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APAP: Acetaminophen

ATP: Adenosine triphosphate

BM: Bone marrow

BMDC: Bone marrow derived cell

BM-KO: Bone marrow cyclophilin D knock out
BM-LM: Bone marrow cyclophilin D littermate
BSEP: Bile salt export pump

CypD: Cyclophilin D

Dic: Diclofenac

Dic-AG: Diclofenac Acyl Glucuronide

DILI: Drug induced liver injury

Gala: Galactose

Gluc: Glucose

LPS: lipopolysaccharide

MPT: Mitochondrial permeability transition
Mt: Mitochondria

MtDNA: Mitochondrial DNA

MtROS: Mitochondrial reactive oxygen species
NAPQI: N-acetyl-p-benzoquinoneimine
OXPHOS: Oxidative phosphorylation

PS: phosphatidylserine

RCI: Respiratory chain inhibitor

RCR: Respiratory control ratio

ROS: Reactive oxygen species

W

EY TN

3=}

=



WrgeEdfi o FEIC X b EESDAIH X AEY) Za B BT E it T2 7T, EE L
A ERICOMEBIIKA & L TE v, T FtEid Ot & Rk, BRRFEFED Pk 72 13
s OHIGHOEOHERI & L TRk E AEAZ HoTWwa, FEtkix, EBEe e b hskiiiaz v
7o FEEEIREASR C R O 7 #E M L BRIR TR O L 2 BEERBL O — BRI 50% T H b s & ks 2 &
vz ez, FERRGERIC 310 2 PR tERBLIRE A BRIMPRE X ) b iE 2 icmn b &
HEZDH e HEETHIC O W CTRAEFDICNIGTE TW S LI 27\,

HEYENTIEE (DILD OFSEREICIE, @R 2 SO0, OCHERBY 0 4 k. I EEPRE b 2
Y AR—%2— (BSEP) DIHFIC L 2HHEER. I tav P THEELREBETONS, I b=
Y FY T TO AN F —EA, BRI b AN T AT T, EcLEIbta vy FIT
B IRE T > F— v X, BIART. BFHEROSEIC 2 2 AIREEA B 5 72 DILI FIEIC 351 % B 7 K]
FD 120 LTHEAIN TS, ERICT X ) ARMERRLEIC X o CTEE DILI O BRE S 72
INTVBRIEEROPHEULEAI P a vy FITHEEZAEL T, EEMHEFIHICI P a v P
TEE R EYNCEMIE L. BRKCOEE DILL Y 2 7 @Y 2 FE L TR 3 2 L 8%
%,

Itav Py TERCE, EHEEROEE. 77 v v =0 v (ATP) ARKOME. EHERE
#iE (ROS) DFFE, fMEE pELOMHE, I Fa v F Y 7EEARTEEE (MPT) OFEL & 3%
Fonzd, ZOHTMPTIZI Fav P ToONKENEZE@ET 2L (F7) 2BKT 28R T
B3, MPT ETIZHED FFIATP AFEED ¢-) v Zic X Wi X, >~ 2v 740 v D (Cyp
D) X ATP AkIEHE Z K FIcki> Z Lo TS, MPT v 7 v —L4 C Otz L
TR =PRI/ n—ReFET 2 e MEINTw S, £720 MPT IFEE L EE 25
RS HEYICHET 2 HEE TH 5729, MPT 8 DILI Ot P OB, & HIcid % gk
2 WY 7 MR ORESEA DILL U 2 7 D FHlIEEIC O R b EEZ bR,

HEEI ba v F Y 7EHWZ invitro D532 TMPT BER RO N2 EYIILEME S LT 5
N ZEWIC invivo THIIZS L T MPT i EEOFEEICZEL 2V, £ 2 CHA 1L, V&
DY FLHE (LPS) ZEWICALE L 7= M5 %217 5 2 & T, EYHhCI34E U IFREE
ZHBTE 5, WbWw3 LPSHAI DILI ET VICEH L7z, ZOFEICH > THED LPS 25
%, MPTHEETH LY /n 72 F 7255258, HEE~—H—DF L ERABALNT,



ToICZDEFIEA~ANY) VG THET S LR Lz, EAHEEI Fa v N YT 2R
2B, LPS 253 % 2 & TROS 2/ L7 MPT IEZMIEAR 2 28, ZOBHRIFE L~

VUG TS 2 L RER Lz, Sb A5, LPS A5 E i 2 @iy gl - FHER (UR)
23ROS 2/ L C MPT EZ MRS /- b E 2 b5, Tz, MHSBBMEICHE S UR 234, i, O
ik, WA MPT 35 I < 2R ENTED, T HHEZRICIE VT ROS 28 MPT &S % HY i
THER T L R T AAEEELREZ BN D,

IR IC X BREREEDORIEA 7 = X 21D TE, 1) RIS X 2 BEREHA R, i) g R
T CH B IM/IMUEHL OB G238 ST v %, BARAICIE, BIMIC X 2 B A R 28— PR
Mk (H/R) Z#TROS Z4L. ZhBMPT i E%2 N LzMlldstzglgie &, Wl %
/MR 23 TESE - BRI EEMBICER L. MIIESE~E L 2 & &30 o T %, FRICIVIMKRIC
DWW CE, Z OiEMELIc MPT OBAG- S H1 b, TIEFREHGA R & TI/MROWEMEL] 23R i
BAT TR % KR LT3 % Z & . MPT o581 DILI D RIERT % X 0 R BIR T ¥ 2 L HfF
INd, 2 TARMIETIE, MREMEAE] & MPT 8D FIIESE DB % in vitro T, TII/]
WOWEMEL ] & MPT 5581 DILL & OB % in vivo 3 X O in vitro THEHT L. DILI BIEICE T 5

MPT iHE DI E DT # % HICHERE S 2 2 L #HIE L 7=,



2R BAKEESR (H/R)AS MPT FFEPERTHINESE IC g 3 78

HEYEFEE (DILD) OFGEHF L LT b3 v FY 73 (Fromenty, 2020) 257 EH X T
2, 7TA)ABRHERGFICK > TEE DILI O BHEER 2 SN T0 3 ERGOFELLEA T b
av FY 7#EM%ZHA LTk D (Dykens and Will, 2007; Rana et al., 2021). FIFRFIICI ba v V) 7
YA BEYNCEM 32 C L IZ X Y REREERORIMICOHER S EEZ LN,

TPV TEEAN=ZRL L L CTERESRDOEECIENE B B L OFHE & &34 5 T
273, EEDILI Y 22 & OB 5 13 S b2y FY 7ESEMER (MPT) OFE HH X
NTwb, MPTiZv7u 74 ) v D (CypD) ° ATP &EER ZHlf#IR 1 icFfb, Ibav Y7
OAELIMEZEHB T 29L (F7) BT 28R TH 5, MlETMPT I 2L b rm—L4
COHZNLTT AR —vALA 78— ADFHE X 5 (Armstrong et al,, 2018), F 7z, MPT (3
¥ DILI 3P @ o & (Labbe et al., 2008) TH % Z L 2SF H LT 5 728, MPT #5EM: DILI ©
A ZR bR Fr DR, X STl 2 I ED K FHRRHEEEDS DILL Y R 7 FHIMEOQUEIC D 72085 & &
ZAbihd,

HEEI P32 v FY 72 w7z5Hii <l MPT %2583 2 313 % i & LT % (Porceddu et al.,
2012) — /Ty Z D% L B invivo ICHIES L TH MPT HEME D FE1EICIZE S T, MPT il
KU 7= sk O RIE T O BfE S HEA T s v, £ & TR A 1X, BfTifged o ERREYicbao Y
R4 B (LPS) DRIE & 3=V G 20 L etk 7 VIcEH L Tiat 2 D 72, % DfEIR,
LPS €T VICMPT FEHCTH 5/ n 7 2 F 7 25375 CHEE~— 1 —2PEF L LR T
528, IHICEDHER~N) VG THEIT A L RHER Lz, TRHHEI by FY T EH
W7z FHE 2> & LPS ORI 5-28 ROS Z 41 L C MPT & MEA# IR X &, Oy~ v#5
TH E 3 2 & R L 72 (Arakawa et al., 2019), iR DfERARA T2 L LPS 285 & §—
72 B I - PSR (UR) 25 ROS /L C MPT IEZMIRICE -7zt E 2 b5, /2R L
MPT & DESEIC DT, JEAERE Ic R4 4 2 UR 3% MlEzs (IM(Li et al., 2018), Jifi(Tian et al.,
2018), DJif(Zhang et al., 2019b), FFfiii(Kalogeris et al., 2012)) iZ3\ T MPT #5842 C L 23
INTwE, MPTREZMEIZ VR ICK > CEFEI NS I P2 v FY 7 ROS (mROS) I X W Z{L3 2
TEHRINTWS, BWET ADIRITICE TR, 2 TR 7 v b &7 L (Segawa et al., 2018)%°
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A—=N—FFL PV RALR—FD2 ~Tu~7 ZET A(Leeetal, 2013)IF T FEIFKIC, MPT &
ZHIC5 2 5 mROS DFEAREINTH Y, MIEHNTDO mROS FEA D MPT 58 % Fifi 3 2 EHE
TRTERBEEZLND,

BEMEZ W72 3 b a v P Y 7EMN ATP O (Swiss et al., 2013), £ B & O FHE (Beeson
etal., 2010)% L CHEEHRZ 7V a —ApbH 7 7 F —RICE 2 -BofildE Rz tkolt
(Marroquin et al., 2007)IZ X » CFHliA M ThON T3, ZOHTH, EYITR T 2 REMHE T & o
fum e R AZ e LE & F o 72 FE /5780 e b AT 23 A B SRl iE HepG2 i (Marroquin et al., 2007)° 7 v +
PRI ETMIE(Liu et al,, 2016) TOMHRE I B b . FEEICH AR OREAGEBTD L WS
NTwz, Bicyy MIREEFRCR T 7 7 F —2EBCNABBRERECORBLZTIC L
T, MPSHE SR DOIHE & ROS EE 2 L 72 fliidi# 1t 0 BEZ A 4583 5 23, MPT 58381l
FPEDOBIR IR X N o 7=(Liv et al., 2016), £ 7= Z 1113 HepG2 Ml IC CHEEBHF 2 7 v 2 — <
DBHHT b — R Z T HE b fildEEE D2 IZ L & L7k D> o 7z (Hynes et al., 2013), MPT IZi&E
K U 7 ST % 558 3 2 I I3 RRE D5t & NS 2 B R & iz,

NS DOFFEE I invitro ICH VT H mtROS 2 AfTT 5 Z & THEYITHN T 2 MPT EZ % 1
RKIE2erfFINg, RIIFETlE~ v 2A9AEENMIEZ VT /R 28 L 7z — @ KRR
(H/R) MLiEIZ X b mtROS % Aff & 3 2 & T, MPT 23BEAICH 2 3W)ic X 5 MPT 2/ L 7=l
FUESER T 2 LA E L C TR 2T o 72, 2 OfER. Rk S W& T T, FFED MPT &%
HANC X o T MPT KAAME DHIRSE SRRV ICBIZ S 5 2 L 3 FEE S 7z,



28 ik

RIFSE T 72 £ 2 R 2 BUF (R T, M0 & — IR stk © C TRERL AV, 4, T
OB LU O ORI T TN, Bk, YD B IR R 2 o 7z,

Williams’ medium E (WME)
GlutaMAX

MitoSOX-Red

Hoechest 33342

Fet al bovine serum (FBS)

