.4%, P=0.014),
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Table. 1-4. Food intake, growth, and organ weights in male WKAH/HkmSlIc rats fed either

control or HFD for 8 weeks.

Control HFD

Cumulative food intake (per entire study)

(g) 848 + 14 722 + BT*

(kcal) 3426 £ 58 3745 £ 297*
Final body weight (g) 316.7 £ 7.0 348.4 £ 28.3*
Organ weight (g/100g body weight)

Liver 3.25 £ 0.12 3.34 £ 0.16

Epididymal adipose tissue 2.23 £ 0.24 2.63 £ 0.20*

Means values with SEM. * Significant difference from the values of control (Student’s ttest, P

< 0.05, n = 6 for control; n = 7 for HFD).

32



A B
200- * 60 * 1.54 250+
— g -
— = (=3 * T 200+
o . IS L >
5 150 £ 40- E 1.0- £
O 1004 i T 00
< ]
o} & 207 £ 051 A £
5 501 e 3 2 8 504
o o
0__I_I_ o_ﬂ_l_ 00__l—|_ 0__I—I_
Control HFD Control HFD Control HFD Control HFD
C D
g 307 O Control
301 il @ HFD
[}
— —~ (%]
= S <
S o) S 207
= = o
— = p P =0.054
2 =
& £ o 107
5 =
K S <
o o 5
T
O T T C T T O_
Control HFD Control HFD o N A
\ N v&@q/ « 8
(€)

Figure 1-1. HFD induces hepatic steatosis. (A) Concentration of liver TG, FFA, (B) plasma FFA,
and TG. (C) Plasma aminotransferase activities. (D) mRNA expression of genes involved in hepatic
lipid metabolism. Open circles, n = 6 for control; filled circles, n=7 for HFD. In D, data were
normalized to Ap/p0 mRNA expression. Box and whisker plots show median, minimum, and
maximum. Asterisks indicate a significant difference compared to control (P < 0.05). ActaZ, actin
alpha 2» ALT, alanine aminotransferase; AST, aspartate aminotransferase; Co/l a 1, collagen type /
alpha I, FFA, free fatty acid; Fnl, fibronectin I, HFD, high-fat diet; //1 45, interleukin-1beta; /16,
interleukin 6, Rplp0, ribosomal protein lateral stalk subunit PO TG, triglyceride; Tnfa, tumor
necrosis factor alpha.
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Figure. 1-2. HFD increases specifically 12 a OH in enterohepatic circulation. (A) Total bile acid
concentration, (B) total 12 a OH concentration, (C) total non-12 a OH concentration in the liver,
portal plasma, aortic plasma, and feces of rats fed control or HFD for 8 weeks. Open circles,n = 6
for control; filled circles, n=7 for HFD. Box and whisker plots show median, minimum, and
maximum. Asterisks indicate a significant difference compared to control (P < 0.05). HFD, high-fat
diet; non-12 a OH, non-12 a -hydroxylated bile acid; 12 a OH, 12 a -hydroxylated bile acid.
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Figure. 1-3. HFD increases specific 12 a OHs. Bile acids concentration in (A) liver, (B) portal
plasma, (C) aortic plasma, and (D) feces in the rats fed control or HFD diet for 8 weeks. Open
circles, n = 6 for control; filled circles, n = 7 for HFD. Box and whisker plots show median, minimum,
and maximum. Asterisks indicate a significant difference compared to control (P < 0.05). CA, cholic
acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; GCA, glychocholic acid; HFD, high-fat
diet; LCA, lithocholic acid; a MCA, arupha-muricholic acid; 8 MCA, beta-muricholic acid, wMCA,
omega-muricholic acid;3012 a, 5 8 -cholanic acid-12 a -ol-3-one; TCA, taurocholic acid; TCDCA,
taurochenodeoxycholic acid; TDCA, taurodeoxycholic acid; TLCA, taurolithocholic acid; T a MCA,
tauroarupha-muricholic acid; T 8 MCA, taurobeta-muricholic acid, T wMCA, tauroomega-muricholic

acid; UCA, ursocholic acid; UDCA, ursodeoxycholic acid.
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Figure. 1-4. HFD modulates cholesterol metabolism in a direction favorable to 12a OH
synthesis. (A) Bile acid metabolism in the liver. (B) mRNA level of hepatic bile acid synthesis genes
expression in rats fed control or HFD for 8 weeks. In C and D, data were normalized to Ap/p0 mRNA
expression. Open circles, n = 6 for control; filled circles, n=7 for HFD. Box and whisker plots show
median, minimum, and maximum. Asterisks indicate a significant difference compared to control (P
< 0.05). Cyp7al, cholesterol 7 a -hydroxylase, Cyp27al, sterol 27-hydroxylase; Cyp8bl, sterol 12 a -
hydroxylase;, a-epoxy, b a-epoxycholesterol; 8 -epoxy, b8 -epoxycholesterol; Fxr, farnesoid X
receptor, HFD, high-fat diet; 6keto, 6-ketocholestanol; 7keto, 7-ketocholesterol; Lxr, liver X receptor
alpha, 4 8 OH, 4 B -hydroxycholesterol; 7 a OH, 7 a -hydroxycholesterol; 783 0H, 75 -
hydroxycholesterol; 190H, 19-hydroxycholesterol; 250H, 25-hydroxycholesterol; 270H, 27-
hydroxycholesterol; Rplp0, ribosomal protein lateral stalk subunit PO, Shp, small heterodimer

partner, Star, steroidogenic acute regulatory proteir;, 3 triol, cholestan-38,5a,6 3 -triol.
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Figure. 1-5. 12 a OH correlates with hepatic steatosis. (A) The heat map shows Pearson
correlation of total 12 a OH in each site and liver lipid. The values of correlations were shown on the
cells. Asterisks indicate significant correlations (P < 0.05). Pearson correlation of (B) fecal bile acid
species and liver TG, (C) the total energy intake and body weight and (D) liver TG concentration
and total fat intake, total energy intake and fecal 12 a OH. Total energy intake was calculated from
diet consumption throughout the experimental period with the caloric densities of each diet (4.04
kcal/g for control: 5.19 kcal/g for the HFD). Body weight, fecal 12 a OH, Liver TG were shown in
Table 1-4, Figure 1-2B, and Figure 1-1A, respectively. Total fat intake was calculated from diet
consumption throughout the experimental period and fat content in each diet (7% for control; 30%
for the HFD). CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; GCA,
glycocholic acid; HDCA, hyodeoxycholic acid; HFD, high-fat diet; 12 a OH, 12 a -hydroxylated bile
acid; LCA, lithocholic acid; a MCA, arupha-muricholic acid; 8 MCA, beta-muricholic acid, w MCA,
omega-muricholic acid;3012 a, 5 8 -cholanic acid-12 a -ol-3-one; 70DCA, 7-oxo-deoxycholic acid;
120LCA; 12-oxo-lithocholic acid; TCA, taurocholic acid; TCDCA, taurochenodeoxycholic acid; TDCA,
taurodeoxycholic acid; TG, triglyceride; TLCA, taurolithocholic acid; T a MCA, tauroarupha-
muricholic acid; T 8 MCA, taurobeta-muricholic acid, T w MCA, tauroomega-muricholic acid; UCA,

ursocholica acid; UDCA, ursodeoxycholic acid.
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Figure. 1-6. HFD suppresses hepatic gene expression regulates lipid metabolism. Data in rats
fed control or HFD for 8 weeks were normalized to Ap/p0 mRNA expression. Open circles, n = 6 for
control; filled circles, n = 7 for HFD. Box and whisker plots show median, minimum, and maximum.
Asterisks indicate a significant difference compared to control (P< 0.05). Cptl, carnitine
palmitoyltransferase 1; Cyp3aZ, cytochrome P450 family 3 subfamily A member 2; Fasn, fatty acid
synthase, HFD, high-fat diet; Hmgcor, hydroxymethylglutary/-CoA reductase; Srebpl, stero/

regulatory element binding protein 1, Srebp’Z, sterol regulatory element binding protein 2, Rplp0,
Ribosomal protein lateral stalk subunit PO.
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Figure. 1-7. HFD enhances apparent dietary fat absorption. (A) Daily fat intake was calculated
from diet consumption at the end of this experiment and fat content in each diet (7% for control;
30% for HF diet). (B) Fecal excretion of FFA and TG per day was calculated using fecal weight
collected over 24 h at the end of the experiment and the concentrations in the feces. (C) Apparent
fat absorption was calculated by subtracting the fecal lipid excretion shown in B from the fat intake
shown in A. Open circles, n = 6 for control; filled circles, n = 7 for HFD. Box and whisker plots show
median, minimum, and maximum. Asterisks indicate a significant difference compared to control (P
< 0.05). HFD, high-fat diet; FFA, free fatty acid; TG, triglyceride.
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1-4. ER

HFD BEUL 12a OH B EMICEBINS €2 ELHEI N T =H DD (Yoshitsugu et al.,
2019). Z DKEBIFBASHICHE > TWERD 57z, AFRTIE, HFDEIZ v MCHIF23LXT A
—ILRE B L VIEABREKICEDL 2B L FHRIRL NIV BT 5E T, HFD 2 PEHERRIRE A & 7
DEFEOL AT E—LOEBEZSIEERI L, 21T < REE 7 a OH & DIEMN & AT CYP8B1
DEETHEBRL NVDEFZH LT 12a0H 2RERMICEMS ELF20H THL M LT, T,
CypSbhl" <7 A TIEEBEHEIL AT A—LEBFEM ORI IG5 4 (Bertaggia et al,
2017). ZH%H 12a0H ABEMHESIALATA—LBIZE>TEDL S IZEHT I IET— KA
RENTEHEBT, HFD FEMERFT L 12a0H OFEREIZBA L TRL -7z, AARKIL. HFD &
BHOREBITE 12a0H FEMIBMOBEREZFANZE T, 12a0H BEOENMARERHRING
£ U'FFHE CIDEA OEBEGEFREL NILOEMEN L CRBFOREICHTES S 257 arkEbrL
720

Friga L X7 0 =L O—ERIFBHBEICE# I NS (Zhou & Hylemon, 2014), HFD EBEULAT
fEfea L X270 —ILEEES LU CYPTAL (Myant & Mitropoulos, 1977) OEBEFRIBL NLD LR
B> TTaOHBEZEMEETW=, 7TaOH (Z CYPTAL (ZxF L THIHIAYICE < FXR IZ5E
M b 74 LA (Parks et al,, 1999). {BRYICHEEET B LXR ILEME/L & % (Janowski et al.,
1996) , TbhBb, 7aOH DML CYPTAL DEEFHRREEZSHICERI BRI T AT 74—
By Ik YBBABREREITELZEERZObND, BIC, FEHEILZATA-ILEEDEE LIS
MEREYCHEREIL X7 0 —LREII—EDEZR> TWZ ehn, FEOEREIL X7 0
— LR IICEABANEERINZEHATE S, ZH LRI AT A—LRBOBIE & —
BL T, HFDEERS v F TR I L X270 — )LEE OB % 4 > TPIMRIMHE P BE R E
B L UVERADIBHEEEEHE A L 7z (control: 7.6 £ 1.7 vs HFD: 11.3 = 1.8 pmol/day. P=
0.003), HFD EEUC & W ATREICERE L /2L AT A— LA L CTHEfM L 72 & E X 2EA 3k
Do
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HERRR LN C &I, HFD EBEUC £ 2 PIRIEABRURE S L OB B ERZE OIEMIE 12 o OH
BRI TH Y., non-12a OH OHEME IZZEL1Z 74 H > 7= (Figure 1-2A-C), ZDENE (L 12a OH @
A %18 5 B% (Hylemon et al., 2009) CYP8B1 OB FHIRL NILD LR E—HL T\, T v
FIZHUWT CYPSBL Z@RIFEIR £ 5 & CA GRNBEEICIEINT % (Pandak et al,, 2001) EAn b
HFD $EEuE CYP8Bl MEBEMLFHIAL NI %E PRI EZET 12a0H GRlzRELI-EEX LN,
HFD EEIC £ % CYP8BL B FHIREL NIV EFOEBIITALZS, A VR 2 T FILHEET

AIEEEDL B B, CYP8Bl MBEMLFRIBIZA VAU v LIk > THIH| S5 (Haeusler et
al, 2012) EiMx. FFETIEF HFDBERICE > ThTH 3 BTHEOA v XU VEFRMEARI 2 2
ENREIN TS (Samuel et al., 2004), bbb, AAFRICE TS HFD EERT v b TH R
A VR VEFUES R E /2 2 & T CYPSBL BEFHRBRL NV OGN AR S NiciER. BERFHR
LANLD EFAERE/AIREDDH D,

12a OH (3B B FREDHFTH FXR OFEMALEENAUMEL (Parks et al., 1999), mbH58T

FXR ZEMAL S H B BEHEES FREIZAENA non-12a OH T#H % CDCA T#H % (Makishima et
al., 1999; Parks et al., 1999), ZD—7., BAFERICHIF 2T E4L 12a0H (CA BL U TCA) @
FXR o &ML EEIE CDCA ICHE~ % & 100 5L E55< (Parks et al.,, 1999). HFD EEXZ v b IR
RCEERIN 12a0H OEEICIE WL 50 uM @ CA %> TCA Tl FXR IZIF & A ETEMEL I 70 LY
(Makishima et al., 1999; Parks et al., 1999), AZ TR W= HFD BICHEWLWTH FXR O FRICHFEE
9 % iFHE SHP OBELFHRIEL NIVICHBRELEITR L, A CYPTAL BT FHRIFEL NLIEE
FLTWz, §abb, HFD EBENTHFERICE W TEML 72 12a OH I& FXR OJFHE (L = L 7=
BABERDANT 4 774 — KNy VRIS hEh 572t EXRD, TOMRBE—EHLT, Fv b

ICE CHRRD HFD % 22 5BMICE > TERSEZABRICEWTHEA 120 0H BREN 4 BE TH
BEREMERLZZBIC, BHEOERSE & HICHR4ICZ OBREILEINL TWLW - (Yoshitsugu et al.,
2019), HFDBERTHEML 72 12a OH [ZETRRAMEIH]T 5 & 74 < 18MA9% HFD BEIC &

STERAEICTTEL TV EEZOND,

PEARRIIBEBE O RIA b 2N L CTREEEORINZIRET 5 (Hofmann, 1999), CYP8B1 @

IZf¥ 5 12a OH FFERIEIIIREREHRINERET 5 2 & CHEEMRREEZ LR S E7-mT8ek
N2, 12aOH BHERENIZ HFD (Yoshitsugu et al., 2019). SR> a ERER T v b
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(Yoshitsugu et al., 2020) ®#ERFET I~ T X (Lietal., 2012) FOEBOBYET L TEHERIN
THY., & bTHMF 12 OH BEH RS L ~L & $EE% KT (Haeusler et al., 2013),
Bertaggia © 13 12 a OH &AMET T2 Cyp8bl <7 X IZHEWT, BEEFRINAE TSI S LT
SEFEILATA—LEFEHORBIAIIGIENEE,. TCA OMHEIC L > TRERINL NLD
BETHABEENDEZBESHIC LT (Bertaggia et al., 2017) SO DHMRB EEEL T, ALK
HWTH HFD EED 12aO0H HFENVBEMEH > TEAN TOREHRXEZEMSE5F2RH L7,
EH 12 a OH RE DOIENNIE HFD BERD 4 BEE S EEBREWS A IV T TEHEREINDIEN D
(Yoshitsugu et al., 2019). REBFEFFE OEMIFEENICTFEOHEL BN L2 —H T,
12 OH (Z18M/4 HFD BEICL > TER L. ZRNICRERHBRINEZEMS 25 2 & T
FFeZEICRET 500 LN,
HFD EEIC L 2 AFIEAEBEEBEOMIED 1 D& L T CIDEA BEFREREL NILD EENEIT S
N5, CIDEA ZATRIEEZER ZRET 2 IEImARED 2> /X7 TH % (Zhou et al., 2012), ob/ob
<7 REBWEZERTIE, HFD BEAHATHE CIDEA OBEFHRBL NILE LR SH2E, Cidea”
&Y HFD SN OFREENEE,IFI SN2 EARESNT WS (Zhou et al,, 2012), HFD &
BUC L % CIDEA OBELGFHRIBL NIV EFIED R EHEDMIC SREBPL Z M EREINT LS
A (Zhou et al.,, 2012), AREICH S5 HFD BEXT v + TIEAHHE SREBP1 &G FRIEL NLIEK
TRIC(ET L7z ICH B84 o 9 AT CIDEA OB FRIEAWEE T L T/, 12a0H A SREBP1
&S EBMRICHTEE CIDEA B FREL NILE LRI 2E CHEREBRERICES T 506 Lk
LYo
ARETHWEHFDERZ v F TEHEINT-HERIEFEIC2 2H 5, 1 SEIEE N NAFLD
TEHESINDIFIEIEE SR DIUE (Lambert et al., 2014; Sanders et al., 2018; Smith et al., 2020;
Tamura & Shimomura, 2005) &8k LT, FFIBIEEGAICEIET 2 B FHERA/KIBIETLT
WRTHh b, HFE. FFEICH TS DNL OEINA NAFLD OREICKE K FE5T 2ENRESN
TW3 A (Lambert et al., 2014; Sanders et al., 2018; Smith et al., 2020; Tamura & Shimomura,
2005), AZE®D HFD {EEXZ v b Tld DNL ICB85 ¢ % AT SREBP1, FASN O&EEFHKIFEL ~NLiL
BEEIETLTW e, YT7RICBWTH HFD 252 5 EAFlE DNL AMET 95 2 & bWESINTH
Y (Duarte et al., 2014), HFD {EEUC & Y FFEICKE DREIFATRNIAT & & THEXMEYIC DNL %K
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TI2DIEERLHRERTHDHEDD, DNLTEZS|ERIITHFEZHONICTHETILE LTI
WY TR WA S LR,

2 REORMEIF. HFD ' 2>y FA— L E B L TERED AL 5T 7 — FIZERICHEEKT
5L RATO—=I%EZEICE5E7-% (control: 16 mg/kg, HFD: 214 mg/kg) . HFD (2L % 12 a OH
EBEOBIAEHZOLDICHET 200, ALXATA—LIZEDZHDADA, TNEHIHANE
BEICL2LDBDD M TERVRTH D, —A T, £ FHEREBETHWHFD 2 1 BH .
Vlkg BERL7Z-EIRELTH, £ MCHEITZ 1 HOFHAL X570 —/LERE (19 300 mg/day)
(Xuetal., 2018) &LLBL THBRLAETIIAL, £ —MWICBYET L THALLONS SO L
XTFO0—/LBTIZ15-125g/kg bnaL X Ta—ILAEENS (Bertaggia et al., 2017; Newberry
et al., 2006; Schierwagen et al., 2015) , TNHLDEELLET S E HFD IC&FEN5IL X TH—IL
BIXTEVLEEICINE > TVWBEEZLNDA, AV FA—ILIIEINIE L FHEBRT S DAY
ZVMETHZRIETDICBBLTELBDENHD/CA S,

REDHMIERRRZEH S £ 12a OH FrRAVENMEEDO—iH & L T, HFD [FAFHERE 2L X
TH=LBLPTaOHBEDHEM, FFiE CYPSBl OBEFRIEOLEAN L TBFERE LUE
ERD 120 O0H BEZRENICENSIEL2ENTRING, T L TEMLA 12a0H (ZBEERER
TN DEE° e CIDEA DB FRBEL NILOTTEEZN L CHEREFREEZEIC LRSI E TV
RIREMED D B,
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2-1. B2 LHW

F1ELY, HFD A 12a OH RE D LR & L UEEEHBRIXEDEMN, A& CIDEA OEE
FRELRXLO LR > CTEBHFZRESE2ENRINTG, Cpsbl w7 R EAW-HRT
£, 12aOH HEEHTINDIREE N L TIEBIFICES T 2ENTEIN TS (Bertaggia et al.,
2017), L LBah s, FEOERERBICEVWTEELRKE| A8 BTHE DNL (Lambert et al., 2014;
Sanders et al., 2018; Smith et al., 2020; Tamura & Shimomura, 2005) (Z 12 a OH A& IX$FE (L
oM THRWL, £ 1EDHFDEERZ v b Tl A DNL (CBEEY 2 B8R FHERMNBEZRICETL T
HY, HFDICEENDEMHEHLN AV FPA—LBICHANZ W LITERS 22074774 — KN
v EEZONDD, 12a0H BEDEMNICL 2 FEEBEEE~NOXE « EFEICFHET 5 £ TIEE
VIGETIVEEER LD o7, BEEHEC IAX I NVERFOEIRRERENEFICHS L5 1K
EL7cLT, AAD 12a OH REZHENICEMSE 2R ZRAVILEDH D,

AETIE, I bA—LBERERFOREMENZR>7-F £ HFD BRI D 12a OH £
KN A M L 7= CA RIIEET L (0.5 g/kg diet) (Islam et al., 2011) # AW 7z, HFD EERTIZ
CA BSED BB (TCA %) > Z DIEANHE R DCA (Ridlon et al., 2006) 2'EMNT %A% (55 1 &),

ARINEBIEUOEABREKR KT 2ENTES (Islametal, 2011) , COETALZHANSZ
£T. 120 0H FENGEMLVFBIEEZEE~NRIZTHEES L ZORBEBITT 2, E4HICIE
BT ERICEET 2883 L OCMRICEWTEARREZAE L. FEEERE. FEE~Y—H—.
EHRESES S OFEORERHICEET 28 FHRRZMITT 25, 74, b MRARERICELY
FREERERELEE T 5 2 LA TRRIN TV S HFREORE (Britton etal,, 2018) ZAIE L. &
HoleHeFMAPDHKEES > /X B L CFESKEEDERFREL NIV eI 5, MR T,
7 v bAD CARIEICVCM OEKIRGZAEahE 25 2 & T BAMEICEL 2 12a OH AF A
FREREE~ARIITREZRAODICT S, AETIE, INo0SERNLETZNL T12a0H B
EOEENEMIFICRIITEEL ZOBBO—IHZBEONICTEELENE L THREIT- 7,
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2-2. EBRMRE L UERAE
2-2-1. ZEBEEYH L VRER

AIN-93G ZRX—X & L7za> ba— LR (Reeves et al, 1993) T 1 @AMEIELLEE7- 4358
B DM WKAH/HKkmSIc 5 b (BART R T —) 28 E L TER L7, BEIE 08:00~
20:00, JRE 22 £ 2°C, BE5L5 + 5 %DEBINARIBETEMNICEE L7, 2RPMFAZEL
T7v MCIIBHER - BHEUKS Y, ABRABS K UORIIFZ EDEBRIEIN T EI >7, KEB
FOREBEENEIZI2HI LIOAE L7z, CARMEBEEGER Hik2-1) T, a>vbta—iL (h=
12) £721Z CA & (n = 12) # 13:BR 5 2 7= (Table 2-1), VCM k& 58 (5 2-2) Tla@EH
DREEX 5 Z - ET, SRAKERERS L <X VCM (B 7 4 L LFFHER) 200 mg/L &AM L 7287
HKEEZ, 4BBICVCEMEBESICEVEFD DCABEMET 52 2R LTz, InhoDRER
EENRFEANNBERFZOBEENER - FAZESTARINTEY (AFEFES © 19-0161),
2TOHYRBRIIIBERFHYRERICETE2HA R 74 It > TEEL 7=,

2-2-2. MR, ek VEDER
B 1 EXBRMEIB L OERRGED "ME MiEtdH L OEZEDER” ERIRICER L 7,

2-2-3. FE;1EERENT
F1EERMBB LOERAED ETEHENT ERRICERL 7,

2-2-4. gRT-PCR

B 1 EERMEE K OERSED "gRT-PCR ERRICER L 72, B 1 ERRME S L U'E
E7ED "qRT-PCR” & FEI#RICEM L 7-. TagMan Gene Expression probes (b —E7 4 v > v —
YATUTAT74v7) FENEFNUT %A L7, Rn00432095_ml: BEAX /Y2 E6
(bone morphogenetic protein 6. Bmp6). Rn00591187_ml : 7 = oz F > 1 (ferroportin 1.
Fpn). Rn00820640 gl : 7z U F>&# 1 (ferritin heavy chain 1. Fthl). Rn00584987 ml: ~
T B ZF R (hepcidin antimicrobial peptide. Hamp). Rn01265685 gl : #£/5 5 4 %)
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1% (homeostatic Fe regulator 2. Hfe2). Rn00561387 ml : ~NAFF>7F—+"1(heme
oxygenase 1. HmoxI). Rn00561393 ml : ~/Y A, 20 E > (haptoglobin, Hp).
Rn00584069 ml : NE~NF> > (femopexin, Hpx). Rn03302271 gH : Rplp0.

