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ABCD3; ATP binding cassette subfamily D member 3
ACAA1; acetyl-Coenzyme A acyltransferase 1

ACOX1; acyl-CoA oxidase 1

ACSL1; acyl-CoA synthetase long-chain family member 1
ACSS2; acyl-CoA synthetase short-chain family member 2

AHR; aryl hydrocarbon receptor

AICAR; 5-aminoimidazole-4-carboxamide-1-8-D-ribofuranoside

AKT (PKB); v-akt murine thymoma viral oncogene homolog (protein kinase B)
ANOVA; analysis of variance

ASH; alcoholic steatohepatitis

ATP; adenosine triphosphate

CD36; cluster of differentiation 36

CDKS5; cyclin-dependent kinase 5

CoA; coenzyme A

CXCR4; C-X-C chemokine receptor type 4

CYP; cytochrome p450

DEG: differential expression gene

DILI; drug-induced liver injury

DMEM; dulbecco’s modified eagle medium

DMSO:; dimethyl sulfoxide

DW; distilled water

EDN1; endothelin 1

EGF; epidermal growth factor

EHHADH: enoyl-CoA hydratase and 3-hydroxyacyl CoA dehydrogenase

ErbB2 (HER2); EGF receptor family 2 (human epidermal growth factor receptor 2)
ErbB3 (HER3); EGF receptor family 3 (human epidermal growth factor receptor 3)
ErbB4 (HER4); EGF receptor family 4 (human epidermal growth factor receptor 4);
ErbB; EGF receptor family

FA; fatty acid

FAO:; fatty acid B-oxidation

FATP; fatty acid transporter protein

FBS:; fetal bovine serum

FLT3; fms like tyrosine kinase 3

FXR; farnesoid X receptor



GH; growth hormone

GTP; guanosine triphosphate

hAlb; human albumin

HEPES; 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HGF; hepatocyte growth factor

HIF; hypoxia-inducible factor

HMGB1; high-mobility group protein 1
IGF-1; insulin-like growth factor 1

IL 3; interleukin-3

IL 8; interleukin-8

IL 9; interleukin-9

IL-1; interleukin-1

IL15; interleukin-15

1L33; interleukin-33

ILK; integrin-linked kinase

IPA; ingenuity pathway analysis

JAK; Janus kinase

KLF6; kruppel like factor 6

LCFA; long-chain fatty acids

LPS; lipopolysaccharide

LXR; liver X receptor

MAPK; mitogen-activated protein kinase
MCFA; medium-chain fatty acids
MEOX2; mesenchyme homeobox 2

NAD:; nicotinamide adenine dinucleotide
NASH; nonalcoholic steatohepatitis
NAFLD:; nonalcoholic fatty liver disease
NR2F2; nuclear receptor subfamily 2 group F member 2
NRF2; nuclear factor erythroid 2-related factor 2
PAK; p21-activated kinase

PBS; phosphate-buffered saline

PDGF; platelet-derived growth factor
PDK4; pyruvate dehydrogenase kinase 4
PEDF; pigment epithelium-derived factor
PI3K; phosphoinositide 3-kinase

PLINZ; perilipin 2



PPARw; peroxisome proliferator-activated receptor alpha
PPARY; peroxisome proliferator-activated receptor gamma
PTEN; phosphatase and tensin homolog deleted from chromosome 10
PXR; pregnane X receptor

QRFP; pyroglutamylated RFamide peptide

RXR; retinoid X receptor

Rac; ras-related C3 botulinum toxin substrate

Ras; rat sarcoma

Rho; ras homology

S.D.; standard deviation

SCARB1; scavenger receptor class B member 1

SCFA; short-chain fatty acids

SCID; severe combined immunodeficient

SLC27A1; solute carrier family 27 member 1

SLC27A5; solute carrier family 27 member 5

SLCO1BS3; solute carrier organic anion transporter family member 1B3
STATS; signal transducer and activator of transcription 3
STAT; signal transduction and activator of transcription
TG; triglyceride

TGF-8; transforming growth factor B

uPA; urokinase-type plasminogen activator

USP7; ubiquitin specific peptidase 7

UVA; ultraviolet A

UVC; ultraviolet C

VLCFA; very long-chain fatty acids



W1E S

HERARF I X HIARIC IEE 3688 L7 RAE C©d 0 | IO A iz 3 THRIAMERFRERR o
5%LL N BEMEEEIEE FICB W TR bivsd (Pirmoazen et al., 2020), AT HEEIZ—
%12 alcoholic steatohepatitis (ASH) & %\ id nonalcoholic steatohepatitis (NASH)
EREEND 25D T 3V =S5 Joshi-Barve et al, 2015), A& O%A. &
PR 72T 3 —ERIC X 27 VT b ReGhe T v a— O ERRHED D AR
cytochrome P450 (CYP) 2E1 AR T 2 LK FERLA—/R—FF T KA 472 D
TEVERRSETRIC X 0 A4 U 2 IFMIRRE S 2 Tl ~ DI EERIC 2030 Z EMm b T
W5 (Rocco et al, 2014), %EDLA., faFn - b7 U AR V7 b —RA TR E D%
FTHFR, EHEL, TEEDE. IBERMES R EOEEOIET v a— VBRI LD RS
%A - #1745 (Klaunig et al, 2018; Rives et al, 2020), FE7 /v a2 — Mg IATERT
# . (nonalcoholic fatty liver disease; NAFLD) &, MR B ORI & L THFAAIC
BH R ETH Y (Younossi et al, 2016). NAFLD IZASNARED B REIHTERT 2%
FFREZE A28 A B D F TORFRBOIFEFHIANT ML ZfEfEL TWD & S b,
FEBE NAFLD (X HHZ2 AR IEICAE £V NAFLD BE O 10%2° NASH ~ & AT L,
S 52 NASH BH D 15~25% 2, SR ITAHMIas A~ &R 2 Z &3k
H XN TW5 (Rinella and Sanyal, 2016), NAFLD O {722 G956 R I1TK) 25% & #HEE
EN T35 (Younossi et al, 2016), 2016 4FEICIVT, HAIZIE 2,000 7 ALLED
NAFLD EEMNFAELTEY, 4%, BELBENT D Z L PBESN TS (Estes
etal,2018), ZiHDZ L, NASH OfFEZ, JFAlaN A% %L 9 5 NAFLD %
ARIRIZIEGEEST D Z L IFEETH D,

HRANFHIFMENFRESE (Drug-induced liver injury; DILI) (&[5 0 BHFE o 1R o 54
BOFER L7225 FEREWER & L THBH TS (Hornberg et al, 2014), FAIFEF M
JERARFIZ DILI @ 1 fE¢&H Y . DILI JEGI O 30% 23T 2 %5E L T\ 5 (Kleiner
et al, 2014; Miele et al, 2017), FHAIFHERMERIIFIZI NAFLD © 1 ECHH V| %
WERLHRIEE LNV DIRE, A AU AARGMED B4 T 5@ NAFLD ([ZBL T
L OEE N L DN TN D H DD (Farrell and Larter, 2006), [E3E 52 Xk 0 & -
fREEND, FIEE(LT D ERM NAFLD OBFZEICIEH F 0 EEN\IT BTV
V) (Benet et al, 2014), Z DX 5 725 En bt EEIGFRMEIRIT 2 AR BRI 0»
TPHT L LIFEETHY , DA ZA—T >y FIRFHIR OREEIL, AIZEO I B
BEIZRBITA2HEERBETH D, Ll s, FEREMW L b MBI 2 ENFRK & 7
V. AIESRELEIZ BV C DILL # EfICTHIT 5 2 SR EETH D (Albrecht et al,
2019),



MRS 7 2= 7V ARS AL VAESN TS E MFSF AT~ 2 (PXB-mice®)
1%, PR & B AR 2O EE 2 8 F5> urokinase-type plasminogen activator/severe
combined immunodeficient (uPA/SCID) mice |Z & FFHlAE % M PA ARE i CRA 5
Z L THERR S5 (Tateno et al, 2015; Tateno and Kojima, 2020), PXB-mice®| X i
DR 80%A . MFMI THR S TEY | ka2t MUOEYREREESL T o AR
— X —7%38 LT\ % (Katoh et al, 2005; Nishimura et al, 2005), B4 72t RRIoD
FMRHFERESC N TV AR—Z =BT 07 7 A e FEEBLTNDZ 0D
(Ohtsuki et al, 2014), t MZET 2 HEYBEEAFET 5 9 A THAHRET VL THD &
EZHNTW5D, IfFE, ¥ AT~ U AREMREEERIC X 5 RENEMEICBEE L
DILI ® FHIICAEH 2E8MET LV Th D Z & NHE Sz (Kakuni et al, 2012;
Yamazaki et al, 2016; Sato et al,, 2022), 52, b MFF AT~ 2 X0 HEEL -
Al (PXB-cells®) (X, b MIIT 2HEMHS DILI #7357 D in vitro 7F
iRICEA SN TEY (keyama et al, 2020; Yamasaki et al, 2020), & hF¥ 2 7~
U ABLOF A T~ 7 AL ERE S ORNERESCm MR A 72, v b & ERE)
WeofEZEEZTIRLUT in vivoB X N in vitro ® T /VTHDH E VI HANERHL TE T
AV

—77. PXB-mice®IfEMiFAZ 2T 5 Z LR @E I TS (Tateno et al,, 2011), %
7. PXBcells®IZB W T HIFEAFRD b5 (Tkeyama et al, 2020), PXB-mice®/&
NASH OFMIBPEIZ 1T DHIENA A~ —H—DBRRITHEHATH D Z L@t S h
THY (Kisoh et al, 2021), t MF2 A H KM TH 5 HepG2 3 LU HuH-7 &Lt
LT, MLV DURE NI EEELEL TS PXB-cells®IHtNEE MAERE D 2 7
V== 712 LT 5 2 bt S Tn% (Hata etal, 2020), L7-23-> T, PXB-
mice®33 LU PXB-cells®/ &, b NI D IEEMHFTAEBEZHH~25 L THIEFITHEM
einvivoB LN invitro®T NV THDH EWVWZD,

HE WG D E R IR 0912 microvesicular steatosis 33 &2 O macrovesicular steatosis
12550 B sd (Kristiansen et al, 2019), microvesicular steatosis 1%, FfE D i~
DD JFTE ., FFHIBEN~D W DD JFE/IMADZEFREIC L > THER SRS T 5
HEMHEECTH D (Miele et al, 2017), RE1iE B F&{l (Fatty acid B-oxidation; FAO)
DRFIZORB LRI b3y R 7HREREEICEE L TR Y | B3R+ 72 ek
MR OMBE TR MY 7Y Y K (Triglyceride; TG) & L CHFE S b
(Fromenty and Pessayre, 1995), NV 7 afigo7 oA 27 Vv, TAEU VA7
77 i EOBEEEA Z O microvesicular steatosis AT 5 Z L AAHE ST
W5 (Miele et al, 2017), —J7. macrovesicular steatosis (%, JEIF D K& 222Dt
MR 2R ~OERE, MIEL A~ OBENC L > THERFIICEEAT T 5 s Miele
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et al, 2017), FAO OfffeeI 70y —A U 7 Vv U FrEX 7 BiEE O],
TG <° Apolipoprotein B 72 & O3 WME T AEIGEED de novo A -<CHTFlg~DEL Y IAF D
72 Bl X0 I e R AR E N ERE T 5 (Lauressergues et al, 2010; Lettéron et
al, 2003), ZEX VT2 URVATTF U AV RAZ T ATaF R ER
macrovesicular steatosis 5| X 292 LB D (Miele et al, 2017, ZD X5
7R R A A D & PXB-mice® LN PXB-cells®IZ78 8 H 5 HRE OEFREIL, DILL,
FRICHEAIGH NI 2 EVERY - EEMICHKE LS TFHIT 2 ICkWTHEE L R 2 LN
BMaIhb,

PXB-mice® IClEENEET A2 EK & LT, FERMEFH T okEFLE
(growth hormone; GH) M~ 7 2 & b DM TREMZH L TR W DI IGIAT
ZERELTVDEEZHNTEY (Tateno and Kojima., 2020), Human GH ## 57 %
EX AT RADOEIFNYUEST S Z PRI E 75T 5 (Tateno et al, 2011),
L L7255, PXBrcells®IZFWTlE, FFE SV IRE 20800 S8 5 1BV £ 12T
STV, PXB-cells®% AW T, FEFEHERBMENENINT 2 EMHRY - ERICEERLS T
W T X DRI AR ZAELES D7D, ISR LI FE A s 85220 TE S
B R AN T DMERD D,