1.8 g/L Galactose WME
Collagenase

Insulin

Dexamethasone

Lactate dehydrogenase (LDH, pig heart)
Glutamate pyruvate transaminase
Amiodarone

Benzbromarone

Diclofenac

Flutamide

Troglitazone

KEREY)

C57BL/6J ik 7 m 7 4 V) v D (CypD) X#E (KO) ¥~ v A (B6;129-Ppif™™:/]) % Jackson
Laboratory (Bar Harbor, ME, USA) X VA L7-, Rz 2z Lo —HK) L 0 A L 72 EEHABIARE
(FR-D% 5 2. KE X OFENIABRICERE 272, AL~ ZIZEHE 2 v b r—1(25£2°0)D
BRI T ICC 12 RfEBARE - 4 2 v CEIB L, 8-128f D~ v A2 M L7z, 3 TOEH)IZ National

Thermo Fisher Scientific (Waltham, MA, USA)
Thermo Fisher Scientific (Waltham, MA, USA)
Thermo Fisher Scientific (Waltham, MA, USA)

Thermo Fisher Scientific (Waltham, MA, USA)

Biosera (Kansas, MO, USA)

Cells Science & Technology Inst., Inc. (Sendai, Japan)

FUJIFILM Wako Pure (Osaka, Japan)
FUJIFILM Wako Pure (Osaka, Japan)
FUJIFILM Wako Pure (Osaka, Japan)

FUJIFILM Wako Pure (Osaka, Japan)

Roche Applied Science (Manheim, Germany)

Sigma Aldrich (St. Louis, MO, USA)
FUJIFILM Wako Pure (Osaka, Japan)

FUJIFILM Wako Pure (Osaka, Japan)

Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)

FUJIFILM Wako Pure (Osaka, Japan)

Institutes of Health iIZ X W FfTE N2 H A F 74 Vit > THLE (T - 7~
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FHHAE D Bt X OFEHR
~ v A RIS o BB AR B 13 2 D3R8 D 1T o 72 (Takemura et al., 2019), CypD KO % 7z 1% [FIfET
(LM) A~ T 2% HEE, FMEICEMEEL 72, MIRICA=2—L—vavEiiL, 41°CIiC
HiE L 7z perfusion buffer IC CTHEVR % 1T - 721%. collagense buffer % 10 F2HEEWR L 72, % D&M %
HEELEEFEA = — P CIREDHEL, FA v v Ay aTAhBLE, AREERLEICHL T,
4°C 5T 50 x g T 3 min & Dol L 7212, RIEZBRZE L 72. 50% percoll i % N 2. FHIEHE L .
4°CEMFE T 50x g T 15min &0 L7z, EIE%ZFRZE L 724 DMEM % 15 mL #2450 L i #EiR. -4
By Ay aTAEL 4°CEFETFT50xg T3mini@E0 L7z, EFERRZEL7Z% DMEM % 10 mL i

LSS 1L 7-#ifg % Trypan blue exclusion test IC & D AEFHRZEH L. 85 % U LD D DER W,

%18 Buffer, 50% Percoll /A8 DA 1T LA T IC/R T,

10 x Base buffer Perfusion buffer (pH 7.2)

KCl 4 g/L 10 x Base buffer 100 mL
KH,PO4 600 mg/L HEPES 238 g/L
NaCl 80 g/L EGTA 0.228 g/L
Na,HPO, 480 mg/L Glucose 1g/L
MgSO4 * 7TH.O 980 mg/L NaHCOs3 1.29 g/LL

900 mL DB A milliQ 12 7 4 L & — Ik L

727 O AR L AEH
10 x HBSS (Ca* free) 50% Percoll I5#K
NaCl 80 g/L DMEM 12 mL
KCl 4 g/L Percoll 10.8 mL
MgSO4*7H,O 2 ¢g/L 10 x HBSS 1.2 mL

Na,HPO, - 12H,O 0.772 g/L
KH>PO, 0.6 g/L
NaHCO; 35¢g/L

milliQ IC T X A7 v 7 LT 500 mL 3%



Frifife ofEtd - v N A v 7R

BARE - K% ORI % plating medium I CTAML 1.25x 10% cells/em? IC72 b K H a7 —Fr vz
=BT L — MICIEE L 72, A Lo M2 ERET 2 720 1 itk 6 FFE#% I plating

medium (& CHEMWARIR % 4T o 72, 1ML 24 BEREI# 1T culture medium 12 T 0.75 mg/mL ICAR L 7z

Matrigel (Corning) % 7N L 7z #HAEIZ 37°C. 5% CO, THEFHEE 21T - 72, mIBRREESIMF T,

IR FREL 1T 40% 02 5% COs (0, B L X COx H AL CHIHEL) CHEE L 72, — B K ER#H

(H/R) 1% Fig. 1-1 T/R$ X 51T day 3 ICHIiEZ 1% 02 5% CO, (N2 B X U8 CO, H A MHE CTHEL)

TA4FEETE L. Z D% 40% 02 5% CO, T 2 B[] (mtROS HIFE) F 7213 20 Wit (HIAESE 1)

TRAE L 7=, @EEE (N) & L CHllg% 40% 0., 5% CO, 12T 6 il (mtROS HIE) F 7213 24 Ff

[l GHIRSERTAT) 558 L 7z,

plating medium & O° culture medium DAL LA T ICR T,

Plating medium

WME 500 mL
FBS 25mL

5 mg/mL insulin in 50 mM HCI ~ 400 pL

5 mM Dexamethazone 10 uL
Anti-Anti 5SmL
Gluta MAX SmL
IM HEPES pH 7.4 7.5mL

SR TH E R O HIE

Culture medium

WME ¥ 7z % Galactose-WME
ITS premix

Anti-Anti

5 mM Dexamethazone

Gluta MAX

500 mL
500 uL
5SmL
10 uL

5mL

L

INA—2F 73T 7 b — AT L IR~ v I ORI A R 13, OISR

70— TN E LT 5 7L — b (OxoDish®0D24, PreSens, Regensburg, Germany)(Buck et al., 2014)

W CGEEOWEE Y 1T o 72 (Ikeyama et al., 2020), EARINIC I, FifER A 7 4 7 225 L CHl
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FE R L 72 R[] % Time 0 & L T 10 538 D% 577 % SDR SensorDish® Reader (PreSens, Regensburg,

Germany)\Z CHIE L 72, 30 rfHloBEFEHEE X HH L 72,

FLIR PE A & D HIE
F53E 24 Wi oS G X Y il X - 3L E % E L O S @ Y HIE L 7z (Ikeyama et al.,

2020b),

mtROS DH|E
mtROS &It MitoSOX-Red % i\ THIE L 7z, 96 )X 7L — Mic~ v AfFla 2 & L Fdk 3 277
ECTEE L7z, N £7213 HR RO EE 2 FRE#. 5 uM MitoSOX-Red & H 15l %2 100 pL 700
L. 37°C T 30 -5 2 T\>, MitoSOX-Red % KrHbASHuIc X - Tl L 2 #ilid % BZ-X700
(Keyence, Osaka, Japan) % i\ CHIRZ HUS L 72, MitoSOX-Red DY lE, gta & LT
Hoechest 33342 T Rt % {7572, HUfF L 72 [H{R1%. BZ-X Analyzer THH L 72, MitoSOX-Red D

HOGHRIE 13, Hoechest 33342 D HIfEECHEIE L 72,

YNEFE & H/R ALE

Ry (734 Xvy, RvXTJu~wvuy, YrurzxF s, JAEXIF, busY)xyy)
139X T DMSO ICiAf#R. BRATREA 0.2% DMSO & 72 % X 5 ICHEER A L, M Ic gz L
Too SMEEY)IT H/R WLE % RIRFIC TV 24 IFREIREE L 72,

HHARSE O FF-AM
Day 4 ©~ v ZFHIIEIC YRR % 17> 24 Wil D B5 88 Lil &2 I L 72, MIAESE AN 2> & #&

3 % LDH iM% LDH Cytotoxicity Detection kit (Takara Bio Inc., Shiga, Japan) % Fi\» CHIE$ 2 Z &
Tl L7z, LDH O3 1Z. DMSOALE L 722 v + v — A fifld c otk xf 3 2 84 (1% Triton
X-100 % &I CHfAR L 2o Ry 7 4 7a v b e — A fifldcoiEEz 100% & Liz) &L
T FRCICR TR TRl L 7z, 492 nm D WSS 13 Multiscan JX system (Labsystems, Inc., Vienna,
VA, USA) % W CHIE L 72,

(CUIEY v 7o E) — (2 v br—AfildoBstE)) / (F¥ 74 72y b e —uifiigo
W) — (2 v b a—a Mgl eE)) <100
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ot at AT

FER T — 2 I3 PIEHTHER 2 (S.D.) TR L7z, T X TOMEHFNTICIE GraphPad Prism 8 7 F
7 =7 (GraphPad Software, Inc., La Jolla, CA, USA) %[ L 7z, AEZEME X, 2 FHREHEICO W
C unpaired Student's t-test, ZHEEIRTE IC D> T Tukey F 7z 1% Dunnett 15 % F\W 7z, AE/KHE% 0.05

EL. p<005SZHEEDY LA L 72,
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CERY:TIE RS

3-1 A7 7 b —REEBREFOMAG DTN Y v L ZTEE L2 2

Itav Py TEEOREICE. I Fa vy FY TEEN ) vk (OXPHOS) DifttHEE T
H2, FATHRICE T T v FYHUIFHIIE 2 F v 2t ok, Bk oREEE 22— (Glue) 2
5HT7 27 b—R (Gala) iKYV 2 B2L T2y N7 OXPHOS 2ME+ 2 2 L /R LTk
Y (Liu et al., 2016), [FIEkD FiE 2 ARG cHW 2~ v 2GAFHHAEIC D @A L 72 (Fig.1-1). Gluc
TIRBENEEXSRAMICIAD L7225, Gala TRBEHBEEISVIETH Y, (Fig.1-2) I +=
¥ FU 7 OXPHOS i LB WIREEZHERF L Cw b e E 2 b5, £727 v FHIRIFHE oG
BT, Gala &Rz <T@ 0, &2 lladbe 32T Fav F Y7 OXPHOS % X & ikt
ft32 2 &%RL7z(Liuetal, 2016), % T 40% O, ScfF COMERINE R ZFHEi L 72 & 2 A, £ 4
H H o iRt ity 02 B X L7z (Fig 1-2), T o OFERIZ, 40% 0, 5&/F F coRM
R o ORI, ~ 7 RPN OBEFE 2 LIz T LARB Iz,

3-2 BEEPEREN L SRR I ALMEE R D I ¢ 5

I ha v P Y 7D OXPHOS LTS LT, MHEREESIIF S T2 e E26N5, %
DEEFHIT 2 7201, A VBB OEIEYTH Y I REEOEIED 1 o Th 2 AR %M
JE L7z, Gala B CRiZE L 2 FHIIZ X, 20% 02 5fF T Glue Bilti CRizE L 2 L 0 & Kl
~DOHAMBD IRV 7> 72 (Fig. 1-3)0 & 51T 40% O, Se/F T CHEEE L 72T IZ. BEIR D E
Db 5T 20% 0 5E FOFME L Y 132 2 ICHBELERS Vb o572, b DFERIZ,
Gala Hiith & RFEFRSMFIC X o TRBERTEMMIHI S D 2 L 2R L. O HBER DK R ORI L
72 OXPHOS iEtEL A RET 2 b DTH S, H 7 7 b—AKHIL 40% 0, Bl A A DR T 4 HIEE
T3 LTtk bAMEERNRD DR 7D, OXPHOS 2R b il (L S e & & AR
INTz, 40% 0 5FT T 3HHEE 4 HEIC Gluc & Gala D27, L2 LEEHNICHERE &
MBI N, CTOEBIEFITNI W L2 oEYEN BRIV R CEEDbNS, 2-1, 22D
FER L D DARETIE 40% Op S TR E LB H RS & LTl A4 Bt 217 - 72,