Rn01474701 ml: ;> > X 7z U >5=Z2K 1 (transterrin receptor 1. Tfrl). and
Rn01468336_ml : ZRT. IRT fEx > /Y2 & (zrt- and irt-like protein 14. Zipl14), SYBR Green
method [ZUTDERIND T 74 ~—%ERA LT | Mz F 7> X +—%—1 (divalent metal
transporter 1. Dmtl, forward: 5 -GAGCCTACAGCTCCCCTTTG-3" | reverse: 5" -
CCACCACATACAGTGCCACA-3" ;10 umol/L). YK Y > 2(lipocalin-2. Lcn2. forward: 5" -
ACTTCCATCCTCGTCAGGGG-3" . reverse: 5" -TCCGTACAGGGTGACTTTGAA-3" ; 10 umol/L).
YR > 2 2556k (lipocalin 2 receptor, LenZr, forward: 5 -GCACGGTGGCTGATAGTGAA-
3" . reverse: 5 -GTAGTTGAGGAGGGAGGCGA-3" ;10 umol/L). Rplp0 (forward: 5" -
GGCAAGAACACCATGATGCG-3" | reverse: 5" -GTGATGCCCAAAGCTTGGAA-3" ;5 umol/L).
and ;A 7> X 71 ) >ZELK 2 (transterrin receptor 2. Tfr2. forward: 5 -

TCAGACTCTCCGTATCGCCT-3" | reverse: 5° -AAAAGGTCCGAACCAGCTCC-3" ; 10 pmol/L),

2-2-6. IFPEEL LTS/ PSR TS F—EDITE
BL1EEBMEBSLOERFED MHAEELELN TS/ XTI F—EDHE” ERKRICE
L7,

2-2-7. fThi, EPE L OREHEEDIE
B 1 ERBMRB L ORRTED T, ZFELOREFIEEDATE” & RARICERL

2-2-8. frlii. EHE L OMPRHE L LCN2 BEDIE

FHiEids K OEFOFREITRIRICEESHB Y (SBIE L 72 (Hori et al,, 2018), MM#EH ks & O LCN2
BEEX2AT7yvEA4 KAELS (7RI VK (X227 X FE, BA) & Circulex
Rat NGAL/Lipocalin-2 ELISA Kit (EZEYZHRAM. B, BA) 2BV THE L 7.

47


https://paperpile.com/c/aXGY7Y/lV2d7

2-2-9. BEtHENT

FRICERLAWRY ., 77— X OBEITFHIE+SEM TRL7z, ITEREOTRZBVWTER
KB, &=/MB., FRE, Z L TEKEDTB Y &Rl v bA—LL LI CARNEZS
z 1-AEETlL (B 2-1). Student’s ttest ICK > T 2 BB O FHIEBEEERE LT o7 (P<
0.05), CAFRNMEFE /I VCM Bk 5%517-7- 2 ZEREAER TIx (HER 2-2). ZTERED O
(Two-way ANOVA, CA x VCM) TEERDMRB L UORAEFAZRE L71-s KRAEA
(CAXVCM) BB ER > 755 (P<0.05), CABLVVCM OEHMEIMNRE —TEBHEDOHTIC &
DIRE LTz, B—TEDBISE BT D78, P<0.0125 (0.05/4, Bonferroni %) #HEZEKEIZK

T L7,
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Table. 2-1. Diet compositions in control and CA diet

Control CA
g/kg diet

Casein ! 200 200
Dextrin 2 529.5 529.5
Sucrose * 100 99.5
Soybean oil * 70 70
Cellulose ® 50 50
Mineral mixture © 35 35
Vitamin mixture ' 10 10
L-Cystine ® 3 3
Choline hydrogen tartrate 8 2.5 2.5
Cholic acid ® - 0.5

! NZMP Acid Casein (Fonterra Co-Operative Group Limited, Auckland, New Zealand),
2TK-16 (Matsutani Chemical Industry Co., Ltd., Hyogo, Japan)

$Nippon Beet Sugar Manufacturing Co., Ltd., Tokyo, Japan

*J-0il Mills, Inc., Tokyo, Japan

5 Crystalline cellulose (Ceolus PH-102, Asahi Kasei Chemicals Corp., Tokyo, Japan)

® AIN-93G Mineral mixture (Reeves et al., 1993)

" AIN-93G Mineral mixture (Reeves et al., 1993)

8 FUJIFILM Wako Pure Chemical Industries, Ltd., Osaka, Japan



2-3. BR

2-3-1. REFIBNESL S VR E - fiss EE D (CA Big#Et)
FEHEM B S L OHE, BIENEMEMEEICERELRBERBRING, 27, TD—7
T, CABIZEWTHFEESEABERICEML 72 (Table 2-2),

2-3-2. Firn & o f8; 1B #T st DEFHT (CA BEigHtEE)

CA B CPMMRMIZF DK 12a OH BEAERICEML 7=2H DD (Figure 2-1A). # non-
12 a OH EEICE IS D - Tz, FTATHER E—EL T (Islam et al., 2011) CAEBEUC L V., 12 a OH
DO—REBH+EE (Figure 2-1B) 7217 Th < ZREBHBERE (Figure 2-1C) £38/0L TW /=, 12 a OH
ICEBLTETBRY>FEZEMICE S &, —RETEIZ CABLIUTCA, GCA A, ZRIEBTERIE
DCA £ U TDCARE A CAEBEUC & Y BRI L TW e (Figure 2-1D),

2-3-3. fiFhig - MFREEE S OMAF F 5 >R T 3 F—EHENT (CA BfFitik)

CABECTHEH TG LU aLXTo—ILREAEIL 72 (Figure 2-2A-B), —F T, M#EH
TG, ILRTR—, BLUER FFAREICIIBTRELENMIIBER SN H -7 (Figure 2-2C-E),
T, FEEEEECEEL CmiEh 75 2> 7 2/ HiRBEEE (alanine aminotransferase.
ALT) B LT RIS F VBT 2 / HiBEE 3 (aspartate aminotransferase, AST) j&M A CA &
TLEE L7z (Figure 2-2F-G),

2-3-4. HPIEEH B £ OFFIISE A I 587 RO (CA AiFTtE)
CABDEES LI L X7 0—LEEHE [3F D L7 (Figure 2-3A-B), CA BBl TIZ
DNL % IEICHfH T 285X F SREBP1 OB L FRIBL NN LR L TH Y (Figure 2-3C) . 2D
X & —2 L T SREBP1 O FICEET 5 CIDEA OB FHRIEL NILAH CA B THELRIEINE R
L 7= (Figure 2-3C), ¥IZ. DNLDEICHE S A ZIL CoA BED EENEE B BRI #HET 2%
(Foster, 2012) £ —2L T, J5E B BRILDEERERTH S CPT1 DB FHIEAMET L7 (Figure
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2-3C)y AL RXTA—ILIZBHEEEROFEEE A S7-6, CAEEICKY aL X TFAa—ILE5EE
HMGCR OBEFREBIFETLA-—HF T, ALATA—IIRHICLYVEILLIL X2 T70—IILESEIZE
% CYP3A2 OBEFHRIBITBEEICHEML 7 (Figure 2-3C),

2-3-5. fHE < 7 ZNBES L VBEEE G FRIDEN (CA Bk

BIFRWNEIC, CABICPLWIHEREEEE:a0EEZ R L (HEKREENBLUVEFE
AMETR L7 (Figure 2-4, r=-0.87, P<0.001), FFESKFRE S L UOBEE (Figure 2-5A-B) & B
LT, g7z VFVRBEL BRI T 2ERAZREE /- (P=0.056) (Figure 2-5C), —H. 25 DHKX
ZTCEET H5RBRA~E/AE Y KEBRMEFESK, 7=2VF>» P77 X7 Y UIBC, TIBC,
oY R7 2 EMEICE TR D - 7= (Figure 2-5D-)),

CAERICL 2HEZKEEDETIIERHKEHEDOIFMICL 2D EHA L., EFHRKEEEZ
AE L7ze LA LAEDN L, ERSREHEOFREAFMEIIRO b ah -7 (Figure 2-5K), ER
HEEFIbA—LE CABETRETHY, ARHEMEICHEITR A -7z (Table 2-2), M #kE
BINT A= RICHEEHNENEN S (Figure 2-5D-)) ARNOHKEIZRIF L EZ H5ND, £ T, CA
BRICKL 2FESHREEOET IIFBOKAHERICL DD LR EIL T, FROKRH ICEET
ZELCTFHRBEANE L, ZTOER. CAEOEICHE W TEREE X /37 TH % LCN2 DEEF
FIBOEELIEMZ 4 > TlHEF LCN2 BENBRICEART 25 % R L7 (Figure 2-5L-M),
BREWZ & 12, CABOHBEEERTHRIBOLENIL LCN2 BREHNTH Y. stk (TFR1, TFR2,
LCN2R, ZIP14, DMT1, FPN), #k#HEIHR/ILE> (HAMP), ~LFF 4+ —+ (HMOX1), #ET
B& v/ E(FTHL)., HAMP FE&SEERF (BMP6, HFE2), ~A R T v 2 FE—%— (HPX) &
ONEZSBEY IV RR—%2— (HP) HF0OFESKAHICEE T 240/ OBGLFRBICERR
EZIFROH o N h -7 (Figure 2-5L),
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Table. 2-2. Food intake, growth, and organ weights in WKAH/HkmSIc male rats fed either

control or CA diet for 13 weeks

Control CA P-value
Total food intake, g/13 weeks 1614 £ 26 1617 £ 24 0.94
Final body weight, g 387 = 7.8 390 £ 5.4 0.75
Liver weight, g 120 £ 04 14.4 £ 0.3* < 0.001
Epididymal adipose tissue, g 8.5 £0.3 8.1 £0.3 0.30

Values are shown as the mean + SEM (n = 12). Significant difference of mean value between two

groups was determined using the Student’s #test. *Significantly different from the control (P < 0.05).
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Figure. 2-1. CA diet increases specifically 12 a OH. Concentration of (A) total 12 a OH and non-
12 a OH, (B) total primary 12 a OH, (C) total secondary12 a OH concentration, (D) each bile acid in
the portal plasma of rats fed control or CA diet for 13 weeks. Open circles, n = 12 for control; filled
circles, n = 12 for CA. Box and whisker plots show median, minimum, and maximum. Asterisks
indicate a significant difference compared to control (P < 0.05). CA, cholic acid; CDCA,
chenodeoxycholic acid; DCA, deoxycholic acid; GCA, glychocholic acid; HFD, high-fat diet; LCA,
lithocholic acid; 8 MCA, beta-muricholic acid, w MCA, omega-muricholic acid;3012 a, 5 8 -cholanic
acid-12 a -ol-3-one; TCA, taurocholic acid; TCDCA, taurochenodeoxycholic acid; TDCA,
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taurodeoxycholic acid; TLCA, taurolithocholic acid; T a MCA, tauroarupha-muricholic acid; T 8 MCA,

taurobeta-muricholic acid, Tw MCA, tauroomega-muricholic acid.
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Figure. 2-2. CA diet induces hepatic steatosis and liver injury. Hepatic concentration of (A) TG
and (B) cholesterol, aortic plasma concentration of (C) TG, (D) FFA, and (E) total cholesterol, aortic
plasma activities of (F-G) aminotransferase in rats fed control or CA diet for 13 weeks. Open circles,
n = 12 for control; filled circles, n = 12 for CA. Box and whisker plots show median, minimum, and
maximum. Asterisks indicate a significant difference compared to control (P < 0.05). ALT, alanine
aminotransferase; AST, aspartate aminotransferase; FFA, free fatty acid; TG, triglyceride.
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Figure. 2-3. CA diet reduces fecal lipid excretion and modulates liver lipid gene expression in a
direction favorable to lipid accumulation. Fecal excretion of (A) lipid (FFA and TG) and (B) total
cholesterol, and (C) hepatic gene expression involved in lipid metabolism in rats fed control or CA
diet for 13 weeks. Open circles, n = 12 for control; filled circles, n = 12 for CA. Box and whisker
plots show median, minimum, and maximum. Asterisks indicate a significant difference compared
to control (P< 0.05). FFA, free fatty acid; TG, triglyceride; CA, cholic acid; Cidea, cell death inducing
DFFA like effector A, Cptl, carnitine palmitoyltransferase I, Cyp3aZ, cytochrome P450 family 3
subfamily A member 2, Fasn, fatty acid synthase, Hmgcor, hydroxymethylglutaryl-CoA reductase;
Srebpl, sterol regulatory element binding protein 1, Srebp’Z, sterol regulatory element binding
protein 2, Rolp0, Ribosomal protein lateral stalk subunit PO.
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Figure. 2-4. Liver iron concentration negatively correlates with liver lipid accumulation. Data
were from rats fed control diet and CA diet for 13 weeks. Open circles, n = 12 for control; filled
circles, n = 12 for CA. CA, cholic acid; TG, triglyceride.
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Figure. 2-5. CA diet induces liver iron deficiency. Hepatic (A) iron concentration, and (B) iron
content, (C) hepatic ferritin concentration (D) aortic plasma iron concentration, and (E) ferritin, (F)
aortic hemoglobin, (G) aortic plasma UIBC, and (H) TIBC, (I) transferrin concentration, (J)
transferrin saturation, (K) fecal iron excretion, (L) hepatic mRNA expression of iron-related genes,
and (M) aortic plasma LCN2 concentration in rats that were fed either a control or CA diet for 13
weeks. In (H), the TIBC was calculated as the sum of the aortic plasma iron concentration (D) and
the UIBC (G). In (J), the transferrin saturation was calculated by dividing the aortic plasma iron
concentration in (D) by the TIBC in (H). In (L), the data were normalized to Rp/p0 mRNA expression.
*Significantly different from the control (P < 0.05). Open circles, n = 8 for control; filled circles, n =
8 for CA. Box and whisker plots show median, minimum, and maximum (n = 8). CA, cholic acid;
LCN2, lipocalin 2; Lcn2, lipocalin 2, Rplp0, ribosomal protein lateral stalk subunit PO; TIBC, total
iron-binding capacity; UIBC, unsaturated iron-binding capacity.
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2-3-6. XBjHRmiZEH DA EEAE, EEE L DS (CA &t VCM BRED# A& DU EER)

AFTIMBZSZ 77y bOFIIRMTIZ CA® TCAFEDO—RBEABROAHE ST, INH5DE
WHEREY CH 2 RIETEREE S BEEICIEML TUL7: (Figure 2-1B-C), CARIIE TEIZERL T
SNDTIESEE OE T SREBPL BT FRIBL LD EF %> - TEIEH BRSO HER T
BRHEIC & % 120 OH O ZRIBABRAERICEKT L TW B AN H 5, T DREERIET 57-8

AR L VCM ZiA b -HdRz1To7-, EREVHRE., BREEICHBEE I HA -7
(Table 2-3), TD & &, VCM IZAREARIMAF DL 12a OHBEICIF LA EFEX 52712 12 a OH

TRIBOESEE #{ET & 87 (Table 2-4, Figure 2-6A-C), LA LAEA S, BAFICKR L T, KK

&L CHIEREIRE. BTl SREBPL BT FHIBL ~JL, M ALT &M%, FHlE LCN2 B F IR
LARLBLOMF LCN2 BEIF CABICBLWTAEARICER L, FEKEELFEEEER L AICE
& L TR L7z (Figure 2-6D-G).
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Table. 2-3. Food intake, growth, and organ weights in WKAH/HkmSIc male rats fed either
control or CA diet treated with or without VCM in drinking water for 6 weeks (Study 3)

Two-way ANOVA P-value

Control CA VCM CA+VCM CA VCM CAx VCM

Total food 661 £ 15 649 £ 19 619 £ 17 649 £ 20 0.61 0.25 0.26
intake g/6 weeks

Final body weight,g 279 £ 6.8 279 7.9 257 52 272 +£93 0.34  0.053 0.33
Liver weight, g, 10.7 £ 04 117+ 05 9809 11.0=*+ 0.8 0.041 0.13 0.79
Epididymal adipose 6.5 =04 6.0%* 02 53%*02 5103 0.2 0.001 0.61

tissue weight, g

Values are shown as the mean = SEM (n = 8). Two-way ANOVA (CA and VCM) was used to

evaluate differences.
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Table. 2-4. Aortic plasma bile acid profile in WKAH/HkmSIc male rats fed either control or

CA diet treated with or without VCM in drinking water for 6 weeks (Study 3)

Two-way ANOVA P-value

Control CA VCM CA + VCM CA VCM CAx VCM
Primary 12 a OH, nmol/L aortic plasma
CA 2828 = 541 2035 £ 804 287 £ 39% 2673 £ 249" 0.12 0.068 0.004
TCA2951 *+ 402 6994 + 1524 2744 = 154 9211 + 1252 < 0.001 0.33 0.24
GCA 114 = 20 148 = 20 78 = 10 1415 £ 316" < 0.001 <0.001 < 0.001
Secondary 12 a OH, nmol/L aortic plasma
DCA 232 = 34 781 £ 186 13 *x13*% 22 *22* 0.008 < 0.001 0.008
TDCA 209 £ 186 971 = 274* 0F 0* 0.006 < 0.001 0.006
GDCA 8.2 £ 4.1 18 £ 4.7 0 0 0.11 <0.001 0.11
7oDCA 52 £ 10 130 £ 49 16 £ 4.6 105 £ 19 0.003 0.27 0.72
120LCA 0 7474 0 0 0.33 0.33 0.33
3012 a 12 = 0.7 30 £ 6.7 0 0 0.074 < 0.001 0.074
UCA 59 + 12 90 + 29 28 28 22 £ 52 0.13 <0.001 0.78
Primary non-12 a OH, nmol/L aortic plasma
CDCA 107 = 26 18 + 12* 25 +*25% 39 %39 0.005 < 0.001 0.004
TCDCA 57 £ 6.2 25 £ 3.0 61 £ 7.2 36 £ 5.3 < 0.001 0.19 0.54
GCDCA 41 4.1 0 0.3+0.3 0 0.29 0.37 0.37
a MCA 163 £ 31 13 £ 8.9* 3.3 £33%F 11 %+7.0 <0.001 <0.001 <0.001
BMCA 876 = 104 883 £ 262 211 = 18 398 = 63 0.4 < 0.001 0.051
TaMCA 143 £ 17 68 £ 10 135 £ 15 87 = 15 <0.001 0.71 0.37
TBMCA 514 = 62 383 £ 69 289 = 29 275 = 59 0.22 0.007 0.31
Secondary non-12 a OH, nmol/L aortic plasma
wMCA 1566 + 207 462 + 67* of o* <0.001 <0.001 <0.001
TwMCA 137 = 14 19 £ 10" 0* 0 <0.001 <0.001 <0.001
HCA 0 0 0 0
HDCA 23 £ 11 0 0 0 0.048 0.048 0.048
THDCA 13 £ 39 0* of 0 0.002 0.002 0.002
GHDCA 3.7 £ 3.7 0 0 0 0.33 0.33 0.33
UDCA 46 £ 9.0 15 + 8.8 0* 0 0.020 < 0.001 0.020
TUDCA 25+ 25 0 0.4 =04 0 0.26 0.41 0.41
GUDCA 34 =34 0 0 0 0.33 0.33 0.33
LCA 15 = 85 0 0 0 0.088 0.088 0.088
TLCA 13+ 11 0 0 0 0.25 0.25 0.25
GLCA 6.1 = 6.1 0 0 0 0.33 0.33 0.33
ToLCA 0 0 0 0

Values are shown as the mean = SEM (n = 8). Values of undetectable parameters were considered

to be 0 in the statistical analysis. Two-way ANOVA (CA and VCM) was used to evaluate differences.

When there was a significant interaction (P < 0.05), further analysis of CA simple effects and VCM

simple effects were then performed. *Statistically significant effects of CA diet within the same

treatment (P < 0.0125). #Statistically significant effects of vancomycin treatment within the same
diet (P< 0.0125).
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Figure. 2-6. Primary 12 a OH is responsible for CA diet-induced disorders. Aortic plasma
concentration of (A) total 12 OH, (B) primary 12a O, (C) secondary 12 a OH, and liver (D) iron
concentration, (E) total iron content, (F) Lcn2gene expression, (G) plasma LCN2 concentration, and liver
(H) TG, (1) FFA, (J) Srebpl gene expression, (K-L) plasma aminotransferase activities in rats that were
fed either a control or CA diet treated with or without vancomycin (200 mg/L) in drinking water for 6
weeks. In (F) and (J) , the data were normalized to Ao/o0 mRNA expression. The P values of the Two-
way ANOVA (CA and VCM) are presented in figures, and further analysis of CA simple effects and
vancomycin simple effects were then performed when there was a significant interaction (P < 0.05).
*Statistically significant effects of CA diet within the same treatment (P < 0.0125). #Statistically
significant effects of VCM treatment within the same diet (P < 0.0125). Open circles, n = 8 for control;
filled circles, n = 8 for CA. Box and whisker plots show median, minimum, and maximum (n = 8). ALT,
alanine aminotransferase; AST, aspartate aminotransferase; FFA, free fatty acid; 12a OH, 12 a -
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hydroxylated bile acid; LcnZ, lipocalin 2 LCNZ2, lipocalin 2; Rplp0, ribosomal protein lateral stalk subunit
PO. Srebpl, sterol regulatory element binding protein 1; TG, triglyceride; VCM, vancomycin.