RTINS TROFHA SN EE TH Y . ATP 38 X O NADH 72 & ONIEM: A

E %t ER% (Raymond and Segre, 2006), Z D Z &b, MilaksRI2 3817 % BRiE 2K
ELT, BEITEERMEL HOD LB OLND, BEOAAISEM T2 2 IR
DFRFEEE WX 40-90 pmol/s/cm2 Th 5 = & s ST 5 (Stevens, 1965), L
MLUZeN D, 7 v MNFHIIEEZ AW FRICEB W T, B EESEETH D 20%BFESLIT
TITHE R UL T~ OBR B E AR N T2 o0 K-SR 2 s 9 D Be R 13 17
pmol/s/em? L 727 < | 8 E OB IR A S T O ZR B2 il 728 T
ZENRBEEN TS (Sakai etal, 2012), ITF, A > F a2 X— X —NOMRRIRE %@
WEEREFMTHD 20%01 5 80%IC LR EEHZ LIk, 7 v MFMlRIZE T % 2
HUH DD U TR~ D+ e R A2 0 2 b= R U T OB U iRk
EMEAET 2 Z EndiEan- (Liuetal,2016), Z DX 512, MIIIE SR PR R IR E
DOEbE R L, 5B EREOZITINE U Cllafgre 2 28 S T\ 5, [KERRFHEX
- (hypoxia-inducible factor; HIF) [XEEFR L OMRH ZH 9 K- ThH v . Mz
P/ NBR B~ S D T2 DI UL 72 5] &2 JL 7= 3 (Choudhry and Harris, 2018), i#
WIGESM LV BIRBEESRMThH D 1%EE# LM T To HIF-1a 38 X HIF-2a ©
1EMARIX, peroxisome proliferator-activated receptor alpha (PPARa) %71 L C FAO
%%%ﬁ?éﬁ HepG2 ICFE # &R S5 (Liu et al, 2014), Z D X 5 7R A28
HDH L BEEEFTH D 20% BRI IR T HMIEREERIT, BREREDO
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JFMAEIZ & - THGIIEREE TH V| 206 ORUNRED T OIS EREE LK T S

TWOHREMD B D, ZO XD BRERND, FEPEEL TWDHF A T~ U A THild %

WH ORI THD 20%05% L0 bEREORRFERE THRET S Z gk, &K

P'W)Hﬂil%ﬁb\ FrRIZ IR E A RE 2 B L 7o ol e R R 2 TR0 Z & 8 T & | AT
& LIREN AT 5 et & 2 L B 2 7= (Fig. D,

b MR OBRFEEREIT, vV ART v MFla L Y HIEWZ ERRESNTEY
(Stéphenne et al, 2007; Wagner et al, 2011), ¥ A 7~ AFHileO I ha2 KU 7
BEBEIE 40% M FEMF T TORBICEY LA T2 LRI Tn% (Tkeyama et al,
2020), L L2 D, @EEFERENF A 7~ U AFMIICERB SN D IFEICS 2 55
BICOWTEZAE THEN R INTWIRNoTo, £ 2 ORI TR, TRE TR,
FEIZ FAO TEMEIZHE B L, PXB-cells®|Z &b S V72 in vivo HHROIBEIZxTT 5 Ml
BRSO B L T OFREEZ I SN L, TR - & B0 72 3RAIF 5 VLR M TR AM
RELTOEMBELEREMET L AMNLETD (Flg. 1),
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of DILI, especially hepatic steatosis, in human

Figure 1. Outline of the present study.

Lipids are accumulated in the chimeric mouse hepatocytes, which may reduce the
predictability of DILI. Normal culture conditions may be anaerobic for chimeric
mouse hepatocytes and may reduce lipid metabolic capacity, especially FAO activity.
In the present study, we focused on the potential of hyperoxic culture to reduce
accumulated lipids and investigated the usefulness of the hyperoxic culture system

to quantitatively and qualitatively evaluate DILI, especially drug-induced fatty liver.



W2E BEBRBREENF AT U AR XIET RN
B1E S

AFETIEL, & MFF AT~ A (PXB-mice®) XV HEEL7ZAFHE (PXB-cells®) %
BE RSN (20%ER %551 5% CO2, 95% atmosphere) . e R E#w M (40%ERE
F:f: 5% CO2, 40% Oz, 55% N2) T THET LI LICLD, MBAREN T AT TR
AR IZ 3 KT B2 ERRAIZREE L 7= (Fig. 2).

do d3 d7 d
20% O-

1_13

|
—

1
40% O i

8®u ?

[ [ )
‘s|5 \sls)

( ' ‘sls‘ Ls [
B - \J/ PXB-cells®

PXB-mice®

Figure 2. Study design in the chapter.
The effects of hyperoxic culture conditions on cellular response pathways, including
the regulation of accumulated lipid levels, were evaluated in chimeric mouse

hepatocytes.



F2H mBRRERPTMENIEE IR KETRE

F1EH mRIBRCLIEHRECE

bt RMFER AT~ AL HEE LT EZ 20%B8 3506 5 W % 40%RFESME T T
10 AR L., invivo B ROIEE Db % Oil Red O B L O FOBELHH - &
BETHZEICKVEHME L. (Fig. 3, 4),

B MFF AT~ 2 L0 HEEL 2R OIS IIIEE R 23580 S 07 (Fig. 8, d0),
20%MEFR A & Il LT, 40% R M T TR Lo A T~ 0 AN RERER 7 A
H &0 IR OB 2l s ni- (Fig. 3).

2512, OilRed O Yol L O EDEZZf - E&ET 5 Z L IT K VBN OZE %
A L 7o 20%BASESR1E & bl LT, 40%BASESRIE T Tt L2 A 7~ 7 AfFflia X
BIES 7 HE X IEERMEN DTS5 Z L2 0il Red O Yefall Lo THEIZE SN
(Fig. 4A), %7-. OilRed O aF A L7z & 2 A, 40%MFESLI T THELZF AT
~ U AHIRETIX 7T BB XV ARESA RIS L, 20% 355 T & il U<, fFfEk
7. 10 HHIZBWTHEBEREEORA»RD bl (Fig. 4B),
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Figure 3. Fluctuations of lipid droplets accumulated in chimeric mouse hepatocytes
cultured under each oxygen condition.

Chimeric mouse hepatocytes were cultured in a 24-microwell plate under each
oxygen condition. Representative microscopic images of pooled hepatocytes isolated
from three chimeric mice cultured under each oxygen condition are shown (x20

magnification).
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Figure 4. Evaluation of lipid droplet changes in chimeric mouse hepatocytes cultured
under each oxygen condition by Oil Red O staining.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under each oxygen condition. A) Representative Oil Red O stained images of chimeric
mouse hepatocytes cultured under each oxygen condition during culture periods (x20
magnification). B) Quantitation of dye amounts extracted from chimeric mouse
hepatocytes after Oil Red O staining. Two-way ANOVA showed a statistical

difference in oxygen conditions and different culture periods. No interaction effect

11



was detected between oxygen conditions and culture periods. All results are
expressed as mean + S.D., (n = 3) *p < 0.05, **p < 0.01 compared to day 0, #p < 0.05

compared to 20% oxygen conditions on the same day.
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HB2IH EBRBEERICLS TG EOEN

bt MFS A T~ T R X0 B LR Z 20%ER RS DU T 40% RS T T
10 AfEEE L. TG &0 Z4l% Cholestest® TG %~ b (Sekisui Medical Co., Ltd.) %
FWCRHMEE L7 (Fig. 5),

Q0%EFRSM FCREE LoF A 7~ U AfFlaCix 7 B B XV iFfiad TG &R HEEIC
Wb U, 20%FEE50 T & el U C, # % 7. 10 H BIZB W CHEZRIFHIIET TG EOMH
LR bz (Fig. 5A), —F . 40%MEHESIFE T CHE Lo A 7~ v Al o k:#E k
HEH TG &=L, 20%MFEM T & g LCTHEmd 2 Aoz (Fig. 5B).,
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Figure 5. Changes of TG levels in chimeric mouse hepatocytes or culture
supernatants under each oxygen condition.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under each oxygen condition. A) The intracellular TG levels of chimeric mice
hepatocytes cultured under each oxygen condition during culture periods. B) The TG
levels in the culture supernatants under each oxygen condition during culture
periods. Two-way ANOVA showed a statistical difference in oxygen conditions and
different culture periods. No interaction effect was detected between oxygen
conditions and culture periods. All results are expressed as mean+ S.D., (n=3) *p<
0.05, **p < 0.01, ***p < 0.001 compared to day 0, #p < 0.05, #p < 0.01 compared to

20% oxygen conditions on the same day.
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HEIHE BERREEEIC X DHRANIEE DR A B = X b DR

52 M TIEL, A0% BRI T T AT~y AFflazR 52 &2k, IFiaic
HRE LT in vivo HROIEE DT 5 Z L 2H 5 Lz (Fig. 3-5),

AKETIE, FA T~ U AT EZ 20%BLHE 51D DU NE 40%IRR M T TR L,
FAO #&EMEDMIE . microarray 3 KX OF Ingenuity Pathway Analysis (IPA)® (Qiagen N.
V) IC KD MEFERfENT 28 L C, MBRERICLDF AT v AFHIICER LT n
vivo HRAEE DO A 1 = XA LT 52 L & LT,
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B 1H REBREED FAO BHICB IIZTEE

JFUBORBERRICHEOR AR THL 7~ ) ViFEREFET L LI2XD
FAO {EMEZ®ECHMT 22 N TEH7me—7 Th D FAOBlue # HHW T
(Uchinomiya et al, 2020), KEAFESM T TR LIz A 7~ 7 AAFMIfED FAO IEM4
ZHE L= (Fig. 6),

F9°. FAO [EMH A fEIZFE T & 2HIERZ ST 5720, FAO EME(LAIE LTI
&% 5-aminoimidazole-4-carboxamide-1-B-D-ribofuranoside (AICAR) % FH T
(Smith et al, 2005), FAO JEtE% & &I CX 202 it Lz (Fig. 7). 20%E%
ST 3 HMEEE LIEX A T~ U AFHila 2 VTRl 21T > 72 & 2 A, AICAR IR
{RAFHZHE D ¥ v N OBETRMBRD Bz Z &nd . FAOBlue % W C FAO &%
ERMICFTHETE 5 2 LR T 7= (Fig. 7B),

bt MFF AT~ ALY BEEL PRz 20%R35E 5008 2 W% 40%BEFR &1 T C
10 HRE# L, Ak FAO IEMRHER 2 VT, @RS FAO IEEICBs JIE
BRI U7z, 40% BRI T CHRELEZX A 7~ A CIk, %7 A X
D FAO IEMERNAEICHM Uz, —J7, 20%MRLMETHE L% 2 7~ v Al <
%, #EFE% 10 H BIZBWT FAO IEMED B L7z, £/, FfE#% 7 HBIZB W T, 20%
FRSRIRF T & bl L CL40% 55 FIic i1 5 FAO IHHHIIA EICE - 7= (Fig. 8),
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Figure 6. Principle of mitochondrial FAO activity measurement using FAOBlue.
FAOBIue is a fluorescent probe consisting of nonanoic acid with a fluorescent dye,
a coumarin derivative. FAOBIlue is taken up into the cell and underwent FAO mainly

in the mitochondria, causing the entire cell to emit blue fluorescence.
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Figure 7. Establishment of a quantitative evaluation system for FAO activity using
AICAR.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% oxygen conditions for 3 days. A) Chemical structure of AICAR. B) FAO

activity in chimeric mouse hepatocytes was measured under 20% oxygen conditions.

Results are expressed as mean = S.D., (n = 3).
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Figure 8. Changes in FAO activity in chimeric mouse hepatocytes under 20% or 40%
oxygen culture condition.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% or 40% oxygen conditions. The FAO activities in hepatocytes were
measured under each oxygen condition. Two-way ANOVA showed a statistical
difference in oxygen conditions and different culture periods. No interaction effect
was detected between oxygen conditions and culture periods. All results are
expressed as mean + S.D., (n = 3) *p < 0.05, **p < 0.01 compared to hepatocytes on
day 3 of culture under each oxygen condition, #p < 0.01 compared to 20% oxygen

conditions on the same day.
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2 mRRERCIEENRBBEERR IR XIETRE

40%FRSES:M FITH T 5 FAO JEMALLISN O F X T~ 0 2 MR E RS S - FE
W I D AT = XA LORE- 2 @RISR 5 72912, microarray 35 X OV IPA %
1T-o 7, IPA &%, microarray. RNA-sequencing, proteomics <> metabolomics 73 &£
D KBAELFERSC, polymerase chain reaction 72 & O/NEFLZEER & W\ o Tk 4 7 A r—
NDOFERNLHELNZT —Z ZHW T, TlilE~ DL L OfERE O, &
DHIEHE - OIEMLIREEO TR &2 HAYE L TITON 2T CTh % (Kramer et al,
2014), Microarray CHEOLNZT—H vy ha b L0, FHBFELRMTT 7 AMEEEL
TexX AT~ U ANMROBERFREL T v 7 7 A 1 L HEEE% @%’ﬁﬂﬁ’*ﬁiﬂ@@ﬁfﬁ%%\é
A= R U R = ol A DN s YN R ER A RSP N2 S b SN R AR LTz
(Fig. 9).

Canonical pathway IZHERE 7 7 TV —ITHE > THFE I 4L, Fig. 9 (35 A BHEIfE R
EELDIELDOTHD, Zscore 1THEH L TWDEETOERMEE T —4 v M 2ED
PEMEDZEEIEHEFZAETEL Z LICEVEHINSMETHY (Carey and Delaney,
2010), T =402 HAEIR 7 OIEPEARE Z HE T 5 720 v b % (Kréamer et al,
2014), HBEEHZOF X T~ U AFL & Ll LT, 20%MER 45 KO 40%BF &1 T
B LIEX A T~ U AR BV THEICIE S N8 (Z score < -2, p < 0.05)
IEHEEDONA T4 T, AEICIEH LS/ EE (Z score > 2, p<0.05) |4 LY
BDONA T A NTRLULTWD, FrfffffE & bhig U<, IRERBICBEET 52 < OfRRE

20%BHESRMETTT AR LI-X A T v U AMilaic W TH U ¥ a b— |
INTWe, Fo, 40%EHRLIFTTT HREEE Lo A 7~ U A Fflic BV CiIbs
BERBNCEET 2 L0 ORBELF T LFab— st Tniz (Fig. 9).
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Lipid Metabolism-related Canonical Pathways

Z Score of 40%0,

Z Score of 20%0,

Xenobiotic Metabolism PXR Signaling Pathway -4.009 -3.641
LXR/RXR Activation -3.683 -3.212
PPARa/RXRa Activation -3.363 -3.182
Ethanol Degradation Il -2.714 -2.714
PPAR Signaling -2.556 -0.853
Acetone Degradation | (to Methylglyoxal) -2.138 -1.387
Triacylglycerol Degradation -2.138 -2.496
Fatty Acid Activation -2.121 -1.633
Ketogenesis -2.000 N/A
Xenobiotic Metabolism AHR Signaling Pathway -1.961 -3.138
Ketolysis -1.000 N/A
Triacylglycerol Biosynthesis -0.832 -0.905

Figure 9. Summary of lipid metabolism-related canonical pathways.