3-3 H/RALEIC X % mtROS DEEA T Gala S&fFToABIRINS
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T T MICE T, VTRICKDFFEIN7Z ROSAMPT 25| T2 e AMEIhTn?
(Kalogeris et al., 2012), % Z T, IR Z#fi L 7= H/R JLERIC X % mtROS FEA:~ D22 % Gl L 7=,
Fig. 1-4A T3 X 51T, #E OREESM TR O IC 250 53, mROS 121 & A LT X
N o7z, HRWHEMFICE W T, Glue HHiTid mtROS (I i h 5 7223, Gala 5Tl
mtROS Z M L7z, X DICHRZFIC L BERMMITIC X Y. 2o OBIERR 2L 72

(Fig. 1-4B),

3-4  Gala ¥5#5 & HR OflA A Db 13 MPT FHEAIC X 2 IS 25 ke 4

H/R LHHIC X o TR T 1172 mtROS 23 MPT KR 25 fliidst %2 58 3 2 iR 5 7o SHiEE
SAFTORE L 72~ 7 2FlIRIc, MPT FEREA IR 0L &Y % 24 WEINETE L CHINEIE o B3zt
ZAL%FHE L 72, MPT 3583 & LCT7 4 X 1 v (Varbiro et al,, 2003), R¥ X7 u~n v
(Shirakawa et al., 2015), ¥’ 27 @ 7 = F 7 (Arakawa et al., 2019). 7L % I F(Shirakawa et al., 2015),
1 7Y XV (Segawa et al., 2018) % F\ 7z, (KIREHRESE Tl, H/R MALE Glue 55 (Glue N), H/R
RLIE Glue £5# (Gluc H/R), H/R fEALE Gala 553 (GalaN) CHAESEIZRED b ivde v 572 (12.5
WM 7 3d&my, 25uM Xy X7~y 75uM ZAZ K, 25uM by &V v) (Fig
1-5), —J7 H/R L& Gala 35l (GalaH/R) Tli, ¥ 2707 x2F 27 %R 4P T CypDLM =7 X
D FHIEIC B THIFSE D B RN %280 7=, T 2 TR 7-MIFE D MPT {RIF1E 2 R+ 5 7=
». CypDKO =V 256 HEfEL 72 fHlE < b AR OFHli 2 1772 o 72, % O#EE. Cyp D LM AT
® Gala HR §:fFCi® b L7z #ifgst (LDH JwH) (. Cyp D KO HH#ifg B B ic il = 7z (Fig.
1-5A,B,D,E), T b DfERIZ, FHRELE H/R U EZHAEDE 2 2 & T MPT K1 2 MAESE
ERICHEETEL L RRLTWS, 22T, TiALuy, RvyXJu~wny, 7L 3
Ko bar 7y 2D 43YNCOWTIED 2 FHE DR £ Tld MPT KFFE D HINESE %2 7R L 72 23,
Z NP E o SR T MPT IR FIEANE L L. Cyp D KO i ©d Cyp D LM AFflifE & [R5 ol
NIFE % 58® 7= (Fig. 1-6)s TD T &b, iR c4 U 2 M5 IE MPT & IZBEfR7R 2 & 23R
Iz,
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Fig. 1-1. Time course of glucose or
galactose culture mouse primary
hepatocyte

After isolation, hepatocytes were cultured
in glucose medium for 24 h. From day 2,
cells were cultured in glucose (Gluc) or
galactose (Gala) medium for 3 days. On
day 4, hepatocytes were exposed to drugs
under each condition (Gluc or Gala). For
H/R treatment, after exposing drugs,
hepatocytes were incubated in 1% 02
condition for 4 h (shading symbols) and
then incubated in 40% O2 (no shading
symbols). For normal conditions (N),
hepatocytes were incubated in 40% O2 (no
shading symbols).



Fig. 1-2

A B Gluc B Gala
Day2 Day3 Day4
100 100 100
o) {3‘ oS o X}
° - 0 - 9
w0 2w g e
8 S g S 83
a< 60 A 60 — a < 60 —

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

(min) (min) (min)
3 Day2 _ Day3 _ Day4
= £ £
E 2.0 N.S. g 2.0 * £ 2.0 *
© 15 | S 15 ‘ | S 1.5 |
Q o o
E 10 £ 1.0 £ 10
X 05 X 05 X 05
X 9 © 0 14
8 Gluc Gala 8 Gluc Gala 8 Gluc Gala

100t~ _ —1

Dissolved O,
(% of time 0)
o]

o

60010 20 30 40 50
(min)
B Gluc B Gala

Fig. 1-2. Effect of 02 consumption of mouse primary hepatocytes cultured in Gluc or Gala
medium in 20% O2 or 40% O2 condition.

02 consumption of hepatocytes cultured as mentioned in glucose (gray symbol) or galactose
(black symbol) medium. hepatocytes were cultured as mentioned in Fig. 1. The O2 concentration
was measured after replacing the medium with fresh medium. Data was normalized to the initial
02 partial pressure (pO2) in the medium (100%). A) The initial pO2 in medium on each day is
day 2, 3 and 4 in 20% O2 culture (solid line) and day 4 in 40% O2 culture (dotted line). B) O2
consumption in 20% O2 culture was calculated as relative consumption during the first 30 min
from the data shown in Fig. 2A. Data are means £ S.D., n=3, *p<0.05 vs glucose. Statistical

analysis was performed using Student’s t-test.
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Fig. 1-3. Effect of substituting medium Gluc with Gala in 20% or 40% O- condition on
extracellular lactate release.

Cells were cultured as mentioned in Fig. 1. In 20% or 40% O2 condition. Gluc and Gala medium were
changed every day, and the lactate released into the medium within 24 h was measured. Data are

means £ S.D., n=3, *p<0.05. Statistical analysis was performed using one-way ANOVA.

Figure 1-4

A N H/R

350 — P=0.05

Gluc

Gala

Relative fluorescence
(% of Glucose N)

H/R - +

—

B Gluc B Gala
MtROS Nuclei

Fig. 1-4. Effect of hypoxia/reoxygenation (H/R) treatment on mitochondria reactive oxygen
species (mtROS) measurement

On day 4, hepatocytes were cultured in 1% O: for 4hr, and then cultured in 40% O2 for 2 h. mtROS
was measured as in Materials and methods. mtROS production was defined as MitoSOX fluorescence.
Cell nuclei were stained with Hoechest 33342. (A) Images overlaid with mtROS (red) and nuclei
(blue). Typical confocal images are shown. Scale bars = 100 pm. (B) mtROS production and nuclei
number are quantified using BZ-X analyzer. Data are means = S.D., n=3, N.S.=Not Significant.

Statistical analysis was performed using Student’s t-test.
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Fig. 1-5
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Fig. 1-5. Effect of MPT-induced cytotoxicity by drug with H/R treatment.
On day 4 after littermate mice (CypD LM) or Cyclophilin D KO (CypD KO) mice hepatocyte
isolation, the hepatocytes were treated with drugs inducing mitochondrial permeability transition ( (A)
12.5 uM amiodarone, (B) 2.5 uM benzbromarone, (C) 250 uM diclofenac, (D) 75 uM flutamide, (E)
25 puM troglitazone) on Gluc N, Gala N, Gluc H/R, Gala H/R condition. For H/R treatment, they were
cultured in 1% 02, 5% CO2 condition for 4 h, and then cultured in 40% O2 and 5% CO2 condition

for 20 h after drug treatment. The cytotoxicity was assessed by LDH release into the medium. Data is

shown as means + S.D., n=3, *p<0.05, **p<0.01 and ***p<0.001. Statistical analysis was performed

using two-way ANOVA. N.S.=not significant.
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Fig. 1-6. Dose-dependent effect of cell death by MPT inducers with gala and H/R treatment on
LM and KO hepatocytes.
On day4 after LM or KO mice hepatocytes isolation, the hepatocytes were treated with drugs inducing

mitochondrial dysfunction on Gluc N, Gala N, Gluc H/R, Gala H/R condition. For H/R treatment, they
were cultured in 1% O,, 5% CO, and 94% N, condition for 4 h, and then cultured in 40% O, and 5%

CO, condition for 20 h after drug treatment. The cell toxicity was assessed by LDH release into the

medium. Data is shown as means + S.D., n=3.
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Fafn HE

4-1 MPT 55 HE O FFAM R EE O AT REM:

MPT (&3 F 2 v F Y THERBEEDO > C, EEZ DILIFHEEYOL (ici@otE & LT
K15 21 5 (Arakawa et al., 2019; Segawa et al., 2018; Shirakawa et al., 2015; Varbiro et al., 2003), % Z TA
Wrgecld, MPT FEMEMEEICBG 3 2 AT 2K L 72, A IZETHIEICE T, LPSIC X Y 5]
TR IN/ IR 2 mROS ZEA X, AHlildo MPT 2R X2 2 apetkz A L 7=
(Arakawa et al., 2019), AffFFECiE, LPS &G HFICHFIRCTH L % UR % invitro THEIT 2 720, H'F
7 b —AEEHE HR ZflAEDE, 2 ZICEY ZRE T 2 2 LT MPT RISt 2358 3 2
LWLz, —F5C, v b T o B TIIEYMRENG RS ISR E fED D 2 70, #IERHE O
B o I3sEYI e NI 2 o 72 FHER R R0 b s, L Leds, Itav U7
AR IR U 72 34 % o fE SR I Hiis g e PR Z v 2 C L ld—RICREECH 5, BREIE. B
fRfFI Nz e MIFIIE TR I P a v P 78F L CEE I L, BRERZROEFEMET 5 2 2
5T ® % (Ikeyama et al., 2020), #HAEHI & b AFHIA I BERETR CHABIT 200 (v FAFF A T~ T &
Fok DM =B AE 7 © P IF2S A KA © & % HepaRG) (T4 [EIfE. L7z 7 1 b a — )L % #
L. MPT KM O FE R L 5N B HIc DTS HIBEF L CW I BERB 2, T2, KF
xR EEBHRBEICGEA T 2546, A2 ) —= v 720 —7"y F OBIED» L X5 B 4 £&4F
(Gluc N, Gluc H/R, Gala N, Gala H/R) HBDIEMI 3K bt v 7 &7 0182, X bicid, FhiiC
W22V FHAAL v F 2= —NOBRIREIIEE ICROLEDR DY, L —FOH L AR
X 2 FEBHERA~ORED M TE RV, FHEFERORE®OBIAL HIL, FIAFREET L —F 2/h
BIHFA - FxvN—illZicEH AL, Z0ZNICEEED» DB IS AEIG3TZ 5 v A7 L%
T2 7 EOERMA D % (Zhang et al., 2019b),

4250 (TIALXny, RXvyXJu~wny, ZLEIF, b2 YRy v) kb MPT 24
L 7zlifigstiz, K 40%ICHIRE T2, ZORERIE. MPT 241 L 2 EEER 2 iHiigst 72 0 ¢
&, HEAEDILI EHICH 6N 2 L WL Z S 2 DI+ Thnwl L 2Rk L Tw3, it
Mo T b2 F U THEEIE. toll-like receptor 9 (KT ICfill D SFEMAL 2 iEHEL L. & 57 5 Mg
FxEL L pRE SN T B (Caietal, 2017), £ D78, RUFFE CHIE S L2 3P)C X 5 MPT
RIFE D IFAESE 1L in vivo TO SIEMAEDIEMEALIC b BE & E# 2 R TR H 5, Z0F
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ZEREXE, HlZE5HOFMEEE 7 v P a—ricEiliie: o B2 A bE s 2 &
T, S 2 L 72 O X 1 = X 4 b & 72 DILL TRl REIC 22 L EZ b b,