2-4. EE

Cyp8bl- <7 X TIIEEE L X 70— LEFEH DT A 14 & 1 % (Bertaggia et
al., 2017), LA LBA S, Cyp8bl’ <7 ATk, CYP8B1 (&% 12a0H O&ERMBRTEL S S
MO DARY PABEERDOD, 12a0H Z DL OLFFERBEENRE RIET 200 IFEN TIE
mh -1, —7H. Bertaggia 5ld TCA OFHEIC LY Cyp8bl’ IZ & 2 BEEEIHITINE DR T A fEE
IN2EZREL TH Y (Bertaggia et al., 2017). D L L BEEHRIINEDFTEICEL TIX 12
aOH AEENICES L TWEEEXLbNDS, TNTHHEB, FREEFEEICEVWTEEZRREZ
£ 7-9 DNL (Lambert et al., 2014; Sanders et al., 2018; Smith et al., 2020; Tamura & Shimomura,
2005) ~DOFEEIIRAINTELT, 12a0H T DHDHEEIC DNL AKIFTHEZHLS DI
TEREND>Tc, THIT, 12a0H BBEAMEICE2RBF R I & TEMICEREREZEZ ST
% (Ridlon et al., 2006), AFREAEMFZERICKICRCBT ST 20 FELRETCET TLAN 27

AETIE, £9 CAGRNME (0.5 g/kg diet) (Islametal.,, 2011) #5223 Z & T12a0H £
7Bk EEY L. 12a OH A BB~ RIZ T REZ AT, CAFOXRBARMEEF 12 a OH
BEEEOY b — B0 1715 THY (Figure 2-6). 2 BIMERFEAN 2IBHEO b b O M#EH 12 a OH
BE (BEEOKN 183 EasWMEZRY) LiEWMEZ LT (Haeusler et al, 2013), D& =, CAR
MBZE5Z7=7 v MIBWT, BREENRESLUVREOE L ZHOLTICHR TG HL UL X7 0
—IVREDNERICENL, 12a0H NP EENICHERFZEEZR I ENNO TRENT, *
7o. ERREENES K OEOBEERHICEEY 2 8L FRROBITHN L, CAEBEIIEFEEH
ME DD 721 T4 < DNL Z EEICHIEEH Y 2 AFlE SREPBL OB FHRIFEL NILD EFABRIN
7o 2F Y. 120 0H IZEEFHTINE DIRED A7 5 F . ATl DNL OITEZE N L TR Z5 Eike
T EFIFICREINT, T I, VEMERAKFEESIZE Y 12a0H O RBABREE ZHH L TH CA
EEIZVCM 5505 #&ICEH o frlE SREBP1 0BG FRIEL NLD EBEB L UOFEEREE %
SlERITEZRRE L, CORRIT. BAMELNERT 2 ZRIEBABEREEH7- 12a 0H 26Tl
<. FFBTEREINDS 12a0H BEIRICHRERERICRCTFS T 2F27KRLTW5,
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NAFLD o fFfigfefhEE 0 RE & L A DNL oTtELEBE & T3 (Lambert et al,
2014), BEBREWEIC, CARMREICL 2 12 a OH JEE D ENIE T SREBPL OBEFREL N
LRz > TR Z RES €7, SREBPL (3T DNL Z EICHE S 2S5 RHFTH Y. NAFLD
OFFEREEBEBEAENT I RFEEZ 5N TWS (Higuchi et al., 2008; Kohjima et al., 2008), 5
1 Z0 HFD EWTIE. BEERRAZEDBRICH > THHE SREBPL 0BG FHRIERE L NILHKIEIC
pHlENTWi=dIs, RIS AL 12a0H A SREBP1 N5 X 28245 ld 2 FEHE L
Motz REICEITSH CARMEBIZIY FE— L EREEKEIIRZFETHY ., 12a0H IZL % DNL

DEEx L YREICTM T/ EZIAOND, —AHT. SPREBL O TFRICHFET 5 FASN OE&EIE
FREL NVICBREARZEIER . 2280 LRUVORIECRE RBAEE#E BV 72 iBIBER O
BEENAFTMICELY 12a0H L2 DNL~NOEEZ LYV BEEICHONICT Z2HELNH 5,

12a OH I L 2 fTfEfEIn BB ORI OB & L T, BEEETRIROEENEZ 5N D,
12a OH &R AMET T2 Cyp8bl <7 X TlE, REBEHRNANMETS 2 camEFEIL AT
O—IILEFEH DRI INE S N5 (Bertaggia et al., 2017), T D, TCA OfE#EIC & > TRER
MUV L NIV DR TARRE I NS Z A 5 (Bertaggia et al., 2017) . BBITEEFSE D A7 5 12 a OH
BRENGCIBRTH > THREBETRNEICEENHLIENTFHREIND, ThoDMRE & —EL T,
CARIMEIZCE 5T 1200H ZFEMITIBINS B 2 L ERREFMABRICED L1z, TR
12a OH O CTREFRIVREICEIH 20Tl TCAZEDO—REBABINENTH D, 12a0H D
fBtE T4 % DCA X TDCA DERF I wILRE I ZNZ N 2.3~2.5 M (Reis et al,, 2004) &£ 0.7 M
gtk /=" (Carey & Small, 1969), HFD #5 %77 v b TZ 2 fB+F 0 TDCA BE I 0.069 M LUF
& (Yoshitsugu et al., 2019). FEERIUREICHER I ILEMEEICLERTENITEL, ZD—
HT. BB o TCAEEIZ HFD EEINTER I ILEETH 51 8~12 mM (Meyerhoffer &
McGown, 1990) ##8 2 T 2bmM i2E £ ¢ EH 3 % (Yoshitsugu et al.,, 2019), T 4bHbH, 12a0H

ZFFIC TCAZFD—RIBAEAE S L TRERERNZ(RES E 2 THEBENERICTFST 5 &
EZbNb,

NAFLD £FEICH W TATREARIEE & AR L TITESRNEEAMET § 2 FAMES LTV D
¥ (Britton et al., 2018). ZDERIZEASMIH > TWED >7z, EHEEWNT &2, CAFNMEILE
BEVCERHKIMEZZ( S B 2F L HEREMNICKKREEZET 27, 512, VCM Z &K
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BELT5RICHEKIC CARIIHBHKREE Z RS S, o N\AM AT 4 7 RTE > TEFERN
PEHEMZ N L T CARBZEUORF2HAESIEGEICH,. FRIKEEIIERA L L TETLE
(F—ZIFRLTWEY) . Thbb, FEKBEOETRIEHFOBRTEA <, 12a0H 2k
EFENBIERTHY ., FICHE TAERINS 12a0H PFEHKREEDET 2 ENT 23HRREF T
HHENTRREIND,

FREWC L2, RZEBZ 7y b LT TRICEZZ EHBEEGREN LRT 2EN
BHOXERTHRE SN TS (Bartholmey & Sherman, 1985; Davis et al., 2012; Sherman, 1978;
Sherman et al., 1978, 1982), ¥ /&b b, 12aOH IZFFIESKEEET 2N L CHIEEHEE .3 &
RITIZ— I LHEEZEL CLWAARELYH D, —A T, BITHRTEODNTLWEIHRRIZRIZE
MY ERBEDETIRIIZEEHRRIZREEXZFTEL TL E5FHL5 (Bartholmey & Sherman,
1985:; Davis et al., 2012; Sherman, 1978; Sherman et al., 1978, 1982). FFEREFNLGHKEEET

MIEERHICRIITHEZREICTMT 208D H 5,

BEHSIINIE CARINBICL AFESKEEETOER & L TIFEBRICRE A %, 1900 F1X
D ex vivo AR AWIZHARTIE, TCA L ED —RIBAERNF L — FRICK Y BARIKEY AHL %
BET 2FEHIHEINTUL (Sanyal et al,, 1991, 1992), LA LA S, SKELY AADIRHEIZE IS
TCADIELBIRETHREL, ZOBRAI/VEENETIIEKINY ALDEEIZIZEAERI 574
h - 7= (Sanyal et al., 1991, 1992), 7 v r/NER® TCAEE X, BRI w/LEE (8-12 mM)
(Meyerhoffer & McGown, 1990) & Y BES A 125 ULy (Yoshitsugu et al., 2019), EFE. CAEEICH T
HZEEENES KUOEFAOHIHEICEEIL A >72FEAL B, CAWKEICLS TCARED EFIE,
in vivo COSKBIRDEENCHFET 253 DTlE A FRHKEEDET IFSRIIN & (F|MEBRTH D L H#
AlTE 5,

BEHHFRNICECA RV ETNIEEAOHEIFTI Y FA—LERZETHY . CARNEICE
5 TSR DETIIEANTHROBE AR S HEREEZD2FAERS, EHERKRNI L1, CAR
MEEET v MIBEWTEHRHICEET 2 2 /X BOHR T, i LCN2 OBEFREENRFRMNIC
L TWe, 2O E FFEA LCN2 O X ELRELRZ TH S Xuetal, 2015) F&—HL T
CABHICHIT2MEH LCN2 REHBRITIEML Tz, LCN2 IF5FEDRAHICEDIWLTHRED, 5
EREXCIIRET SHEEX VX VETHY . HKEFED LCN2 FHRNDOKEEZ LR S
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5—H T, $HRZH LCN2 (ZMEANOSKEE%#{ET 2 % (Devireddy et al., 2005), CA B Imig
TEMLZ LCN2 AWTNDOFETHEET 2NIETBETH 200, BIERICEHEITS 12a0H DF
mAMBERDSHRZE LCN2 BEABMI 2 2 Lick Y, FEKEEZETIE2DAH LN
LYo

ARIIEIE HFD FEM D 12 a OH FEAEMEZREM L =R TH D Z & hH (Islam et al,,
2011; Yoshitsugu et al., 2019). HFD TR I 2FEHRHI 5 12a0H TRI2BWHR=ZY ) B> TEHET
5%, 1200H ICL 2 FFESRERETERZRR L7-E T, HFD FEMOHESHKEEETOER%
EARICEATE B & 5 ICH 72, HFD OERUIFFEKEFERNICAHBKCEEET S L < I3EEZR
CTEAREIN TS (Jiang et al., 2018), 5~12 A D HFD BB CIIFEHKEEN LRI
%—7 7T (Ahmed & Oates, 2013; Dongiovanni et al., 2015; Meli et al., 2013). 10~12 @R D &5
TIFERZEIZR 514 W (Bertinato et al., 2014; Sonnweber et al., 2012), B AREZ L2, &5

ICREARE (12 8. 16 BfE. 18:8M. 31:8H) HFD 2T % &, FEHKEEIIETICEL 2

(Chung et al., 2016; Chung et al., 2011; Jiang et al., 2018; Orr et al., 2014; Yamano et al., 2015),
F1IEICEWTCHFD B8 ERMED 7 v FFIRMEF T 12a0H BEN LR T2F2RHLTH
V. HFD % 12 BRIS X 7=~ 7 X Tl¥, MIME LCN2 OEMNHEREREINTWLS (Yan et al, 2007), 3
mhbH R HFD BIRTEZ % 12a OH REDEMAMA LCN2 RE LR 25/ L. 1
RNICFRESHRREEETICHES I 2 AeMDL H 5,

BREEISEEORE S EEICEEL T\ (Gangarapu et al.,, 2014) , b MERSATERED
meiZH T DCASEE D EF (Haeusler et al., 2013; Jiao et al., 2018). fB#EEEICH T
Firmicutes FIICE 9 % Clostridium cluster X1 & &K U X/Va %D DCA E£ICHF 5T 2BNHEEOE
ENENT 5 (Turnbaugh et al., 2006) , AIFZRICE LT, VCM LI A R JEABL A4 Al % 30! L 7=
bon, CARICH T 20 LCN2 RE L7 % # - 7 FFESHREE T C A SREPBl B FHIE L
NIVOFEKR R, FREEEEEIIEIFINEL 7, ThbH, CARNME T ERIIND
BRIFBAMED 12a OH K# & (ZEBEFRTH Y. 12a0H OF THFIRMF TR ®EE THAE
T2 TCAED—RIEABRINERL B> THERITEEZDIENTE S, CAEDOBITER TCA
DEFEEEIEIDCAD I0EULETHZEL LD (Figure 2-1D) ZEAKERE R 2ENHK S, BT
BIRICHE TS TCARENBMINIL., KB ~DRALBRTSEAZDHNERTH Y., NAFLD &
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ECTHRINDMP DCARED LR IIFTEAENSZEORETIEZA <. TCAREMERL/IBERIC
BELLDOASH LN,

AEORRICE Y. NAFLD $£# (Chashmniam et al., 2019; Mouzaki et al., 2016; Puri et
al., 2018) x> HFD EERTHE 2 % 12 a OH RN (B 1 &) FIHFEEHEEOER Tl <
RRELGVIFSZ2EDTRENT, 12a0H P IFEREREEZEC IHEO—KmE LT, BEEEOR
RS & O SREBPL EEFHIR EF &/ L7 fFiE DNL OTTENBEE T 5 L R o b, HlokE
ELT. 12a0HAMA LCN2 BE LR 2N L THESKEEZET S 2HAOBEEIRAFTH Y,
ZDRERE L THEEREEZRET 22—/ 0BE2E I 5/ REDLFLEL, —ED
12 a OH FEM O FFEICEEE T, FriE SREBPL BEE-TFRBEL N0 LR IZBAMEICE S
12a OH R & EBERTHY . TCAZED—REABROGFEENEETHDLEEZIOND,
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3-1L.ERLHW
BIEBLVE2ZEOMEN S, 12a0H IC & 2 FFRIEESEZ FFISKEE KT HENT

AN RSN CARZEZX727 v P CREREVETBL VRN ITORBINEICERLE
EARBOHONHEWCHELO THEHKEEMET L TH Y, BMEZHFHLRVBRELHKIZTIRETH
2H00, FFEKEE & EEZEEOMICITEVEDOHEBEIERI N, EHROERIL. EKE
OCARBMABRICEVWTHRAMLI (AR TEL (T—RIERLTVLARWL), Thbb, FEBAN
BREBEOETAFEERERZIRET 2RJ6EELH S5, BMAZFEHA L ID (marginal iron
deficiency., MID) DBEHIIBMEZF-7-#RZ (ID) DAFICHEDZEINTVLEIEADE
(loannou et al.,, 2002) . MID M FHiERERFEE ICKIFTHEZHONICT 2BRITAEL, FEIT AN

I, RZBZE5ZX7-7 v MIBULWTIREAKICEET 28CFRERPLUCFE TG REED LR
NIREINTWBES (Daviset al,, 2012) , — A, TNHD ID IZMAENESAEVEEDEKT
(BM) CERE - REORDZH->TH Y. FEHREETLUMIBELERA RN W CA 87
DIRRE L IFRECERY . MID DA OBEERHICHEZ RIZTTHE D NEBLMNITE > TULAEL,
MID T4 sR&0HEE (Black, 2003) B EN#EE (Brownlie et al., 2002, 2004), 3 & UVDHEE (Hoes et
al,, 2018) ICRKIF T Z LA ERARERS L ARSI BE SN TV I EICMA. FFRIISRREE &

OBRERENERAICITON 2B TH D Z e b, MID IC L 2 FFIESKRE O |3 AT E A
AohDFEE RITTAIREMELDH B,

AETIE, BEICEINIHEZAR T 2L TCEMPERES L OEEDRD ZHEHA WL

MID RREZ LT 5, COETILZHMAL. BEOREL LLIERI7A-XBEE5R7-7 v MIC
WT MID A AFEREE. MARE. FFREEREETFHRRL AL, BLUOMF TV R TIF—
EMICRIFIHELZTEST 2 & T, CARTEREIN/ MID P IFREHEEZEEST DLWV
Gt & MREET 2,
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3-2. RBRMAB L URBAE
3-2-1. ERHYH S VLEE

ETORRICHWTAIN-93G #R—2 & Lza>r b o—LEE (Reeves et al., 1993) T 1
BREIER 7z 4 BEsOLEME Wistar 7 v b (HRAZXTL>—) ZEBREYE L TER LT, A
14 08:00~20:00, (B 22 = 2°C, J2EE55 + 5 %DEBINLBECEIICHE L. AEH LV
REENEF2HICICHE L7, 28BRBHA+FZEL T v MIEHER - BHEKIE, AR
HEE L BTz EOREBIE N TR > 72, HER3-1 Tld. KK LR (iron-adequatet, 1A),
W IDB., KKZEBOHKEZFEDITEKEL/ZMID (A :ID=1/1, w/w) (Table 3-1) #5x
% 3BECHT. 3BERAB L7, #HER3-2 Tld. IAL MID. 2% a—2X (high-sucrose. HS) @
AR, HLLIFHS D MID BZ 5 X 7- 4 BT (Table 3-2), 3BEAB L7z, I o DRI
EZRFEANBERFZOEXBYER - FREES TR INTHY (ARES 1 14-0026 B &£
O 17-0119), 2 TCOHYERIZIEERFEHYERICBBT 204 FZ7 4 ICR > TEEL =,

3-2-2. IR, #a#H £ OVEDEIR
B 1 BERMRIS LUORRGED "M s L OZDEIR” L RRICER L 7,

3-2-3. qRT-PCR

B 1 EEBRMES LOERGED "qRT-PCR” L AERICER L 7=, TagMan Gene
Expression probes Z3ZNZENUTOHDEFEH L7 V—F 71y v—HPYAITVT 474y
2) : The qPCR was performed using an Mx3000P real-time PCR system (Stratagene. La Jolla.
CA. USA) with TagMan Gene Expression Assays (Rn03302271 gH : Rp/p0. Rn01495769 m1 :
Srebpl, Rn01463550_m1 : Fasn, Rn00580702_m1 : Cptl, Rn00580432_m1l : /15,
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3-2-4. MPPEELL TS/ PSR TS F—EDIHE
F1EEBMBBSLUOERAED "MFEELLI TS PR T7IF—EDFFE” & FRRICE

L 7=,

3-2-5. frigREE DFE
B1EBEBRMBIB L ORRTED T, ZEFESLOREFIFEDITE” L RRICERL

3-2-6. fhig, EHE L OMBEFHEEDINE
B2 EXBRMRIB L OERRGIED . EHELMEFTREDIE” ERKICER L 7,

3-2-7. BEETEENT

FRICERLABWVWRY, 77— 2 OBEILFHE+SEM TRz, RTIHEMNREZRW TR
KB, mME. FRE. 2L TEEEBEOZT Oy bR L7, &8 3-1 Tl Dunnett's test Z AL T
BRI EA M L 7=, B2 3-2 TIx MID & Sucrose @ 2 ZRHIZx L T Two-way ANOVA %47 - 7=,
BERBEELERA (MID x Sucrose) 1'% - 7=355. Student’s ttest (L& W FIIBEOERERE # 17
572 BETHDHEEBENKEZ P<0.05 1CE%F L. JMP 14.0 (SAS Institute Inc.. Cary. NC. USA)
ZRAWTHGETHRET 21T > 7,
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Table. 3-1. Diet compositions in control, MID, and ID

A MID 1D
g/kg diet
Casein * 200 200 200
Dextrin ? 529.5 529.5 529.5
Sucrose * 100 100 100
Soybean oil * 70 70 70
Cellulose ® 50 50 50
Mineral mixture for IA © 35 - -
Mineral mixture for ID ’ - - 35
Mineral mixture for MID ® - 35 -
Vitamin mixture ° 10 10 10
L-Cystine 3 3 3
Choline hydrogen tartrate '° 2.5 2.5 2.5

' NZMP Acid Casein (Fonterra Co-Operative Group Limited, Auckland, New Zealand),

2 TK-16 (Matsutani Chemical Industry Co., Ltd., Hyogo, Japan)

$Nippon Beet Sugar Manufacturing Co., Ltd., Tokyo, Japan

* J-0il Mills, Inc., Tokyo, Japan

5 Crystalline cellulose (Ceolus PH-102, Asahi Kasei Chemicals Corp., Tokyo, Japan)

¢ AIN-93G Mineral mixture (Reeves et al., 1993)

"The mineral mixtures for ID (iron-free) were formulated by adding sucrose at the expense of
ferric citrate from the mineral mixture for IA

8 The mineral mixtures for MID were formulated by mixing the mineral mixtures for IA and ID
(IA:ID=1:1, w/w)

P AIN93 vitamin mixture (Reeves et al., 1993)

19 Wako Pure Chemical Industries, Ltd., Osaka, Japan



73



Table. 3-2. Diet compositions in control and HS either with IA or MIID

Control HS
A MID A MID
g/kg diet

Casein ! 200 200 200 200
Dextrin 2 529.5 5295 - -
Sucrose * 100 100 629.5 6295
Soybean oil * 70 70 70 70
Cellulose ® 50 50 50 50
Mineral mixture for IA 35 - 35 -
Mineral mixture for MID ’ - 35 - 35
Vitamin mixture ® 10 10 10 10s
L-cystine ? 3 3 3 3
Choline Hydrogen Tartrate ° 2.5 2.5 2.5 2.5

! NZMP Acid Casein (Fonterra Co-Operative Group Limited, Auckland, New Zealand),

2 TK-16 (Matsutani Chemical Industry Co., Ltd., Hyogo, Japan)

$Nippon Beet Sugar Manufacturing Co., Ltd., Tokyo, Japan

* J-0il Mills, Inc., Tokyo, Japan

5 Crystalline cellulose (Ceolus PH-102, Asahi Kasei Chemicals Corp., Tokyo, Japan)

¢ AIN-93G mineral mixture (Reeves et al., 1993)

"The mineral mixtures for MID were exactly the same composition as shown in Table 3-1
8 AIN93 vitamin mixture (Reeves et al., 1993)

® Wako Pure Chemical Industries, Ltd., Osaka, Japan



3-3. 5 R

3-3-1. MID BIC £ BEMZ# DL VO HRZDFE
BMZE#EHLEWID 2FEI 2RBEHKEZRTT 7= 7 v M IA, #%FxBRWL- ID B,

F-ZIADKEBOHAEESEALEMD BTy MC3BEEZRT-, IDEIEZIHEDS IAICLEXRTE
EEENENERITERD LD (Figure 3-1A-B), REBOREHIENSL A LERLTCIDETER
B L7z (IA:326 £ 7 gvs|D: 284 = 4g. P<0.001), AEH I3 HEN S IDETIAB LR

LTERRETI RIY, REHOERED IABLERLTIDABEZ v b (IA:238£3 gvs ID:
213+3g. P=0.001) cEEIZFEA L7 (Figure 3-1B), #0—A 7T, MIDEOBEHERES L

HEIZIAFLERL TERLEIERD o h -7 (Figure 3-1A-B),
REENESIUOHFEORRE LT, IDHCEORSLOFES®S L OME7 ) F
VEREDETICHTAY N7y FBLUANESOEVREDNBRICIET L7 (Figure 3-2A-D),
—A. MDEBIEFAT M) Yy FBLUANESOEYVREZETIE 5 2 &4 FFERE. METFH%E £
07z ) FVREZET &7 (Figure 3-2A-D), UEDHERY B, PEEDOHRKZEMID B% 7
v MZEZZET, ENVERES L UCREDORD Z2HOTICHEHKREE S L CMBHRE ZET
SET-ETIVEBETESLSE b o7z, LA LAENS, BIFICRLTMID BICHT 25 TG #

EICBERZ LA > 72 (IA: 12.6 £ 2.1 mg/gvs MID: 13.2 £ 2.5mg/g. P=0.32),
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Figure. 3-1. MID diet does not affect growth parameters. (A) Food intake, (B) body weight in

rats fed the IA, MID, and ID diets during the experiment. Data are presented as the mean = SEM.

Asterisk represents significant differences from the value of the IA group at each time point (P <

0.05, n = 8). HS, high sucrose; IA, iron adequate; MID, marginal iron deficiency; ID, iron deficiency.
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Figure. 3-2. MID diet induces iron deficiency without anemia. Concentration of (A) liver iron,
plasma (B) iron and (C) ferritin, blood (D) hematocrit and (E) hemoglobin in rats fed the IA, MID,
and ID diets for 3 weeks. Box and whisker plots show median, minimum, and maximum (n = 8).
Asterisk represents significant differences from the value of the IA-fed rats (Dunnett’s test, P<

0.05). HS, high sucrose; IA, iron adequate; MID, marginal iron deficiency; ID, iron deficiency.
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3-3-2. HS & MID D#A S HtICk BFFREEZEDEE

%5 2 &0 CA €7 /)L TIEATE SREBPL OERFHREL NIILDOTTE % f# > THESHKREIME
TLTW:, MIDEBOERICEZ2BMA#HLAEVWHMAZ CIIAFEEERAFET S ICIEITNTDTH
S>7:FENHH. MID BIEEGMNTTES N/ CRIECHERESEZRES 2R REMELH D, £ I T,
HER 2 CIHIEBARBIREEAR %D HS (Ouyang et al., 2008) #~X— X MID 8% 385z 7=,
HAEE 1 LEERIC. MID IZBEHEERE. K& (Table3-3) B L UPMFANESOEVBEICEESY 5 X
TICHESRE 2T &7 (Figure 3-3A-C),

TOEE BHRRNI LICHS #R—XICMID 25 2 1215650 A, JFiE FASN OEGFH
BOTUEZ M > TR TG RENAEREISHEML 7 (Figure 3-4A. G), —7/3 T, #ERICEH T MID
LR ILATO—L, MR TG HLPIL AT A—ILEE, MmfEdh ALT - AST &M, BT
Srebpl, Cptl, /15, T b3 RUTEZFML-I 3> FYU 7 DNA/& DNA (mitochondrial
DNA/nuclear DNA, mtDNA/nDNA) ICEBHRZEILRD b ih -7z (Figure 3-4B-F. H-K),
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Table. 3-3. Growth parameters and tissue weight in rats fed control and HS either with IA

or MID
Control HS Two-way ANOVA, P-value

IA MID IA MID Iron (I) Sucrose (S) | xS
Growth parameters (g)
Initial body weight 121 £ 2 121 £ 3 1214 122 +£3 NS NS NS
Total food intake 287 £13 310+ 11 301 £8 294 £ 5 NS NS NS
Final body weight 228 £ 7 232 £ 6 229 £ 4 225+ 4 NS NS NS
Tissue weight
(g 100g body weight)
Liver 450 £0.1 430%£09 504 £02 489 +01 NS <0.0001 NS
Epididymal adipose tissue 1.93 £ 0.1 184 £ 0.1 1.86 £ 0.1 1.80 £ 0.8 NS NS NS

Values are shown as the mean £ SEM (n = 6). Two-way ANOVA (iron and sucrose) was used to

evaluate differences.
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A B C
MID <0.001 MID 0.002 MID 0.13 OIA
Sucrose (S) 0.23 Sucrose (S) 0.33 Sucrose (S) 0.78
MDxS 091 MDxS  0.11 MIDxS  0.90 @ MID
250- . 250- 3 257
= g E
2 200+ S 200 c 20
S 2 o)
= 1504 % c 150+ S 15-
5 g 2
= 100+ g 1004 g 104
(]
Z 50| SEW 2 504 5 5
o 8
0 T T 0 T T o 0 T T
Control HS Control HS Control HS

Figure. 3-3. MID diet induces iron deficiency without anemia in HS-fed rats. (A) Liver iron, (B)
plasma iron, (C) hemoglobin in rats fed control or the HS diet combined with either IA or MID diet
for 3 weeks. Box and whisker plots show median, minimum, and maximum (n = 6). The P values of
the Two-way ANOVA (MID and sucrose) are presented in figures. HS, high sucrose; IA, iron

adequate; MID, marginal iron deficiency.
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A B C

MID 0.16 MID 0.56 MID 0.93 MID 0.23
Sucrose (S) 0.14 Sucrose (S) 0.93 Sucrose (S) 0.022 Sucrose (S) 0.98
MID x S 0.041 MID x S 0.37 MID x S 0.52 MID x S 0.72
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Figure. 3-4. MID combined with HS induces liver TG accumulation. Liver (A) TG, (B) total
cholesterol, and plasma (C) TG, (D) total cholesterol, (E-F) aminotransferase activities, and hepatic
gene expression levels of (G) Fasn, (H) Srebpl, (1) Cptl, and (J) //14, and (K) liver mitochondrial
DNA (mtDNA) content was normalized to the nuclear DNA (nDNA) content in rats fed control or the
HS diet combined with either IA or MID diet for 3 weeks. In (G-J), the target gene expression levels
were normalized to Ap/o0 mRNA expression. Box and whisker plots show median, minimum, and
maximum (n = 6). The Pvalues of the Two-way ANOVA (MID and sucrose) are presented in figures,
and further analysis of simple effects of MID was then performed when there was a significant
interaction (P< 0.05). Asterisk represents significant differences from the value of the HS-1A-fed
rats (P< 0.05). ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cptl, carnitine

palmitoyltransferase 1; Fasn, fatty acid synthase; FFA, free fatty acid; HS, high sucrose; IA, iron
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adequate; /16, interleukin-1/; MID, marginal iron deficiency; Srebpl, sterol regulatory element
binding protein 1; TG, triglyceride; Rplp0, Ribosomal protein lateral stalk subunit FO.