Changes in mRNA gene clusters were compared between three batches of pooled

isolated hepatocytes (day 0, suspension) from 2-4 chimeric mice and three batches of

pooled cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen

condition. Each number represents the Z-score, a statistical measure of the degree

of consistency between the direction of the predicted gene-pathway relationship and

the observed gene expression alterations. A Z-score >2 or <-2 was considered

significant, and blue (inhibited) shades indicated differences in the magnitude of

values. N/A; data not available. PXR; pregnane X receptor, LXR; liver X receptor,

RXR; retinoid X receptor, PPARa; peroxisome proliferator-activated receptor alpha,

AHR; aryl hydrocarbon receptor.
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3 ERREBRVITHREEICE XIETRE

NEEHBIE D canonical pathway (24 H U CREFERIFEIT 21T o 72 & 2 A, HFiliEhT
FML & el LT, 20% ARG T LD b 40%MFERM T T 7 AR LI AT~ D
ARFHRZ B W TR ERBICEE T 2 LV 2L ORERF UV L F 2 L— ST
7= (Fig. 9, L L7en b, ZRENDOREEDED & ORRERRE DL T 53 2 0
IR CTH D, £ 2T, EEEERICE R U CRENIEIT 21T - 72 (Fig. 10),

HBTRETRIG & FEiE LT 20% 8RR T H D & 40%MEHREM T T 7 AMREE L%
A 7= 7 ARFHREIZ 3T uptake of lipid, uptake of fatty acid. fatty acid metabolism.
synthesis of lipid, oxidation of lipid 72 & 231 &L Cuv 7= (Fig. 10), Metabolism of
amino acids ¥ £ O" synthesis of amino acids . 40%EEESRMTTT7 HREESE L7-%
AT = U AR BV TSl S 4172, — . transport of molecule, interaction of
endothelial cells, secretion of molecule, binding of endothelial cells, interaction
of blood cells., phosphorylation of protein, and cell cycle progression (%, 20%l23
FMFTTT7 HEEE Lz A T~ U ZTHIE Tl S 7208, 40% 8 355 Tl
SN7pihoTz, & 52, inflammation of organ, cancer of cells, morbidity or mortality
1% 20%MEHRLM T T 7 AR LI2F A 7~ U AP O TOHREEL ST
7= (Fig. 10),
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Diseases and Bio Functions

Z score of 40%0,

Z score of 20%0,

Uptake of lipid -3.084 -2.763
Uptake of fatty acid -3.064 N/A

Fatty acid metabolism -2.580 -1.664
Synthesis of terpenoid -2.339 N/A

Synthesis of lipid -2.185 -1.369
Metabolism of terpenoid -2.088 -1.584
Quantity of carbohydrate -2.079 -2.033
Transport of carboxylic acid -1.674 -1.174
Synthesis of steroid -1.736 N/A

Metabolism of acylglycerol -1.708 N/A

Transport of fatty acid -1.626 -0.992
Metabolism of amino acids -2.895 -1.456
Synthesis of amino acids -2.097 -1.489
|Progressive neurological disorder -2.506 N/A

Aggregation of cells -2.668 N/A

Transport of molecule -1.743 -2.043
Interaction of endothelial cells -1.741 -2.660
Secretion of molecule -1.738 -2.101
Binding of endothelial cells -1.652 -2.590
Interaction of blood cells -1.165 -2.277
Phosphorylation of protein N/A -2.489
Cell cycle progression N/A -2.199
Oxidation of lipid -2.874 -2.154
Cell death of liver cells -1.796 -2.681
Inflammation of organ 1.348 2.706
Cancer of cells 1.739 2.436
Morbidity or mortality 0.076 2.112

Figure 10. Summary of IPA-based diseases and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled

isolated hepatocytes (day 0, suspension) from 2-4 chimeric mice and three batches of

pooled cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen

condition. Each number represents the Z-score, a statistical measure of the degree

of consistency between the direction of the predicted gene-pathway relationship and

the observed gene expression alterations. A Z-score >2 or <-2 was considered

significant, and orange (activated) and blue (inhibited) shades indicated differences

in the magnitude of values, respectively. N/A; data not available.
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H4H REABNCEE L EfRGHEE R X O T REEORR

IPA %/ T, microarray 7 —#t v F EBEMOHEIZESE, #iEIND Lt
HANA -3 L OVTiRE. T b & RSy b —2 2t L7 (Fig. 11),

Microarray D%, acyl-CoA oxidase 1 (ACOX1), CYP4A11, ATP binding cassette
subfamily D member 3 (ABCD3), pyruvate dehydrogenase kinase 4 (PDK4), acetyl-
Coenzyme A acyltransferase 1 (ACAA1). solute carrier family 27 member 1
(SLC27A1). peroxisome proliferator-activated receptor gamma (PPARG). cluster of
differentiation 36 (CD36). acyl-CoA synthetase long-chain family member 1 (ACSL1)
DOFBBIHI STV, 2 b DB FHREZE O EiRiZid enoyl-CoA hydratase
and 3-hydroxyacyl CoA dehydrogenase (EHHADH) @ % 1k, pyroglutamylated
RFamide peptide (QRFP) O il N5 L TRV, TORE., 40%ER5ESLM T Tk
oxidation of lipid, fatty acid metabolism. uptake of fatty acid (ZBHE#H 3% > 7 F/Uix
RS SN TS Z L EE SN (Fig. 11A),

Mesenchyme homeobox 2 (MEOX2). ubiquitin-specific peptidase 7 (USP7).
interleukin-33 (IL33). acyl-CoA synthetase short-chain family member 2 (ACSS2).
kriippel-like factor 6 (KLF6), nuclear receptor subfamily 2 group F member 2
(NR2F2), farnesoid X receptor (FXR) ligand-FXR-Retinoic acid-retinoid X receptor
(RXR) a 7% endothelin 1 (EDN1), CD36. perilipin 2 (PLIN2). PPARG. ILI5.
scavenger receptor class B member 1 (SCARB1)., PPARA. solute carrier organic
anion transporter family member 1B3 (SLCO1B3), solute carrier family 27 member
5 (SLC27A5) DFBLZHIET 2 FIRHEF & LTt S, 2 ORER. 40%BESEME T
TlE uptake of fatty acid (ZB#H T 5 o 7T AR EEREE B HIHI STV D Z EREE S
7= (Fig. 11B),
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Figure 11. Estimation of upstream regulators and mechanistic networks for

biological functions using IPA.

Using IPA-based diseases and bio functions analysis, differences in mRNA

expression between hepatocytes cultured on day 0 and day 7 under each oxygen were

assessed, these differences are displayed as nodes (genes) and edges (biological

relationships). The edge connecting the gene and each function indicates the

relationship predicted based on the directional information encoded by the gene

expression (blue, inhibited; gray, unpredictable) and the Z-score. A) Estimation of

mechanistic networks for lipid oxidation, fatty acid metabolism, and fatty acid
uptake, B) Uptake of fatty acid. EHHADH; enoyl-CoA hydratase and 3-hydroxyacyl
CoA dehydrogenase, QRFP; pyroglutamylated RFamide peptide, ACOX1; acyl-CoA
oxidase 1, CYP4A11l; cytochrome P450 4 subfamily A member 11, ABCD3; ATP
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binding cassette subfamily D member 3, PDK4; pyruvate dehydrogenase kinase 4,
ACAA1L; acetyl-Coenzyme A acyltransferase 1, SLC27A1; solute carrier family 27
member 1, PPARG; peroxisome proliferator-activated receptor gamma, CD36;
cluster of differentiation 36, ACSL1; acyl-CoA synthetase long-chain family member
1, MEOX2; mesenchyme homeobox 2, USP7; ubiquitin-specific peptidase 7, IL33;
interleukin-33, ACSS2; acyl-CoA synthetase short-chain family member 2, KLLF6;
krippel-like factor 6, NR2F2; nuclear receptor subfamily 2 group F member 2,
farnesoid X receptor (FXR) ligand-FXR- RXRa, EDN1; endothelin 1, PLIN2; perilipin
2, IL15; interleukin-15, SCARB11; scavenger receptor class B member 1, PPARA;
peroxisome proliferator-activated receptor a, SLCO1B3; solute carrier organic anion

transporter family member 1B3, SLC27A5; solute carrier family 27 member 5.
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FHO5H ERRBEVIEEORY AHICEKIETEE

IPA DFER. 40%MEHFESEIE T THRE Lo X A 7~ U ATl T, uptake of
fatty acid 23l ST\ D Z EHER SN2 (Fig. 11B), £ 2 T, ¥ X 7~ 7 AfFH
% 20%HR 51 8 5 UM T 40%BEFE 4o 7 C 10 HHEEE L, Skeadot 2 %+ 2 REUR
Wil 7 - v 7 To 5 4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-
hexadecanoic acid (BODIPY™ FL Cie) ZHW\T, @RIV AT
FIFTBAFN L 72 (Fig. 12),

20%FEF SR D \NE A0%EEFSLIF T CHRE LI-X A 7~ v APz, #

fit% 7 BB XV EMRROIRY AEEDN AR L, £72, % 7 A RIZBW
T, 20%EEFESMF T & HlE L C 40%ERE S FIC BT 2 MENHEE OBV IAZIEHITH B
W@ oo (Fig. 12),
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Figure 12. Fluctuations of BODIPY™ FL Ci6 uptake activity in chimeric mouse
hepatocytes cultured under 20% or 40% oxygen conditions.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% or 40% oxygen conditions. The BODIPY™ FL Ci¢ uptake activities in
hepatocytes were measured under each oxygen condition. Two-way ANOVA showed
a statistical difference in different culture periods. No interaction effect was detected
between oxygen conditions and culture periods. All results are expressed as mean +
S.D., (n=3) **p < 0.01, ***p < 0.001 compared to hepatocytes on day 3 of culture
under each oxygen condition, #p < 0.05 compared to 20% oxygen conditions on the

same day.
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BAE BBRREBE LS AT~ U ZFMRICE T 2 MR E B8
DR FEHIFAM

5 3 HITIL, mBEEEIZK D nvivo HOROJFERD A 1 =X 5 & LT, FAO OiF
MAERBEET D Z L 2B E Lz (Fig. 8), £7-. microarray. IPA OFER LV | 40%
FERRME T CH &R L A 7wy AP W TIRERBA 2EMIcy v ¥ =
L—hEnTWna Z b (Fig 9-12),

AT, FMBBRMETT 7 AMEE LT A T~ U 2O Ic R T v 7

7 A b & BEEER OB OBIn I T 0 7 7 A VAR L SRR SR A
Z = 7 AT HERE O RS BRI d6 KAE T R B A MR AL REAT L 7=,
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FB1EH RBBRRERENX A T~V AFMRICKITSMIEA M LVRE
K OS5 2 B E R B 12 6 L IE 9

IPA L0 MilaA b L 236 X OHIRERE SIS Z B3 2 fd K 2 il U7z, oA/
& HEE LT, 40%FRHESRMF T T 7 HIEER L7 2 7~ U A[Ffldic VT Milg 2 h
L AR KOV b 2 s & 12 B9 # 9 % high-mobility group protein 1 (HMGB1)
signaling, nuclear factor erythroid 2-related factor 2 (NRF2)-mediated oxidative
stress response, senescence pathway 72 £ 7% 20% 23R 5:F T &L 0 IR STV D
ZENHBMNE o7 (Fig. 13), £z, AR TIERWH OO FfEFMla & g LT,
20%FEFSRME T T 7 HREESE LioX A 7~ v AFlidic 50 T, hypoxia signaling in
the cardiovascular system 23 &ML S v Tz (Fig. 13),

AO%FEFFIFE P CHE LIX A 7~ v AFMIaIZ BV T, il 2 b L 236 KON fakE
FINEBEAR IR DY 20% R LT L0 bIEM LS TR Y . EiERE S T &
A—=VhkEZ TODAREMI RIB SN2 LD (Fig. 13), #IAEFROEELE LT
AN ATP PEAEZIIE LTc, ZORR, 40%BFEFME T TEHELLLF A T U AT
MR 20%BsR 5 F T CTHEE Lo A 7~ v AT & [RIFREIC ATP &3 HERF ST
Wiz (Fig. 14),
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Cellular Stress and Injury Response-related Canonical Z Score of 40%0, Z Score of 20%0,
Pathways

HMGB1 Signaling 3.157 2.132
NRF2-mediated Oxidative Stress Response 2.502 1.147
Senescence Pathway 3.597 2.832
HIF1a Signaling 1.361 1.443
Hypoxia Signaling in the Cardiovascular System 0.302 2.333°
Hepatic Fibrosis Signaling Pathway 1.222 1.213
Inflammasome pathway 1.890 N/A
UVA-Induced MAPK Signaling 1.606 1.069
UVC-Induced MAPK Signaling 1.807 0.905
Sumoylation Pathway -1.279 -1.414