4-2 Y7 m 7 xF 7 TMPT A EMEDMIEIL TR T Nk o Z2BHIC DWW T
BRI 72 5 O MPT 3HEAID 9 b, 27 vu 7 2F 2771325 MPT {RTFHE DMINESE % F5E L 7«
7o 72(Gala H/R, Fig.1-5,6), ¥ 707 xF 271k, 7 v b ~v ZADMWEHFICE W THIRO HEE T b
av F)7%BEEE2 (MPT OFE1E) < L BBERIZ2A3. invivo TIiX7 v F TDALPS & ffAk
ICHTFPEE 2398 3 5 —J7 (Arakawa et al., 2019) . ¥V AT Z D X 5 RIFMAIZ L A LR LN
(Ikeyama et al., unpublished observation), 7 v b &~ A TORFEEOH T DE N, ¥ 7ua 7=
F 7 ORI OFEAIC X Y —FHHTEZ, Fy bcRERC - FrFo Y rn7 o4
KX 5 —F(Niuetal,2015), YV ATEYruz7cFr7-7orrrrza=F (dic-AG) 2BFEICHE
K3 % (Odaetal,2017), 21 HDRIYICOWTIE, MPT K7 DK EZED—>TH H 3

Hi

FoFIATP A EH I T AHERER R L 2 Z 2B bN, =7 2D TR TH % dic-AG 13 ATP

BRI T BHER4-e Frxso a7 2 F 7~ T\ (Syed et al., 2016), ¥ 70 7 =

\

F 7 X5 MPT 24 L7z ilifidmtt o A% XL sFllicikin 3 2 7201k, ~ v AFfiid % MPT &
B X Vv run 7= 7@ Blzid4-e ey rur=)r) CUHTZRED

TRBBED S L7z,

4-3  BRYIEREENETE C R S Nz MPT JRKIFRI 2 AL I D v T
ERIE D IEYR TR R IR X N2 MIESE X, Cyp D KO AP T d Mifl & e 2> o 72 (Fig. 1-5

F), EEEQEMMNENBELREX S, 2RI X VML FE X N-fEErE 2z o3, &
BX. Pl T MPT #58ERE %2 £7 > NAPQL iU I s Z e HIONE T F T/ 7=V

(APAP) ZHWZffEEE T LICE T, CypDKO ~ 7 2%, {KHE (200 mgkg) TIIFREE
2> b {1 & 71 % (Ramachandran et al., 2011)—/7. = &E (600 mgkg) TR X #1172 (LoGuidice
and Boelsterli, 2011) Z & 23432 > T2 3, Ffic, APAP mHBEHKGHICR O 3 IFfEETTIE, I+
v FY 7D Cyp D FEMRE ZndEiBb &R 23358 X 115 T & (Rodriguez-Enriquez et al., 2004), NO
FF—oxndxvF4 74+ GEMEEEEO ) SfiofmIc X v FEERH S 2
(LoGuidice and Boelsterli, 2011)Z & 72 EHE TN T WD, Tho BT 22 L. SREORYEE
RRICEZR X - MIfsE X, BE{E A b L RIC X 5 MPT FJEIKFAFRI 7 fifgsE < d 2 nlREE 3% 2 b
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5, CORMEMIET 27210 1%, LA P L RZBKT 2HFEZ V723 5k 2RETH0LETH
%,

4-4 MPT KIFI = MIfEEEEIC 310 5 H/R & mtROS D 1

H/R IC XY MPT %/ L 7= MIlSE 0 3 E S 2 —77. HRIFLERHICHE VT WTHLOREICE
WCHMIEESFE I N D o7, TOMELY . H/R %L 72 mtROS i MPT 358 @ ON/OFF %
HlfH T 2 BEARKNTTH 5 L2RB I N7z, MPT 755 & mtROS DRET 2 BIFEIRE 7 v b7
J(Segawa et al., 2018) P A — X—AF L NV AL X —¥2 ~T7u~wy XET V(Leeetal,2013)IE
WTHFEBRICRBEINT WS, X 5T, [Fim Tl 72 IEAEic VA U % UR b FIFEIC MPT %
FHET 5 LA, M(Lietal, 2018), fifi(Tian et al., 2018), U:f(Zhang et al., 2019a), i (Kalogeris et
al., 2012) TENZENHEINT D, TNLDOHBFICHEBWTHFRERKIC, IRICX->TiFE IR
mtROS 25 MPT i5E % Hlfill 4 2 AfREME AR S T3, L2 L&A 5, UR IZEEBRBHES T 7 v —
LA, & HICIZ B M RAEROGIEREE & 2 NICHE & IRERPRRER SIEMERE & o 7R R S&F T
THELZHRTHY . ZHICHFET 2 H/R Z Db 023 DILI i Hi 3 2 FiRE 1 & 135 21 <
28

IR 23 U 72BR1c 380 b 3 mtROS FHE DM IC 0Tl H/R BAMC, /MK %A L 723k
T DORE5 23#HE & 1T 5 (Bhogal et al., 2012), H/R IZ X Y iGH L E izl MR 2 S & 1 %
CD154 (CD40 @ U 77~ V) HHFMIfEZIE O CD40 ICf5A L. mtROS 235358 S 2, /IR IF Mg
FEENIC B W THLREEIZ R 2 Lo, VMRICH3 2 Y028 S k35 2 & T MPT
AL I EEOFAERT A X 0 G ICB S 2k 3 AR S N 5,
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CER) TN
EREBET L Y. = v AAFIZIC T O R R MG 5 L7z,

1. MERERE SEEEE2 ALY LI LTI Fa v P TERERTUEL 72,
2. I Fav R 7HEERERRIERFIC H/R IC X 5 mtROS EEA 23BN L 7=,

3. H/RIC X - T MPT FEDBEH D 4 Y MPT K1 2 IS 23555 X 7=,

PLED#ERA 5, 2% T MPT 5O EERIEMTIC IR ICX > TAEL 2 HR BEELKT
LB EBHL IR 0Tz, TNHEFEIIS T THAMICHH SN TWind o 72 MPT iFE DT
EEOITHHICER AR L5, IbiIc, ZNE TGS LI N TV o 7
MPT FHi R DREERIC S D723 0 | EEMFAFEERICE T 2 DILL ) 2 7 LAY O RHF A & PEkic
HERT 2 WHEME &2 R L 72,
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=

F3E MRS ICBED 2 (/M) 25 MPT FHREMATHIIESE I )3 3 728

Hi R

HFi I3k % e 2 B L CH Y, 2D 12& LT7u by i QMK T O &A%
FoN 2, FFBEABAR TR C I MR E R 1 20T U Iigge s R ic BE L 5 2 L 2R L T AF
fEEOZE (Fa br v vRHoOLE) ICHWSN Sk Y (Heetal, 2022), AT & MEEEE 1< >
VTR BEL T3, —RAVICEEENL. MAEEEOIREGIC X VIR . 2ok, B L 2N
Toffifast~ b Y v 7 RICHUMRAZEICESE . WEEL. BHEET 5 C L TfTbi s, [FRFIC, HEE
K3 E AL L 2 M/ MR O RENCEE L. 224E 7 4 7Y v offdH 2B L </ Mide % 58 1 3 2
(Sang et al., 2021), FFIC/IMRIZa 7 —7 v i L oMt~ t Y v 7 R 228K 2 G LTk
D, IRIMERCIEE(L T2 2 &, X oICiHEAL L 2B I3 ARIMBR L MHAAER 3% 2 & CHEEICRE D %
FaE v e vAEKMEET S Z &5 o T B (Klatt et al., 2018), T D X 9 T /MK A3 IR e %
DR TERLLEEZRLZL T2,

AR, /M DILL & OBSE b EH ST %, DILI BIEREOREFEY OFEICL S &, BT
I/ INIREE VAt D ZERHREIC H~ T DILI #8003 7e v 2 i 2. DILL D HALEl b v
23R TN T H Y (Licata et al., 2017),  M/IMRIEPE(L 25 DILL FEE (] & 2B 2 AIREMEDE 2 b 1
2, 720 RAT R ERTHFRICECTH, LPS &Y 27 v 7 2F 2% 7 v Mo G L 72Bic
BRI NIIEEL, EE v e VHERITH L~ vickoTifld s L dREL T
% (Arakawa et al., 2019), T OAGFRZH T 2 THIF Cld, MIEEEENICER S 5 —@ KRS 2 F 1
352 L Tinvitro ICHWT MPT 20 L M@ 2558 2 2 L iIcPIL72d DD, EfEHIIC H/R
ZDb DA DILI RICHBEOERETF L IZEZICL WEDERICE /2, £ 2 TARETIE, ME
BEIC RS ToRRICEH L, ZDE7 3K+ TH 3 M/MMID DILI FBAE~ DB G 2 BEE T 5 2
Le Lz,

I/ IR E LA I & BsERTE 5 2> b DIEEC RN E 5 L O EE Rk H 2 Ff> 2 L A3 TIc
%15 3T % (Lisman and Porte, 2016), H1 T RIZIGE IO W, I Clifpike~2rv 7 7 —
Y& OB % L T HAREIGE % HliH < 5 13 2> (Lisman and Porte, 2016). A % d@ih 3 2 BE
ICIEFEHE A~ 2077 =2 CTH 2 7 v ¥ —flfdic—IREE 35 Z & T [Touch & Gol & HFIEAL
LRI IMENBIE 2R L, MIEES I3 2Bl 213 U & 2 BARGIZICE % Hil{Hl 3 2 (Wong
etal., 2013), FFEEERFOIGE & LT, FRIPUAZ W CVMR ZERE T % & APAP FFEME D fFfEE
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Z < ¥ 5 Z & °(Miyakawa et al., 2015), M/IMREFERIVIC F 7V 2 7+ — 3 v 7 HERT-B & K
B3 LU LIRFRIC X 2 FFAHE(L 2 303~ % Z & (Ghafoory et al., 2018) 235 X LT 5,
T 7. BOMUIBRE T v 2 A Z2RET ik, Ffidic= Y P94 P —v 22 A LTV AEN, W
X N2 AR TE N 1 E R R 7% % 2 — F 3% mRNA % iR 2 033 C & cifFfi4
T 2 2 L AYR E L5 7 & (Lisman and Porte, 2016). I/ & RPN O AAEF 1@ H R 7z & N
FEERF O X & I R cEERKE 2 Fo,

BHIRZE L C LI, AR CHEH L Tw 3 MPT IR II/MRICEWT S EEAKE 2o 2 & 23
INTW5, MVMRIGET ., fEZT 2 2 e oiftEb L., MilaNIcE TS o TR O - i/
WRElt Dt A % A L 7z —XIE 7 & D %E| % 45 9 % (Lisman and Porte, 2016), —7/5 T, 5HWHIH % 2
FEEMatt., 74 7Y 2 =7 v ofRER SHEETER7 7 F e ) v (PS) Zilllgstic
BT 2R LlEE & 3R LERC L, 2 oBEEENMICIZ MPT 25857 3 2 & 25 X
N T B (Jobe et al., 2008), LI EDHE 2 5. MPT FHE M DILI FIE I ZITFHIIE D & 72 & 37 /MR IC
BB MPT FHES 5§ 2 vREIE 25 2 72,