3-4. EE

AETIE, F2ETRRLARS [BEOZzHbRWSKZAFBEEZEZIZET 5] =18
AT HEMNTHRZIT 7Tz, BRI OHEBRVWZIDEREZT Y MIEX2EANESTAEVREDE
TaFE-> TEBESLIVOEEOFINHERINI/I-—AT (Sherman et al,, 1978), %z 3> FH—
IWDFENEICHNZ - MID BRIEANESZOEVEEDETPERES LORERD 07 A
EELPSLUVORFHEELZERT I/, CORBIEICARDNFEET H~NE/OEVREDETVE
BE. REORD ZHEOLLEVWIESKEEDOET EEUL THE Y, MID ICK 2BREDOSHXZIRAETZ T
TIEATHE TG REICHEZ S AN >7=h. HS Z_X—XIZMID #5 2 % & fFhE FASN O &L FF
ROTTEZ > THE TG REMNIEMT S Iz BE L7c, ULDRERL . Bl HhHQ WEE
DIKRZIE HS BD & 5 LTl DNL A TTE L X T WIREICE W THBEESE &Y 2 AlsetE
MRS NI,

st RE OETIZARREERH ICHEZ RITTAIREEL’H D, £ MW TENZHFDAE
WMID IZEE®D ID ICHERENIZEZWIZEHEDH ST (loannou et al., 2002), BM% #ha WK Z
HHFEREEEEICRITIRELANIRE T AL, BEDID ETVEEMZF>T-FEED ID H'A
Wi Tz (Sherman et al., 1978), BIA ¥ -7-EE D ID (FEBEECHEERIVEHES Z LD
R RENDHEZTMT 2 W LN o7z —H T, AARTHWZMDEIZZ v MIC
BPLWTHMHRANESAEVRE, BREVCHREICREZSAT ICHRHKEES JOMRKREEZET
ST, Thbb, ERANY) —ZHEOXEZHRL (HRZOFELZTMTCE2LEIONS,
LAL%EA D, MIDICKPBREHKZOHTIEIBEEEELZR I TICIEITN T2 TH -7,

FERE SR E DR T IZAFRE DNL e 2 09 WIRIE COATREEFEEZREST 5200 H L1
BV, INEFTORETH, BMZHF-7EED ID TE R, BEMTIIFEEEREZIRET 5(1C1F
RtDTHDZ EDNTREREINTWLS (Davis et al, 2012; Kamei et al., 2010, 2013; Stangl &
Kirchgessner, 1998), BBKZEWLNZ & (2, Davis » (Davis et al.,, 2012) [ZBMIM%=# >7- ID AR 7 1
—ZR—2D AIN-76 (Reeves et al., 1993) & 5 2 7-15&ICI1E, M TG ¥ & UFFHE DNL E=FH
BLARILAEAEMNIEEZ—FT, T 7 R—ZD AIN-93 (Reeves et al., 1993) TIXEIHRDIRRH
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RIOBWIEZRHE LT, COMBZH EICBEDHRZMD THD L, EENICIDICEHIT ST

FEEERECIISREMEIZ. R7A—XRZ24 < BEUREZENLLHEICOAHERTINTLD

(Bartholmey & Sherman, 1985; Davis et al., 2012; Sherman, 1978; Sherman et al., 1978, 1982),

JIA—ZANOBERIND TV TV ERKE ST, RVB—RE TN =R %EEL, 7IL7 =X

73—k 3 DNL 2{BET 21EREI BN TH S Z &H 5 (Nakagawa et al., 2006;

Stanhope et al., 2009), X7 A—XZ(Z& > T DNL ATTEL LT WIRR T TOAFTESKERE DIET
FEMEEZIEET 2 EERXDENTE S,

FFESRRE OET X HS T ICHE W T DNL o7t % AN L CHEiEEEE A RET 2
RIEEEN D B, FHBIREZRICH T A DNL OF S IEH LW EERZ o N TV, EFEDHRE
M. NAFLD OFIEICHE W TCAHFHE DNL AEEARKENAIES 2 & A'bhh > TE WLz (Lambert et al,,
2014; Sanders et al., 2018; Smith et al., 2020; Tamura & Shimomura, 2005), EEKEWNT & (2,
HS+MID B ICHEWTHIE TG RED EF L BEE L T DNL ORI T v 7= i< % FASN O
BERFREENEERICHEINL TW:, —ATFASN BERTFHIEOEDOHENRAFTH 5 SREBP1
(Horton et al., 2002; Shimano, 2001) OEEFHRIBL NLICEFBIZBERINT. HS+MID I2HIT 5
FHiE FASN B FHIREL NLDO EFOFMAX DX LIFALSHITHE > TW AL, MIDICK S
FASN EFRBELNLOELEFE Y O LBTEREINT, A PA—LEBE HSEDRE
MBREWE 7L F—RETHD I Eh ., BlEHEDEVL NILOFESHEEDETA 7L 7 b
— R EHEFENICHERT 2L TFASN DEBEGRFREEBEZ LRSI ETV2000 LA,

RVA—ADBHED 1 2THB 77 b—RFR 7 0—2BHERFOHRBLNER%Z
5 (Tappy & L&, 2010) . Z7La—XR &Y H 707 b—RIFEBEEEEREEDVSVEIL <A
5N T3 (Nakagawa et al., 2006; Stanhope et al., 2009), AR TIE. LEHZED X 70—
A%EBUCHSBZERALTW2EN L, ZOHXHRICOVWTERT S, EFDTILT F—XDFH
BENEIZ 49 g/BE#HETEEINTH Y (Marriott et al., 2009). Z 4Ll 196kcal/BICHEYE T %, £ bD
FRAD T 3L F —1BENE A 2000~2500kcal/HTH B Z e, 77 b—ZHh oD 1 HOI R
¥ —1EEE (9 200kcal/H) £ 8~10% EHETE D, TNICHKNTHSBEZ5X7T7y D7 L
7 F—ZEREFR IR LF—EBRED 2% ENBRYZ 0L, LALEDA D, UTD 2 DDEHED
DEAMBICHEITZ2HSBDOT7 LI b —XBREZHEEZOND, £9. LRDOEL MIBIF2HEE”
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W b —=REDEHNENTFMINTWIAJREENH D, Ventura » (Ventura et al., 2011) 1%, HEk
BEOEER 7L b—RBRTHEIE7NI b—RA—r> Oy 7 £EEDPLORRLY H 7
WO F—=RENZWVWIEZRELTEY, EROL D77 F—XEBIREIEUFTICHEHEE I TL
725 @ (Marriott et al.,, 2009) £V $ 18%diEmWEIEHL T\ 5, /-, ®RAEN 7L b—2X
(~66%) xECREASX, WA TAXRRY v /Yy FO—LARESEZETILIEZHVS
NTwW3 (Dornas et al., 2015), ¥/, X7 O0—XEED LY DPHEVWHS BA2EHET2E. MIDE
ICKBIEEBEREDXA IV INENLAIRMENH S, MID BEORIERIIEMOREEICHEAN DA
BEMLAE . AMEOEICIEZ ChAL, REIC, BEREIE LY L T7L7 F—XERICHT
ZIEMEDN S WAIREMEL D 2 S HNEES, Jang » (Jangetal., 2018) (¥~ 7 XA TIFERRLAZ7LY
P—RDIEFEAEZFETIERMBEPERIICRB TSI 2R, YT RIZT7ILT F—2R
(0.25g/kg, 7 Na—R&TIL7 b =20 1:1BEY) 2EBWMS L THARMFAD 7 L7 b —RRE
DIBMFHEBR SN W—AT (Jangetal, 2018). & FTIHERED 7 /LY b —X (FEH 50~
75kg DiGE, JINA—RETILT F=ZAD 10:1 EEYHE L T0.1~015¢g 77 b —R/kg) %1E
BT 2772 CRELTRDO 7Ly b —ZBEND 2 EZE< ERET % (Moore et al., 2000), D &L S I
BEfAIIZIZIE MY B 7L F—=2REEEN A S (Gonzalez & Betts, 2018; Jang et al.,
2018), BEHRFEEZAVWLHRTIE, EFTREIZ 7L F—XFEUHORBEBEFRT 2720I1C
IHBNEAEOHSBZAVIRENH DL EEXOND, ULDEBHEI O, AR THAWZE
DRI A—R%EEAZHS BRITETHRET L THTmEEZ LN D,
AECIHBRETHELAFFHTI LT, A FO—ILBO(EDHEEAT MID BEHLEM
HHEDLREWID ZFETIETINEREILL, HSZR—XICTMIDEB%Z 7 v MMI5X 5 Z & TFASN
BLEFRBELNLVOFTEZF D FFEEEEIIEMNT 2 L 2BoNIC L7z, NAFLD 8&ETlE, 7
W7 P —RDEEBIIREL L MIHART2EULETHY . HEEREIEREATI0 g/BICkSRE
HESINTWS (Ouyang et al., 2008), FEFHAR TIE, HRZIRE EEBOERRBERIENTER S
NnTHY (Yokoi, 2014), NAFLD EFE TIIAF#ORE & AFREAEIHRE & OMICHERRENH 2 Z & AR
SN TWL3 (Britton et al., 2018), CA BICH W THHE SREBP1 OBZFRIEL NILD FEAER
INTRREERT DL (B2FE), 7070 b—XZBFITERLZZREBICE W TOAFEKEE D
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ETHAREEEREZSFRELERIE. FEDONLATTEL T WRRBICEWT, FESKEEETH
FBEEERZ EIRETS 2 &£ WHRMZIERTE 2,

e Th
1|V
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NAFLD D458 T 2 FTEAS IS 12 NASH £ L O ICRII> TRI B2 ARV b T
(Angulo, 2002), FFREBATICE £ 57 L NCD OFAEY X 7 ##0S ¥ % (Younossi et al., 2018),
Zznp . NAFLD (CH 1T 2 PRI BB OFRRME DRE & £ OIBAER X, NAFLD OFES £
U'8E7% % NCD O EZH<C L THRO TEEZLRFETH 7=, MIETIE. AARIBEoAIC LT
12aOH DgRFERICH T2 ERBEI O BN & iniE s LT, NAFLD OEIEEOHEEIC O\ THREHA
DM S T2FER, TNODERICE T HAMEDILHBMAE. Z L TR THZICE FN/-5EH

PERBEIOVTHERT 5.

%1% : HFD I3ATHERERAZEICLLFI L T 12a OH EXEZEMEE 5
% 1 ETlE, HFD FEM DT ICHE LT CYP8BL EEFHRIIBOLEFZNL T
12aOH AL, TNIH > TRES DREMRINE S L UFTHE CIDEA EEFHBEL NIULA LR
TE2EERE Lz, oIl BIFERFPD 120 0H BEVFEERZEEE RV IEDHEREZRLZ
En o, 12a0H A HFEIEREEZ R ITYETHL2ENBONT-, —FH. HFD TIZIREHEHER
EOEKRICEL Y FHE DNL A KIRICHIB S N7-7-8, 12a0H A'DNL ICRIZFTEENLGFEZHS
295 EIERETS > 7,

2% :12a0H HIFiERSAFETE L BIE L /- DNL JTidH L VFiESEERTICRAET 5
FE2ETIE, 1200H FEIOLEINREZ(EY HE 5 CABIRETLZAWLT 12a OH AEF

BRI EBEARIZTHE L ZOBBEE AN, TOHR., HFD ERTHEINZARE —HL T,
HPRREHFHEDEKTH LU CIDEA OEGFRBL NN LR 2FZHEONIC LIz, -
fFhs DNL # &% SREBPL B FRIRN LRI 5E%ZRH L. 12a0H ATl DNL ZTE S 2
AR ER L, EoIl, CAEBRDFEEREREGICHEEL CHESXREEZET S 25 %28
LM LT, EERRN LIS, oD CAERTHREINIRRIE VEM ESICL Y ZRIBAE
ERRZIH L THREKRICERERTE -, BABRRICRVERICHFET 52— XETRIL TCA THSIE
Mo, 12a0H OFTH TCADFERE L > THERKEE DETCREERHEEDELTFHIEL NI
DEES L ORISR Z5 | ERIT EERI DN,
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E3E: FREKRECETIIFEAENERZRET S

B IETIE, CAERTEHESINITEHKEEQETAHEENEEICEST 2085 HiH
NB71HICMID BZEZ 5% To7c, TDORER. HSBZE5X 77 v MIBWTITERAIA
PR DR T DTS FASN B FREL NILO EF2H > THEEMSEEZRESE2EN DD -
<o

EbT—42H5R 2% NAFLD OREEE L ZDOFTD 12a OH DEE

UEDRRE%MED S & AL HFD 2 CYP8B1 Bz FRIZDTLEZ N L T 12a0H %18
MZE2F%ERL. 12a0H (ZREREFRINE DM, FFEIREE OET i DNL JTTEZDE
OB CHERHEEZ SR ITYETH D AIREEZIRRL 72, 12a0H &R O R REE R
AL L7272 1F T, £ b NAFLD TERE SN2 FFEEKHRE DT (Britton et al., 2018) %
SlERIIBEERTFELTI2a0H #RHE L, TCAEO—REABHIEERE B> T—EEDA NV b
5| ERITELERLIEADEETHD, INOLOHEEIE, £ FTRHINZUTOME L HES
L END, () BEHRE MCHFD 2BERS ¥ 2 L #Ah 12a0H BEA LR T 5 (Wan et al,
2019) (ii) NAFLD & ICcEW T —RIEAEREEHN EFE T 5 (Chashmniam et al., 2019;
Mouzaki et al., 2016; Puri et al., 2018) (iii) NAFLD & I W TCIFIESCEERT & FFlEEHEED
B %ZRY (iv) NAFLD £ TILAFH DNL 2'883 (8K % (Smith et al,, 2020) , T 245
IE. BEOHERHED T NAFLD DIEFBEBEOBBIC OVWTLVFL KCBEHIALR, ZOFT
12a0HAED LS ICEDLY 2 2Dh, EDXDITHRIAEL TWLKBELNBHZNICOVWTEERL TW
<o

NAFLD #fEICFH 113 DNL DiZg)

bt b NAFLD ®7 —% (Smith et al., 2020) Ao 770 —F9 % &, FEEHEREBEOR
BHEM ISR DNL OFTETH B L S ICR R 5, AFEIE DNL 2185 FE4 R THhH Y. BEET
IZHEREF DI DNL oI VLDL ~DF 5 1x 1-5%REH, BEIIRERMEROEELCHERZE,
BAZIZRKEVNDHDD 10-30%RE 1 X TEMT 2 (Low et al., 2018; Schwarz et al., 2003; Timlin
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& Parks, 2005), Z OfEld NAFLD BE TIZH 40%REICE THEML. FFBEHER L BEICHE
9 % (Smith et al., 2020) , —/A . NAFLD £E& DEiHELEL1L |Z—E A 800 (Bugianesi et al.,
2005; Chalasani et al., 2003; Sanyal et al., 2001). VLDL MHEH M= ~9 (Fabbrini et al.,
2008, 2009; Targher et al.,, 2016), 7t FJ/L CoA Z DNL ~jt L:AT ACC Z#FHET % & NAFLD &
EORFBEFZEENMETT5EA25H (Lawitz et al., 2018; Loomba et al., 2018). DNL »&F 5 (%
KEL, FlEEHEBROEFELHBRFEER OND,

DNL Z#(EE& T SZRGTA > X Y BB

BHLUOREERSZHET 24 XY i, FFEDNL OFTE S ZEICEEL TW5, R
BB A R Y ORED 1 DIEFRECIHI TH D, BERMPICHMINIA YR »HFFHE
ARV VERRIEET DL, A VAU UZRIAEE (insulin receptor substrate, IRS), 7 #+
A7 x4/ F K 3-%FF—+ (phosphatidylinositol-3 kinase, PI3K). Ml Akt ¥ F+—t %
EMELIE D, Akt BRI ZEE T 2EERF 7+ —27~y KRy 7 X707 4 > 01 (forkhead
box protein 01, FoxQ1) # U Bt L. MANDEAZH S, ZDRER. RAKI/ —ILELE
VERH LR F S £+ —+4 (phosphoenolpyruvate carboxykinase, PEPCK) 2 /L3 —X-6-7KX 7
7 % —+ (glucose 6-phosphatase. G6Pase) MFEITIFIET L. EHFREHIIZ 5N5 (Cherrington,
1999) , 41 ¥ RU>YDH 5 —2DERLKRENIFTN DNL DFTETH 2, T OEBIITRALRNS
WHbDD, Hia< &H SREBPL DEE(EE (Foretz et al., 1999) & BIEREEENIC L Y TNEMR D S
JEMER SREBPL ~ & ZfbE € % (Yabe et al,, 2003) 2 DDO#E T DNL #12ET 5 , BBRRWEIC,
AVRY VHEBEICLY Akt ZFHE(LTER <A D &, FoxOLl IFEBICKRANICRTET 2720 ICHEHE
DIMFIDMH IR B —FH T, 4 AU »IZL 5 DNLITEERITRI-NS [FBIRGA > XU ViIK
T EMENDZIRERAEREIND (Matsumoto et al., 2006; Shimomura et al., 2000), fEfg 5 #
FRISMEEEZ TIF27-0IC& ) EZL DAY RY v apihd 57z, DNLIFEICTTESIND &L D
FIUFTHB (Lietal, 2010; Matsumoto et al., 2006), EFX. NAFLD £ o DNL oL F
A2V rBLOTVva-RE, FEA R )\ S EDEREZRY (Smith et al, 2020) .
AR VEFEAEICED & DNLTTEFRLBE.R L. B2hd v XU VIERME L VIS5 D
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5 (Brown & Goldstein, 2008) . NAFLD &2 ThO4 —XICYH TIFHAEIFHEA WA, FERSEIC
BIFHA R ETMED NAFLD OFFEERERE L BEICBE L TWEEEZ LN TS,

TR Y B DEREICEN 12a OH

FARDHR EBEDHBEEAEDOE TER S & BN VXY VERMEOERT
12a0H ' DNL{RERF & L TBEE5 T 28N ZIRRTE S, [ AU VIIEHEIHICEH 2
FoxOl #BAET 5HE T 12a0H A% a5 CYP8Bl MEEFHIRZNHI T % (Haeusler et al.,
2012), FIRAA > XU SAEFTEDIRRETIE FoxOL 14 Y R Y Y IC K BHEZZ TR W28
(Brown & Goldstein, 2008) . CYP8B1 MBI FRIRIEI LR T 2L EXHFENTES, RRIC. &
MZBEWTA VY RY VEZHOETICHE> TR 120 0H BEN LR L. FEEEERE S EDERS
ERTENREINTEY (Haeusler et al,, 2013), FBLOBRNMEROERFET LY THE
X N3 (Akiyoshi et al., 1986; Biddinger et al., 2008; Li et al., 2012; Uchida et al., 1985, 1996),
AR TH, HFDEERT v M CH W CHFHE CYP8Bl OBEGEFHRIRER % H > T 120 OH BE LS
M 2F2RBHELTEY (B1E), HFDEEA DT A=A THEO A v R v IEiiEZ5 SRS
TIRE L LFE LAV (Samuel et al, 2004), = 5IZ, 12 a OH DIEKILAFE SREBPL Bz FHIE
DEFENL CHEREBEEZRLZIT ($25F), CAEBRY v hOXBRMES 12 a OH BE I,
Oy bba—LEEERLTLTES< (Figure 2-6), COXEEEITRERESE & LR L 72 2 BRERED
EbomMBREE (18EZaL) b2 e bt (Haeusler et al., 2013), AR OFERIFIRE
MG REDHENTHEESINILEREWVWZ D, FERNA » XU VIEFEHL EENIC DNL Z {2
ESTDDHEHT, 12a0H ZHNMYE &I 2F TEERICHIE DNL 0tEZ E LI T 2R

BETE 2,

KRR TEELNEER

AARIE LR L AAEROBERR N R 2R L 72A' . 12 a OH (2 X 2 BERAAT D FIE 1Z 13 HRA
ELTUTOEREREMSNED,

(O NAFLD T 12 a OH »'#&h09 % #iE
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@ 12a OH ' SREBP1 Bz FHR% LRI 2118

(3 SREBP1 O T FASN £ & N ACC BT RIEHNLEH L & LW EHR
@ 12 a OH FHM D DNL IZEh N B EE

® 12a OH FEMHEHFICEIT2BERNEEOST S

® 12 a OH FEHDOHFESKEEET OREMF~DES

@ 12aOH IC L 2 BEEHRIUEMOREMF~DH 5

12 a OH I3 NASH #1TICB8 5T 2 1,

ZIhBlE, INSCDEMEICDOWTERT .