Figure 13. Summary of cellular stress and injury response-related canonical
pathways.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition.
Each number represents the Z-score, a statistical measure of the degree of
consistency between the direction of the predicted gene-pathway relationship and
the observed gene expression alterations. A Z-score >2 or <-2 was considered
significant, and orange (activated) shades indicated differences in the magnitude of
values. 2not significant compared to day 0. N/A; data not available. HMGB1; high-
mobility group protein 1, NRF2; nuclear factor erythroid 2-related factor 2, HIF;
hypoxia-inducible factor 1a, UVA; ultraviolet A, UVC; ultraviolet C, MAPK; mitogen-

activated protein kinase.
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Figure 14. Fluctuations of ATP contents in chimeric mouse hepatocytes under each
oxygen condition.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% or 40% oxygen conditions. Two-way ANOVA showed no statistical
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difference in oxygen conditions and different culture periods. No interaction effect
was detected between oxygen conditions and culture periods. Results are expressed

as mean = S.D., (n = 3).
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B2H BBRIBEENX AT~y AFMBRICZBIT 57 2 7 BAREE
ERERICB LIS TEE

IPA L0 JEERHLUAO =2 X —R#HTh 5 7V 2 — ZREHTBIE T 5 B 2 il
U7z BriEITHING & Bl U CL 40% 3R 50 FC 7 ARG E L2 ¥ A 7~ v ZITHN
IZBWT, 72 /B ESHE 9 5 histidine degradation VI 73 20% £ LA T LD
il iz (Fig. 15).
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Amino Acid Metabolism-related Canonical Pathways

Z Score of 40%0,

Z Score of 20%0,

|Arginine Biosynthesis IV -2.000 -2.236
Histidine Degradation VI -2.111 -1.897
|Arginine Degradation | (Arginase Pathway) -1.000 N/A
|Arginine Degradation VI (Arginase 2 Pathway) -1.000 -1.000
Citrulline Biosynthesis -0.707 -1.134
Cysteine Biosynthesis Ill (mammalia) -0.333 -0.447
Folate Transformations | 0.447 N/A

Figure 15. Summary of amino acid metabolism-related canonical pathways.

Changes in mRNA gene clusters were compared between three batches of pooled

isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled

cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition.

Each number represents the Z-score, a statistical measure of the degree of

consistency between the direction of the predicted gene-pathway relationship and

the observed gene expression alterations. A Z-score >2 or <-2 was considered

significant, and blue (inhibited) shades indicated differences in the magnitude of

values. N/A; data not available.
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BIH EBBREENI AT~y AFHRICEIT 57V a—2RE
BB BRI 3 KT B

IPA L0 JEERHLUAO =2 X —R#HTh 5 7V 2 — ZREHTBIE T 5 B 2 il
U7z BriEITHING & Bl U CL 40% 3R 50 FC 7 ARG E L2 ¥ A 7~ v ZITHN
IZBWTIEZ Vo — 2B L 2R ORENTFR O biginoTe, —J7, Zva—
AT B# T 5 gluconeogenesis I 78 20% ARG T TT7T HEEE LI AT T A
JrIC BV TIEHEILS Tz, £, AETIERWV L DD, 20%MEFASRMETTTH
MEEE LI=% A 7~ U AFHRICB VT, glyeolysis I 28&EME(L & Tz (Fig. 16),

20%MEFEEMT 7T AR Lo X 7~ U ZFHIfIZ 30 T 70 = — 2R B R
FEOTEMALDBLEE SN2, 40%BREEEB R TITARRE (TR D N o T
(Fig.16), ZDZ b, ¥ AT~y AMIRE BEERET L I LICLD ., fiffER~
DZRNLF— 7 MNREHESN TS Z ENRBINTZ, £ T, fBIEROBETH 5
73— AEE B L O e & T LTz, 20%BRR S T & i LT, 40% /5%
FMETFT 7 HEEEE LZF A T~ U ATl BV T 7V a— A HE & & IR &
NEBEICEAD LTz (Fig. 17),
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Glucose Metabolism-related Canonical Pathways Z Score of 40%0, Z Score of 20%0,

Gluconeogenesis | 0.707 2111
Glycolysis | 0.000 1.732

Figure 16. Summary of glucose metabolism-related canonical pathways and diseases
and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition.
Each number represents the Z-score, a statistical measure of the degree of
consistency between the direction of the predicted gene-pathway relationship and
the observed gene expression alterations. A Z-score >2 or <-2 was considered
significant, and orange (activated) shades indicated differences in the magnitude of

values.
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Figure 17. Glucose consumption and lactate secretion under each oxygen condition.

Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% or 40% oxygen conditions for 7 days. A) Glucose consumption by
hepatocytes cultured under each oxygen condition. B) Lactate secretion to culture
medium under each oxygen condition. Statistical significance was analyzed using
Student’s t-test. Statistical significance was set at p <0.05. All results are expressed

as mean = S.D., (n = 3) #p < 0.01 compared to 20% oxygen conditions.
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FBAE FBRRERENX AT~ U AFMRICEIT SRR KT
HEFE BB AR BRI IS KIT 4 R

IPA XV, MlapR I K OWEFEICBE T 5 MR A filtth U7z, BT Amia & ik L C
20%MRAERM T T 7 HHEEER L7cF A 7 < U A FHRIC B O T MR R B & 15l
(2B U 7= R O BNIER D HivZe )y o 7=, —77. phosphoinositide 3-kinase (PISK)/
v-akt murine thymoma viral oncogene homolog (AKT) signaling. epidermal growth
factor (EGF) receptor family (ErbB) signaling., ErbB2-ErbB3 signaling. ErbB4
signaling, oncostatin M signaling 7% 40%MESMF T CTT7T HEBE LA T T R
JFHZ VTR E L S v Tz (Fig. 18),
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Cellular Growth, Proliferation-related Canonical Z Score of 40%0, Z Score of 20%0,
Pathways
PI3K/AKT Signaling 2.828 1.460
ErbB Signaling 2.200 1.213
ErbB2-ErbB3 Signaling 2.183 1.508
ErbB4 Signaling 2.065 1.387
Oncostatin M Signaling 2.496 1.134
TGF-B Signaling 1.964 1.500
Thrombopoietin Signaling 1.225 0.728
CDKS Signaling 1.706 -0.209
|Angiopoietin Signaling 1.698 0.577
Renin-Angiotensin Signaling 1.732 0.688
PDGF Signaling 0.392 -0.471
HGF Signaling 0.962 0.447
IGF-1 Signaling 0.209 -0.277
STAT3 Pathway 0.324 0.180
PEDF Signaling -0.200 -0.728
Erythropoietin Signaling -0.152 -0.493
Growth Hormone Signaling -1.460 -1.213

Figure 18. Summary of cellular growth, proliferation-related canonical pathways
and diseases and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition.
Each number represents the Z-score, a statistical measure of the degree of
consistency between the direction of the predicted gene-pathway relationship and
the observed gene expression alterations. A Z-score >2 or <-2 was considered
significant, and orange (activated) shades indicated differences in the magnitude of
values. PI3K; phosphoinositide 3-kinase, AKT; v-akt murine thymoma wviral
oncogene homolog, ErbB; epidermal growth factor (EGF) receptor family, ErbB2;
EGF receptor family 2, ErbB3; EGF receptor family 3, ErbB4; EGF receptor family
4, TGF-B; transforming growth factor 8, CDK5; cyclin-dependent kinase 5, PDGF;
platelet-derived growth factor, HGF; hepatocyte growth factor, IGF-1; insulin-like
growth factor 1, STATS3; signal transducer and activator of transcription 3, PEDF;

pigment epithelium-derived factor.
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FHOSH RMBREENX ATV AFMRICBITSYA b oA
7 FVBER I KIS R

IPA L0 B A b UA 7 FIVITEES 28K Al U7c, BrifETiiie & bk L ¢
20%MAESME R C 7 ARIEE LCF A 7~ U AFMifEIc iV Tl C-X-C chemokine
receptor type 4 (CXCR4) signaling @i/t interferon signaling Ol 23788 41
Too —J7. BTEENTHING & L U CL 40%ME3R 561 T C 7 AR Lo X 7~ 0 AT
falZ ¥}y Tk CXCR4 signaling. IL-3. 8 signaling. cholecystokinin/gastrin-mediated
signaling MEME(L LTz (Fig. 19),
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Cytokine signaling-related Canonical Pathways Z Score of 40%0, Z Score of 20%0,

CXCR4 Signaling 3.000 2.043
IL-3 Signaling 2.132 1.069
IL-8 Signaling 2.064 1.715
Cholecystokinin/Gastrin-mediated Signaling 2.646 1.877
IL-9 Signaling 0.000 N/A

ILK Signaling -0.289 -0.343
Chemokine Signaling 1.147 0.832
FLT3 Signaling in Hematopoietic Progenitor Cells 1.706 1.213
Interferon Signaling -0.775 -2.496

Figure 19. Summary of cytokine signaling-related canonical pathways and diseases
and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition. A)
IPA-based Canonical Pathways. B) IPA-based diseases and bio functions. Each
number represents the Z-score, a statistical measure of the degree of consistency
between the direction of the predicted gene-pathway relationship and the observed
gene expression alterations. A Z-score >2 or <-2 was considered significant, and
orange (activated) and blue (inhibited) shades indicated differences in the magnitude
of values, respectively. N/A; data not available. CXCR4; C-X-C chemokine receptor
type 4, IL 3; interleukin-3, IL 8; interleukin-8, IL 9; interleukin-9, ILK; integrin-
linked kinase, FLT3; fms like tyrosine kinase 3.
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FO6H HBRBEENF A TI~UAFHRIZEBIT A/RERL XA
FEERRICBLITTREE

IPA 10 M@zt L OSHAa AR A B3 2 fR K A il U 7 BT & i L C
20% MR T T 7 AR Lo XA T~ v ZAFAIRIC BV TEMIESE T L OAEAFIS
REEH U 7= R O BB IERD L7 o 7=, —J7. lipopolysaccharide (LPS)-stimulated
mitogen-activated protein kinase (MAPK) signaling, telomerase signaling 7% 40%/%
FERMTTT AR L% A T~ v 2Pz sV TEE b s v Tz (Fig. 20),
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Cell Death and Survival-related Canonical Pathways Z Score of 40%0, Z Score of 20%0,
LPS-stimulated MAPK Signaling 2.985 2.138°
Telomerase Signaling 2.041 1.789
JAK/Stat Signaling 1.400 -0.258
Apoptosis Signaling -1.095 -0.894
April Mediated Signaling 0.632 -0.333
Aryl Hydrocarbon Receptor Signaling -0.898 -1.706
PTEN Signaling -0.686 -0.626

Figure 20. Summary of cell death and survival-related canonical pathways and
diseases and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition.
Each number represents the Z-score, a statistical measure of the degree of
consistency between the direction of the predicted gene-pathway relationship and
the observed gene expression alterations. A Z-score >2 or <-2 was considered
significant, and orange (activated) shades indicated differences in the magnitude of
values. 2not significant compared to day 0. N/A; data not available. LPS;
lipopolysaccharide, MAPK; mitogen-activated protein kinase, JAK; Janus kinase,
STAT; signal transduction and activator of transcription, PTEN; phosphatase and

tensin homolog deleted from chromosome 10.
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FBTH RMBRRERENX AT~ U AFMRICEIT S MR KO
HEFFEAERR IR 1T KT T &

IPA XV . fllatkreds K ONERFICEE T MR 2 filtth U7z, BT #iia & ik L C
20%MEFSMTC 7 BREEE L7oX X 7~ U AFMIIZ BV TlE signaling by Rho
family GTPases . CXCR4 signaling DIEMALAFE O Hivlz, —J7, Bl & thig
LC, 40%MEFRSMFTTT HIREE Lcx A 7~ A2V TlE, signaling by
Rho family GTPases .CXCR4 signaling (21 2 C, Rac signaling, LPS/IL-1 mediated
inhibition of RXR function. integrin signaling. p21-activated kinase (PAK) signaling.
G beta gamma signaling 23EM L L Tz (Fig. 21),

EEICHTHEEEDTERE L L C human albumin (hAlb) S EZHIELT-E 2 A, 40%
ARG T CHEE LS A 7~y AMIIZBWTC, #&FE% 7 HH X0 hAlb &N

FICHIN U7, F7-. #F% 3 HAICBW T, 20%MRHELIET &l LT, 40%i5
ZMEFICEB T S hAlb SiEIFAEICE ) > 7= (Fig. 22),
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Cellular Function and Maintenance-related Canonical Z Score of 40%0, Z Score of 20%0,
Pathways

|Signaling by Rho Family GTPases 3.742 2.846
Rac Signaling 3.651 2.183°
CXCR4 Signaling 3.000 2.043
LPS/IL-1 Mediated Inhibition of RXR Function 2.921 1.706
Integrin Signaling 2.889 1.265
PAK Signaling 2.858 1.941

G Beta Gamma Signaling 2.121 1.000
Epithelial Adherens Junction Signaling N/A N/A

Remodeling of Epithelial Adherens Junctions 1.633 1.000
NAD biosynthesis Il (from tryptophan) -1.633 -0.447
Sirtuin Signaling Pathway 0.263 0.000

Figure 21. Summary of cellular function and maintenance-related canonical
pathways and diseases and bio functions.