Z ZCAWFETlE. MPT %A L 72 IV IMRTE AL S FF R SE FRE 1 IT TR0 8 % APAP fiFfEE =7 v
TaHMi L 72, APAP (3fFZAGERIE L L CIFRP il I 2 25, Ll CA S IC AFAIRE R 7z DR -
TR X I EE OG22 2723, BIfEICE W TH BORCTRIE L 72 5 T 2 (Lee,
2017), APAP IC B BFfEE A /1 = X 11T DWW Tt APAP O RIGHERBEYITH 2 N-7 & F b p-~<
vYE v A Iy (NAPQI) IC X% MPT OFEEDIF TIC in vivo/iv vitro I CREHZI LT 5
(Masubuchi et al., 2005; Ramachandran et al., 2011), % 7z APAP IFfEE € 7 L% W /2L E 05 T
(3. MFFEFEFIED & W2 o VIR SR IC &R 3 5 2 &, RlyiscIivMizirE T 2 2 &
IZ X b IFFEES IR X N5 2 & 2R X Tk Y (Miyakawa et al., 2015; Shan et al., 2021), fFfEEE T
NELTHYIEE 2T, X W ARETIZ, APAP ZEF ALY & L, MPT FE M o IF B RIE I

MM/MRTD MPT %/ L 7= BETEWAL B E 5 3 2 gt %2, ~ 7 R in vivo I THIEE L 72,
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2R ik

a2k

AR CH O ERREEZUATIORT, % &R aREIRC S TREBL v, 720 TR
s L 02 DD IZ T T Bk, LD 2 IidleEEARE v, B2 E
THWZEEICOWTIZZ 2 CTIIEIKT 3,

4-hydroxy acetanilide (APAP) Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)
NAPQI Sigma Aldrich (St. Louis, MO, USA)
Cyclosporine A (CsA) Fujifilm Wako Chemicals (Osaka, Japan)
Rotenone Sigma Aldrich (St. Louis, MO, USA)

FERENY)

C57BL/6] ffEME~ v 2 (5-838lH) Z#HAF ¥ — A XY N—FR X VAL, BALZ~Y R
HARZZAZAY —FR) I VAL FR-1 252, KX UHERIIABRICERES 2, BALLZ~Y
ZFE T v b r—r (2542°C) DBRE T ICT 12 ARG Y- 4 2 LV CEIE L, AR 1 3
LB LS DR FEBRICMHER L, X CTOHEPI National Institutes of Health 12 X b FlfT X 17
HA N TAVITH o TUBEETT o 72, FrICEBISAHICH W72 CSTBL/6) Mt~ v 2 (5 Hliw) 1>
WTlid, 7= IVRHSAAT A4V 7 v 2 (LABEX of MA, Worcester, MA, USA) % T X 0 S
B %172 72,

CypDKO =V R DOWTIdF 28 L [F L,

~ 7 AR B & i/ o &L

CypD LM ¥ 7z (% CypD KO ¥ 7 A Z ik T CHREFIRERIM L . 32% 27 = viEF b U v LR (B
B 032%) a0 15mLF2— 71K, 100xgs5 0 Timb L, LiEx200xg5 Ebd 3
T & THM/MRIMER Y #1535, % D, 1000x g 10 43 Ti.09° % 2 & THVIMRZ 72, 5o
M/ 2107 /mL & 72 % X 9 I Tyrode modified buffer 1< 8% L. /IR D iGHACEFE i< v 72,
MR DIEPEALEFH 12 2w TR IIMR GRASIREE S x 10°/mL) (C b v v e v & iBREEY) (APAP,
NAPQI, tu 7Y &y v) &b CEEL, 3047 37°CTA V¥ 22—+ 9 5%, 30 70 %OEEL
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KRB IX T RCIC & & & - dOEARRRI AR IC X - CHREE L FIFRFIC 1 2TV >, EC800 (Sony, Tokyo,
Japan) W7z 7B —H A4 b A Y —ICCEHiL. CD41 Bfila o PS e o El & % I
Wb ofefE e L 72

Jikf (2 v —vH) BT TR
PE Rat anti-mouse CD41 (MwReg30) BioLegend 1:500
FITC Annexin V BioLegend 1:500

- F# Buffer DI LA N ITR T,

Tyrode modified buffer (pH 7.4)

NaCl 94.58 g/L MgCl, 0.20 g/L
KCl 0.22 g/ Glucose 0.90 g/L
NaH,PO, * 12H,0 0.12 g/L Bovine serum albumin (BSA) 0.5 g/L
NaHCO; 1 gL CaCl, 0.22 g/L
HEPES 4.77 g/L

APAP Fe 5 iTREE & 7 v & TR E il

EERD & 4 La— &L, BEOHE (Miyakawa et al., 2015)ICHE - 72, BRI I3 B AR~
A (F BRI~ Y ) & 15 FERH R X 2. 300 mg/kg APAP & 7213 Z OREMENIRCTH
PR RROK & AN G LA R 2 AR L 72, & REENIC v CEFIRER M Z 17\, T~ v F b
U LHUEFA 15mL F2— 7B L 8,000xg 34010 Tl LIMIER 72, HFEEERHMG X ALT
WG ERH & FFYIR O AR X V1T o 720 ALT iEMRHBIC O W T, P IV AT 37—+
CII-7 A b 7 2 —(POP * TOOS i%) (Fujifilm Wako Chemicals, Osaka, Japan) #F\»C 7w b 2L b
AT o 72, YR OfEELC O WTIE, ~ 7 Z2 5 B L 72 iFi% 5 mm DU o 7w v 2128 ) H
L. 4% T FAVLTAT e F T4 4°CICTREEL, 15% A7 0 —XEEZ LT30% A7 A
— AR TR ER AT o720 BT L7ZUH I 15% R 27 v —ZERE 0.C.T. Compound (%27 7 7 7 4

VT IR oK) B I2 TRALZERTEML, 774424y F (CM30508, Leica) I &

27



9 -15-20°C T C 8 um DEYIVI R Z R L 72, fFH L YR 13)RRz & &, AR £ T-80°CTRTE L
770

BRI % 72 Bkl (BMDCs) FrEABEME 7RI~ 7 2 Dl

BMDCs FFZER FRIB~ 7 ROfFRYTE L, #E O (Miyakawa et al., 2015)ICHE > 7z, BAR
ficiE. NRMEESEMe 2 B S 2 720, 6 Bl B4R C57BL/6J it~ 7 21, MBR-1520R-3
X Mg EEE (H X7 =V Y a—va v X#K) zHVC, 2 KT 2 E. 55Gy (&&f 11
Gy) ZWS L7z, CypDLM 7212 CypD LM O~ v 2D ABEE & IKE 2 & FHiila 2 oEEL . B
k2> W~ 7 RITHEA L7z, vV R FAHRDITETHE L, 48, FR-1 £ =27 7> Vi (A
BlE 7 7<) (Img/mL) AVREKEZBHRICT 722 &E7-, DOk, 2 BEEIZITAEYEETN
DIKEFHAL 72, BHifSfE~ 7 2 TOMETTIX, @BEOE (Miyakawa et al., 2015)2> b BFAER < v
Z L AREDIFFEENEL 2, ©REHAED APAP (250 mg/kg) %M L7z, B BEHIIER: R I
CypD ZARIEL T3 & & 3FlES L PR S L7z 2 v 82 2wy 222y 7ay 7

4 VI TCHERR L T\ % (Fig. 2-1A)

~ v A D H&E 3t

PEBLL 7230 i % BRI CHfE L 7212(10-15 49). PBS I 10 iR & 272, i RFHRKIC <
KL, A ¥ — - ~2bFVVIRICSFIRT D, 20D LAFEIKTKIEL 72, 40°C DAFHL
KITARIOIE L EITo 72, 05% AL v TAa—RIC 8 iR L7tk FEEUKICTKGE LI
T O TR Z (T > 72, % DE~F ¥ VI CERULEE 4 5717\, Entellan® (Merck

Millipore; Billerica, MA, USA) THf A L BZ-X710 (Keyence, Osaka, Japan) (T CH[{§ % HUfS L 7=,

ik 14

70% EtOH 30 ¥
90% EtOH 1 57
99% EtOH 10 77

KT R ) — 30
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FHAR et

HRGORF L 728 2 %I L PBS 1T 10 70iRiBLEE L 72 %%, 0.1% BSAin PBS IC CHML 7% 1
KPR % KIS 272, KIGH% PBS IC CTHEdf2. 0.1% BSA in PBS TAM L 7= H AR 2 KPUA K O
Hoechst 33342 % EiRIC T 1 KRG X 272, RIGH% PBS IC CTHE#{%. VECTASHIELD (Vector

Laboratories) T A&, &M L — 3 —BAMEL LSM780 (Carl Zeiss)IC THIfR % LS L 72,

L 7Pk, RO T O Y Tdh 5,

fithts (77— %) Wit AR
Rat anti-mouse CD41 (MwReg30) | Becton Dickinson 1:400
Goat anti- albumin (11657) Bethyl Laboratories 1:400

5 mg/mL Hoechst 33342 Thermo Fisher Scientific 1:1000

~ v Z PN BMDCs @ g

<7 AR SRR IC & 0 KEIE X &7, Iz HiiEEd 2, IFIEZ SC-2 1 Tz,
Collagenase buffer 12 T3 0 DL 40 43 37°CIC L 72K TR e 5 ¢ %, Z D% 100 um £V R b
L—F =% LT S0mLiEhEICET, 20k, v 77y —y ko #EEE (A% &ii/h
Wo gtk (BiE) o0 % - D HEEL 7-fFlE% & A 72 Collagenase buffer % 2 21313 5, AIET
13 600 x g T 7 4rim k., EiEZBRZE L ACK lysis buffer Z il 2 5 flEfHE T 5, % D% 2% FBS in
PBS IC CRILEIFIEE®, 600xg T7 o0& LT 5, EiFHZRZE L 35% Percoll /AR CHE®E L. 600
xg TI5m@E0 L, SEMlaZREL 72, £ D%, 2% FBSin PBS TH&E L. 600x g T 7 73iE 03
%, ki EFRZE L 500 5478 Fe blocker (2.4 G2; BD PharMingen, San Diego, CA) in 2% FBS in PBS
T300FHET b5, ZDHZ600x g T77E0 L, WKE %2 TRl £ Lo 2 HARERAEIT-
72o BiETIE 1,300 x g T 10 7ridf2. i ZBRZE L ACK lysis buffer Z il 2 5 pEFHE S 5., £ D
# 2% FBS in PBS IC TG &1L X ¥, 1,300x g T 10 @07 %, EiE%FRE L 35% Percoll AR
THEE L. 2,000x g T1057=0 L. S ZBRE L7, Z D&, 2% FBS in PBS TR L .
1,300 x g T 10 43303 %, RiEZFRZE L 500 54 B Fe blocker (2.4 G2; BD PharMingen, San Diego,

CA) in2% FBS in PBS T 30 0 HHET 5, D% 1,300x g T 10 /&0 L, ILE#EY % TRtic £ &
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B 5 HNRIERE % (T - 72, HEIX EC800 (Sony, Tokyo, Japan) % W27z 7 v —4%4 F XA b U —IiC

TaHli L 72, 155 7245513 Flowlogic ¥ 7 + 7 = 7 (Inivai Technologies, Victoria, Australia) (C Cfi#

Wr&4T o 72, #H%1Z EC800 (Sony, Tokyo, Japan) ZHW7z7 v —+% 4 b X b ) —ICCEHIL 72, 15