@ NAFLD T 12a OH #1173 ##E
A2 L CYP8BL #IRERZ ML T 120 0H EEZIBNIE2EBNBRFICE
225D, NI TIEERAMID LWL H D, BELE FTHEWTA Y XY VREZHEETICH S
T 12 a OH FrEZAICHE OO ITIBII L TW <A BEREZ T2 IFAE L 7R T non-12 a OH
LEDIRIBHEEEA 2 {Z123809 % (Haeusler et al., 2013), NASH £2& 3% 12a0H I8 %
LRWSENAREFREED EENERINTWLSEN D (Chashmniam et al., 2019; Mouzaki et
al., 2016; Puri et al., 2018). CYP8B1 @ L FIZ L 2HMEAL/IF T, CYPTAL RO LRI L
HIETERAMDTTED 12a0H DIBINCHEET 5 £ 575, KEP/IEAEZ b L RIE NASH ~DE
TICEAE5d 2RFTH DD (Kim et al, 2018), KIS (Feingold et al., 1996; Li et al., 2006)
MR Z b LR (Henkel et al., 2017) 136 L A CYPTAL #IBAZET S5, #IC, 73— N
CYPTAl OEIB#REST B2 &hn (Lietal,2012), A4 >R Y A CYP8BI #lfEl &N L T
12aOH = EMICHAENTT 2 —A T, BREFREICE L742> o mEikIE CYPTAL HIREMZ N
L THIBHBEREZFL LIF2ET12a0H BIICHES L CLWERENIBETE S, £7-. i
Tnon-12a0H OERKICEEET 5 STAREIRDETH 12a OH EEADIBAIZDHA Y ES (Qiu et
al., 2017),
BED NAFLD ORECFHEICEEL TH Y. HFEDERFERS 12a0H RELRICBEET
AR H D, BEOXEN BB L ORERELZERT 2HAICERETRERE, I bO—L
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ROREREICHED H 2 W ICHE > IcBRz £ LD $ 5 %72 (Dalby et al., 2017;
Mandi¢ & Blaut, 2018), #IZ (&, HFD HER X BB & L THREICER I N3 EFAR O FICIE
EYRFEOBYMHMEC I 2T, BYWREDOR Y XIENEFICEEZNDHEHNEZ L (Warden &
Fisler, 2008), XEREf & LB L T, HFD B CTIEEHE L KL DEBLNCH, o DEHD
ERNZE L THY ., EELBRAVHEL WAIHBE S NS (Warden & Fisler, 2008), ZDHE, X
RBFUTEMICA Y, BREERZERICTHMTE TV LIFRERBI AL, I ORBREEDHE
REBOTICXMEEFRREN, ERICEBRE T 20EV’H D, ZOR, AMARIF—ELTCaV
PO—LBELTAINIIG ZR—RIZ, HEHTEFHTI2REFEZANVRNRICE S LD ICHRE L7

EFCHEHFD #5225 EEAD 12a0HBEN LRI 2F2E25E (Wan et al, 2019),
JERAIZ 120 OH 2N E2BFEZRE L TENBRIEMICH 2, L. ZETENERKREZEE

ECHRADERTIZESF TCABEICEAINRW—AT, BHEFERLE2ZICELREL5X
% & TCAEENEMT 525 h 5 (Devkota et al., 2012), BEHiAFKIEHERE TlEh <EBFTEDIiEH
B, 6 LLIEZOEAEDOENEEICRDLDIICHAR D, £/, AR THUWLZ HFD LREIERIC,
BRMERBZEEICECRSIEIL AT O LLAFICKENZEICERT 22 L0k 5, R
NAFLD B ZEIMEBOAL ST AL XA T O —ILOEREAMREE ICHRTEZVEARES N
THY (Musso etal, 2003), AL RTA—ILIFBABREHROBERAE LD I Eh L, BEFELT
BhTH?, BHMEKEOAL ST, ILATA—ILOBERETVA T TRARNLZ T TA—FHEE
EEZOLND,

E7. NAFLD BEIEZRE L & MIHAREMEHECIL T 0—LDA%E 5T (Musso et
al., 2003). 72 k—X (Ouyang et al., 2008) “E##A (Zelber-Sagi et al., 2007) %% < $EHL
TW3, B bAARERICEY 7)L7 b —XZ (Stanhope et al., 2009) . &% > /<2 & (Charidemou
etal., 2019) BRI €% & FFEEES L CMTFRERENEKRT 5, WM& DEHIFREZ
12a0OH BN T 2 AEEMLH 2D, RV A—XB%E 7Y MIEZRBEERD 12a0H BEL LR
92500 (Cadernietal, 1993), &4 /87 BOHEFEFETEEEHICHEIIR SN
(Cummings et al., 1979; Reddy, 1981), 7=72L. X /X7 EICEL TCHHFEDNPT I /B HFD &
DA EDLEN 12a0H DIBKRICBEE T 2 A8EEL H D, BV, 2V /87 ELE WS TmABRDY)
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DaFIcaE Y. BEDBEORERN 12a0H ICRIFTEEZEEFRLEO TREWLTIT
BHH D,

@ 12a OH #*SREBP1 Bz F#H & LF U 314

A4 2 v IZHFRE SREBPL B ¥Rz LR 2EF L L THERZILA. CAEIRTITHRE
oMb 2 yB8LU07ILa—-EREICEvIZRER W -H (Lee et al, 2020) . A ¥R U >
DEEIFHEWELDICRZA S, LALAAD, 12a0H IZHFfE SREBP1 EEFHRIFLARICEHS 1 >~
RY vy FLe@itd 2ECEET HAENH D, 1 XY »ICL D SREBPL OJEMALICIE
LXR DB TH Y (Chen et al, 2004), & b NAFLD D AFHE LXR OB FRIENMESTE L LR L T
AMEICHEINT 2EARESIN TS (Higuchi et al.,, 2008), EIBREWT &2, CA EBEUIFFEICH W
TIXRDYU A RIZH 3 48 BibaL X7 8 —JL (48 -hydroxycholesterol, 480H) BE% 5
X% (Leeetal, 2020), 4B0H (£ AN% LXROT7I=ZXR FTH Y., REFXOEEMIZIZ LXR %=
HKIRI B TIT> 7B TIE ECy A’ 10 yM RE L RE ST % (Janowski et al.,, 1996), CA fEEX
Zy FOFEABOH 135 6.6 MM £ TERT 278 (FFIEDANE% 75% & KGE) (Lee et al.,
2020) . BEPREFZOEEZERL TH LXRAVEMAINTL S AIEEEIRES L, &4 ¥ XY »IfEIC
& % DNL JUEHI DO N 25 T (Smith et al,, 2020) . 12a0H A* LXREHALENLTA Y R Y &~
FEMD SREBPI IR EFRZELEIFLTULWEAH LN,

RERICIHE L T SREBP1 ZHIH 2MAE T /S~ 1 > VIBH) X /87 (mammalian
target of rapamycin complex 1. mTORC1) (Bakan & Laplante, 2012) © _EEE DGR ICHE S ATEEME
hd %, mTORCL A SREBP1 Z /ZH L I € 2 WBOLRRIZBAS A TIEAWLE DD (Bakan &
Laplante, 2012). LXR E#kICA XU > FEM D SREBP1 IR IE mTORC1 v BTH % L&
ENTW5 (Lietal,2010) , FEINEIE, YURICHEWT CYP8Bl £ BRIFEREE 2 &

12 a OH EA DEEMICHE > T mTORC1 OFEBAE A L, SREBP1 H#IBHANLFE T % 57 (Pathak &

Chiang, 2019), 12aOH i3t 7 = FELDEMZ /N L TmTORC]1 ZJEH L83 LB TL
% 7' (Pathak & Chiang, 2019) . FBAEMBIIBASATIEA L, mTORCL Z/FMH L€ 2ETE L
TERBINETEBELRFD 1 DIET7 I /EBTHD (Sancak et al., 2008), HEHSEWNZ &2, AFiEIC
FWCT I/ BPRENL 12a0H TH2 TCA DEY IAAZEET 2FHRESN TS
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(Bucuvalas et al., 1985), WRHIICEZNIE, TCAEBEDEBMAFEST I /BEEX LRSE 5
Mo OEENFEL TLWTHERBETIER L, NAFLD BEOMF TIHHEDT I/ BREN £
I3 LBEINTHY (Goffredo et al., 2017), TCA IZFFlE 7 I / BER#HEFAET %2 N L T mTORC1
EMA S B A ARMELH D, 4 R REFR - FFERFENAREONITNICE L. 12a0H (X LXR
BLUP mMTORCL REDEANLFHEZ /N L TSREBP1 BIREZz LEXE 500 % LAy,

3 SREBP1 D it ® FASN & £ TOF ACC Bl FREH/ZEE L 4 UV EH

CA$BEXEF Cld. ATlE SREBP1 B FHRIE EFABRE S N/-—A T, Tiid DNLIZEED
5 EETFHEE (FASN, ACLY) ICIEEWAED 572 (T —RIFRL TLARL), EREN & ICEEE
FENREB YV XIZHE T, BABROME FASN > ACCELFRIRIFI > PA— L EHBRL THIZ
IFELANLGE—AT, BHRHICBWTEZICENT 2ABNAHEZREL I eMRESINTVLS
(Guan et al., 2018), AR DOEE T2 THIAICIT>TH Y (FaT 10 Kb o 3 FHUARICTET),
DEMRZA I TICE > TTREGCTFORRERNRoNG D > FAlgkIEH 2, 7 v FOREEE
BORBMBABEREICTONTE Y PHICEIT2REEREIEROOIHN 100D 1 THEH7H
(Hira et al., 2018), AL OBREIGERFAEEST 206 LNk, #lzIL, SREBPLI 0EZE/LH
x>/ oE, 4R Y FEEEET 2 (insulin induced gene 2A. INSIG2A) (Z/hfafkd SREBP
PIkEME L % > /¥ & (sterol regulatory element binding protein cleavage activating protein
cleavage activating protein, SCAP)/SREBP &A% ZEL S8 5%E T SREBP1 o N# T4 [E
29 2%EINH B (Yabe et al., 2002), ZD7=&. SREBP1 OEENTTHNTH INSIG2A ICEL Y
SCAP/SREBP &A% & N7 IREETIL, SREBP1 ARZNICHE 2 EATE T T 7D DNL DER
FHRIBIFEF LAV, INSIG2A ZiD#] 9 25T SREBPL BABITZ(RET 2EZRFIEA XY
T D18 (Haas et al,, 2012), BAERIZA Y R U ¥ ¥ FFAHATEL TW 2 A BUSBEED (ke
BEF) OfFfETIE SREBP1 OFEMEFHRREANLFE L TH TRO DNL BEEEFRIRIILE T,

# (B%) (BN 2RBNABEEZRE2005 LA,

7o, MRADOIRLF —RREIZFTERESHROFIE & ZEICBEMR L TH Y. DNL B&EE
ZHRBICEFNEEH, MRRAT R LF KB, KIC DNLICZATH S ATP 15 &£ U NADPH @
FHEZICIS LT DNL (3T %, BRI &2, FFEEEEMRZ 6 3 2 FEA X b LI i3,
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SREBP1 3 & O FASN @8R KRS 7-iREETH > TH, MilEN ATP BEZ B 85 Z & THF
fiei DNL 2 #p) L. BERROIEAA I by FUTEEELIEZTICL2ECH A ATP EENGI THHE
#T&% (Loubiére etal,, 2015), $hbbH, FIZIEEEKICEALZEBREORBREN+DICH-T
H. ATP B+ TH (X DNL (FIF SN2, BERAICEZNIL, ATP x> NADPH O 2EN LR
L. BFEE DNL ICBEb 2 RIRSICE( A WL & LT H BT DNL A TS 2 AlEEE 1Y S B,
NADPH & NADH O IE#ELSAIEIFEE L <. AEECHEROBIRICHDITERT 20ENHHN
(Masia et al.,, 2018) TN HLDHEF%# TEICIH I X7 LT, 12a0HICLK 2 DNL~OFEEZEZ S
WDENH B,

@ 12aOH F&E% 0 DNL IcfEbh 2 EE
DNL (ZFFiBRE B D EEARER TH 5 (Smith et al., 2020), CAEEIZO > F A —JL & BB
LTHERIFNF—EILE(ABT NI &N oD (Table 2-2), A oh DOESE % 5> THHE DNL A°
BENICIThNTWS EEZ NS, TDEE, DNL THEEBNICEHONS EBES NS EEITS
WA=, 7y b= EEE. ZLCT7I/BTH5 (Wallace & Metallo, 2020), 1 2B D&,
TN A—RIBERER T Y AR VBEY A 7 IVIC A>T BFG 7L —XATEF L CoA
EEMEINTBRICIEIBRER~NEMD D, 13BREO CAEERT v b THIEREMBEICE(ITRE
=70 (Lee et al, 2020), 28D CA BEGR CHEEIFOFEH /LI —XRED LR % B H
LTW3 (F—RIERLTWAW), FEEFNICHEIRY AHIPBEI N, 73— XA DNL O
B L TEBNICEDNTWDATEEED H 5, 12 a OH (Xl =R CEKEMAIA H GLP-1 2%
BT ZEPREINTHY (Brighton et al.,, 2015; Katsuma et al., 2005). HFEAERIICR 3 &
FARNTEHLEER 12a0H TH 5 TCA £ 100 pM T GLP-1 D% {2 T % (Brighton et al., 2015),
CAIBEZ v MIHBITAFRIME D TCA EE £ 20-80 uM (Figure 2-1D) THB Z &hnn. L VIE
RETERT 203 RA72H GLP-1 290 B85 9 5 RlaeE £ 5, GLP-1 (SAFREICH 1T 2 B Y
AAE{EHET B2EA S (Dardevet et al., 2004), 12a OH A GLP-1 Z#EAMYE & L CHFREFEE Y 5A
HETET HRENEETE D, HDHWIE, CAERICKY Y/ VI-—XRELRICED L
TELVEVBRBIUVABREO LERLRIZ2E, L (T—KI@RLTWAW), AR Y »1EFA
DRI K 2 BRERDTTED I )L O — ZABUAMBEDRBRAF L > TLHAERHEEZ HN
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%, CAEBERZ v MIHBITS GLP-1 3MAERERITIBINL TWS DA, GLP-1 24 H (CFFEEER Y A
HEfRET 2D A AU YDEBEEHZDH, £ h NAFLD THREICERINDS M VXU Vi
Mt DFFEEESHRAT20H0%, REBIZEKDH 55 12a0H A EZENDH 2 L E GLP-1 04
YR N LTAFEAEER Y AHDREICE > T/ a—R% DNLEE L L TRHELTW 2D
L7y,

2OBDERMIE 7N F—RTHB, FILA—ZARBICEHLBERFTIILI b F—FER
72 4) (Kagimoto & Uyeda, 1979), FIlgC7 /L7 b —RZRHET 25 bAFYFF—+E C
(ketohexokinase C, KHKC) £ ATP IC& 2 X HT 4 77 14— KNy 7 %&5ZF7m 078 (Adelman
etal, 1967), EBEEREBKICERECIYATN, EBOAICMAL HHELT 5 (Jang et al., 2018) , 1%
HIRE ORI ICEERT 5 DNLEEADRY L3 I (LA, FEOBESKEEDERZRIMT %
ZEMHYH, T b—RIELBEBFORRYED 1 DEEX N TS (Samuel, 2011), fEk.
TNk =RINGE R OB Y RITIFEA KRB EREHT 2 EEZoNTUW D, BEDHR
TN B —BEELTT7ILY b—XRBFEIT -7 LT, ZORFENZBR -0 D IR CHES
ICHRNAD Z EHABE S NI > TE 7 (Jang et al,, 2018, 2020), ZOFEAEFHKIKICT7ILY b —RFH
EMEDNL R I3 L VEHICIERA NS L5 ICh Y, O FESFENA KHKC ZIEN 7L b =X
FEMDOFEIEFERZ 44 % (Andres-Hernando et al., 2020) @ EE~ VXA TIE 717 F—X
5z % R SREBPL B FHIEA LA T 20D, FEEKREENRE 4L (Kaden-
Volynets et al., 2019) @ 7 /L7 b —XDOBARMENRH Y. BFERA DNL OMERPLREZ L4 5
(Zhao et al., 2020) (REFETEMARND) Zend. (1) 7T b= b L <1EZ OFFRAHY
A HFHE DNL B ERRORR EF #5227 2) BREENERT 2 7L 7 b —XBEROEFEN
DNL 0&EE %R 2. 2 DOREOMENIR S T & T Y BN ICHEEHEENRZHKET 5 &
ZZ56NTW3 (Zhao et al.,, 2020), B REH(IC, CAERZS Y bTlEary bO—ILEREZED 7L
7 h—2EEBBMLTWRICHEH LY (3.5% wt/wt, X7 A—XMHK), FEZ L7 b—XREE L
OFIRMAFEREEA LR L THY (FT—KIERLTWAaW), 12a0H 2V NE7 LT+ — 2K E %=
AT AETHECHEBICRNVAL 7L b —XEZBIMI L 2REEREL TW5, NAFLD &
ETIE 77 F—XRINEAZ < (Sullivan et al.,, 2015), 727 r — XIBEE O 1 F RSB EINGE
NEYwesmREEINTHEY (Jinetal, 2012), 12a0H DESIREHN D,
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https://paperpile.com/c/aXGY7Y/5jOX
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3OBRDEMIETINY F—ZDBRAMERIYO 1 O, BFRTH D, 7L —IXHrEHERS
FLDBIEEAIC7: 5 T F )L CoA ICEMEI N L TICEBDORT v 7%2ET 5 —H., BFRRIIT7T£F
JL CoA > F7 & —+ 2 (acetyl-CoA synthetase 2. ACSS2) (C& 2 1 X T v 7 T7tF /L CoA N
BRTE D, R, 7100 b—XBHA DNL OEBICHAAEND EEZ DN TWEA, RIAED
METIEZL b—XABREEICRE S N TER L 7-BFEEA RO THEFERMNIC DNL ICERI NS
ZENDD - TEF (Zhao et al,, 2020), EBRERWT &2, CARIMBOEEUC L > THEAMEZEE
RO L. EBAFRBREEICE(IEBWEODOEFBRERE TH % Blautia hTEZEIZIBML (Lee
etal, 2020), PIRMADERREEALEY 5 (T —KIIRLTWEL), bR LR EBRrED
T5E, 12a0H (IS VAL OEETHEBICRNAAILZ IV b —R% Blautia H#HT 5F T,
KENLEET 2HMAEAL, DNLICHES5T 2RENEETE %,

REOEMIZT I/ EBRTHD, BIREWEIC, CAERT v MR TERO 7 I/ BEED
LRI2EERELTHY (T—LIIRLTLAEW), XEEkD 5 & HIKHT I/ B (branched
chain amino acid, BCAA) A BEASHERICE LT T2 F L CoA DRFIRE L T30%EL 2T %
Z & (Green et al,, 2016; Wallace & Metallo, 2020). 7L & I vEMEBRETICE W TCIEHEES
ICEERICELNEZEAREEINTLS (Metallo et al,, 2012), £/, E MZTBWTIILEX IV
HEEBICEATLER Y/ RE S5 % BT DNL A 7TET % (Charidemou et al., 2019), 3 7%b
b, BEDT I /A 12a0H I K % T DNL ICHERIICEON B AIEEIEH B, 7 I/ BHHF
fElcH175 12a0H OFUAA % FEZET %5 (Bucuvalas et al., 1985). EEHIEH Zacker 7 v b T
&, FFBE 7 = / BRERY IAAABEICHEANT 2 &5 0E (Ruiz et al, 1991). NAFLD BEOMs Tl
BCAA M T 2 /BEREEN LR T 5% (Goffredo et al,, 2017) HFD#EH 12a0H &7 2 /B
R DBEENZTRET 5, —A. AVEEBRERAVWTILEIVEREEDRFEDT I/ BHIE
BRI RICE W T DNL DEZLREB LRSI L 2R L EBEBERDH DD
(Charidemou et al., 2019; Dai et al., 2020; Green et al., 2016; Metallo et al., 2012). 1E& 7% AR
IHEIFTBT7I/BODNL~OFSIZALATEW D, 8 L < IR Z A WZREED 2
B2 D,
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& 12a OH FEIEHIFICH 1] 3 GAME DFS

FRL7T7LMT PR EEBROFEZERT 2 L. BRBREORERKSE. FIC7L0 b—
ARHH 12aOH IC &K B FIEAERFEREICEES T 2 AelEn B 5, E3ETIE, VCM 2k E59 5 2
ETHERNMEICE S 12a OH B 26 L THHRBEMEE~OFEI LD o7, LA LED S,
VCM O X ZRZENE 77 LGHETHY . BRAMESEZEELHITTIERL,, RICHEISEN
7-BFEE AT DNL 0 BEE & L TREERICEDNTWS L TNIE. BROMEVELES L 7-8H
Ke5Z THBRNHESAZEE LICRETEHRZTAIE. FREREEOIMHINERR TE 5 a5k
EH 5, RICEFBEROEENRWE LTH, CATMEBOEERTHENMEZEERIIAE CE(T
52 Eh b (Leeetal, 2020), HEZENMICLZ2EEBLERETE S, BRNMEO 7 /LY b —XRBHD
EErRONLZDTHNIE, @77 F—ABER—XICCARZE5 X 2EIGEERC. CA B
BRZy MIEWTT7 LT b—RZROEFERL., FRLDPCEBAZ /LY b—ZREZEENICHE
T5FETLI2a0H &7 LT b —RREOBERMEZFESHICHES LD LA,

© 12 a OH FZ ¥ DFFIEEEERER F DIEIF~ DB S

CARIBIIAEICEE L B0EE%ZRL TRIFFZ3IZRZIL (B 2F), MID A HS EEX
TICBVWCHE TG EEAZARICLERS B/ NS (B3 E), 12a0H 2 FFEHKEEDET & W
DA — U LB CHBERERTRET 2ENTE I N/, HS+MID F#IZFH W THEER FASN &
EFRERIRDO LR (Figure 3-4G). EE#RRZ 7 v MIHIT 25T DNL OFLENERINTEH Y
(Sherman, 1978), CAEEUCH S 2 FFESHREETIL DNL TTEICH ST 205 Ly, £/,
rigssmicc AV EBTlE, FFL - T 7205 I 0N VY VEZHOES L O
FriE EER 1) 3A & (Dongiovanni et al., 2008). LDL EuAA (Guillemot et al., 2016) #{2E T 2FH
WEINTHY, DNLEEOHEBCIF Y RZAILKEORRAICEES T 2REEBETE S, &
O LR REDETHAIBEESEEICTES T 2N R"KRINS—A, HSEIRTICEIFS MID
D FFHiE TG #EhNE (Figure 3-4A) 135 2 ZECTEHZR L 7- CA FEMORBIHAT (Figure 2-2A) ICHER 3 &
gD h o7, FFEKEEETOFSIT/NI WL, HLLIE12a00H OFETICEWNTOHES]
ICHBIEEERZRET 2006 LGV, 7, REFETIE CAERT v MMIB T2 FEKEE
BETEEPFORRBRZAONICHETW AW D, BEFHKEEZECHICBINSIE/-E8 %
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RNR—XIZCABZEMT 52 & CHEHKEEDETZRIESE, FREEBEERI’IFIENEH ES
NERIT DEDH D, F/cld, BICREFKEEZET S ELEANER-XICAVWS LT
CARICL ZHFEIEEEBENBRT 20 E I DDREDLENIEA D,

@ 12a OH IZ & B3 REfG i RARIE W DAEEAT N DEF 5
HFD BER T3 12a OH BRI > TRENTOEERNEFEINL (B 1E), CAERTYH
HPEEENENRD T 2FE 2 RE L (52 %F), £k NAFLD ICBWTREIRHTIX & FHiEAsRA
BEOBRMZEENICTHE L 7203 Wwh, BERIFOEREREE~DTFSIIH 5% EZE L
RELoNTHY (Donnelly etal., 2005), BEREEIXLVF—BICEGHH L LD, RERNE
BRI NIEMONICIIFRIEFERICESE T2 LEZAOND, ERIC. BIWETLZAVEER
Tl Cyp8bIKO 2L 5 12a OH DIETAPERITRINE DIETICE 74 > THBERZEENMET T
= (Bertaggia et al., 2017). ¥ 7 AT AsbtKO (& V) BAHEBRBERINOEZE (S &L Y EIFRINE NMET
THRELIREINTULS (Peppel et al, 2020), HFD ZFEM 12 a OH X - - REHT DIEER
INEOEMIEI Y bA—LEERTHT A LARBRETH (control: 96.1% £ 1.4% vs HFD: 97.5% +
0.4 %, P=0.014) . HFD B BT 2—HK 4 g DgE (Figure 1-7TA) ® 55 40 mg ICHHT 5,
INAMRIC T # BHET X 1200 mg DIEFAAERNICEZ KB £ 25EIC4 Y . HFD EEIC & 2 FFiE#RS
TG ENIEIME., #1700 mg (control : 464 mg/liver vs CA : 2166 mg/liver) D KERD % HBAT &
%, FRIC, CAERICK 2EFEHBREFHEIET—HH7-YK 7.7 mg B LTHY (Figure 2-3A),
RICEREREARE (13 BM) ZoEI KWz RE L7-5E. &850 700 mg OfsE A CAERTL Y
ZFERNICEE - T-5TEICR S, 2H o CAEBEUC L 2R TG 20EME. ) 800 mg
(control : 417 mg/liver vs CA : 1250 mg/liver) D KERD %#HBATE %, HRDZ A S, BHIT
DREERINECEREFBREDHE IHARBEORKRB ICER LTHFTH S0, EREHEREEH
= IFRBRPBOVATIIEN I VNS WAIREE H D, £7o. RIS N/ B ITEMEBE RO T:
2HIIHEINE =D, EBEOFBADFEIE I ICHOO—RREICTHANE72A55, LAHALAELL
12 a OH (F7EIRIN & ELEX L CPIARMA Tl 10 FAWEEE CHEET 57 (Figure 1-2). FFiEER
MAFRATRERAFENOIAAZRET 2[5 DEBIMELTLTLRBETIEAR L REIC
CYP8B1 Z @F|FIIR & /-~ 7 AFFHEA TIEERFERER Y IAADMEET 2 T EAMESIN TV D
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(Pathak & Chiang, 2019) , £7-. DNLEFRICA > R U VIIFEICH T2 F 0 I 70 VY EUAHZ{E
ET LEEAHDHENS (Laatsch et al., 2009) . 12a OH (& Y FFigA > R U > 7 FILDIEMAL
NI ZTHEET HRIEELDH B,

12a OH It NASH ETTICE5 T 3 2

120 0H THEE I NS FHERIIAFBEHEECEREOHGEICEEY (F2FE). BERKE
AL & Lo 72 NASH BB OfERIFER I AL (Lee et al,, 2020), 7% < &% 12 a OH Bk
TIE NASH EITICE R D THEELNTEREND, LALAH D, b MTEWTEMICHTREICIER
WER L I-BEMMEREMIT LY bAEE & b4 572 NASH TIHETBEEN L YV EZFITEML THY
(Chashmniam et al., 2019; Mouzaki et al., 2016; Puri et al., 2018). 12 a OHEE D L F (XA 5 H
DI TEHL>TWE/A5, R CARNMBZ5Z7-7 v MU RZEZEREAKSET 5L, O
Y hA—ADEEICHEATIA ALT, AST SEMEATEZE (CIEMNT % (Lee et al,, 2020), NASH @
FHAEICIFE—ER TR CEROERA’RFLITHICE Z 28EHF “Multiple hit theory”
(Buzzetti et al., 2016) MRIBEND P, FICEELEZ N TV DA ¥ X U VEHUE O RIERIG
IEEZR R LR BIER P LR 2 ROy R TEESE (Buzzetti et al., 2016) & DA EHEIC
BWT12a0HABEET 20 LA, RERFOAEALSH, HFD+HS Z AW B¥RERT
&, BEE TR EREC HFD B TIZR S A Wi L O AREA R Z % (Ishimoto et al., 2013),
HFD T 12a OH 3809 2 FIIR TE A 7=35A. 12a0H & 77 b—XOMEEEAICE Y NASH
ETICEE T 2REBLEETE 5,

PE, ARDRREBEDMB ZEESHICHED S & 12a0H A BAMEIC & 2 2 RIET
BRAERR & IFEBARIC, 4 v R U MKER/FEREFNAEEOME T LXR 3LV mTORCL oiEE.
ZIHE< SREPB1 OFIBER%Z/|IERI L, LI —ZAXRTL7 b—X B, ZLT7I /&
EDLIRGERERZZHEHEICDNL 2 TET 2HELZR R TS/, HEHKREEDETIIERERCIE
AT HEBE L THREINDIERTHE DD, WINHDDOIERZENT 208 H 5D, £,
DNL & (3837 L ¢, REFEHBINEZREY 5 2 & CHLIRBEMERZE IR L LIF2BEBLRR
INT, 12a0H EFFERFERICERZ S TAERME,N . MEORRERCHENMEZED
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THEN R F 2 BEER M L AR DR A . NAFLD FAEMIE 07 A fIm &R VB, NAFLD @
FRFL - BEROT 70— F OMHILICEN S LHFTE 5,

100



5| >R

101



Achilladelis, B. (1993). The dynamics of technological innovation: The sector of antibacterial
medicines. Research Policy, 22(4), 279-308.