Changes in mRNA gene clusters were compared between three batches of pooled
isolated hepatocytes (day 0) from 2-4 chimeric mice and three batches of pooled
cultured hepatocytes (day 7) from 2-4 chimeric mice under each oxygen condition. A)
IPA-based Canonical Pathways. B) IPA-based diseases and bio functions. Each
number represents the Z-score, a statistical measure of the degree of consistency
between the direction of the predicted gene-pathway relationship and the observed
gene expression alterations. A Z-score >2 or <-2 was considered significant, and
orange (activated) shades indicated differences in the magnitude of values. N/A; data
not available. GTP; guanosine triphosphate, Rac; rat sarcoma (ras)-related C3
botulinum toxin substrate, CXCR4; C-X-C chemokine receptor type 4, LPS;
lipopolysaccharide, IL 1; interleukin-1, RXR; retinoid X receptor, PAK; p21-activated

kinase, NAD; nicotinamide adenine dinucleotide.
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Figure 22. Fluctuations of hAlb secretion in chimeric mouse hepatocytes under each

oxygen condition.
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Isolated hepatocytes from three chimeric mice were cultured in a 96-microwell plate
under 20% or 40% oxygen conditions. Two-way ANOVA showed a statistical
difference in oxygen conditions and different culture periods. No interaction effect
was detected between oxygen conditions and culture periods. Results are expressed
as mean = S.D., (n = 3) **p < 0.01 compared to day 3 of culture under each oxygen

condition, #p < 0.05 compared to 20% oxygen conditions on the same day.
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Eo i mEEREEEMET OFMEEEOBREREEL

54 Hi Tl MEBEEREENF A T~ U 2T ORMIR IS Z R T 5 2 D B & i REn
\ZFHIE L7 (Fig. 18-22), IPA OFER LV | mBREREINT-F A T~ U A FHIIIZE
WCHERE A b L R 36 KONGRS A B R B AP L T2 2 &0 n | MR R
¥ A T~ T AT A=V 2 5.2 TOWAAREMENRE 2 b (Fig. 13), Ll
RRD, 20%MEFREM L IR L T 40% MRS T TR LICF A 7~ U A FHiRIc ks
75 ATP EIFHEFF S T2 2 & (Fig. 14), Mk E-CHEsb, Mliapsne oM RrREE R
BN A0% RS TR b STz 2 & (Fig. 18, 21), AFHEEEDFEIE & L CTD hAlb
IYMEEDS 40%RFE SN CTEnoT-Z & (Fig. 22). 40%RRFESA: Tl R ~D T 1)L
X— 7 MAE SN TN Z & 28R D & (Fig. 16, 17), 40% M58 53l &
A=V kb 2 DT <L T LAEEIFIBISE W EREE 2 Bk LT D Z & 3 HEE S
Nz, € ZCHRMBARM TR 28E LETEFRAREZHMET 22 & & L,

T MR LIS P O FIRRREZAE L7oRR, 55 LIETIEAmAREIL 20%

PSS TITRHEIER LT (K 0%) THDHDIZK LT, 40%FEHES T 13% Th
-7- (Fig. 23),
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Figure 23. Dissolved oxygen concentrations in the culture supernatants under each
oxygen culture condition.

Dissolved oxygen concentrations in the hepatocyte culture supernatants were
measured for 720 s using a FireSting oxygen monitor at a position 1 mm above the
hepatocytes cultured for 3 days under 20% or 40% oxygen conditions in a 96-
microwell plate. The data were acquired after the values had stabilized. Dotted lines
indicate the concentrations in the culture medium without cells, and the solid lines

indicate the concentrations in the culture supernatants containing hepatocytes.
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FOHE /INME

t MNFX AT~ 0 A XEERNEMITZ3E LTV (Tateno et al, 2011), & M
A ’7’\7'7X X0 HEE L 7= BTN IS BV T In vivo DIREER KM L T, IRE OEE

SR HID (Ikeyama et al, 2020), AEERIZIHBWTHHEEEZ DX 2 7~ U A
H’W\_ in vivo SR DOIFE RO Hiv7- (Fig. 3, dO; Fig. 4A, d0), Oil Red O %ok &
" Cholestest® TG Z H\W 2 T OREE 3 L Ol TG OFEEICE Y | 40%[EFHE
SRR 7 B H LV IEE R L OFMaTE TG 23 LT, 20%MBREN &
el LT, #5782 7, 10 H BICBWTIREB LU TG UL MEW 2 LB BT 78 -
7= (Fig. 4B, 5A), 7=, FEZ THH XV, 40%MBESETCTHEELLEZF ATV T A
o> FAO fEMEITHEANL TR Y . #fE% 7 A BIZEH1T 5 FAO fEMHEIEL. 20%ME3E 5
TR eI L CABEICE -2 (Fig. 8), TN LD RIL, 40%MESM; T CHE L
X A 7<= v AFHIBICE T 5 FAO IEHEO EFH- DS ITFMIEICER S L IBE O o7
IRl Z & ZRE LTV D, 1%HEE S T T HIF {EMARIC K 2 FAO fEMEDOIR T
FHiE TG EOHEMEFHEST 2 2 LA ST % (Liu et al, 2014), Microarray
BELOIPA OFER LY, 20%EEFESMT 7 HEEHE L72X A 7~ v AfFMlE ClriiKeEz
FICBH# 7 5 canonical pathway T& % hypoxia signaling in the cardiovascular
system 2MEMEAL T DA H - 7203, 40% IR0 7 H T2 L 72 il i 2 b

MERO LD -T2 (Fig. 18), O DORER LY | BBREREOHWIFMIEIZ L - T
WBHEERMTH D 20%MARMIBEKASRMTTH Y . HIF 25 L CIREGEREDMK
TR THD ZEDPRBINT, FEEE AT~ U ZFHilaEEE LG T ORFmE
BEZEGICE=X) 7 LI A, 20%BFESMETIHRHRALLT (8 0%) T
BHDDITK L, 40%MFESEIFTITN 18% Th 7= (Fig. 23), PINRIE O i LR IR E
1% 10-12%., FOFFIRERL O M A EERFRIERE X 3-5% CTH D Z LT D (Godoy et
al., 2013; Lee-Montiel et al, 2017), 7=, FIRICIZIFERED V' 2 —2 a VU INMFIE L.
FIARIEZIZE:) T FAO DA TS 2 }:z’)i‘i&iéhfb\é (Kietzmann, 2017),
40% IR RN & O R BR BRI TARITIR O FIRIED BRBEIZ0E < | APl A #EEgRE D > ¢
—a UEBLLT FAO JEHENHER LT EE 2D, —FH., 20%RFRM T ChE
L7=F% A 7~ 0 AFficB VT, % 10 B BICHMaF TG o3 LUV FAO
EEOBRNRBD HND Z Lvn (Fig. bA, 8), 20%RFELM T THIREON#ITH 5
BERZ > TWAZENMEEIND, S DI, BEERRPITHFET 5 EBEIENERIZIR & 1
TWLZEnn, [BEORVIAZ RIS HZ LT, F AT~ U AFMICERE ST
BEPRAIED LISERTH D B2 BN D,

TPA % T fRHT OFER, 20%MER 5 T & it LT, 40%MEsE5:1 FC 7 HIME:
FTLT2X AT~ U A CIIIEEIHBI#E D canonical pathway 28 L 0 #ifill 41T
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Wiz Z En (Fig. 9). JFHIRRIZERE L7 IRE OB I FAO TEMEALLISND A T = X 2
HEIE L TWDAREMEN B 2 B vz, ¥ A T~ U AFHifassE RiEH o TG RBE 2 HlE
L7z& A, 20%FERRM T Ll LT 40%ME 5 T CHEMMER AR b2 &
5 (Fig. 5B), Hraehi 7 & OIRNIERO I Y IAZ O], & 2 W IIHERIEA~DIFE D
PEtt OMEHED B G- L TV D AIEEMENE 2 BTz, CD36 IXAENEE DIV AR 535
ANRU T —ZJBIKTH D (Pepino et al, 2014), IPA OFER LV . CD36 DFHN
A0%RFESMETFT TIR T LTWD Z E BB MR - 72 (Fig. 11), HIF2a 241 L T CD36
DOFBLERENH KT D2 LIk, MENIFEESENT S Z EnRESTND
(Rey et al., 2020), 40%fRFELM T TOIRE DORAITIL, SIS T T I b O
DRSNS Z L G LTV D AREMENRZ X DN Z LD | fEBEtE T 2 KH
NeWitg 7T v 7 Céd 5 BODIPYMFL Cis Z VT, FBIAFE T CTHEELZX AT~
U AR 35T 2 RERAFR R U IAZENEZ M L7z, PAICKR LT, 40%F2 3 54 Ths
TLIEF AT~ AT DREIERE Y SAAIEEIFIE R Lz (Fig. 12), fEhiEe
1L R IRFB IR 280% 1-6 @ short-chain fatty acids (SCFA). 7-12 ® medium-chain fatty
acids (MCFA), 13-21 ® long-chain fatty acids (LCFA), 22 Ll E® very long-chain
fatty acids (VLCFA) (2577 515 (Erdbriigger and Frohlich, 2020; Secor et al,
2021), CD36 [ZRMEMEEDOIVIAHICHEGET DAIN Py —ZEFEERTHY
(Pepino et al, 2014), 4 Elf#EH L7= BODIPY™ FL Ci6!d LCFA (Z0 S5 2 &
5, CD36 OMYVIAHIZEA L T—EDFHMINITZ TWDH B X HiLDd, Fatty acid
transporter protein (FATP) & LCFA OV AAIZE G L TWA Z ERMBLILTEY
(Dutta-Roy, 2000). FATP % 451> BODIPY™ FL C16 DH Y ARG LT\ 5 & &
bbb, 5%, faffigile. ~eaffislii. SCFA, MCFA =° VLCFA & &) ThE %
72 NERAS 2 FHN T2 B IABTEPE DRI 21TV, CD36 DRI S-#FEE L TV NERH D,
Flo, AT U Rl EZ mEBEEREE TS 2 LIk D FAO IEMEoTT#EE T LTI
MIENIEE SB35 Z Emrme sz (Fig. 4, 5, 8), TAAIZK LT, oxidation of
lipid, fatty acid metabolism 2381l X412 &9 TPA FERNE - (Fig. 11A), &
MERBICLIVEHEINTZLHBERNBLTL2EORA =X L2 MAT 572012,
oxidation of lipid, fatty acid metabolism 72 £, & OO J5'E BAH AR I CTHEALE T 5
BIEFHLEDT, 74— My ZHHZZE L 7 HELY BEHO mRNA, ¥ 78,
EHE L~V O b S B MLETH D,

— A A b RS X O BE IS I B 53 5 < 22D canonical pathway 14,
20%FEFRIE T & bl LT, 40%FF#54 F TR (b L T\ (Fig. 18), F£72, 20%%
FREBETTEEINTCXA T U A 8 AIZ 1 BIOEHIAZH TR CTE 20,
40%EFE SR F ORI LREE L3 <L 2 BIC 1 Bz 42 e LT (data
not shown), EEEEENIFAILICE A —V 25X TWD RN S 2 G- 7=,
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NOAEFROREESL U THIRN ATP &2 IE L7 E 2 A, 40%MEFRFMF T THEELCF
AT = AFREOMAEA ATP &iX, 20%BERETTHELEZLO LFRBETH-
7= (Fig. 14), F£7-. 40%MEHESM: T TO hAlb OWEIT 20%FEHE M T TOHW &
L0 bmEmnoi (Fig 22), FOERIRE g LT, PAREZL T Alb O43WMREN 2 & 23
MH5NTED (Lee-Montiel et al, 2017). 40%[e3551E 23 PRSI DB Br Bl 2T
WEW D RO E HIZKFFENDRERDGE O, & HIZ TPA OFER LD 20%
fea 25 & kit L C. cellular growth, proliferation <° cytokine signaling, cellular
function and maintenance (ZB8E L 721 < ©27>® canonical pathway 7% 40%[% 55 514
T 7 B LRI BV TEE (LS v Tun e (Fig. 18,19, 21), 2 b OFER S |
A D B G BT DN B DD, 40%FEFEETR M ARIN O TR 55 4 S L C
WD LW RFHESRFT DB D TH Y | 40%BHRRMITF A T~ U A TR EE S
DIEEDRBEFRE TITRNEEZ BN D, Nrf2 [FER{EA L RASED~v A X — L F
2 L—Z—ThoM (Sun et al, 2018), F A 7~ U AFHild% micEEEET 52 LI
X U NRF2-mediated oxidative stress response #& & 23EMEAL STz (Fig. 13), =
DZENL, HOAREOMINA MLV R TAELCLTWHR[EERHY ., I har RUTHE
B E~DHEER A% L BRRE L A LR L DORFEIZOWTHAEL T
WS ILEN D D,