7245 R X Flowlogic ¥ 7 b v = 7 (Inivai Technologies, Victoria, Australia) I CH#T %17 -7, %

7o B AT L TR DORERICHE > T — P 2fT o 72,

HHEK: Ly6G*

Ml w2717 7—:Ly6C' Ly6G CD11b" F4/80

M2~ %7 1 77— Ly6C Ly6G CD11b* F4/80"

M/ii: CD41*

ikt (7 v —v4) L&t EEENERS
FITC anti-mouse F4/80 (BMS) BioLegend 1:400
PE anti-mouse Ly6G (1A8) BioLegend 1:400
PE/Cy7 anti-mouse/human CD11b (M1/70) BioLegend 1:400
APC anti-mouse Ly6C (HK1.4) BioLegend 1:400
PE Rat anti-mouse CD41 (MwReg30) BioLegend 1:400

18 Buffer DA XL T IR T,

10 x SC-2 buffer

NaCl 80 g/L
KCl 4 g/L
Na,HPO, 3.036 g/L

NaH:PO4 - 2H20 0.882 g/L

HEPES 23.83 g/L

SC-2 buffer (pH 7.4)

10 x SC-2 buffer 100 mL/L
CaCl, 0.444 g/LL

Glucose 2g/L
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Collagenase buffer (pH 7.4)

SC-2 bufter 20 mL
DNasel 0.4 mg
Collagenase 16 mg




ACK lysis buffer 35% Percoll AR

NH,Cl 8.29 g/L RPMI1640 2.6 mL
KHCO; 1g/LL Percoll 1.28 mL
2Na-EDTA 37.2 mg/L 10 x HBSS 0.12 mL

~ v ZFFE I b3 v F Y T o bk

7 U AR EEMEBLFIC X D REIE X 271, WPhEZ BB 5, Wil Buffer 1< X Y Bk, [FH
Buffer #CHEY 2+ 4 XL, 770xg T 5 /i 00HET 2, EilE% 9800xg T 10 & Lok
L. EEZBRELZOBVEZEO Buffer T, 4500xg T 10 90E00HEL 72, APAP 5
~ A I b a v FY TICow T i i, B8 Buffer IR L 72, Y X 2 MPT #5E
BE D I IC D W TR VLR % 320 Buffer TEE#I L 2000x g T 2 /0Bt L 72 0 B L <
4500 x g T 8 i B, U R TR, TR Buffer IR L. Lowry BICTX VN ER

L CHEBRICHEA L 7z, B DEIEIC OV TII T~ TOKETITo 72,

#-ffi Buffer DFHBIZ LA T ITR T,

i1 buffer (pH 7.4) 10 buffer (pH 7.4)

Sucrose 94.58 g/L Sucrose 94.58 g/L
100 mM HEPES-KOH (pH 7.4) 100 mL/L 100 mM HEPES-KOH (pH 7.4) 100 mL/L
EGTA 183.26 mg/L EGTA 109.96 mg/L

%% buffer (pH 7.4)

Sucrose 94.58 g/LL

100 mM HEPES-KOH (pH 7.4) 100 mL/L

Ita v Y 7 OREOEE (Swelling 7 v+ A)

30°C ICff o 7z Swelling buffer H1i1C I F 2 ¥ F U 7 (HAIEE: 0.5 mg protein/mL) ZHIZ T 1 &
J& pre-incubation L 7-DbEY M A TRISZ B L. IVAIE R (UV-2550, EidtiifE
FT(ER)) 12T 540 nm OWSE DAL 2B L 7z, APAP #%5-1C X 5 MPT &2 Lic DWWl
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MPT FFEABEATH % Ca?t (AR 125uM) & I Fa v F U TICHEE L T 5 200 B co ik
JRE DAL E % MPT B2 gl L L 7=,

-1 Buffer DA IZ LT ISR T,

Swelling buffer (pH 7.4)

Sucrose 42.78 g/L

100 mM HEPES-KOH (pH 7.4) 100 mL/L

KCl1 4.95 g/L
Succinate 1.18 g/L
Rotenone 0.99 mg/L
VPR AT

/

W Buffer FIC S b2 MUY GRHCREL: I mg/mL), 2788 (RAIRIE: 4mM) &R T
Buffer ' DEEFEIEE % SDR SensorDish Reader (Presens) % Vs TREFFIICHIE L 72, 2D 2 53f&ic
ADP  (RAKEFE: 02 mM) %A 72, ADP IRINC X 2 BRI E O TTHEDSINR 3 % O % £5 - CTHIE
AT L7z ADP fA7E F QBRI E A (State 3) & ADP MiBFROBEFR N EHIE (State4) %5H
B, 2Dk (State 3/State 4) % Respiratory Control Ratio (RCR) & L THEH L 72555 % M0k
& L7z,

#-ffi Buffer DFHBIZ A T ITR T,

M- buffer (pH 7.4)

Sucrose 77.02 g/L
KCl 0.745 g/L
MgCl, * 6H,0 1.02 g/L
KH,PO, 0.68 g/L
EGTA 0.19 g/L
100 mM Tris-HC1 (pH 7.4) 200 mL/L
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Swelling Buffer H'iC Rhodamine123 (FA&IREE: 0.5 uM). I F a2 v F U7 (FRALIRE: 1 mg
protein/mL) Z#MZT 5 94 v Fax—=>a v L, 8000xg T 30 =L EEL 72, EiEE~A
ru7L—riclL, v427a 7L —F Y —%— (FilterMax F5. Molecular Devices) CC Ex:
485nm / Em: 535nm CHOLME ZHIE L 7. REM X, HOUBED bFHRL 72 Bt o

Rhodaminel23 2 X U Nernst DX ZHWTHH L 72,

«

Foa T

Fo2mEEL

=it
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CERYTI < S

3-1 APAP i3 MPT %/ LTI/ IMR & iE AL 3 2

Mf/IRIE MPT %4t L 723G LI 35 C PS 2 @S IS M ic B I3 2 2 b sl ST v
(Jobe et al., 2008), F7z. MPT Z 4 L 7= I/ MR OIEPEACIC XMV IMR DEEEIKR - TH 5 b v v e vic
X % mtROS DFEERMETH 25 2 & b T 3 (Chooetal., 2012), % Z T, 3 34 (APAP,
NAPQI, ta 7Y Xy v) icoWTFI Fay F U7 MPT OFES X U MPT (KFEH) 7 Ifl/MK D15
PELICOWTHRET L 72 (Fig.2-1), FFI ba v FU T T 3EYDI B, 28Y) (NAPQL, +u
V&EYV) KBTI bavy VY 7oMEHERCTE 2, oI bay V) 7oL CypD IC
fitr L MPT ZFHE 3 % CsA offHlic X v il s L7z (Fig. 2-1A). £~ v XIVMRICE T 2
MPT (K7 72 i AL 2 WERE 3 2 720, ~ v A& X Y B L 2RI + e v e v &Y% g
7 L 30 rfkicHifidbic PS 2 @& 2 Miie (AT, i&HELIVIMR) oA %25 L 72 (Fig. 2-
IB), ZO#E, try e yvflicky I ta vy F Y 7 coffRe R 23 (NAPQL, +u /s
Y& V) B CHBRRGEII M ORI HER & iz, & oG/ IME D312 MPT K
TFITH 3 0 % REET 572, CypDKO =7 & X 0 B L 7= /MR 35T b [EIRR I 37l 2 17 -
PSR AR OB I3 FER S Nn b o 7z BLEORER X Y . MPT FHESEY) I3 M/ MK D
MPT Z /L 723G b 2358 3 5 C L s L 2 & 7 o 72,

32 APAP 5.8 2 FNREMIE 7w 7 7 4 v

APAP (T X % iF[EE ClZ, BMDCs T& % Ifil/ MR (Miyakawa et al., 2015) * 4H15k(Yang et al., 2019) -
~ 27 "1 7 7 —(Chauhan et al., 2020) 23N ICEE T 5 C L 3G I N TWw 5, ARG CIIHRESR
JEMFEIC 3517 5 BMDCs DREG %S 210 F 5728, APAP 54 1-6 Rt IC 351 2 IFIEE~ D
# (Fig. 2-2A) B XU BMDCs (IMUMR « ~27 v 77— - {FHER) OFAN~DRME (Fig. 2-2B)

ML 72, BFEE Ol AFRE~— 7 — & LTHIS T B I ~D ALT OiHE 2 HlE L
7z Fig.2-2A TR X 5 I 5% 6 Rl CORERE R ALT O LA %8072, F7-AENICEREL
7= MRS % A L 72455, MK, ~ 2 e 7 7 =Y icown iz b5k | R X v ARIC LR L,
FHRERIE 6 IR IC B W CTHRIK EF L, 20— Tv/r/r7 7 =YD LREBICO VTt

APAP D5 X 3 ZLIZR o N 572, F7-. APAP ¥ G RUKER 2 IM/IMR D B IC D »
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T, WO 2 e 7 8O g i X 25l b T o 72, ZDORER7 v —% 4 b XY —ToORiRE
AR I 452 G- R MR AP Y U VIR 2 R R B B DB 23RS & e (Fig. 2-20),

3-3 APAP#5ickI1T 5 I =2 v P Y THREZAL

APAP IFfEEFEE T VI W T, TEEXRTICRD O N R CHEEL I a2y F Y 7Tl
Ca¥ic X W FHE X N3 MPT B2 K 2 2 & 2335 & LT\ B (Masubuchi et al., 2005), AHET
TR ERIEARICEH L. ALT O EZR LA 2380 2011, O 0 APAP %54 | % 7213 2 IK[H]
BICBI I v F ) 7oOBKRE (Fig. 2-3A) B X O MPT &3z (Fig. 2-3B) DFHli %17 - 7=,
FEIbavy F Y ToOBREICOWTIEI ba vy VY 7 OMEEEEASERICH T 2 IFREREOfEIE TH 5
respiratory control ration (RCR) fli& 7' v b VIREAEIC X > CTHE U SIREM Z15EE L Lz, £ Off
R Fig. 2-3A TR X 512, APAP R GHFCIIFFIRIEAE - B & S ICHERK T 2O o, &
72 MPT J&3Z V£ 12 DT i3 Fig. 2-3B T/R$ X 9 1, Ca?JEMEFREINF Tl APAP %5 O EICE DL 5§
AEARWHE DK T 2RO 5Na o7z D5 L, CaRFER Tt APAP 558125\ THE RWOL
JEDKT MR I NIz UEDFER XV APAP R GIC X Y ALT @ EAFNC I 2 v F Y 7 OkRE
K - MPT J&Z MO A & 2 & & 23R S L7z,

3-4  APAP IC X 2 iThEE & I/ MiE T 12 BMDCs © MPT {RFHIICIEE Z 5

APAP I X 2 IFfE%E X BMDCs @ 1 2 TH 3 M/IMRDBREFIC XL o Tl T 2 2 e s@iE T T
V> % (Miyakawa et al., 2015), 3-4 T /MR D MPT 2% APAP FFfEEFERFE TS5 3 % & & & Wil
T2 7-%, BMDCs $ %2 CypD KO =7 %2 (BM-KO) F X 8% xR (BM-LM) Z{ERIL 7=,
BMDCs Ff# (%72 CypD O RIBIZ, /MK & FFiD CypD £ v % 7 FIHFHIIC T BM-KO ~ 7 &
DIMIMRY v FTDIH CypD D> 7' FAHHEKT 5 2 & THEZRL T b (Fig. 2-4A), TD< T R
ZHWT 32 TR LN APAP I X B iFREE  (Fig. 2-4B and C) 7x & T IMEHAE @ FF PN~ D iR