Adelman, R. C., Ballard, F. J., & Weinhouse, S. (1967). Purification and properties of rat liver
fructokinase. The Journal of Biological Chemistry, 242(14), 3360-3365.

Ahmed, U., & Oates, P. S. (2013). Dietary fat level affects tissue iron levels but not the iron
regulatory gene HAMP in rats. Nutrition Research , 33(2), 126-135.

Akiyoshi, T., Uchida, K., Takase, H., Nomura, Y., & Takeuchi, N. (1986). Cholesterol gallstones in
alloxan-diabetic mice. Journal of Lipid Research, 27(9), 915-924.

Alwan, A. (2011). Global status report on noncommunicable diseases 2010. World Health
Organization.

Andres-Hernando, A., Orlicky, D. J., Kuwabara, M., Ishimoto, T., Nakagawa, T., Johnson, R. J., &
Lanaspa, M. A. (2020). Deletion of fructokinase in the liver or in the intestine reveals
differential effects on sugar-induced metabolic dysfunction. Cell Metabolism, 32(1), 117-
127.e3.

Angulo, P. (2002). Nonalcoholic fatty liver disease. The New England Journal of Medicine,
346(16), 1221-1231.

Bakan, |., & Laplante, M. (2012). Connecting mTORC1 signaling to SREBP-1 activation. Current
Opinion in Lipidology, 23(3), 226-234.

Bartholmey, S. J., & Sherman, A. R. (1985). Carnitine levels in iron-deficient rat pups. The
Journal of Nutrition, 115(1), 138-145.

Bennett, J. W., & Chung, K. T. (2001). Alexander Fleming and the discovery of penicillin.
Advances in Applied Microbiology, 49, 163-184.

Bertaggia, E., Jensen, K. K., Castro-Perez, J., Xu, Y., Di Paolo, G., Chan, R. B., Wang, L., &
Haeusler, R. A. (2017). Cyp8b1 ablation prevents Western diet-induced weight gain and

hepatic steatosis because of impaired fat absorption. American Journal of Physiology

102



Endocrinology and Metabolism, 313(2), E121-E133.

Bertinato, J., Aroche, C., Plouffe, L. J., Lee, M., Murtaza, Z., Kenney, L., Lavergne, C., & Aziz, A.
(2014). Diet-induced obese rats have higher iron requirements and are more vulnerable to
iron deficiency. European Journal of Nutrition, 53(3), 885-895.

Biddinger, S. B., Haas, J. T., Yu, B. B., Bezy, O, Jing, E., Zhang, W., Unterman, T. G., Carey, M. C.,
& Kahn, C. R. (2008). Hepatic insulin resistance directly promotes formation of cholesterol
gallstones. Nature Medicine, 14(T), T718-782.

Black, M. M. (2003). Micronutrient deficiencies and cognitive functioning. The Journal of
Nutrition, 133(11), 39275-39318.

Bloch, K., Berg, B. N., Rittenberg, D., & Others. (1943). The biological conversion of cholesterol
to cholic acid. The Journal of Biological Chemistry, 149.

Brighton, C. A., Rievaj, J., Kuhre, R. E., & Glass, L. L. (2015). Bile acids trigger GLP-1 release
predominantly by accessing basolaterally located G protein—coupled bile acid receptors.
Endocrinology, 156(11), 3961-3970.

Britton, L., Bridle, K., Reiling, J., Santrampurwala, N., Wockner, L., Ching, H., Stuart, K,,
Subramaniam, V. N., Jeffrey, G., St Pierre, T., House, M., Gummer, J., Trengove, R., Olynyk,
J., Crawford, D., & Adams, L. (2018). Hepatic iron concentration correlates with insulin
sensitivity in nonalcoholic fatty liver disease. Hepatology Communications, 2(6), 644-653.

Brownlie, T., 4th, Utermohlen, V., Hinton, P. S., Giordano, C., & Haas, J. D. (2002). Marginal iron
deficiency without anemia impairs aerobic adaptation among previously untrained women.
The American Journal of Clinical Nutrition, 75(4), T34-T42.

Brownlie, T., 4th, Utermohlen, V., Hinton, P. S., & Haas, J. D. (2004). Tissue iron deficiency
without anemia impairs adaptation in endurance capacity after aerobic training in
previously untrained women. The American Journal of Clinical Nutrition, 79(3), 437-443.

Brown, M. S., & Goldstein, J. L. (2008). Selective versus total insulin resistance: a pathogenic
paradox. Cell Metabolism, 7(2), 95-96.

Bucuvalas, J. C., Goodrich, A. L., Blitzer, B. L., & Suchy, F. J. (1985). Amino acids are potent

103



inhibitors of bile acid uptake by liver plasma membrane vesicles isolated from suckling rats.
Pediatric Research, 19(12), 1298-1304.

Buettner, R., Parhofer, K. G., Woenckhaus, M., Wrede, C. E., Kunz-Schughart, L. A., Scholmerich,
J., & Bollheimer, L. C. (2006). Defining high-fat-diet rat models: metabolic and molecular
effects of different fat types. Journal of Molecular Endocrinology, 36(3), 485-501.

Bugianesi, E., Gastaldelli, A., Vanni, E., Gambino, R., Cassader, M., Baldi, S., Ponti, V., Pagano,
G., Ferrannini, E., & Rizzetto, M. (2005). Insulin resistance in non-diabetic patients with
non-alcoholic fatty liver disease: sites and mechanisms. Diabetologia, 48(4), 634-642.

Buzzetti, E., Pinzani, M., & Tsochatzis, E. A. (2016). The multiple-hit pathogenesis of non-
alcoholic fatty liver disease (NAFLD). Metabolism: Clinical and Experimental, 65(8), 1038~
1048.

Caderni, G., Dolara, P., Spagnesi, T., Luceri, C., Bianchini, F., Mastrandrea, V., & Morozzi, G.
(1993). Rats fed high starch diets have lower colonic proliferation and fecal bile acids than
high sucrose-fed controls. The Journal of Nutrition, 123(4), T04-712.

Carey, M. C., & Small, D. M. (1969). Micellar properties of dihydroxy and trihydroxy bile salts:
effects of counterion and temperature. Journal of Colloid and Interface Science, 31(3), 382—
396.

Chalasani, N., Gorski, J. C., Asghar, M. S., Asghar, A., Foresman, B., Hall, S. D., & Crabb, D. W.
(2003). Hepatic cytochrome P450 2E1 activity in nondiabetic patients with nonalcoholic
steatohepatitis. Hepatology , 37(3), 544-550.

Charidemou, E., Ashmore, T., Li, X., McNally, B. D., & West, J. A. (2019). A randomized 3-way
crossover study indicates that high-protein feeding induces de novo lipogenesis in healthy
humans. JC/ Insight, 4(12), e124819.

Chashmniam, S., Ghafourpour, M., Rezaei Farimani, A., Gholami, A., & Nobakht Motlagh
Ghoochani, B. F. (2019). Metabolomic biomarkers in the diagnosis of non-alcoholic fatty
liver disease. Hepatitis Monthly, 19(9), €92244.

Chen, G., Liang, G., Ou, J., Goldstein, J. L., & Brown, M. S. (2004). Central role for liver X

104



receptor in insulin-mediated activation of Srebp-1c transcription and stimulation of fatty
acid synthesis in liver. Proceedings of the National Academy of Sciences of the United
States of America, 101(31), 11245-11250.

Cherrington, A. D. (1999). Banting Lecture 1997. Control of glucose uptake and release by the
liver in vivo. Diabetes, 48(5), 1198-1214.

Chiang, J. Y. L. (2009). Bile acids: regulation of synthesis. Journal of Lipid Research, 50(10),
1955-1966.

Chung, H., Wu, D., Smith, D., Meydani, S. N., & Han, S. N. (2016). Lower hepatic iron storage
associated with obesity in mice can be restored by decreasing body fat mass through
feeding a low-fat diet. Nutrition Research, 36(9), 955-963.

Chung, J., Kim, M. S., & Han, S. N. (2011). Diet-induced obesity leads to decreased hepatic iron
storage in mice. Nutrition Research, 31(12), 915-921.

Cummings, J. H., Hill, M. J., Jivraj, T., Houston, H., Branch, W. J., & Jenkins, D. J. (1979). The
effect of meat protein and dietary fiber on colonic function and metabolism. I. Changes in
bowel habit, bile acid excretion, and calcium absorption. 7he American Journal of Clinical
Nutrition, 32(10), 2086-2093.

Cutler, D., Deaton, A., & Lleras-Muney, A. (2006). The determinants of mortality. 7he Journal of
Economic Perspectives, 20(3), 97-120.

Dai, W., Xu, L., Yu, X,, Zhang, G., Guo, H., Liu, H., Song, G., Weng, S., Dong, L., Zhu, J,, Liu, T.,
Guo, C., & Shen, X. (2020). OGDHL silencing promotes hepatocellular carcinoma by
reprogramming glutamine metabolism. Journal of Hepatology, 72(5), 909-923.

Dalby, M. J., Ross, A. W., Walker, A. W., & Morgan, P. J. (2017). Dietary uncoupling of gut
microbiota and energy harvesting from obesity and glucose tolerance in mice. Ce// Reports,
21(6), 1521-1533.

Dardevet, D., Moore, M. C., Neal, D., DiCostanzo, C. A., Snead, W., & Cherrington, A. D. (2004).
Insulin-independent effects of GLP-1 on canine liver glucose metabolism: duration of
infusion and involvement of hepatoportal region. American Journal of Physiology.

105



Endocrinology and Metabolism, 287(1), ET5-E81.

Davis, M. R., Hester, K. K., Shawron, K. M., Lucas, E. A., Smith, B. J., & Clarke, S. L. (2012).
Comparisons of the iron deficient metabolic response in rats fed either an AIN-76 or AIN-93
based diet. Mutrition & Metabolism, 9(1), 95.

Davis, M. R,, Rendina, E., Peterson, S. K., Lucas, E. A., Smith, B. J., & Clarke, S. L. (2012).
Enhanced expression of lipogenic genes may contribute to hyperglycemia and alterations in
plasma lipids in response to dietary iron deficiency. Genes & Nutrition, 7(3), 415-425.

de Aguiar Vallim, T. Q., Tarling, E. J., & Edwards, P. A. (2013). Pleiotropic roles of bile acids in
metabolism. Cell Metabolism, 17(5), 657-669.

Devireddy, L. R., Gazin, C., Zhu, X., & Green, M. R. (2005). A cell-surface receptor for lipocalin
24p3 selectively mediates apoptosis and iron uptake. Ce/, 123(7), 1293-1305.

Devkota, S., Wang, Y., Musch, M. W., Leone, V., Fehlner-Peach, H., Nadimpalli, A.,
Antonopoulos, D. A., Jabri, B., & Chang, E. B. (2012). Dietary-fat-induced taurocholic acid
promotes pathobiont expansion and colitis in 1110-/- mice. Nature, 487(7405), 104-108.

Diraison, F., Yankah, V., Letexier, D., Dusserre, E., Jones, P., & Beylot, M. (2003). Differences in
the regulation of adipose tissue and liver lipogenesis by carbohydrates in humans. Journal
of Lipid Research, 44(4), 846-853.

Dongiovanni, P., Lanti, C., Gatti, S., Rametta, R., Recalcati, S., Maggioni, M., Fracanzani, A. L.,
Riso, P., Cairo, G., Fargion, S., & Valenti, L. (2015). High fat diet subverts hepatocellular iron
uptake determining dysmetabolic iron overload. P/oS One, 10(2), e0116855.

Dongiovanni, P., Valenti, L., Ludovica Fracanzani, A., Gatti, S., Cairo, G., & Fargion, S. (2008).
Iron depletion by deferoxamine up-regulates glucose uptake and insulin signaling in
hepatoma cells and in rat liver. The American Journal of Pathology, 1723), 138-T47.

Donnelly, K. L., Smith, C. ., Schwarzenberg, S. J., Jessurun, J., Boldt, M. D., & Parks, E. J. (2005).
Sources of fatty acids stored in liver and secreted via lipoproteins in patients with
nonalcoholic fatty liver disease. The Journal of Clinical Investigation, 115(5), 1343-1351.

Dornas, W. C., de Lima, W. G., Pedrosa, M. L., & Silva, M. E. (2015). Health implications of high-

106



fructose intake and current research. Advances in Nutrition, 6(6), 729-737.

Duarte, J. A. G., Carvalho, F., Pearson, M., Horton, J. D., Browning, J. D., Jones, J. G., & Burgess,
S. C. (2014). A high-fat diet suppresses de novo lipogenesis and desaturation but not
elongation and triglyceride synthesis in mice. Journal of Lipid Research, 55(12), 2541-2553.

Eslam, M., Sanyal, A. J., George, J., & International Consensus Panel. (2020). MAFLD: A
consensus-driven proposed nomenclature for metabolic associated fatty liver disease.
Gastroenterology, 158(7), 1999-2014.

Fabbrini, E., Magkos, F., Mohammed, B. S., Pietka, T., Abumrad, N. A., Patterson, B. W.,
Okunade, A., & Klein, S. (2009). Intrahepatic fat, not visceral fat, is linked with metabolic
complications of obesity. Proceedings of the National Academy of Sciences of the United
States of America, 106(36), 15430-15435.

Fabbrini, E., Mohammed, B. S., Magkos, F., Korenblat, K. M., Patterson, B. W., & Klein, S.
(2008). Alterations in adipose tissue and hepatic lipid kinetics in obese men and women
with nonalcoholic fatty liver disease. Gastroenterology, 134(2), 424-431.

Faix, D., Neese, R., Kletke, C., Wolden, S., Cesar, D., Coutlangus, M., Shackleton, C. H., &
Hellerstein, M. K. (1993). Quantification of menstrual and diurnal periodicities in rates of
cholesterol and fat synthesis in humans. Journal of Lipid Research, 34(12), 2063-2075.

Feingold, K. R., Spady, D. K., Pollock, A. S., Moser, A. H., & Grunfeld, C. (1996). Endotoxin, TNF,
and IL-1 decrease cholesterol 7 alpha-hydroxylase mRNA levels and activity. Journal of
Lipid Research, 37(2), 223-228.

Foretz, M., Guichard, C., Ferré, P., & Foufelle, F. (1999). Sterol regulatory element binding
protein-1c is a major mediator of insulin action on the hepatic expression of glucokinase
and lipogenesis-related genes. Proceedings of the National Academy of Sciences of the
United States of America, 96(22), 12737-12742.

Foster, D. W. (2012). Malonyl-CoA: the regulator of fatty acid synthesis and oxidation. 7he
Journal of Clinical Investigation, 122(6), 1958-1959.

Gangarapu, V., Yildiz, K., Ince, A. T., & Baysal, B. (2014). Role of gut microbiota: obesity and

107



NAFLD. The Turkish Journal of Gastroenterology: The Official Journal of Turkish Society of
Gastroenterology, 25(2), 133-140.

Goffredo, M., Santoro, N., Trico, D., Giannini, C., D’Adamo, E., Zhao, H., Peng, G., Yu, X., Lam, T.
T., Pierpont, B., Caprio, S., & Herzog, R. I. (2017). A branched-chain amino acid-related
metabolic signature characterizes obese adolescents with non-alcoholic fatty liver disease.
Nutrients, 9(7), 642.

Gonzalez, J. T., & Betts, J. A. (2018). Dietary fructose metabolism by splanchnic organs: Size
matters. Cell Metabolism, 27(3), 483-48b.

Green, C. R., Wallace, M., Divakaruni, A. S., Phillips, S. A., Murphy, A. N., Ciaraldi, T. P., &
Metallo, C. M. (2016). Branched-chain amino acid catabolism fuels adipocyte differentiation
and lipogenesis. Nature Chemical Biology, 12(1), 15-21.

Guan, D., Xiong, Y., Borck, P. C,, Jang, C., Doulias, P.-T., Papazyan, R., Fang, B., Jiang, C., Zhang,
Y., Briggs, E. R., Hu, W., Steger, D., Ischiropoulos, H., Rabinowitz, J. D., & Lazar, M. A.
(2018). Diet-induced circadian enhancer remodeling synchronizes opposing hepatic lipid
metabolic processes. Cell, 174(4), 831-842.e12.

Guillemot, J., Asselin, M.-C., Susan-Resiga, D., Essalmani, R., & Seidah, N. G. (2016).
Deferoxamine stimulates LDLR expression and LDL uptake in HepG2 cells. Molecular
Nutrition & Food Research, 60(3), 600-608.

Haas, J. T., Miao, J., Chanda, D., Wang, Y., Zhao, E., Haas, M. E., Hirschey, M., Vaitheesvaran, B.,
Farese, R. V., Jr, Kurland, I. J., Graham, M., Crooke, R., Foufelle, F., & Biddinger, S. B.
(2012). Hepatic insulin signaling is required for obesity-dependent expression of SREBP-1c
mRNA but not for feeding-dependent expression. Cell Metabolism, 15(6), 873-884.

Haeusler, R. A., Astiarraga, B., Camastra, S., & Accili, D. (2013). Human insulin resistance is
associated with increased plasma levels of 12 a —hydroxylated bile acids. Diabetes, 62,
4184-4191.

Haeusler, R. A., Camastra, S., Nannipieri, M., Astiarraga, B., Castro-Perez, J., Xie, D., Wang, L.,
Chakravarthy, M., & Ferrannini, E. (2016). Increased bile acid synthesis and impaired bile

108



acid transport in human obesity. The Journal of Clinical Endocrinology and Metabolism,
101(5), 1935-1944.

Haeusler, R. A., Pratt-Hyatt, M., Welch, C. L., Klaassen, C. D., & Accili, D. (2012). Impaired
generation of 12-hydroxylated bile acids links hepatic insulin signaling with dyslipidemia.
Cell Metabolism, 15(1), 65-74.

Hagio, M., Matsumoto, M., Fukushima, M., Hara, H., & Ishizuka, S. (2009). Improved analysis of
bile acids in tissues and intestinal contents of rats using LC/ESI-MS. Journal of Lipid
Research, 50(1), 173-180.

Hagio, M., Matsumoto, M., & Ishizuka, S. (2011). Bile acid analysis in various biological samples
using ultra performance liquid chromatography/electrospray ionization-mass spectrometry
(UPLC/ESI-MS). Methods in Molecular Biology , 708, 119-129.

Hellerstein, M. K., Christiansen, M., Kaempfer, S., Kletke, C., Wu, K., Reid, J. S., Mulligan, K.,
Hellerstein, N. S., & Shackleton, C. H. (1991). Measurement of de novo hepatic lipogenesis
in humans using stable isotopes. The Journal of Clinical Investigation, 87(5), 1841-1852.

Henkel, A. S., LeCuyer, B., Olivares, S., & Green, R. M. (2017). Endoplasmic reticulum stress
regulates hepatic bile acid metabolism in mice. Cellular and Molecular Gastroenterology
and Hepatology, 3(2), 261-271.

Higuchi, N., Kato, M., Shundo, Y., Tajiri, H., Tanaka, M., Yamashita, N., Kohjima, M., Kotoh, K.,
Nakamuta, M., Takayanagi, R., & Others. (2008). Liver X receptor in cooperation with
SREBP-1c is a major lipid synthesis regulator in nonalcoholic fatty liver disease. Hepatology
Research: The Official Journal of the Japan Society of Hepatology, 38(11), 1122-1129.

Hira, T., Suto, R., Kishimoto, Y., Kanahori, S., & Hara, H. (2018). Resistant maltodextrin or
fructooligosaccharides promotes GLP-1 production in male rats fed a high-fat and high-
sucrose diet, and partially reduces energy intake and adiposity. European Journal of
Nutrition, 57(3), 965-979.

Hodson, L., Bhatia, L., Scorletti, E., Smith, D. E., Jackson, N. C., Shojaee-Moradie, F., Umpleby,
M., Calder, P. C., & Byrne, C. D. (2017). Docosahexaenoic acid enrichment in NAFLD is

109



associated with improvements in hepatic metabolism and hepatic insulin sensitivity: a pilot
study. European Journal of Clinical Nutrition, 71(10), 1251.

Hoes, M. F., Grote Beverborg, N., Kijlstra, J. D., Kuipers, J., Swinkels, D. W., Giepmans, B. N. G.,
Rodenburg, R. J., van Veldhuisen, D. J., de Boer, R. A., & van der Meer, P. (2018). Iron
deficiency impairs contractility of human cardiomyocytes through decreased mitochondrial
function. European Journal of Heart Failure, 20(5), 910-910.

Hofmann, A. F. (1999). Bile acids: the good, the bad, and the ugly. Physiology, 14, 24-29.

Hofmann, A. F., & Mysels, K. J. (1988). Bile salts as biological surfactants. Colloids and
Surfaces, 30(1), 145-173.

Hori, S., Abe, T., Lee, D. G., Fukiya, S., Yokota, A., Aso, N., Shirouchi, B., Sato, M., & Ishizuka, S.
(2020). Association between 12 a -hydroxylated bile acids and hepatic steatosis in rats fed
a high-fat diet. 7he Journal of Nutritional Biochemistry, 83, 108412.

Hori, S., Hara, H., & Ishizuka, S. (2018). Marginal iron deficiency enhances liver triglyceride
accumulation in rats fed a high-sucrose diet. Bioscience, Biotechnology, and Biochemistry,
82, 2140-2148.

Horton, J. D., Goldstein, J. L., & Brown, M. S. (2002). SREBPs: activators of the complete
program of cholesterol and fatty acid synthesis in the liver. The Journal of Clinical
Investigation, 109(9), 1125-1131.

Hoseinpour Dehkordi, A., Alizadeh, M., Derakhshan, P., Babazadeh, P., & Jahandideh, A. (2020).
Understanding epidemic data and statistics: A case study of COVID - 19. Journal of Medical
Virology, 92(7), 868-882.

Hylemon, P. B., Zhou, H., Pandak, W. M., Ren, S., Gil, G., & Dent, P. (2009). Bile acids as
regulatory molecules. Journal of Lipid Research, 50(8), 1509-1520.

loannou, G. N., Rockey, D. C., Bryson, C. L., & Weiss, N. S. (2002). Iron deficiency and
gastrointestinal malignancy: a population-based cohort study. 7Ae American Journal of
Medicine, 113(4), 276-280.

Iroz, A., Montagner, A., Benhamed, F., Levavasseur, F., Polizzi, A., Anthony, E., Régnier, M.,

110



Fouché, E., Lukowicz, C., Cauzac, M., Tournier, E., Do-Cruzeiro, M., Daujat-Chavanieu, M.,
Gerbal-Chalouin, S., Fauveau, V., Marmier, S., Burnol, A.-F., Guilmeau, S., Lippi, Y., -
Postic, C. (2017). A specific ChREBP and PPAR a cross-talk is required for the glucose-
mediated FGF21 response. Cell Reports, 21(2), 403-416.

Ishimoto, T., Lanaspa, M. A., Rivard, C. J., Roncal-Jimenez, C. A., Orlicky, D. J., Cicerchi, C.,
McMahan, R. H., Abdelmalek, M. F., Rosen, H. R., Jackman, M. R., MacLean, P. S., Diggle, C.
P., Asipu, A., Inaba, S., Kosugi, T., Sato, W., Maruyama, S., Sdnchez-Lozada, L. G., Sautin, Y.
Y., -+ Johnson, R. J. (2013). High-fat and high-sucrose (western) diet induces
steatohepatitis that is dependent on fructokinase. Hepatology , 58(5), 1632-1643.

Islam, K. B. M. S., Fukiya, S., Hagio, M., Fujii, N., Ishizuka, S., Ooka, T., Ogura, Y., Hayashi, T., &
Yokota, A. (2011). Bile acid is a host factor that regulates the composition of the cecal
microbiota in rats. Gastroenterology, 141(5), 1773-1781.