WE OAEFPSM T I IO ATP OIFIEEENI har RY 7BV T b
NDHEMEMRIZ XV EASND, UL, oL, B5BiRT o7 a— R RE
MEETHDZ LI TEHBEMRBENR LI TS T2, WO 20%EEFE LM
TIIEHERIZE D ATP ORI DBELESIND Z ERMLN TS (Liu et al, 2014),
Fo. T v MMUAFHIIRICB W T, BRERTOREERE 7V a—AnbH T 7 h—R|C
B L CRBRERERELZITI 2L T, 20X RIFER~DT= X)L X — 7 N & [ElEC&
HZEbWmE LTS (Liuetal, 2014), IPA I X D fiffr Cid, 20%BE5ESMEC 7 HIE
B L72F% A 7~ U AFifuic i\ TiE 7 v a2 —ZAREHEI# O canonical pathway @
TEMEAL B SNT2DY, 40%FEF LR CIEA ERAIIRBD b -7z (Fig. 16),
ZDZEND, REERA~DT RV — T FSANEES AL, EER R N KT IRER ST &
SKMEL CTWA ZEAIRRE T, FEBE, Zva—AMEE R LHAMOWEZFTM L =
5. 20%EFSRIET & Mhlig LT, 40% MR & T CHEICHD LTnie (Fig. 17, Zh
OOREREESD & A0% LRGN T THE LIEF A 7~ U ARV T, R
MHI by R TEENY VEBE~DZ R VX —2 7 MR Z ST AREMEN B D, BR
EHI Y VERE~D = RV — 7 NN EUTES ERICBWTELASND LV %
<D ATP BEA SN SHH (Epstein et al, 2017), 40%BRHE S FCREELIZF AT~
U Z O ML ATP &, 20% RS54 T g L b L AREThH -7 (Fig.
14), 40%FEFSME T CTHE Lo A 7~ v A Filaic 1) 5 FAO JEMEDOH KL hAlb
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ST EDOHENN, cellular growth, proliferation <° cellular function and maintenance {Z
B5# L 720 < 27D canonical pathway OIEMEL #8425 & (Fig. 8, 18, 21, 22), JF#f
NADOFERENHRTIEAL U725 R FEA S D ATP B3 <SICiEE ST LEW, AT E 20%
FEESRMETICBWCEEIND ATP &L FRIRRE L > TW L AR H D, 4. F
AT~ U AT BT HEEEEEEEZNEL, I ha s FU TR Y i b~D
TRAF =TT ERBREC TN ERBET DLERD D,

7oL 20%MRFASN L B L T, 40%MRFAKM T T 7 HFEE LI2F A T~ 7 ATl
FElZ 35 T amino acid metabolism (ZB5:# 9% canonical pathway 3 X Y il 41T
Weo FANREDSEE TIERF A RS, OEIRE L SEER TIL 7 v 2 < BB SRR
ThndZ ENmoNTEY (Kietzmann, 2017), 7 2/ BRCHI DN AR FIR D >~ % —
2 U EMIL TV D NS BEENLETH D,

ARETIT, BEEREZERITT A T~ 0 AFHMIEIC & > TAEERITIEREE ., FF 2 PIRIEL
TEIICITWERIE 2R CTE 2R THY . F A T~ A2 SREREET H 2 LIk
V. FAO IEMEDTTHEZ ) U TR 58 L 7= in vivo R DIRE N D35 = & &
She LT,
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FI3E FBREERICLY in vivo HROIEEZED S AT
~ 7 A TR % O T2 SRANFE R AR G I O - B B4l

E1E S

F2ETIT, MBEREENFAT v U A THIICEE LEBEICS ETRELZz0
THIEREORG, S BICF A 7~ U Al 5 % % R A MERERIZEHE L7 (Fig. 9-
23), 40%MEFESMTHE LT-F 2 7~ U A fFHifaIc \T%FM)@%#mLLTk
V. FHICTEY in vivo HRDOIFE A L TWnD Z kZP/T”’L‘EéZ"WL_ (Fig. 4, 5, 8),

72, 40%FEF LML F A T~ U AFMBEIZ & o T X0 A EFRIC Wﬁﬁk&ofwé
ZEnHEE sz (Fig. 14, 16, 17, 18, 21, 22, 23),

F AT~ AR E EERFEREET D 2 L T in vivo HROIFE 2D S5 2 ki
B LI2Z Linh, ZOF AT~y AfFHIE & O CERARE R ERR NI O T RIEEm A3 T
ZDHDERRTHZE L Lz, A R U7 OLRT &, ERAOHMBESRELEEL
T, 40%IEFESMT 10 B ST 5 2 L0 X D B SN IRE 2 ) S H 7= e 2
20% IR TR~ EBAT S TR LTV, B M A RIE T 5 2 L 1T & 0 FEHIEE TN
REWIIFE O FREHE 21T > 7= (Fig. 24),

Test compounds
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1 1 1 ] ]
' :
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Figure 24. Study design in the chapter.
The usefulness of lipid-reduced chimeric mouse hepatocytes in the predictive

evaluation of drug-induced fatty liver was investigated.
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B 28 BREHLEW & A\ T EHIFER VAR AT O T RIFFAf

B MNFF AT U R LY HEE LIPS Z 40%EE R0 FC 10 HEEE®E T 2 2 LI
XV in vivo HRDOIFE WD ST, TDK%, 20%BFERMIE~EBITIETRELLT
VW, BEE LS AREE T D 2 LI K0 FEFIFE RN O T RIFEHE 21T > 72, Liver X
receptor (LXR) OIEMALITAET I KX OMRIHIE DFIE 212t 92 (Cave et al, 2016),
Fig. 9 1238\ T, LXR OIEFMALIZE D 28830, > F W LXR BAAE LS T D
ZEH mvivo HEROIFE OWICH G L TWD Z ERBINTZ, £2C, LXR7 =
=ANTHY, IBEEREZIERLT 22 ETHENTFEZFERT A2 ERMEIN TS
T0901317 % T (Schultz et al, 2000), AFHIIICHEE OEFENFHE S5 D% il
L7z, Oleicacid # X UF palmitic acid 1%, &b & & QL MIEFNENIER TH Y | Bl Ik
VIEIEMIRR D Z T 31% & 27%% 5D Z LR ME SN TV 5 (Staiger et al,
2004), Oleic acid : palmitic acid = 1:1 £ 32 Z L2 L0, WEEERMERO b b I A
TR U7 RBECIRNT 2 in vitro \ZB W TCRHIi CE 2 ERH D Z L 025 (Kozyra
et al, 2018), T X TOREICE T, oleic acid : palmitic acid = 1:1 & 725 K 9 [T
L7-REMIBBIR A 2 N L CRH 21T > 72

FAT U AFMIEE 20%MFERE~EBITIETNDE 4 HREEE LK,
T0901317 % 3 HI#EE#FE L. Oil Red O %123 L O Cholestest TG®% FH W 7=l TG
EOWEHTT 72, T0901317 % 3 HHMREE T 5 Z L2 LV | REKRF IGO0
gl Stz (Fig. 25), £72.T0901317 REEKTFHI/: TG OFM bR b (Fig.
26),
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Figure 25. Effect of T0901317 on lipid accumulation in chimeric mouse hepatocytes.

Chimeric mouse hepatocytes were cultured in a 96-microwell plate under 20%
oxygen conditions. T0901317 (0, 0.1, 0.3, 1, 3, 10, 30 pM) was exposed to chimeric
mice hepatocytes for 3 days. Representative Oil Red O stained images of chimeric

mouse hepatocytes cultured under 20% oxygen conditions (x20 magnification).
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Figure 26. Effects of T0901317 on lipid accumulation in chimeric mouse hepatocytes.

Chimeric mouse hepatocytes were cultured in a 96-microwell plate under 20%
oxygen conditions. T0901317 (0, 0.1, 0.3, 1, 3, 10, 30 pM) was exposed to chimeric
mice hepatocytes for 3 days. Statistical significance was analyzed using Tukey test.

Statistical significance was set at p <0.05. Results are expressed as mean = S.D., (n
=3) **p<0.01, ***p < 0.001 compared to ctrl.
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o 3H /NE

T0901317 X LXR 7 Z=A FTH V., LXR %4 LT sterol regulatory element—
binding proteins 1 DHRE Z EHHHEMAL L, T acetyl CoA carboxylase, fatty acid
synthase, stearoyl CoA desaturase-1 72 & OIREA B B %2 A <. BT
Z #5835 (Schultz et al, 2000), @IEFEERETHZ LICKVIFEEZBD SEF AT
~ U Z A T0901317 ZMREE L7= L Z A, T0901317 JRELAFIIZ2 NG L O
TG OFERNED H7z (Fig. 25,26), T HORERNS, mBEERIC LV ERHIN
TEREE A2 S/ T7o% A T~ U ARSI a2 e v - E&RICFH T & 5 7]
REMEDS R S 472,

A0%FER M CORERIX, FrR e~ VT AL U F 2 X—=F —XMBIRE LR OO
AT A CTH DTN N BT HMENH H 70 L BLELRE ClIfhlisx To v
RU o TRREERRDOBINES TlEeWie EFOENTFIET S, ¥ A T~ U A FHlaz
40%[EFESANET 10 AfEEET 5 Z LIS L S S N BE 2 S ST iie 2 ik
L7212, 20%MBE M~ BATSE T4 HEESE 1T o7 & 2 A (BNl L OMEE
YINgEFERTDBRE) . 20%FEFE S~ L BT S THIRE TR LIRS R S Twn
7= (data not shown), #f& I I7FE %D SR ED IR BGRS (RA7 - Al 41T
> THHERF SN D56 MO HRE RAFIC K 0 ik TOREM R ENESITR D
ZENEESND, £, BEARKRORZMAEER T 5 Z LICL VR EREEZ M
SHELZLOTEDOEHETL—FOHBEBINTEBY ., BEEERFTHLAEOD 40%H%
REM L FREORBBEREZIR TE L Z L bHFF S, L0 f#ifE/e DILL, 3EA
P FEVENENIIT O in vitro THFHIR ZHEZE T E D[RR & D,

BUE, JENIF O T MEHEE 7 V1215, HepG2, HepaRG, HMAERAE LWt NITFHE
AR & CTu% (Donato et al,, 2012; Kozyra et al., 2018; Tolosa et al., 2016), L
MU G, HepG2 (281 D 3WARHEESR ORI &M TRV 2 & (Donato et al,
2008), HepaRG 2BV TH ~HORBBEROIEESENZ LA HESNATND
(Kanebratt and Andersson, 2008), #{tt FAFHIlEIE DILI D Z—/v KA X &
— REHBREINTWDHN (Sison-Young et al, 2017), 1ER D EEi#E Tl #Ifte T
AR AR 1% SR ARG 0{k L. Albumin PEASCIEMIMHIEERIEE /R E D% <
DOHFFSHEN B35 Z & (den Braver-Sewradj et al,2016), FIEIEA = X LI
HHNEMELD G- L CW A GE . ZOTHRIRENRE LR T T2 En@EIR TS
(Bell et al, 2018), £7-. t ]\@ﬁ%ﬁﬂﬂ'ﬂfﬂﬂ@ [ZOWTI, BHRERFEEN I ha v’
V7 EBEL, I har U THEEZIMET5 2 & blE ST Y (Stéphenne et
al,2007), HepG2, HepaRG. t hEHFELRIFATFMIARIZ L 2 DILI O FHIEHEIZ X 7R 5
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NXFEMN L E D D, PXB-cells®l, PXB-mice®)> & B S 2 BT incdh v  FEx
pe NUOEDRBFERSC N T VAR—F =2 B L T\ 5HZ L2 5 (Katoh et al,
2005; Nishimura et al, 2005), FFRoO#f#E%Z ik U7 DILL 5Fli% & 725 Z & 238
END, ERERHEICLIVIFE 2D S F AT~ AFHile S DILL, #5(3RA
FEYERRIIF O TRFHEICBEA CTE 5NN H U . ZOF AMEIZ OV TR, 4%
BB EESCT L EED TCILRIMENRLETH D,

AETIE, LXR 7= FThH 5 T0901317 Z HW\ T, mEREETHZ LIZLD

in vivo BORDIFHE Z jdb SR 7% A T~ 0 ATl L3407 AR NIAT 2 E MR - &
BEHIZTHEFHMECTE 22 THD Z LR E T,
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EATE B

DILI [ZEHEAL OB LTS ROR O EK & 72 5 FE2EIWEM TH 5 (Hornberg
etal,2014), HEFIFHEFIENENFIZ DILI © 1 #Tod v . DILLAEF 0K 30% 23 GG %
FIELTWAD Z ENHEEINTEY (Kleiner et al, 2014; Miele et al, 2017), DILI <°
1%] ARMENEIIF A RN TS 2 2 SITEETH L, L Lens, EREmeE e b

BT OHZENEK & 720 DILL Z AR REMEIZIB W TIEMIZTHIT 5 2 & I3REET
E%Z) (Albrecht et al, 2019), & Z TAMFZETIZ, gt Meshizce NIFXF AT~
U AT % PXB-mice® L NZ D HEEITHIIL TH D PXB-cells®IZEH L7z, LarL7%
N5, PXB-mice®$ L O PXB-cells®IZ IFNRE D ZEFEN RO 4L (Tateno et al, 2011;
Ikeyama et al, 2020). Z DFE D DILL, FrIZEEAFHEIMERENINT O EMER - ER&A72 T
B AR T S L 2 EPBRE SN, T, —RIRIEEMBARMNTH D 20%MBFHE S

TIXMBRE TR E DN T » MFMIEORRRZRMEZ W2 Tz & (Sakai et
al, 2012). 1%EEFESM: T CTRE S NT- HepG2 ICB W CITIEENREHREME T2 2 &
M shvie (Liu et al, 2014), 20%82 38 S F IR R EZRIED m O HFHIRZIC & - THS
FEREL Th v | HiBVEREE F COBENITMIRICE T 2 IFER#RELA R TEETns 2
EDWERINTZ, TROHDOHERND, MBEERMFT TR AT~ ATt R+ 5 2
IRV ERBUTRENWA T AR E B 2 7o, & 2 CAMFIE T, MR E NI