(Fig. 2-4D and E) % 3Ffi L 7=, FFFEEICOWTlL, APAP %5 6 Fifi#2I1C BM-LM TH & ALT
FRPED LN, ZD ALT ©_EF 13 BM-KO THEICHIH X T/ (Fig. 2-4A), F 7= 6 i
% OKE ORI A% HE et TR L 72 & 5, BM-LM T3 H 0 FIR % A0 i A 70 A e
FERD H AL, BEGE D O APAP IC X 2IFFREELNHBE I N WS Z LRI N, 72 BM-LM
TH S Nz AL IX BM-KO TIdEiaomiciifl E w7z (Fig. 2-4B), MG O fFfHR~ D=
2Tl BM-LM TIRIM/NMR D 2385 G-I IR IC 2 DEIG B L TH Y, v7v 7 7 —
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Y OEEE 7213 % OMUIREEIZEA A 2 0> 5 720 BM-KO TIRIMVMK - =27 v 77— & 312 APAP
BT X 2L R T e o 72 (Fig. 2-4C), F 72, APAP % 54% 2 il L & 7z I/ MR
B onT, YR ZH W28 Rk EIc X 25l 1T 72, % D#ER Fig. 2-4E T/RT X 51
BM-LM TI/MK % /R 3R EBHE O LR ME S N7z, & 51 BM-LM TR S 7z /M D #

IZ. BM-KO Tl3fEi2 I e - 7=,

3-5 APAPIC X ZfF It = v U 7HAEZ{LIZ BMDCs © MPT {RTFIICHE Z %

3-3 TIREFAR~ Y 2T APAP % 5IC X W AF 2 F a2 v F ) 7HEEDQ I & MPT 321 o #5825
T5C LR LT, TDZALA BMDCs ® MPT {KFECTH % H % EET % 7o, BM-LM & BM-
KO T¥ FEDFHli 1T > 72 % DOFEHR, BM-LM OfF I b 2~ F U 7 Tid APAP 5 1 Kifdk X
WP BERE & BN, O AR RIE T 235380 b7z, — T BM-KODHF I Fa vy FY 7 TCiEIhLD
HERETIIMREI NG > 7= (Fig. 2-5A), 51, fFI F a2 v F Y 7o MPT &% % BM-LM
TR L 72858, Ca? JEIREE T O R B R{K T 280 70> o . —7 T, Ca>IRFEEHRE Tld APAP
%5 1 R X VRO BRI T 2720 72, APAP %512 X 5 MPT BEZ L5 13 BM-KO T
FEIS IS, T P a v P Y 7O MPT EZIEREIZ BMDCs @ MPT KAFRVICAE L 2 & L 25R &

N7z (Fig. 2-5B),
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Fig. 2-1

(A) Troglitazone APAP NAPQI
Exposure time(s) Exposure time(s) Exposure time(s)
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
1 1 1 1 J 1 1 1 1 1 1 J 1 1 1 1 1 1 J
0.1 0.1 0.1
£
£ 0 £ £
5 014 3 07 g 01
5 % %
é -0.2 - g 0.1 2 8 0.1
-0.3 3 b
0.4~ 0.2- -0.2-
- =+ Control —— Drug —— Drug+CsA
(B) * * * *
a 15 w 20 g 2 =
D — ° —~ R
3 - * s8 15 815
&3 10 53 &3
2% - s % 2%
-3 o35 10 53 10
22 g2 ojp *
®0o 5 ® o T o
22 22 5 2R 5
e - s & - e - 2 &
olma ® e 0 » 0 Lomcn o= r r
Thrombin - + - + Thrombin - + - + Thrombin - + - +
Troglitazone - - + + APAP - - + + NAPQl - - + +

® CypD LM O CypD KO

Fig. 2-1. Platelets was also activated by APAP via MPT induction

MPT was evaluated using a swelling assay (A) and platelet activation (B). (A) In swelling assay, the
absorbance of mitochondrial preparations at 540 nm was monitored after the addition of 3 drugs (12.5
uM troglitazone, 5 mM APAP and 50 uM NAPQI). CsA (5 uM) was added at same time with drug
treatment to confirm MPT dependency. (B) In platelet activation, platelets isolated from CypD LM or
CypD KO were treated with drug (12.5 uM troglitazone, 5 mM APAP and 25 uM NAPQI) and/or
thrombin for 30 min. The activate platelet was assessed by PS externalization using flowcytometric

analysis. Data is shown as means + S.D., n=3 *p<0.05.
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Fig. 2-2

(A)

(B)

% of Nonparenchymal cells
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Platelet

Salineth 2h 6h
APAP

Fig. 2-2. Effect on liver injury and BMDC:s infiltration by APAP in wild type mice.

Mice were administered APAP (300 mg/kg) i.p or saline vehicle after overnight fasted. (A) ALT
activity in plasma. (B) Assessed infiltrated BMDCs (neutrophil, macrophage, macrophage
differentiation and platelet) in liver at 1, 2 and 6h after treatment APAP or 6h after saline vehicle
treatment. (C) At 1, 2 and 6 h after treatment APAP or saline vehicle, liver sections in each mouse
were stained with anti- CD41 (red, platelet marker), anti-albumin (green, hepatocyte marker), and

Hoechst 33342 (blue, nuclei). Data are shown as means = S.D. (n = 3-7, *p < 0.05).
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Fig. 2-3
(A) * * * *
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Fig. 2-3. Effect on mitochondrial function by APAP treatment in wild type mice

Mice were administered APAP (300 mg/kg) i.p or saline vehicle after overnight fasted. (A) In
mitochondrial function, respiration activity (left panel) and membrane potential (right panel) was
measured using mitochondria isolated from mice with APAP (1, 2 and 6 h treatment) or saline
treatment. (B) MPT sensitivity in mitochondria isolated from mice with APAP (1,2 and 6 h

treatment) or saline treatment was evaluated by absorbance at 540 nm with water (as control; left

panel) or Ca’ (12.5 uM) treatment (right panel). Data are shown as means = S.D. (n = 3-4, *p < 0.05).
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Fig. 2-4
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Fig. 2-4 continued

Fig. 2-4. Effect on liver injury and BMDC:s infiltration by APAP in Bone marrow transplantation
(BMT) mice

(A) Representative western blotting of liver and platelets protein extracts in BM-LM and BM-KO mice
with anti-CypD and anti-GAPDH. (B-E) BM-LM and BM-KO mice were administered APAP (250 mg/kg)
1.p or saline vehicle after overnight fasted. (B) ALT activity in plasma at 1, 2 and 6 h with APAP or saline
vehicle (6 h). (C) H&E staining of liver sections in 6 h treatment BM-LM and BM-KO mice. The area
enclosed by the dotted line means hepatocellular necrosis region. Scale bar =300 um (upper panel) or 100
UM (lower panel). (D) Assessed infiltrated BMDCs (neutrophil, macrophage, macrophage differentiation
and platelet) in liver at 1, 2 and 6h after treatment APAP or saline vehicle (6h). (E) At 2 h after treatment,
liver sections in each mouse were stained with anti- CD41 (red, platelet marker), anti-albumin (green,
hepatocyte marker), and Hoechst 33342 (blue, nuclei). Scale bar = 100 um (upper panel) or 50 uM (lower

panel). Data are shown as means + S.D. (n = 3-7, *p < 0.05).
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Fig. 2-5
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Fig. 2-5. Effect on mitochondrial function by APAP treatment in BMT mice

BM-LM and BM-KO Mice were administered APAP (250 mg/kg) i.p or saline vehicle after overnight
fasted. (A) In mitochondrial function, respiration activity (left panel) and membrane potential (right
panel) was measured using mitochondria isolated from mice with APAP (1, 2 and 6 h treatment) or
saline treatment. (B) MPT sensitivity in mitochondria isolated from mice with APAP (1,2 and 6 h

treatment) or saline treatment was evaluated by absorbance at 540 nm with water (as control; left

panel) or Ca’ (12.5 uM) treatment (right panel). Data are shown as means = S.D. (n = 3-7, *p < 0.05).
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Fafn EE

4-1  APAP IFFEEFIERF IC 51 2 VMR OB S

RECIE, WEOWME TR SN X 51T APAP IC X 2 FREE D W1 B 7> & I/NMRASHFIEN 1o &
i+ 2 e (Fig.2-2). BHEFFEMIC CypD # RIBEX ¥ % 2 & TAPAP IZ X 2 iFEEZIIHI©Z 2
L&D ITHFIEN ~DI/IME D ERE A E X 2 2 & (Fig. 2-4Dand E) %ffE2 L 72, APAP IC X 2 iF
[ ¢ X, BMDCs Td % [fll/IMi(Miyakawa et al., 2015) + 4 Ek(Yang et al., 2019) - =272 7 7 —
(Chauhan et al., 2020) 2T FEERIEICBE S T2 2 L AME TN T W3, LA L, IFEERIEL Y ETO
WECEH LTI oMIEoS 2 3l T <21k, IVMRZ R CCHEEL b o7z, 2D 7=
D AMIFETld APAP 550 Z B D EEREIC 351 3 BMDCs @ Tk~ 0 1218 & ff¢ T3 L
720 % OFER, MEERIEL Y bANICHVMiE <207 7 —YOREMRONE L, ZOHTY
FRICI/IMR DR 25 BMDCs @ MPTRFFINICAE L % & & AR & u7- (Fig. 2-2C, 2-4Dand E), C
NoOFER LY MUMRD MPT BIFIEEFIE IS b 223459 5 2 L 23F 2 b iz, MU/
faDREEICHES 2 A = X L0 Tid, YRR RFIE & DM AR IC X 2 BN 22, I
IR B IHE & 0 2 IR T I X 2 B 55 2 DD FREESE 2 b D, WP R BAF
Rz owTid, S MR FHIAZIC RNA Zisf8 X2 2 2 & Tl MEE 222 5 2 & 255
TICHRE T TV B (Kirschbaum et al., 2015), BRI 725280 DV CTid, H/R O Tt T/ IMR 23 3E
fLL. M & 7z CD154 (CD40 U 77~ ) 2sHFMlIfdERH © CD40 ICH5E 3 % & & T mtROS 253
X, FFHIIESEICE 3 2 L 2SR X T % (Bhogal ef al., 2012), HFI1C mtROS (M %L 72
MPT FHEEOMAIICICEE CTH 5 2 LI 2 HDOER (4-4) THRRLEY TH D, X HIC, Hipf
M/ % v 7c MPT AR 3G AL DEHIl O SZER TR L T 3 F e v e vid, M/MRICE W T
mtROS ZEAIEL I ETMPTHEARI LT T2-000ERENTH S Z & b (Choo et
al,, 2012) 5 E N CTwb, BLEX Y, MPT Z3FE L 7z I/IMR & DHEAFA 2RO MPT 358 /E
RILICEDBABEED E 25N 3, ZoHICoWTIE, PHZABEHCH T, MPT FEfE%
Fb /MR oMb+ b e 2 Y 2V (Fig 2-1B) % IV ICHETE U 72 B I FFIAE i s
LCHES 2 & VMO MPT (KTEI 72 FFMREEE S 238800 3 2 (@1 2 2 L <\ 2 (data not
shown), L2 L7285 IS 0 8 & Tl3ido b T, invivo TEISR S iz VMK (R 1< 1%

BMDCs) D MPT {K{FI 7 HFFEER IR OB ICOWTIR I S R 2B AV ETH 5,
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4-2 BMDCs @ MPT | APAP D[EHFIERIED SR 532 7> ?