Jang, C., Hui, S., Lu, W., Cowan, A. J., Morscher, R.J,, Lee, G., Liu, W., Tesz, G. J., Birnbaum, M.
J., & Rabinowitz, J. D. (2018). The small intestine converts dietary fructose into glucose and
organic acids. Cell Metabolism, 27(2), 351-361.e3.

Jang, C., Wada, S., Yang, S., Gosis, B., Zeng, X., Zhang, Z., Shen, Y., Lee, G., Arany, Z., &
Rabinowitz, J. D. (2020). The small intestine shields the liver from fructose-induced
steatosis. Nature Metabolism, 2(7), 586-593.

Janowski, B. A., Willy, P. J., Devi, T. R, Falck, J. R., & Mangelsdorf, D. J. (1996). An oxysterol
signalling pathway mediated by the nuclear receptor LXR a. Nature, 383(6602), 728-731.
Jiang, S., Yan, K., Sun, B., Gao, S., Yang, X., Ni, Y., Ma, W., & Zhao, R. (2018). Long-term high-fat

diet decreases hepatic iron storage associated with suppressing TFR2 and ZIP14
expression in rats. Journal of Agricultural and Food Chemistry, 66(44), 11612-11621.

Jiao, N., Baker, S. S., Chapa-Rodriguez, A., Liu, W., Nugent, C. A., Tsompana, M., Mastrandrea,
L., Buck, M. J., Baker, R. D., Genco, R. J., Zhu, R., & Zhu, L. (2018). Suppressed hepatic bile
acid signalling despite elevated production of primary and secondary bile acids in NAFLD.
Gut, 67,1881-1891.

111



Jin, R, Le, N.-A., Liu, S., Farkas Epperson, M., Ziegler, T. R., Welsh, J. A., Jones, D. P., McClain,
C.J., & Vos, M. B. (2012). Children with NAFLD are more sensitive to the adverse metabolic
effects of fructose beverages than children without NAFLD. 7he Journal of Clinical
Endocrinology and Metabolism, 97(7), E1088—-E1098.

Jones, D. S., Podolsky, S. H., & Greene, J. A. (2012). The burden of disease and the changing
task of medicine. The New England Journal of Medicine, 366(25), 2333-2338.

Kaden-Volynets, V., Basic, M., Neumann, U., Pretz, D., Rings, A., Bleich, A., & Bischoff, S. C.
(2019). Lack of liver steatosis in germ-free mice following hypercaloric diets. EFuropean
Journal of Nutrition, 58(5), 1933-1945.

Kagimoto, T., & Uyeda, K. (1979). Hormone-stimulated phosphorylation of liver
phosphofructokinase in vivo. The Journal of Biological Chemistry, 254(13), 5584-5587.
Kamei, A., Watanabe, Y., Ishijima, T., Uehara, M., Arai, S., Kato, H., Nakai, Y., & Abe, K. (2010).
Dietary iron-deficient anemia induces a variety of metabolic changes and even apoptosis in

rat liver: a DNA microarray study. Physiological Genomics, 42(2), 149-156.

Kamei, A., Watanabe, Y., Kondo, K., Okada, S., Shinozaki, F., Ishijima, T., Nakai, Y., Kondo, T.,
Arai, S., & Abe, K. (2013). Influence of a short-term iron-deficient diet on hepatic gene
expression profiles in rats. P/loS One, 8(6), e65732.

Katsuma, S., Hirasawa, A., & Tsujimoto, G. (2005). Bile acids promote glucagon-like peptide-1
secretion through TGR5 in a murine enteroendocrine cell line STC-1. Biochemical and
Biophysical Research Communications, 329(1), 386-390.

Kawamata, Y., Fujii, R., Hosoya, M., Harada, M., Yoshida, H., Miwa, M., Fukusumi, S., Habata,
Y., Itoh, T., Shintani, Y., & Others. (2003). A G protein-coupled receptor responsive to bile
acids. The Journal of Biological Chemistry, 278(11), 9435-9440.

Kim, J. B, Sarraf, P., Wright, M., Yao, K. M., Mueller, E., Solanes, G., Lowell, B. B., & Spiegelman,
B. M. (1998). Nutritional and insulin regulation of fatty acid synthetase and leptin gene
expression through ADD1/SREBP1. 7he Journal of Clinical Investigation, 101(1), 1-9.

Kim, J. Y., Garcia-Carbonell, R., Yamachika, S., Zhao, P., Dhar, D., Loomba, R., Kaufman, R. J.,

112



Saltiel, A. R., & Karin, M. (2018). ER stress drives lipogenesis and steatohepatitis via
caspase-2 activation of S1P. Ce/l, 175(1), 133-145.e15.

Kliewer, S. A., & Mangelsdorf, D. J. (2015). Bile acids as hormones: The FXR-FGF15/19
pathway. Digestive Diseases , 33(3), 327-331.

Kohjima, M., Higuchi, N., Kato, M., Kotoh, K., Yoshimoto, T., Fujino, T., Yada, M., Yada, R,,
Harada, N., Enjoji, M., Takayanagi, R., & Nakamuta, M. (2008). SREBP-1c, regulated by the
insulin and AMPK signaling pathways, plays a role in nonalcoholic fatty liver disease.
International Journal of Molecular Medicine, 21(4), 507-511.

Laatsch, A., Merkel, M., Talmud, P. J., Grewal, T., Beisiegel, U., & Heeren, J. (2009). Insulin
stimulates hepatic low density lipoprotein receptor-related protein 1 (LRP1) to increase
postprandial lipoprotein clearance. Atherosclerosis, 204(1), 105-111.

Lambert, J. E., Ramos-Roman, M. A., Browning, J. D., & Parks, E. J. (2014). Increased de novo
lipogenesis is a distinct characteristic of individuals with nonalcoholic fatty liver disease.
Gastroenterology, 146(3), 726-1735.

Lawitz, E. J., Coste, A., Poordad, F., Alkhouri, N., Loo, N., McColgan, B. J., Tarrant, J. M., Nguyen,
T., Han, L., Chung, C., Ray, A. S., McHutchison, J. G., Subramanian, G. M., Myers, R. P,
Middleton, M. S., Sirlin, C., Loomba, R., Nyangau, E., Fitch, M., --- Hellerstein, M. (2018).
Acetyl-CoA carboxylase inhibitor GS-0976 for 12 weeks reduces hepatic de novo
lipogenesis and steatosis in patients with nonalcoholic steatohepatitis. Clinical
Gastroenterology and Hepatology, 16(12), 1983-1991.e3.

Lee, J.-Y., Shimizu, H., Hagio, M., Fukiya, S., Watanabe, M., Tanaka, Y., Joe, G.-H., Iwaya, H.,
Yoshitsugu, R., Kikuchi, K., Tsuji, M., Baba, N., Nose, T., Tada, K., Hanai, T., Hori, S.,
Takeuchi, A., Furukawa, Y., Shirouchi, B., -+ Ishizuka, S. (2020). 12 a -hydroxylated bile acid
induces hepatic steatosis with dysbiosis in rats. Biochimica et Biophysica Acta, Molecular
and Cell Biology of Lipids, 158811.

Li, S., Brown, M. S., & Goldstein, J. L. (2010). Bifurcation of insulin signaling pathway in rat liver:
mTORC1 required for stimulation of lipogenesis, but not inhibition of gluconeogenesis.

113



Proceedings of the National Academy of Sciences of the United States of America, 107(8),
3441-3446.

Li, T., Francl, J. M., Boehme, S., Ochoa, A., Zhang, Y., Klaassen, C. D., Erickson, S. K., & Chiang,
J.Y. L. (2012). Glucose and insulin induction of bile acid synthesis: mechanisms and
implication in diabetes and obesity. 7he Journal of Biological Chemistry, 287(3), 1861-1873.

Li, T., Jahan, A., & Chiang, J. Y. L. (2006). Bile acids and cytokines inhibit the human cholesterol
7 a -hydroxylase gene via the JNK/c-jun pathway in human liver cells. Hepatology, 43(6),
1202-1210.

Lonardo, A., Ballestri, S., Marchesini, G., Angulo, P., & Loria, P. (2015). Nonalcoholic fatty liver
disease: a precursor of the metabolic syndrome. Digestive and Liver Disease: Official
Journal of the [talian Society of Gastroenterology and the ltalian Association for the Study
of the Liver, 47(3), 181-190.

Loomba, R., Kayali, Z., Noureddin, M., Ruane, P., Lawitz, E. J., Bennett, M., Wang, L., Harting, E.,
Tarrant, J. M., McColgan, B. J., Chung, C., Ray, A. S., Subramanian, G. M., Myers, R. P.,
Middleton, M. S., Lai, M., Charlton, M., & Harrison, S. A. (2018). GS-0976 reduces hepatic
steatosis and fibrosis markers in patients with nonalcoholic fatty liver disease.
Gastroenterology, 155(5), 1463-1473.e6.

Loubiére, C., Goiran, T., Laurent, K., Djabari, Z., Tanti, J.-F., & Bost, F. (2015). Metformin-
induced energy deficiency leads to the inhibition of lipogenesis in prostate cancer cells.
Oncotarget, 6(17), 15652-15661.

Low, W. S., Cornfield, T., Charlton, C. A., Tomlinson, J. W., & Hodson, L. (2018). Sex differences
in hepatic de novo lipogenesis with acute fructose feeding. Nutrients, 10(9), 1263.

Luukkonen, P. K., Sadevirta, S., Zhou, Y., Kayser, B., Ali, A., Ahonen, L., Lallukka, S., Pelloux, V.,
Gaggini, M., Jian, C., Hakkarainen, A., Lundbom, N., Gylling, H., Salonen, A., Oresi¢, M.,
Hyotyldainen, T., Orho-Melander, M., Rissanen, A., Gastaldelli, A., --- Yki-Jarvinen, H. (2018).
Saturated fat is more metabolically harmful for the human liver than unsaturated fat or
simple sugars. Diabetes Care, 41(8), 1732-1739.

114



Makishima, M., Okamoto, A. Y., Repa, J.J,, Tu, H., Learned, R. M., Luk, A., Hull, M. V., Lustig, K.
D., Mangelsdorf, D. J., & Shan, B. (1999). Identification of a nuclear receptor for bile acids.
Science, 284(5418), 1362-1365.

Mandic, A. D., & Blaut, M. (2018). Do we choose control diets wisely? 7rends in Endocrinology
and Metabolism, 29(7), A47-448.

Marques-Lopes, |., Ansorena, D., Astiasaran, |, Forga, L., & Martinez, J. A. (2001). Postprandial
de novo lipogenesis and metabolic changes induced by a high-carbohydrate, low-fat meal
in lean and overweight men. The American Journal of Clinical Nutrition, 73(2), 253-261.

Marriott, B. P., Cole, N., & Lee, E. (2009). National estimates of dietary fructose intake
increased from 1977 to 2004 in the United States. The Journal of Nutrition, 139(6), 1228S —
1235S.

Marsman, H. A., Heger, M., Kloek, J. J., Nienhuis, S. L., van Werven, J. R., Nederveen, A. J., ten
Kate, F. J. W., Stoker, J., & van Gulik, T. M. (2011). Reversal of hepatic steatosis by omega-3
fatty acids measured non-invasively by 1H-magnetic resonance spectroscopy in a rat
model. Journal of Gastroenterology and Hepatology, 26(2), 356-363.

Maruyama, T., Miyamoto, Y., Nakamura, T., Tamai, Y., Okada, H., Sugiyama, E., Nakamura, T.,
Itadani, H., & Tanaka, K. (2002). Identification of membrane-type receptor for bile acids (M-
BAR). Biochemical and Biophysical Research Communications, 298(5), 714-719.

Masia, R., McCarty, W. J., Lahmann, C., Luther, J., Chung, R. T., Yarmush, M. L., & Yellen, G.
(2018). Live cell imaging of cytosolic NADH/NAD+ ratio in hepatocytes and liver slices.
American Journal of Physiology. Gastrointestinal and Liver Physiology, 314(1), G97-G108.

Matsumoto, M., Han, S., Kitamura, T., & Accili, D. (2006). Dual role of transcription factor FoxO1
in controlling hepatic insulin sensitivity and lipid metabolism. 7he Journal of Clinical
Investigation, 116(9), 2464-2472.

Matsuzaka, T., Shimano, H., Yahagi, N., Amemiya-Kudo, M., Okazaki, H., Tamura, Y., lizuka, Y.,
Ohashi, K., Tomita, S., Sekiya, M., Hasty, A., Nakagawa, Y., Sone, H., Toyoshima, H.,
Ishibashi, S., Osuga, J.-I., & Yamada, N. (2004). Insulin-independent induction of sterol

115



regulatory element-binding protein-1c expression in the livers of streptozotocin-treated
mice. Diabetes, 53(3), 560-569.

Meli, R., Mattace Raso, G., Irace, C., Simeoli, R., Di Pascale, A., Paciello, O., Pagano, T. B.,
Calignano, A., Colonna, A., & Santamaria, R. (2013). High fat diet induces liver steatosis and
early dysregulation of iron metabolism in rats. P/oS One, 8(6), e66570.

Metallo, C. M., Gameiro, P. A., Bell, E. L., Mattaini, K. R., Yang, J., Hiller, K., Jewell, C. M.,
Johnson, Z. R., Irvine, D. J., Guarente, L., Kelleher, J. K., Vander Heiden, M. G., lliopoulos, O.,
& Stephanopoulos, G. (2012). Reductive glutamine metabolism by IDH1 mediates
lipogenesis under hypoxia. Nature, 481(7381), 380-384.

Meyerhoffer, S. M., & McGown, L. B. (1990). Critical micelle concentration behavior of sodium
taurocholate in water. Langmuir, 6(1), 187-191.

Moore, M. C., Cherrington, A. D., Mann, S. L., & Davis, S. N. (2000). Acute fructose
administration decreases the glycemic response to an oral glucose tolerance test in normal
adults. The Journal of Clinical Endocrinology and Metabolism, 85(12), 4515-4519.

Mouzaki, M., Wang, A. Y., Bandsma, R., Comelli, E. M., Arendt, B. M., Zhang, L., Fung, S.,
Fischer, S. E., McGilvray, I. G., & Allard, J. P. (2016). Bile acids and dysbiosis in non-
alcoholic fatty liver disease. PloS One, 11(5), e0151829.

Musso, G., Gambino, R., De Michieli, F., Cassader, M., Rizzetto, M., Durazzo, M., Faga, E., Silli,
B., & Pagano, G. (2003). Dietary habits and their relations to insulin resistance and
postprandial lipemia in nonalcoholic steatohepatitis. Hepatology , 37(4), 909-916.

Myant, N. B., & Mitropoulos, K. A. (1977). Cholesterol 7 a -hydroxylase. Journal of Lipid
Research, 18(2), 135-153.

Nakagawa, T., Hu, H., Zharikov, S., Tuttle, K. R., Short, R. A., Glushakova, O., Ouyang, X., Feig, D.
I, Block, E. R., Herrera-Acosta, J., Patel, J. M., & Johnson, R. J. (2006). A causal role for uric
acid in fructose-induced metabolic syndrome. American Journal of Physiology. Renal
Physiology, 290(3), F625-F631.

Newberry, E. P., Xie, Y., Kennedy, S. M., Luo, J., & Davidson, N. O. (2006). Protection against

116



Western diet-induced obesity and hepatic steatosis in liver fatty acid-binding protein
knockout mice. Hepatology , 44(5), 1191-1205.

Nobili, V., Bedogni, G., Alisi, A., Pietrobattista, A., Risé, P., Galli, C., & Agostoni, C. (2011).
Docosahexaenoic acid supplementation decreases liver fat content in children with non-
alcoholic fatty liver disease: double-blind randomised controlled clinical trial. Archives of
Disease in Childhood, 96(4), 350-353.

Orr, J. S., Kennedy, A., Anderson-Baucum, E. K., Webb, C. D., Fordahl, S. C., Erikson, K. M.,
Zhang, Y., Etzerodt, A., Moestrup, S. K., & Hasty, A. H. (2014). Obesity alters adipose tissue
macrophage iron content and tissue iron distribution. Diabetes, 63(2), 421-432.

Osborne, T. F. (2000). Sterol regulatory element-binding proteins (SREBPs): key regulators of
nutritional homeostasis and insulin action. The Journal of Biological Chemistry, 275(42),
32379-32382.

Ouyang, X., Cirillo, P., Sautin, Y., McCall, S., Bruchette, J. L., Diehl, A. M., Johnson, R. J., &
Abdelmalek, M. F. (2008). Fructose consumption as a risk factor for non-alcoholic fatty liver
disease. Journal of Hepatology, 48(6), 993-999.

Pandak, W. M., Bohdan, P., Franklund, C., Mallonee, D. H., Eggertsen, G., Bjérkhem, 1., Gil, G.,
Vlahcevic, Z. R., & Hylemon, P. B. (2001). Expression of sterol 12 a -hydroxylase alters bile
acid pool composition in primary rat hepatocytes and in vivo. Gastroenterology, 120(7),
1801-1809.

Parks, D. J., Blanchard, S. G., Bledsoe, R. K., Chandra, G., Consler, T. G., Kliewer, S. A., Stimmel,
J. B., Willson, T. M., Zavacki, A. M., Moore, D. D., & Lehmann, J. M. (1999). Bile acids:
natural ligands for an orphan nuclear receptor. Science, 284(5418), 1365-1368.

Pathak, P., & Chiang, J. Y. L. (2019). Sterol 12 a -hydroxylase aggravates dyslipidemia by
activating the ceramide/mTORC1/SREBP-1C pathway via FGF21 and FGF15. Gene
Expression, 19(3), 161-173.

Peppel, I. P., Rao, A., Dommerholt, M. B., Bongiovanni, L., Thomas, R., Bruin, A., Karpen, S. J,,
Dawson, P. A., Verkade, H. J., & Jonker, J. W. (2020). The beneficial effects of apical

117



sodium - dependent bile acid transporter inactivation depend on dietary fat composition.
Molecular Nutrition & Food Research, 2000750.

Puri, P., Daita, K., Joyce, A., Mirshahi, F., Santhekadur, P. K., Cazanave, S., Luketic, V. A.,
Siddiqui, M. S., Boyett, S., Min, H.-K., Kumar, D. P., Kohli, R., Zhou, H., Hylemon, P. B.,
Contos, M. J., Idowu, M., & Sanyal, A. J. (2018). The presence and severity of nonalcoholic
steatohepatitis is associated with specific changes in circulating bile acids. Hepatology, 67,
534-548.

Qiu, Y., Sui, X., Zhan, Y., Xu, C., Li, X., Ning, Y., Zhi, X., & Yin, L. (2017). Steroidogenic acute
regulatory protein (StAR) overexpression attenuates HFD-induced hepatic steatosis and
insulin resistance. Biochimica et Biophysica Acta, Molecular Basis of Disease, 1863(4),
978-990.

Reddy, B. S. (1981). Diet and excretion of bile acids. Cancer Research, 41(9 Pt 2), 3766-3768.

Reeves, P. G., Nielsen, F. H., & Fahey, G. C., Jr. (1993). AIN-93 purified diets for laboratory
rodents: final report of the American Institute of Nutrition ad hoc writing committee on the
reformulation of the AIN-76A rodent diet. 7he Journal of Nutrition, 123(11), 1939-1951.

Reis, S., Moutinho, C. G., Matos, C., de Castro, B., Gameiro, P., & Lima, J. L. F. C. (2004).
Noninvasive methods to determine the critical micelle concentration of some bile acid salts.
Analytical Biochemistry, 334(1), 117-126.

Ridlon, J. M., Kang, D.-J., & Hylemon, P. B. (2006). Bile salt biotransformations by human
intestinal bacteria. Journal of Lipid Research, 47(2), 241-259.

Ruiz, B., Felipe, A., Casado, J., & Pastor-Anglada, M. (1991). Amino acid uptake by liver of
genetically obese Zucker rats. Biochemical Journal, 280 ( Pt 2), 367-372.

Samuel, V. T. (2011). Fructose induced lipogenesis: from sugar to fat to insulin resistance.
Trends in Endocrinology and Metabolism: TEM, 222), 60-65.

Samuel, V. T., Liu, Z.-X., Qu, X., Elder, B. D., Bilz, S., Befroy, D., Romanelli, A. J., & Shulman, G. I.
(2004). Mechanism of hepatic insulin resistance in non-alcoholic fatty liver disease. 7The
Journal of Biological Chemistry, 279(31), 32345-32353.

118



Sancak, Y., Peterson, T. R., Shaul, Y. D., Lindquist, R. A., Thoreen, C. C., Bar-Peled, L., &
Sabatini, D. M. (2008). The Rag GTPases bind raptor and mediate amino acid signaling to
mTORC1. Science, 320(5882), 1496-1501.

Sanders, F. W. B., Acharjee, A., Walker, C., Marney, L., Roberts, L. D., Imamura, F., Jenkins, B.,
Case, J., Ray, S, Virtue, S., Vidal-Puig, A., Kuh, D., Hardy, R., Allison, M., Forouhi, N.,
Murray, A. J., Wareham, N., Vacca, M., Koulman, A., & Griffin, J. L. (2018). Hepatic steatosis
risk is partly driven by increased de novo lipogenesis following carbohydrate consumption.
Genome Biology, 19(1), 79.

Sanyal, A. J., Campbell-Sargent, C., Mirshahi, F., Rizzo, W. B., Contos, M. J., Sterling, R. K.,
Luketic, V. A., Shiffman, M. L., & Clore, J. N. (2001). Nonalcoholic steatohepatitis:
association of insulin resistance and mitochondrial abnormalities. Gastroenterology, 120(5),
1183-1192.

Sanyal, A. J., Hirsch, J. I., & Moore, E. W. (1992). High-affinity binding is essential for
enhancement of intestinal Fe2+ and Ca2+ uptake by bile salts. Gastroenterology, 102(6),
1997-2005.

Sanyal, A. J., Shiffmann, M. L., Hirsch, J. |., & Moore, E. W. (1991). Premicellar taurocholate
enhances ferrous iron uptake from all regions of rat small intestine. Gastroenterology,
101(2), 382-389.

Schierwagen, R., Mayblchen, L., Zimmer, S., Hittatiya, K., Back, C., Klein, S., Uschner, F. E.,
Reul, W., Boor, P., Nickenig, G., Strassburg, C. P., Trautwein, C., Plat, J., Litjohann, D.,
Sauerbruch, T., Tacke, F., & Trebicka, J. (2015). Seven weeks of Western diet in
apolipoprotein-E-deficient mice induce metabolic syndrome and non-alcoholic
steatohepatitis with liver fibrosis. Scientific Reports, 5, 12931.

Schwarz, J. M., Linfoot, P., & Dare, D. (2003). Hepatic de novo lipogenesis in normoinsulinemic
and hyperinsulinemic subjects consuming high-fat, low-carbohydrate and low-fat, high-
carbohydrate isoenergetic diets. The American Journal of Clinical Nutrition. 77(1), 43-50.

Schwarz, M., Lund, E. G., Setchell, K. D., Kayden, H. J., Zerwekh, J. E., Bjorkhem, ., Herz, J., &

119



Russell, D. W. (1996). Disruption of cholesterol 7 a -hydroxylase gene in mice. Il. Bile acid
deficiency is overcome by induction of oxysterol 7 a -hydroxylase. The Journal of Biological
Chemistry, 271(30), 18024-18031.

Sherman, A. R. (1978). Lipogenesis in iron-deficient adult rats. Lipids, 13(7), 473-478.

Sherman, A. R., Bartholmey, S. J., & Perkins, E. G. (1982). Fatty acid patterns in iron-deficient
maternal and neonatal rats. Lipids, 17(9), 639-643.

Sherman, A. R., Guthrie, H. A., Wolinsky, I., & Zulak, I. M. (1978). Iron deficiency hyperlipidemia
in 18-day-old rat pups: effects of milk lipids, lipoprotein lipase, and triglyceride synthesis.
The Journal of Nutrition, 108(1), 152-162.

Shimano, H. (2001). Sterol regulatory element-binding proteins (SREBPs): transcriptional
regulators of lipid synthetic genes. Progress in Lipid Research, 40(6), 439-452.

Shimomura, ., Bashmakov, Y., lkemoto, S., Horton, J. D., Brown, M. S., & Goldstein, J. L. (1999).
Insulin selectively increases SREBP-1c mRNA in the livers of rats with streptozotocin-
induced diabetes. Proceedings of the National Academy of Sciences of the United States of
America, 96(24), 13656-13661.

Shimomura, |., Matsuda, M., Hammer, R. E., Bashmakov, Y., Brown, M. S., & Goldstein, J. L.
(2000). Decreased IRS-2 and increased SREBP-1c lead to mixed insulin resistance and
sensitivity in livers of lipodystrophic and ob/ob mice. Molecular Cell, 6(1), T7-86.