IZEEAE LIRS 3 LTI 8 & 2 o diinkts | AR % & LT
Fjﬁz’{ B R OF HMEZIRET L7,

B2 BT, ARREEERNF A T~ U AT JIF T 22 a3 L
oo X AT~ Al Z EBiEFEERT 5 Z LI XV  FAO IEMHEOTLEEEZ S L T in vivo
HORDOIFE BT 25 Z L 2D E Lo, Zhud, BBEERMEDEm WAl & - T,
EFERBESMEPHRNRERECHY | TS LV IRERBENSMME T L TWD Z &K
EEZOLND, Flo, WEREESM LR LT, SRR RITERITIEEREE, FrcM
WREL BRI WERE A TR CTE 2 R Th D 2 E R SN, BEEERI THES
MR ERGHIIIC FW T IRRHER/IA SR 2R ORIG 2549 0.56~0.7 TH Y | M5 DOk
FEN 0mmHg Th D Z ERHEINTEY Metzen et al, 1995), AFHHELIZMC
16 AIRRAE T K > TITAF R SRR ISR CTh D et & 5, MifufdE = &

[ OIEFRIEE L L RREICBIT DMBRIRE L DT U A2ZE L e
&)2}9@“( NETOBEFEREZREENDITZ LT MERD S,

H3ETIE, LXR 7= sThb T0901317 # T, EEEFEERTLHZ LIk
Y invivo HRDIEE Z i SH7-F% X T~ v AT ERAGE 3 VNG AT 2 e M -
EENINCTHEFMI CE 2R THDLZ EEHLNE LT, 5%, MiHLam 2 < LT,
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DILI CHEAIFHERMEARIITF A RS E L PRFHI CE DN A4 AL—T > NRTHDHZ &
ZFEFFL TWVE 720,

AHE CTlFt 2 Eialz, in vivo BHCROIFE O & B & Lic¥ A T~ 7 ZfFHil
ERFEERIT, BERFO TREHMEET L E L THWSML D HepG2, HepaRG,
BOEIRAE L 720 MITAIIICEE T DAL miIkCE 5 R LTHHATHL Z &
DI END, LR, N R VI RES TR WRR EORELFEL T
B ARBRUEL WK BERD D, £1-.invivo lIZBWTIX hGH #5112 X » PXB-
mice®®ﬂ'§ﬂﬁﬂ? 1Lk S, PXB-cells®® in vitro 3 WRItIE#E 2BV TIL hGH DB

XV IRERBBEEE S FOLEIHNED N 2 ENRE SN TS (Tateno et al,
2011)O L L7236, In vitro WHIEEFEIZE W TIX hGH OBRFEIZ L 2B I N5
BOWFEITRDO LN TE ST (data not shown), = D X 9 72 PXB-cells®|Z351F 5 GH
SDISENED R BRIE R LT L0 B ARHABEE D703 4 U B JRR 4 % ARET L T
WS LR B D,

A EL DD SHIORILIEABIFMNETH L, BEFREEEICK Y FE 2
D EETF AT =7 ARG S DILL A0 SN IT OREAR AT T & % rTREMEDS
HY | BEEOEWERBORIHICHEIRTE 2 Z &Rt ans, £, BUIFESEH
SROFFIZIZIB N T, mERRERIC L D RE O TR S, AR TR sh
T2 AT =X WA B LTEIT OB BB IEDBISEIC SR D A REEN & 5.
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I #AE

I'1l. ¥ X7~y AT BRER X UR#E

Human hepatocyte: BioIVT LLC

Dulbecco's modified Eagle medium (DMEM): Sigma-Aldrich Co. LLC

Fetal bovine serum (FBS): Biological industries Ltd

Corning® BioCoat® Collagen I 24-well Black/Clear Flat Bottom TC-treated
microplates: Corning Inc.

Corning® BioCoat® Collagen I 96-well Black/Clear Flat Bottom TC-treated
microplates: Corning Inc.

Trypan blue: NACALAI TESQUE, INC.

Dimethyl sulfoxide (DMSO): Sigma-Aldrich Co. LL.C
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES): Termo Fisher
Scientific Inc.

NaHCOs: FUJIFILM Wako Pure Chemical Corp.

L-proline: MP biomedicals, LLC

Insulin: Sigma-Aldrich Co. LL.C

Dexamethasone: Sigma-Aldrich Co. LLC

Epidermal growth factor: Sigma-Aldrich Co. LLC

L-ascorbic acid 2-phosphate: FUJIFILM Wako Pure Chemical Corp.
Penicillin-Streptomycin Solution (x100): FUJIFILM Wako Pure Chemical Corp.

I-2. Oil Red O #ufA35 X UMl

Phosphate-buffered saline (PBS): TAKARA BIO INC. % 7=/ NACALAI TESQUE,
INC.

10% Formalin Neutral Buffer Solution: FUJIFILM Wako Pure Chemical Corp.
Formaldehyde: KANTO CHEMICAL CO., INC

Isopropanol: FUJIFILM Wako Pure Chemical Corp.

Oil Red O solution: Muto Kagaku Co., Ltd.

I-3. TG OHEE
Cholestest® TG: Sekisui Medical Co., Ltd.
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I-4. FAO 1&EH:DHIE

DMEM: Sigma-Aldrich Co. LLC
FAOBIlue: Funakoshi Co., Ltd.
PBS: TAKARA BIO INC.

DMSO: Sigma-Aldrich Co. LL.C

I-5. BODIPY™ FL Ci¢_Ht Y JAZIEPEDHIE
BODIPY™ FL Ci6: Thermo Fisher Scientific Inc.
DMEM: Sigma-Aldrich Co. LLC

DMSO: FUJIFILM Wako Pure Chemical Corp.
PBS: TAKARA BIO INC.

I-6. Microarray

Direct-zolTM RNA MicroPrep: Zymo Research Corp.

Agilent RNA 6000 Nano Kit: Agilent Technologies, Inc.

Agilent Human Sure Print G3 Human GE V3 8 x 60 K mRNA microarray chip:
Agilent Technologies, Inc.

I-7. #EfATFROHE
CellTiter-Glo® Luminescent Cell Viability assay: Promega Corp.

1-8. fiFflifass® BiEH 7o —XBREOHIE
Glucose Assay Kit-WST: DOJINDO LABORATORIES
PBS: TAKARA BIO INC.

I-9. fTifaitze 1E P yLERIREE DJE
Lactate Assay Kit-WST: DOJINDO LABORATORIES

I-10. hAlb B ORI E
LZ Test 'Eiken' U-ALB: Eiken Chemical Co., Ltd.
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I-11. fEEEMARR

DMEM: Sigma-Aldrich Co. LLC

Corning® BioCoat® Collagen I 96-well Black/Clear Flat Bottom TC-treated
microplates: Corning Inc.

DMSO: Sigma-Aldrich Co. LLC % 7213 FUJIFILM Wako Pure Chemical Corp.
HEPES: Termo Fisher Scientific Inc.

NaHCOs: FUJIFILM Wako Pure Chemical Corp.

L-proline: MP biomedicals, LL.C

Insulin: Sigma-Aldrich Co. LL.C

Dexamethasone: Sigma-Aldrich Co. LL.C

Epidermal growth factor: Sigma-Aldrich Co. LL.C

L-ascorbic acid 2-phosphate: FUJIFILM Wako Pure Chemical Corp.
Penicillin-Streptomycin Solution (x100): FUJIFILM Wako Pure Chemical Corp.
T0901317: Sigma-Aldrich Co. LL.C

Sodium oleate: Sigma-Aldrich Co. LLC

Palmitic acid: Sigma-Aldrich Co. LLC

Bovine Serum Albumin (Fatty acid free): Sigma-Aldrich Co. LLC
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II. EBRB LT Y 7 v =T

II-1. MfuiEs®

- 20% MR SRR
MCO-170AICUVD-PJ: PHC Corp.
MCO-170AIC-PJ: PHC Corp.

* 40% IR AR 2R
MCO-5MUV-PJ: PHC Corp.

I1-2. SHiRSEEILER
ECLIPSE Ti2: Nikon Corp.
OLYMPUS IX70: Evident Corp.

I1-3. W L O, BERE
SpectraMax 13x: Molecular Devices, LLC

Multiscan™ GO: Thermo Fisher Scientific Inc.

I1-4. Micriarray 3 XU IPA
Qiagen IPA® technology: QIAGEN N. V.
GeneSpring 14.9.1 software: Agilent Technologies, Inc.

I1-5. hAlb 8 EHIE
JEOL BM6050 autoanalyzer: JEOL Ltd.

11-6. fFiukass®E b PR E ORIE
FireSting oxygen monitor: BAS Inc.

II-7. #EEHALE
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BellCurve for Excel 2.14: Social Survey Research Information Co., Ltd.
Microsoft EXCEL: Microsoft Corp.
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III.  EFGE

II1-1. b bATHAAG D BEE

t hATHIN (1-year-old, boy, Caucasian, BioIlVT LLC) % ¢DNA-uPA/SCID <~ @ &
(cDNA-uPA wild/+/SCID) (ZBAi L, Iffif% & MEL7=% 2 T~ 7 A (PXB-mice®) %
YERE L 7= (Yamasaki et al, 2020), PXB-mice®®1fii ' hAlb ¥/ %, LX ## Eiken Alb
II (Eiken Chemical Co., Ltd.) % HW\CHEEEIC L 0 HIE Lz, 1L hAlb JEE N
10 mg/mL LA b (HEEEHR: 90%LL F) OMftts 2 7~ & (15-22 #fin) L0, 2 B
Mo Z 7 —BHEEE WV C, Jrfife M (PXB-cells®) % Hififf L 7= (Yamasaki
et al, 2020), B)ER T 7 ha L, Tz =y 7 AL ISt 0B ERE B S
DIEKBEHTZLDOTH D, TXTOERFIAL, EpFBROE E(LICBEET 204 KT A4
> (2006 4F 6 H 1 H ; AARFT ) ICTEILL TS 7 == v 7 28 FITTHE
Jiti L7z,

II1-2. L

DMEM (10% FBS) (ZW& L 7= FLEERFHIIL 2 | 24-well & 721% 96-well microplates (Z
ZNEI 4.0x105, 7.12 % 104 cells/well DM E CHERE L7, Ml X OEFR
X RU R TI—IC LV FH L7, R L7- e MIFAIIRIE, 20%8E85% (5% CO2, 95%
atmosphere) F721% 40%8% (5% CO2, 55% No) it FC 37 °C. 24 HRfiEs# L7,
BN 1 A%, A FIORT dHCGM ~L B H L, SeESM T TH#EE 10
A5G 2E L7, AIIROIREBICIE UC, 20%BRR S TR Tl 2~4 A, 40%BRFE S,
THAETIX 1-2 BRI Lz, REHEERBRR LA ORI T X T 7 2=y 7
AL AW EE NI TIT 5 72,

dHCGM
Components Final conc.
DMEM
FBS 10%
DMSO 2%
HEPES 20 mM
NaHCO3 44 mM
L-proline 15 pg/mL
Insulin 0.25 pg/mL
Dexamethasone 50 nM
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Epidermal growth factor 5 ng/mL
L-Ascorbic acid 2-phosphate 0.1 mM
Penicillin-Streptomycin Solution (x100) 1%

I11-3-1. Oil Red O ¥4
24-well 7213 96-well microplates (Z#EFE L, KEER M T TR L7, &5

VN 96-well microplates (ZFHEfE® 4 H H L0 3 HREULAW & MR L 7= /AL 2 5Ef

Wz,

1) BBFEFHETTHE, ®5WVIHMEAEMEREL-X A 7~ U A Ffilaz PBS T 2
EIRVnEN

2)  10%7R/L~ U > (100 pl/96-well, 500 uL/24-well) T 15 43 E E,

3) JFAEAEZ FEON PBS T 2 [EIVEHA,

4) 60%A V71,8 — (100 pl/96-well, 500 pl/24-well) Z WML, 37°C. 145
FRE L CIa I 2 B,

5) 60%A Y 7N —VEERER,. 60% Oil Red O Yefaif (100 pL/96-well, 400
pl/24-well) Z L. 37°C. 15 4y iE L T,

6) Distilled water (DW) & 5\ & PBS T 2 [FIPEE# . PBS (100 pL/well) % #0,

7) ECLIPSE Ti2 & %\ X OLYMPUS IX70 % f\ > CBESSE#EIER,

60% Oil Red O Yu{4 ik

Components Final conc.
0Oil Red O Stain Stock Solution 60%
DW 40%

*0.25-0.45 pm filtration L7= % o %4

II1-3-2. Oil Red O &R DI L OERE
X A T < A% 24-well microplates (ZFEFE L, AWEESME T O L7
Jel Z S =,
1) BEMEIBILZER. PBS ZFREL. 100%1 Y 7 1 3 — /L& iR,
2) =&, 700 rpm T 15 iR & 5 247>, Oil Red O 23 A fihiiH,
3) k% 96-well microplates ~1T,
4) SpectraMax i3x Z# IV TWIEE (490 nm) % HIE,
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II1-4-1. fT#ERAF TG BOHRE
24-well microplates |Z#EFE L. AEEFRSEM T CHEE LML, &2 W E 96-well

microplates (ZFHEfE% 4 HEH XV 3 HEMLAEW &2 WGE L 72T/ 2 5 e,

Cholestest® TG (Sekisui Medical Co., Ltd.) ZH\ T, A—=h—D7'm faLzBE(C

JHHEREH TG &2 & L7,

1) BBFERHETTHE, H5WVIMEEMEREL-X A 7~ U A Ffllaz PBS T 2
EIRVnEN

2) Cholestest® TG i (80 puL/96-well, 200 ul/24-well) Z¥RML, 7' L— kA %
2 X=X —%Z A\ T, 37°C. 500 rpm T 10 pEEE 9,

3) ME A HIEE S, HIRRE TR A 500 pL F = — 7 IZ[ElY,

4)  [EUY L 7= AR 4 4°C, 10,000xg C 10 5rffiE O,

5) 96-well microplates (Zi%:[» EJE (15 ul) 35 X O Cholestest® TG Dz (68 ul) %
WL, 7b—hrA rFaX—Z—%2H T, 37°C, 500 rpm T 10 pfHEL 9,

6) Cholestest® TG @& (25 pl) ZIRML, YL —h v FaX—2—%H T,
37°C. 500 rpm T 10 ZpE#EE 9,

7) SpectraMax i3x & %5\ ME Multiscan™ GO % W T E  (550nm 3 KO 800
nm) % HIE,

*I L AT A KN Fx U7 L—F—% DW CTEREAIR U CER L 7= Eft 2 H VTRl

R P RE R A L,

II1-4-2. fT#ifakEs FiES TG BEORIE
F A T < A% 24-well microplates ([ZHEFE L, KERFE ST THEER L7

JaOE:FE Big 272, Cholestest® TG ZHWT, A—F—0DO7a faLzs

FITrlaisE Lig T TG &4 HE Lz,

1) 96-well microplates (ZfiFAifats#E LiF (15 ul) 38 LU Cholestest® TG DR (68
ul) 2L, FL—h A v Fa X=X —% T, 37°C, 500rpm T 10 43 fH#E
L9,

2) Cholestest® TG @i (25 ul) ML, 7L — b A v F a2 X—H—% HW\ T,
37°C. 500 rpm T 10 pfEEE 9,

3) SpectraMax i3x Z HW T (550nm 35 KT 800 nm) % HIiE,

*AL AT A RN Fy U7 L—F—% DW CEEAIR L CIER L 7= M E#r & IV CiF

MR R 2% FIE IR a2 B,

I11-4-1. AICAR %\ 7= FAO {EH:HIE R DAELE
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F A T~ 7 ZAfFHE 2 96-well microplates (Z#EFE L, 20%Fe3E 50 F ¢ 3 H L%

L 7Tl 2 -l VW 72, FAO Zd0tTRbiis 2 Z & A T& % FAOBlue % T

FAO 5% M€ L7= (Uchinomiya et al, 2020), F7=. FAO I&MEALAIE LTS

% AICAR ZgtE=ay hr— L& L7 (Smith et al, 2005),

1) 20%MEsR5IETC 3 Al Lo A 7~ 7 AfiFflild 2 DMEM C 2 EIE,

2) 0. 30, 100, 300, 1000 pM AICAR (FBS-free dHCGM (Z DMSO & HEE DY 2%
LD EDITAHN) XA T~ U ANFHIRICIREE L, 20%ER 50 T C 3 Rl A o~
FaX—T 39,

3) A F O DMEM T 2 B34,

4) 10 pM FAOBlue (FBS-free dHCGM (Z DMSO HH&IEEMN 2% & 705 X 9 IZAH)
xR AT U ANTAINICERER L. 20% 8R40 C 30 oA v F 2 X—a

5) PBS T 1 [H¥EFt%. PBS (100 pl/well) %R0,

6) SpectraMax i3x & AV CTHE (excitation, 405 nm; emission, 460 nm) % | &,

I11-4-2. FAO {&HEDRIE

F X T < AR Z 96-well microplates ([ZHEFE L, KERFE ST THEER L 72
fa Z FEmIC 2, FAO A6 TR 9% 2 & 3T & % FAOBIlue % VT FAO 154
Z M E L7= (Uchinomiya et al.,, 2020),
1) BBEEERM T THE LICF A T~ 7 XjiTHildz DMEM T 2 [EI5E,
2) 10 ptM FAOBlue (FBS-free dHCGM (Z DMSO H#&IEEMN 2% & 725 X 9 IZA)

XA T~ ARFHNICHRTE L, 20%BEFR5AF 1T 30 3HA »Fa—a

3) PBS T 1 [H¥Eist:. PBS (100 pL/well) Z SN,
4) SpectraMax i3x & V) CTHiE (excitation, 405 nm; emission, 460 nm) % | &,

I11-5. BODIPY™ FL Ci6 B V SAEHEDFIE
X A 7<= AFHild % 96-well microplates (ZHEFHE L, KFLFESRM: T Ch 2 L 72 JH#

fa & B VN 2

1) SBEERM T THE LZF A T~ 7 ZXFHildZ DMEM T 2 B,

2) 0.1 pM BODIPY™ FL Cis (FBS-free dHCGM = DMSO S e 73 2% & 72 % &
NI XA T~ AFMIEICERE L, SRS T T 30 A v F 2—
val,

3) Ice-cold PBS T 2 [Hf#4+f2, PBS (100 pLiwell) % ¥R,

4) SpectraMax i3x & VT (excitation, 485 nm; emission, 528 nm) % | &,
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ITI-6. Microarray
FRAT U ALY BB LRI (o, ARV a v 20%MERSAF) BEO

BRI T C 7 AR Ul 2 - N 2,

1) Direct-zol™ RNA MicroPrep % F\ T Total RNA % Hiff,

2) Agilent RNA 6000 Nano Kit %\ T Agilent 2100 Bioanalyzer (Z X ¥ Total
RNA % 5,

3) Total RNA (100 ng/sample) % 1Z#% L. Agilent Human Sure Print G3 Human GE
V3 8 x 60 K mRNA microarray chip (231 7 U ¥ A X,

4) GeneSpring 14.9.1 software Z T, LIFHZ#HE L7 0 haic Lizn-> T,
T—HX & EHL L. T (Tateno et al, 2011),

II1-7. TPA
Microarray T 647 FBIZL#EhEIS 1 (Differentially expressed gene: DEG) 7
— %+ v k% Qiagen IPA® technology (QIAGEN N. V.) % i\ CHEHT L 7=,

III-8. ATP

X A T < A% 96-well microplates | ZHEFE L, FBAR ST Chtas L7
oz B AV 2, &R 3. 7. 10 H HIC CellTiter-Glo® Luminescent Cell Viability
assay (Promega Corp.) ZH\WC . A—F—D 71 h 2L &25E|Z ATP &4 HE LT,
1) & BiE %28 C. dHCGM (100 pL/well) % @SN,
2) ZIR T 30 HrfiE,
3) CellTiter-Glo Reagent (100 pL/well) %I,
4) =iE. 700 rpm T2 0REHRE 9,
5) RNV T TN LZENSEDD, FHRLT 10 5HA Fax—a L,
6) SpectraMax i3x & W T{LF5 62 ME (Integration time: 1 sec/well),

I11-9. FFifassse BiE 7L o — R EE OHRIE

X A T~ Al % 96-well microplates (Z#EFR L, AFRFE M T ChE L7
fa z M N, B 7y o — AR L, #5fi% 7 H HIZ Glucose Assay Kit-WST
(DOJINDO LABORATORIES) # W T, A—XF—DO7 v k2Ll Lizhs - CTHH
Fr3g FiETh /L o — AR 2 RIE LT,
1) 96-well microplates (ZJFflifatsaE LiEF (DW T 30 54K, 50 ul/well) LW
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Working solution (50 ul/well) % ¥/,
2) FL—hArFax—F2—%HNT, 3TCT30HMHA rFa—3,
3) SpectraMax i3x Z W THEE (450 nm) ZHI7E,
*10 mmol/L Glucose standard Z DW CTEFEAR L CTYER L 7o i Efi 4 VL T
e BB /v a— 2 BE R,

I11-10. FFAfRaREEe b1 Pl meg B O fIE

X A T~ AfFHN A 96-well microplates [ZFEFE L, SBAFESME FCRZE L 72T
Ja Z R N 2, BEHirp 70 o — R R FE, #EFEf: 7 H B IZ Lactate Assay Kit-WST
(DOJINDO LABORATORIES) # W T, A—XF—O7 v k2Ll Lizh - T/
Beag RGP A E LT,
1) 96-well microplates (ZHFflifals3E i (DW T 10 54K, 20 pl/well) B LW

Working solution (80 ul/well) % ¥/,

2) Tl —hArFaX—F—2H T, 37TCT30 A rFax—Ta,
3) SpectraMax i3x & AW CTHIEE (450 nm) % HIE,
*10 mmol/L Lactate standard 2 DW TE:FEAIR L CTIERE U 7o e fEfi 2 O T
BrA% ByE R ILEe B A R,

IIT-11. hAlb BE DHIE
FERife 3. 7. 10 H H TR BT o hAlb 2% % BM6050 4 — ~ 7+ 7 A W
—2 X, LZ 33 'Eiken' U-ALB % F\ 7~ 0% Lo ydvs CHlE LT,

II1-12. AT s B3 PSR IR AL D HIE

X A T~ AFHlE % 96-well microplates |ZHEFE L, FFAESM T3 HREEEL
7= A E &2 BEmZ AV 7=, FireSting oxygen monitor 2 AWC, AFME LY 1mm LoD
A THEE RIF T ORI FRE 2 720 BdEkllE Lz, MEswsO 7 v —7 20
I TA v FaX—F—ZRL, ERLELLRIZT—ZZRG LT,

II1-13-1. fEEHEMERBRAFMROEE

MRS 7 2= 7 AL FITTH AT~ 7 AFfifd % 96-well microplates |Z#5FE
L. 40%/E3R 260 T C 10 A REs R Lz (EBRI7E  II1-1, 2) . 1538 10 0 BIZHIa 4 F|
BE, FEREFE L 72 fFAIIE 2 DL FI2R 3 dHCGM (0.5% DMSO) % AW\ T, LLF IR 3 7Bk
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AT a =V LT > CTIREBRT: REEBERFAIFER  EARRED B R20T

RIS THR - JREBERREZIT o7,

dHCGM (0.5% DMSO)

Components Final conc.
DMEM

FBS 10%
DMSO 0.5%
HEPES 20 mM
NaHCOs 44 mM
L-proline 15 pg/mL
Insulin 0.25 pg/mL
Dexamethasone 50 nM
Epidermal growth factor 5 ng/mL
L-Ascorbic acid 2-phosphate 0.1 mM
Penicillin-Streptomycin Solution (x100) 1%

RERA T Y 2 —)L

Day

at PhoenixBio Co., Ltd.

at Hiroshima Univ.

Day

(culture periods) Schedule

Oxygen conditions

0 Cell seeding

Medium change (dHCGM-2% DMSO)

Medium change (dHCGM-2% DMSO)

Medium change (dHCGM-2% DMSO)

2
3
4
5 Medium change (dHCGM-2% DMSO)
6
7
8

Medium change (dHCGM-2% DMSO)

10 Cell detachment (40% 0.,)— Re-seeding (20% O.)

Medium change (dHCGM-0.5% DMSO)

Shipping

IT11-13-2. fERiER (fatty acid; FA) K OFHEL

Schedule

(exposure periods)

Exposure 0
Exposure 1
Exposure 2

Assay 3

1) 100 mM FA (50 mM oleic acid : 50 mM palmitic acid = 1:1) & 725 X 5 IZ% 060

fe% DMSO IZ T L., 1RE.
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2) 11.1% Bovine Serum Albumin (FA free) in HCGM-FBS (-)-DMSO (-) & 1: 9 (v/v)
TiRA (10 mM FA/10% BSA in HCGM/10% DMSO),

I11-13-3 L& YiREE

B 4 AR LY LRI RIbawa A2 Ao sz 1 3 1, 3
T > 7o FMI LA IZIZ LXR 7 2= F CThH V JEEAEK TGN 2 5 T0901317
Z v 7= (Schultz et al, 2000),

dHCGM (ctrl)

Components Final conc.
dHCGM-FBS (-)-DMSO (+)

10 mM FA 100 utM
DMSO 0.5%

*10 mM FA/10% BSA in HCGM/10% DMSO F® DMSO % & ¢ THEAKIEE D 0.5% &
72 % X 512 DMSO # A0,

dHCGM (T0901317 &4)

Components Final conc.
dHCGM-FBS (-)-DMSO (-)

T0901317 0.1, 0.3, 1, 3, 10, 30 uyM
10 mM FA 100 utM

DMSO 0.5%

*10 mM FA/10% BSA in HCGM/10% DMSO #1® DMSO % & & THIREED 0.5% & 72
% £ 912 DMSO Z &N,

II1-14. #EFHALER

Microarray (22 TlX, ANOVA unpaired T-test ¥ £ O Benjamini-Hochberg false
discovery rate % iV C. fold change 7% 2 2L o DEG #[RE L., #atiaEMNE p
<0.05 & L7z, £7=, IPAIZDOWTIL, Z-score DFEXHEN 2.0 LV KZ< | 7»>-Log
pvalue > 1.3 D5, 7T IVGREREPARICE®) Lz & A7 L7z, Microarray 33
FOVIPA DA DO FT R TOFERIL, meantstandard deviation (S.D., n=3, independent
experiments) T#il L7z, #ati0A EMEIX BellCurve for Excel 2.14 (Social Survey
Research Information Co., Ltd.) % i\ 7= Tukey test, two-way analysis of variance
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(ANOVA)-Tukey & %M Microsoft EXCEL % iV /= Student’s t-test (= L ¥ HI7E
L. HEHAOBAEMIZ p<0.05 & Lz, LLTFIZH Figure (2xFd 2 st LERIE # 2 ~ 1,

+ Student’s t-test: Figure 17.

 Tukey test: Figure 26.

« two-way ANOVA-Tukey: Figure 4, 8, 12, 14.
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