Shirouchi, B., Kashima, K., Horiuchi, Y., Nakamura, Y., Fujimoto, Y., Tong, L.-T., & Sato, M.
(2017). 27-Hydroxycholesterol suppresses lipid accumulation by down-regulating lipogenic
and adipogenic gene expression in 3T3-L1 cells. Cytotechnology, 69(3), 485-492.

Smith, G. I., Shankaran, M., Yoshino, M., Schweitzer, G. G., Chondronikola, M., Beals, J. W.,
Okunade, A. L., Patterson, B. W., Nyangau, E., Field, T., Sirlin, C. B., Talukdar, S.,
Hellerstein, M. K., & Klein, S. (2020). Insulin resistance drives hepatic de novo lipogenesis
in nonalcoholic fatty liver disease. The Journal of Clinical Investigation, 130(3), 1453-1460.

Sonnweber, T., Ress, C., Nairz, M., Theurl, ., Schroll, A., Murphy, A. T., Wroblewski, V., Witcher,
D. R., Moser, P., Ebenbichler, C. F., Kaser, S., & Weiss, G. (2012). High-fat diet causes iron

120



deficiency via hepcidin-independent reduction of duodenal iron absorption. 7Ae Journal of
Nutritional Biochemistry, 23(12), 1600-1608.

Sperry, W. M., Webb, M., & Others. (1950). A revision of the Sehoenheimer-Sperry method for
cholesterol determination. 7he Journal of Biological Chemistry, 187, 97-106.

Stangl, G. |., & Kirchgessner, M. (1998). Different degrees of moderate iron deficiency modulate
lipid metabolism of rats. Lipids, 33(9), 889-895.

Stanhope, K. L., Schwarz, J. M., Keim, N. L., Griffen, S. C., Bremer, A. A., Graham, J. L., Hatcher,
B., Cox, C. L., Dyachenko, A., Zhang, W., McGahan, J. P., Seibert, A., Krauss, R. M., Chiu, S.,
Schaefer, E. J., Ai, M., Otokozawa, S., Nakajima, K., Nakano, T., --- Havel, P. J. (2009).
Consuming fructose-sweetened, not glucose-sweetened, beverages increases visceral
adiposity and lipids and decreases insulin sensitivity in overweight/obese humans. 7The
Journal of Clinical Investigation, 119(5), 1322-1334.

Sullivan, J. S., Le, M. T., Pan, Z., Rivard, C., Love-Osborne, K., Robbins, K., Johnson, R. J., Sokol,
R. J., & Sundaram, S. S. (2015). Oral fructose absorption in obese children with non-
alcoholic fatty liver disease. Pediatric Obesity, 10(3), 188-195.

Tamura, S., & Shimomura, I. (2005). Contribution of adipose tissue and de novo lipogenesis to
nonalcoholic fatty liver disease. The Journal of Clinical Investigation, 115(5), 1139-1142.

Tappy, L., & L&, K.-A. (2010). Metabolic effects of fructose and the worldwide increase in
obesity. Physiological Reviews, 90(1), 23-46.

Targher, G., Byrne, C. D., Lonardo, A., Zoppini, G., & Barbui, C. (2016). Non-alcoholic fatty liver
disease and risk of incident cardiovascular disease: A meta-analysis. Journal of Hepatology,
65(3), 589-600.

Thomas, C., Gioiello, A., Noriega, L., Strehle, A., Oury, J., Rizzo, G., Macchiarulo, A., Yamamoto,
H., Mataki, C., Pruzanski, M., Pellicciari, R., Auwerx, J., & Schoonjans, K. (2009). TGR5-
mediated bile acid sensing controls glucose homeostasis. Cell Metabolism, 10(3), 167-177.

Timlin, M. T., & Parks, E. J. (2005). Temporal pattern of de novo lipogenesis in the postprandial
state in healthy men. The American Journal of Clinical Nutrition, 81(1), 35-42.

121



Turnbaugh, P. J., Ley, R. E., Mahowald, M. A., Magrini, V., Mardis, E. R., & Gordon, J. |. (2006).
An obesity-associated gut microbiome with increased capacity for energy harvest. Nature,
444(7122), 1027-1031.

Uchida, K., Makino, S., & Akiyoshi, T. (1985). Altered bile acid metabolism in nonobese,
spontaneously diabetic (NOD) mice. Diabetes, 34(1), 79-83.

Uchida, K., Satoh, T., Takase, H., Nomura, Y., Takasu, N., Kurihara, H., & Takeuchi, N. (1996).
Altered bile acid metabolism related to atherosclerosis in alloxan diabetic rats. Journal of
Atherosclerosis and Thrombosis, 3(1), 52-58.

Ugele, B., Kempen, H. J., Kempen, J. M., Gebhardt, R., Meijer, P., Burger, H. J., & Princen, H. M.
(1991). Heterogeneity of rat liver parenchyma in cholesterol 7 alpha-hydroxylase and bile
acid synthesis. Biochemical Journal, 276(1), 73-77.

Ventura, E. E., Davis, J. N., & Goran, M. |. (2011). Sugar content of popular sweetened beverages
based on objective laboratory analysis: focus on fructose content. Obesity, 19(4), 868-874.

Vernon, G., Baranova, A., & Younossi, Z. M. (2011). Systematic review: the epidemiology and
natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in
adults. Alimentary Pharmacology & Therapeutics, 34(3), 274-285.

Verzar, F. (1938). Fat Metabolism. Annual Review of Biochemistry, 7(1), 163-188.

Wallace, M., & Metallo, C. M. (2020). Tracing insights into de novo lipogenesis in liver and
adipose tissues. Seminars in Cell & Developmental Biology, in press.

Wang, H., Chen, J., Hollister, K., Sowers, L. C., & Forman, B. M. (1999). Endogenous bile acids
are ligands for the nuclear receptor FXR/BAR. Molecular Cell, 3(5), 543-553.

Wan, Y., Yuan, J., Li, J., Li, H., Zhang, J., Tang, J., Ni, Y., Huang, T., Wang, F., Zhao, F., & Li, D.
(2019). Unconjugated and secondary bile acid profiles in response to higher-fat, lower-
carbohydrate diet and associated with related gut microbiota: A 6-month randomized
controlled-feeding trial. Clinical Nutrition . 39(2), 395-404

Warden, C. H., & Fisler, J. S. (2008). Comparisons of diets used in animal models of high-fat
feeding. Cell Metabolism, 7(4), 277.

122



Wiegand, S., Keller, K.-M., Robl, M., L'Allemand, D., Reinehr, T., Widhalm, K., Holl, R. W., & APV -
Study Group and the German Competence Network Adipositas. (2010). Obese boys at
increased risk for nonalcoholic liver disease: evaluation of 16,390 overweight or obese
children and adolescents. /nternational Journal of Obesity , 34(10), 1468-1474.

Xu, M.-J., Feng, D., Wu, H., Wang, H., Chan, Y., Kolls, J., Borregaard, N., Porse, B., Berger, T.,
Mak, T. W., Cowland, J. B., Kong, X., & Gao, B. (2015). Liver is the major source of elevated
serum lipocalin-2 levels after bacterial infection or partial hepatectomy: A critical role for
IL-6/STAT3. Hepatology , 61(2), 692-702.

Xu, Z., McClure, S. T., & Appel, L. J. (2018). Dietary cholesterol intake and sources among U.S
adults: results from National Health and Nutrition Examination Surveys (NHANES), 2001 -
2014. Nutrients, 10(6), T71.

Yabe, D., Brown, M. S., & Goldstein, J. L. (2002). Insig-2, a second endoplasmic reticulum
protein that binds SCAP and blocks export of sterol regulatory element-binding proteins.
Proceedings of the National Academy of Sciences of the United States of America, 99(20),
12753-12758.

Yabe, D., Komuro, R., Liang, G., Goldstein, J. L., & Brown, M. S. (2003). Liver-specific mRNA for
Insig-2 down-regulated by insulin: implications for fatty acid synthesis. Proceedings of the
National Academy of Sciences of the United States of America, 100(6), 3155-3160.

Yamano, N., Ikeda, Y., Sakama, M., lzawa-Ishizawa, Y., Kihira, Y., Ishizawa, K., Miyamoto, L.,
Tomita, S., Tsuchiya, K., & Tamaki, T. (2015). A long-term high-fat diet changes iron
distribution in the body, increasing iron accumulation specifically in the mouse spleen.
Journal of Nutritional Science and Vitaminology, 61(1), 20-27.

Yamashita, H., Takenoshita, M., Sakurai, M., Bruick, R. K., Henzel, W. J., Shillinglaw, W., Arnot,
D., & Uyeda, K. (2001). A glucose-responsive transcription factor that regulates
carbohydrate metabolism in the liver. Proceedings of the National Academy of Sciences of
the United States of America, 95(16), 9116-9121.

Yan, Q.-W., Yang, Q., Mody, N., Graham, T. E., Hsu, C.-H., Xu, Z., Houstis, N. E., Kahn, B. B., &

123



Rosen, E. D. (2007). The adipokine lipocalin 2 is regulated by obesity and promotes insulin
resistance. Diabetes, 56(10), 2533-2540.

Yokoi, K. (2014). Estimation of iron requirements for women by numerical analysis of
population-based data from the National Health and Nutrition Surveys of Japan 2003-2007.
Journal of Trace Elements in Medicine and Biology: Organ of the Society for Minerals and
Trace Elements , 28(4), 453-458.

Yoshitsugu, R., Kikuchi, K., Hori, S., Iwaya, H., Hagio, M., Shimizu, H., Hira, T., & Ishizuka, S.
(2020). Correlation between 12 a -hydroxylated bile acids and insulin secretion during
glucose tolerance tests in rats fed a high-fat and high-sucrose diet. Lipids in Health and
Disease, 19(1), 9.

Yoshitsugu, R., Kikuchi, K., lwaya, H., Fujii, N., Hori, S., Lee, D. G., & Ishizuka, S. (2019).
Alteration of bile acid metabolism by a high-fat diet is associated with plasma
transaminase activities and glucose intolerance in rats. Journal of Nutritional Science and
Vitaminology, 65(1), 45-51.

Younossi, Z., Anstee, Q. M., Marietti, M., Hardy, T., Henry, L., Eslam, M., George, J., & Bugianesi,
E. (2018). Global burden of NAFLD and NASH: trends, predictions, risk factors and
prevention. Nature Reviews Gastroenterology & Hepatology, 15(1), 11-20.

Younossi, Z. M., Stepanova, M., Lawitz, E., Charlton, M., Loomba, R., Myers, R. P., Subramanian,
M., McHutchison, J. G., & Goodman, Z. (2018). Improvement of hepatic fibrosis and patient-
reported outcomes in non-alcoholic steatohepatitis treated with selonsertib. Liver
International, 38(10), 1849-1859.

Zelber-Sagi, S., Nitzan-Kaluski, D., Goldsmith, R., Webb, M., Blendis, L., Halpern, Z., & Oren, R.
(2007). Long term nutritional intake and the risk for non-alcoholic fatty liver disease
(NAFLD): a population based study. Journal of Hepatology, 47(5), 7111-717.

Zhao, S., Jang, C,, Liu, J., Uehara, K., Gilbert, M., 1zzo, L., Zeng, X., Trefely, S., Fernandez, S.,
Carrer, A., Miller, K. D., Schug, Z. T., Snyder, N. W., Gade, T. P., Titchenell, P. M.,
Rabinowitz, J. D., & Wellen, K. E. (2020). Dietary fructose feeds hepatic lipogenesis via

124



microbiota-derived acetate. Nature, 579(7800), 586-591.

Zhou, H., & Hylemon, P. B. (2014). Bile acids are nutrient signaling hormones. Steroids, 86, 62—
68.

Zhou, L., Xu, L., Ye, J., Li, D., Wang, W, Li, X., Wu, L., Wang, H., Guan, F., & Li, P. (2012). Cidea

promotes hepatic steatosis by sensing dietary fatty acids. Hepatology , 56(1), 95-107.

W

& i X

il

Hori, S., Hara, H., & Ishizuka, S. (2018). Marginal iron deficiency enhances liver triglyceride
accumulation in rats fed a high-sucrose diet. Bioscience, Biotechnology, and Biochemistry, 82,

2140-2148.

Hori, S., Abe, T., Lee, D. G, Fukiya, S., Yokota, A., Aso, N., Shirouchi, B., Sato, M., & Ishizuka, S.
(2020). Association between 12 a -hydroxylated bile acids and hepatic steatosis in rats fed a

high-fat diet. The Journal of Nutritional Biochemistry, 83, 108412.
Hori, S., Satake, M., Kohmoto, O., Takagi, R., Okada, K., Fukiya, S., Yokota, A., & Ishizuka, S.

Primary 12 a -hydroxylated bile acids lower hepatic iron concentration in rats. The Journal of

Nutrition, in press.

125



Z DD

Lee, D. G., Hori, S., Kohmoto, O., Kitta, S., Yoshida, R., Tanaka, Y., Shimizu, H.,
Takahashi, K., Nagura, T., Uchino, H., Fukiya, S., Yokota, A., & Ishizuka, S. (2019). Ingestion of
difructose anhydride Il partially suppresses the deconjugation and 7 a -dehydroxylation of bile
acids in rats fed with a cholic acid-supplemented diet. Bioscience, Biotechnology, and

Biochemistry, 83(7), 1329-1335.

Yoshitsugu, R., Kikuchi, K., Hori, S., lwaya, H., Hagio, M., Shimizu, H., Hira, T., & Ishizuka,
S. (2020). Correlation between 12 a -hydroxylated bile acids and insulin secretion during glucose

tolerance tests in rats fed a high-fat and high-sucrose diet. Lipids in Health and Disease, 19(1),
9.

Yoshitsugu, R., Kikuchi, K., lwaya, H., Fujii, N., Hori, S., Lee, D. G., & Ishizuka, S. (2019).

Alteration of bile acid metabolism by a high-fat diet is associated with plasma transaminase
activities and glucose intolerance in rats. Journal of Nutritional Science and Vitaminology, 65(1),

45-51.

Gowda, S. G. B., Gao, Z.-J.,, Chen, Z., Abe, T., Hori, S., Fukiya, S., Ishizuka, S., Yokota, A.,
Chiba, H., & Hui, S.-P. (2020). Untargeted Lipidomic Analysis of Plasma from High-fat Diet-
induced Obese Rats Using UHPLC-Linear Trap Quadrupole-Orbitrap MS. Analytical Sciences:

The International Journal of the Japan Society for Analytical Chemistry, 36(7), 821-828.

Hashimoto, N., Matsui, I., Ishizuka, S., Inoue, K., Matsumoto, A., Shimada, K., Hori, S.,
Lee, D. G., Yasuda, S., Katsuma, Y., Kajimoto, S., Doi, Y., Yamaguchi, S., Kubota, K., Oka, T.,

Sakaguchi, Y., Takabatake, Y., Hamano, T., & Isaka, Y. (2020). Lithocholic acid increases

126



intestinal phosphate and calcium absorption in a vitamin D receptor dependent but transcellular

pathway independent manner. Kidney International, 97(6), 1164-1180.

Shimoda, T., Hori, S., Maegawa, K., Takeuchi, A., Lee, Y., Joe, G.-H., Tanaka, Y., Shimizu,
H., & Ishizuka, S. (2020). A low coefficient of variation in hepatic triglyceride concentration in an

inbred rat strain. Lipids in Health and Disease, 19(1), 137.

Lee, J.-Y., Shimizu, H., Hagio, M., Fukiya, S., Watanabe, M., Tanaka, Y., Joe, G.-H., Iwaya,
H., Yoshitsugu, R., Kikuchi, K., Tsuji, M., Baba, N., Nose, T., Tada, K., Hanai, T., Hori, S.,
Takeuchi, A., Furukawa, Y., Shirouchi, B., -+ Ishizuka, S. (2020). 12 a -hydroxylated bile acid
induces hepatic steatosis with dysbiosis in rats. Biochimica et Biophysica Acta, Molecular and

Cell Biology of Lipids, 158811.

127



BIFK., 5K EtH. fBHEA T EK BRKES RE S, EHE. AF & 23—
BAafcL 2 coNEBRERS). HEARS RBRFAFII BB EXTSERITEAS
(2015 &£, ks, OERERRE)

B RAR, BAREh, EHEA BKESE RE AR 21— VEFIREOERTHE R OE
NP LVHKDRENMET T 2. B 38RIBANTFEYF = (2016 F, 7, KRR X —)

KR BAREHL, BHEA BKEE RIE ARB. I I/LVEERICH S FFESRRE RS
CREEER L OMRE. FT70EEARE - BEFYS (2016 £, #F, O#E)

B RAR., BA £, EHEA BKES RE AR 2 VERFSHEMTICE T S ATE
IR TV OMBENEN. F39RIAERSFEYF S (2016 F. #EERE. KX X—)

BIEAK HEEE BAREDL. EHEA BKELH BB GXEL
REABREMERRRFATICH (T 2 TSR E L EDRE S, BEFEIuEEXEE 2 [ (2016 £, FLIR.
RRAZ—)

BB, A LB TEHBA FHEE BKEE RE AR
HARFET L A— VP ET LV COBESZRICE T 2%HREERL DTS, % 24 BIHAKRK Y

AT LFERPAH R (2017 £, #E. OFE)

B BAR. A LB TEHBAL BKRSE RE AR BTRSSEOFEHEERTICE
T2EREET L IREER. £ 71 RIAARE - BEFR (2017 F, HiB, KX 4 —)

128



BIEAK RE, AFE. BMsEbhVWSRZIRE S 5 3 BRIERD
HABOLEICL Z2TEEEER. AREZ(FEL 2018 FEAS (2018 £, &HE. OE)

ERX SXRBE b EKR WEET RI15 &8, A B A8 BENLsSERER
BIIC L > TBTERTIEMT 5 12a KBLBARIZA > XU Y REZEEZA LS Y2 —75 THE

FEEEBATTET 5. F 13 RIHARE - BEFS (2019 £, #M[M. HIE)

IR, BRUER PR1T. Z= HR. WA 2. A B, M4E TR, BN XE. EF ER. AIEEL
12 a KER{LREHES & fERFTOREfR. BAREFE 2020 FE KRS (2020 £, @M. KA X —)

129



ERF R

Hori S, Satake M, Abe T, HaraH, Fukiya S, Yokota A, Ishizuka S. An increase of 12 a -
hydroxylated bile acid is associated with hepatic steatosis induced by a high-fat diet in rats.

Kern Lipid Conference 2019 (Colorado, USA, Poster)
Hori S, Tanaka Y, Tsuneki |, Hanai T, Shimizu H, Hara H, Ishizuka S. Modulation of hepatic

mineral concentrations in bile acid-induced fatty liver, Experimental Biology 2017 (Chicago, USA,

Poster)

130



Zz Dy, ZERE

2015 £ HARE BRYSEILI RS BETREERIIAE EFEHE
2017 £ B 71 BIHARE - BEFS BEFRIXAX—F
2018 &£ HARMIRESFEFRIFAZ DC1 #iR

2019 F BAR=EMFR BB T

\m][l
heE]
Sl
ik

\
L

2019 & [A L REHE

2020 F HARERZLF R 2020 FEARAR BEFHE

131



T

RAXIHEZ K DF 4 DEBHEBY . fFRIhizb0oTHY £9, AREREERD OHEICH
1- 258 L HBE. ICABXOEEE LUTEREZHBY £ L-tBEXFERFEREFZHIIR
HBMERHPIEDEEE N TR AREFMREOLFTESIRICOL Y ESE L LIS ET, £/,
HLZICICHEbLO TRIEOHRFE L HRELBY £ L-BREECIAREOR LERIR. MEY
EBFPRAREORSLHBNEATRFORZRLET, SOICHRESMICEEL. HEIE, #HIEE
WeEWBRREFMRAED L RBUESRIRICRSHBR L LT ET, NINKFERFREZHRE D
BRERFHPFIRIMLZ IR BERBMNFIN T OEBRERBR. RIGEIAFEERBEFBREMRE
SROBATEAZKIZICIE., FEOBIL XTA—LBITL T\ E, IREROBIRICKEL.
Z OHBIE. EEE W X L, BLRHHBALLEITET, MAT. BRABFHAREDL
AR BE EHEOBRICLETICRALATZ-VELEOEZEZ WXL, 2TOE
BRICOE VLB L EFE T, 7o, MECOBBELVELLT Yy MORCBEH#HT D EEDIC
D&V EEREMEFYBEL EIFET, HEIC. PAUEBUSE TO I FRMICHT > TRER. BEX

Bl TCREVELAMRICOLYBHBL EITET,

2021 F£3 A E X

132



	目次
	略語一覧
	図リスト
	表リスト
	序論
	第1章 HFDによる12α水酸化胆汁酸の増加機構と脂肪肝発症への関与
	1-1. 背景と目的
	1-2. 実験材料および実験方法
	1-2-1. 実験動物および食餌
	1-2-2. 血漿、組織および糞の回収
	1-2-3. 胆汁酸解析
	1-2-4. 酸化コレステロール解析
	1-2-5. qRT-PCR
	1-2-6. 肝臓、糞中および食餌中脂質の測定
	1-2-7. 血中脂質およびアミノトランスアミナーゼの測定
	1-2-8. 統計解析

	1-3. 結果
	1-3-1. 食餌摂取量および体重・臓器重量
	1-3-2. 血中・肝臓中脂質パラメータ
	1-3-3. 腸肝循環および循環血・糞中胆汁酸組成
	1-3-4. 肝臓酸化コレステロールおよび胆汁酸代謝に関わる遺伝子発現
	1-3-5. 各部位胆汁酸濃度と肝臓脂質濃度の相関解析
	1-3-6. 肝臓脂質代謝に関わる遺伝子発現の解析
	1-3-7. 食餌脂質摂取量と糞中脂質排泄の解析

	1-4. 考察

	第2章 12α水酸化胆汁酸による脂肪肝発現機構の解析
	2-1. 背景と目的
	2-2. 実験材料および実験方法
	2-2-1. 実験動物および食餌
	2-2-2. 血漿、組織および糞の回収
	2-2-3. 胆汁酸解析
	2-2-4. qRT-PCR
	2-2-6. 血中脂質およびアミノトランスアミナーゼの測定
	2-2-7. 肝臓、糞中および食餌中脂質の測定
	2-2-8. 肝臓、糞中および血漿中鉄およびLCN2濃度の測定
	2-2-9. 統計解析

	2-3. 結果
	2-3-1. 食餌摂取量および体重・臓器重量の評価 (CA負荷試験)
	2-3-2. 門脈血漿中の胆汁酸組成の解析 (CA負荷試験)
	2-3-3. 肝臓・血中脂質および血中トランスアミナーゼ解析 (CA負荷試験)
	2-3-4. 糞中脂質排泄および肝臓脂質代謝に関わる遺伝子発現の解析 (CA負荷試験)
	2-3-5. 肝臓ミネラル濃度および関連遺伝子発現の解析 (CA負荷試験)
	2-3-6. 大動脈血漿中の胆汁酸組成、脂質および鉄代謝 (CA負荷とVCM投与の組み合わせ試験)

	2-4. 考察

	第3章 軽度鉄欠乏による肝臓脂質蓄積への影響評価
	3-1. 背景と目的
	3-2. 実験材料および実験方法
	3-2-1. 実験動物および食餌
	3-2-2. 血漿、組織および糞の回収
	3-2-3. qRT-PCR
	3-2-4. 血中脂質およびアミノトランスアミナーゼの測定
	3-2-5. 肝臓脂質の測定
	3-2-6. 肝臓、糞中および血漿中鉄濃度の測定
	3-2-7. 統計解析

	3-3. 結果
	3-3-1. MID食による貧血を伴わない鉄欠乏の誘導
	3-3-2. HSとMIDの組み合わせによる肝臓脂質蓄積への影響

	3-4. 考察

	総括
	ヒトデータから見るNAFLDの発症機構とその中での12αOHの役割
	NAFLD発症におけるDNLの役割
	DNLを促進する選択的インスリン抵抗性
	インスリン抵抗性の背後に隠れた12αOH

	本研究で生まれた疑問
	① NAFLDで12αOHが増加する機構
	② 12αOHがSREBP1遺伝子発現を上昇させる機構
	③ SREBP1の下流のFASNおよびACC遺伝子発現が変動しない理由
	⑤ 12αOH誘導性脂肪肝における腸内細菌の寄与
	⑥ 12αOH誘導性の肝臓鉄濃度低下の脂肪肝への関与
	⑦ 12αOHによる食事脂肪吸収増加の脂肪肝への寄与
	⑧ 12αOHはNASH進行に関与するか


	引用文献
	引用文献
	参考論文
	その他の論文
	国内学会
	国際学会
	その他、受賞歴
	謝辞