AEETIC BT, BMDCS © MPT {KTFINICEED &1 5 APAP %514 2 < W1 (1-2 B§RE)) o Z8(b
& LT, FHIBN DI/ IMEL DS R ICTEE TH o722 &5 (Fig. 2-4D). Z DR T IR E S
WRRICBA G T 5 L AE L 7228, —J5 CTIVIMIIEREE 2> 5 OBELERICH IG5 2 e 8f b, &
IS 13 Z OB O O EL EZ 20 EL B 5, MUMUTFHEICHS T2 MlBe Lcamsn, &6
SRFEIRE Fric BT, IVMBEIPER 285> b o v RR T F v 2ULET 3 & FEESRE S N
% (Liang et al., 2021), L 2L 7228 & /MR IZ. APAP SFEMAFESE < I3 /MR % & DA (von
Willebrand K1) #3232 & CEE#AES % & & (Groeneveld et al., 2019), /Mo ¢ #L 2
F v ZERDIF RO 2 T2 Z L CTIHEE,» O OBEZEBIE I 42 2 L R EAREINT
> % (Chauhan et al., 2020), APAP FFE M D FREE IC B\ T, /MR IZEEYIHH O &R & #%E o
AR OMFICE D 5, ARG CIHFHCRIEBRRICIRE L TRET 217 o 7243, 5% IZEERR I
2T d MPTARFERY = M/ IMRIE AL D5 2 BT L T B H B,

4-3 MRS & A 2L 2 Jeds 9 2

Sl oETcld, fFFI a3 v F U 7O MPT EZMED APAP BT EER ICHERT 2 & ok
DT (Masubuchi et al., 2005) % B £ 2, HFEEFRLED & KA ICHE T I Fa v P Y 7
REDE DX I ICEALT 22T DN T Oz, ZDFER, APAP G520 b3 2 1 IFEITH I + =
v R THEEE (B - AL DT, 75 ONC MPT EZ Mo RA D 55 2 & (Fig. 2-3).
T LTINOEALA 2T BMDCs O MPT IREFS 2 2 & (Fig. 2-5) #i1b 2L 7, I ALT
D LR 2R B LUHTO IS < M/MIASFEIN I 835 L T 5 2 & (Fig. 2-2B, 2-4D
andE) 25 b . jEMEAL U IR RTIC ERE L 72 /IR AS . RIS & TEBEY - RSHBE0 1A BV
LCw 2 H[HEMEAVR S iz, MBS O AFHARN ISR S 2 2 71 = X 2100w T, VMR IS
ICHEWRANCHFE I NS P-w L 7 F Y BRUNIVE N RENICHER S % ) 7~ For+ PSGL1 72 &I
fES 5 2 LA b AT % (Massberg et al., 1998), ZEIORETTIE P- L 7 F v OFEBIRICO W
THE L T, —RICIV/MUIEE(E T2 28 TP L 2 F YO RBIR LR 52825
(Jobe et al., 2008), {1 NAPQI %* MPT #& %/ L TH/IMRASTEMAL L T2 72 51X, 22 TH P-
L 7 FVvORBIZERL O aa[EEERE V. SRIOFRD L TIE, BN ICERE L 721/
7 U CHFSIAEE E TR L T2 D, 5 5 b BN I B £ T s 2 5 0 K12 570 7
VoS, M/MRIE I 2 M (=2 1 7 7 — ¥ (Ludwig et al., 2022)% 25 A#Ilf(Guillem-Llobat et
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al., 2016). % L CTHFHIfE(Bhogal et al., 2012)) & OEFEN, FEAZRMEEERARZAI SN TWE 720,
FFREN BT ICERE L. WGP L L 7R 12 & 2 M 2SI 3 & U2 LAk o B o ffifaic 2% %
B2 Twa alaetkidmv, 4-1 TR ~7e X5 RAFHIIE~DR2 8 il 2. FHHE & #5352 fh oAl
X3 2 /MR OFZE S B 35 & & T MPT Z 4 L 72 IFBEEFERF O 2R BfRIC D 7223 5 & 1
fFEn s,

4-4 YT X 5 BMDCs DR

MU/MROEREDR® biz—5 T, =271 77—V RUFrhERIC O W TIP3 TR
2 EDERITED bNind o7 (Fig. 2-2Band 2-4D), —fkic, ~27 v 77—V ik L of

FEAIRIC D W Cld, FFEREMIEZ & oMl fEE 2 Z 0 2BRIciit S g £ X — VBE S 73 X —
VRTENAVICX o THEI NS T L AR X T B (Tacke and Zimmermann, 2014), 124 [A]
DREFIT. APAP %514 1 R0 SKHIHOKFE ClivwIFho~y RicE W TH HEZ ALT LA %
AOLholzl b, GEMIEESSEYIC X - TR LT, 2hic X W IFlEAEE S
ZAREE IRV Ex b b, —FTIVIMRIE, 27 v 3 —Hllld~D —RFEEE % A L C(Wong et al.,

2013) K> & FFREE 65 o I NI R 23R < . £ 72 invitro IC51F 5 MPT %41 L 72 MUIMR D i
PEALIE 5 0 FREE & UIRIRREIC A U 5 2 & bR LT % (Jobe et al., 2008), 5B vitro DFET
B WTH, ba Y xY v, NAPQI Z IM/IMRICIEES 3 & 30 20 % ClciiVIMR D i L 251431
AHHLNTW3 (Fig. 2-1B), =7 AIT APAP % 200 mg/kg #1159 3 & 30 43 LAY IC NAPQI 23
EIMHREICGEL . Z ORFOIREIZH 50 M & i X TV 5 (Zhang et al., 2018), NAPQI Ix. AF

HREAN T FICER L Tl I~ & e, HFic CYP FHIRE D % duU IR AT o JE iR e iR 13

KHIME D bEnwEeEZLNS, invitro TiX25uM D NAPQI MEFE CII/IME D iEMAL % 725 72 3,
JeiB D X 51T invivo TIZ X 0 B D NAPQI 2SI/NMRICHETE S LT Wiz mlBEME2 H 5, DI % B
¥ 2 % &, Touch & Go DHEREIC X o THEIR L I — RN 72 88 L 7= MVIVI IS NAPQI 25 i FE gt
TN, MPT FHEE A L 72iEMAL L 72811 & 2 OB CHFIIIC/ERI L. IFS b= v B Y 7 HkRE

BEALT B 2 & TRAEAICHFMIED MPT BEEZMN B L2 EZ2bNE, 2B TRLZ LI I,

MPT JE&Z 23858 L 72 FFHAE < ld MPT 358411 X 2 MilasEAE 2 W 23 < e 5729, APAP 5
% 2 I DA IC SR RS BRI iz e FEx b 5,
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4-5 & b ToO MPT FHEEFHii~ D A HEME

ARE T, HEEM/NMRZ AW PO A2 5, F a2 ) &2V v % NAPQI 7 & D MPT i%EAE
D3F1H 415 DILL Y R 7 Y3 i/l MPT KFERICTETE(L S 2 2 & s L 72 (Fig. 2-1B),
MPT 8 (ZEE R DILI 2FHFH T 2 H Y@M E CTH % 72 (Arakawa et al., 2019; Segawa et al.,
2018; Shirakawa et al., 2015; Varbiro et al., 2003), FAFEFIHIC DR T vy O FMZHET 5 &
BEFE LA, BRIZT S hE» O HEEL 723 b2 v P Y 795 2 BTl R 72k A EEREIF T T
D o RFEH RO FFld c ORI ICEE £ o T\ b, 20— T, FEECHYEBREIROBLE 2L ¢
M HRAMRE % > 72 Al R R S E E L AR OB 2 SIIVMIE- WS 2 kTt s ol
fRkTE B EWIF I NS, EEKIT, Chen 513 MPT ITHKTF L 72 /MR D 16 AL % ffi i 2> 0 1 %
N—Ty M T 3 HiEEHE L TE D (Chenetal, 2018), SRz s TikzHladbe sk
LTt MIVMRZE W72 MPT S58REDFHlIR ZHEE L T 2 e AEENS,

DILI ®%  [ZFFEREEICAE L, Z DRz 2B I EEAOBEHEROE DL LFEZHNT
V% (Stolz, 2022), EURATHE R & L CIFEEYMEIIIER, MEER R 5 ic e b HIMBRIUSE OE V- CF
MIND T DL VH, K Fav P THEEORE S 2 DILI TiE I F 2> F U7 DNA
(mtDNA) DZFICEE S 2 8 AEER S T B (Leeetal., 2019), BLED X 91T, DILI BIED
ANZE%EE 2 % L CEIRNERZFHIT 2 & L FEELA, o mIics»TREM 4 DI/ D3
Pont s 2 EEZMEFHIIEA M2 FEL 20V /F 5, & MIVMID mtDNA 7w 2 4 7 X - TR
Hel o WIS AR RE <2 HEW 1Tt 3 2 WP SHFH 0 J&SZ P28 37 5 © & (Ball etal,, 2021), & b IA/MRD
mtDNA % 725 A B SEAIIE © HepG2 ICHU W A & % T & TIHI/IMK & [FIE D Mk $5 FH % Az 28 L %
MIT& % Z & (Balletal., 2022) . R EPHRIEHREINTW S, ThbOWIEIE, EWITH T 2 H4F
MRS D RS M DAE A7 % VI e -l TR 92 2 L 2 BN L Tw 3, SO TcRonk
MAZIGHS 2 2 & T VMR Z v 72 MPT 5Ffi% DREEE & 5 $i 72 il & & 0 7 AU ETHil %
DEHFICH BN Y 5 %, 513, MPT /- L7z DILI U R 7 YO MR HE L Rz <. &¥EY
Dt FIZEFSDILI Y X7 & MPT %4 L7z b MIVIMREEMHEAL OB 20~ 20 LYk 3

MPT FAERE & % 2T 2 i NZDFEDOHEICOWTH FMICEHE L TV S LERE D 5,
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AT R

AR DO 2 ECliE, v 7 AFREEMIICE W TERFEE L lRER 2 HAabEic k) 2
Fay FY 7RG E 2B TE, T, BITHRTAONAZTRICK > THIERZ 5—
W7 HR % invitro SfF CHILT 2 2 LI X D mtROS %8 L MPT #¥)Ic X - CFEI LD
M Z RIS 5 Z L A3 CTE e, ZDO—TT CAREFROE L 7o e —BMEIL &\ 5 S FeikiE
POEMICEL L TOBEBTEE 24y MCEH LM ZITILEERELZ, 22 THIE
Tl EIMERE CBD 2 M % ot ¢ b IVIMICE H L. MPT 3583 Y 23 it &[RRI H
HEM/INR D MPT 2/ L 72 6L 25583 2 2 & 8025 72, EERNICE T 2 /MO MPT @
5 %Rd 720, BRI CypD KO = 7 RIC APAP % %5 L -G DTl E 025 2 Blg L 7=
& Z A, APAPIC X D2 Z ZIFREE - IVMROIFA~DER - IF I b2 v F Y THREDIXT - MPT
EEZPEDIER DT R CTHBHINE TDO MPTIRIFINICKEZ 54 RV P TH B Z L BRI iz,

DILI (& Efi L 7z R3S O hCiFmtE 2 R R Tl HuR L 2 £ 2 B iTH 3 Z L i s T
5, LoT, kD KRT v ¥ V23 2LEW % ATERIKER CEYNICEHE I 2 452035 5 L&
bbb, ZOHTH I rav P ) THEEETEROEYITE A v XL AR T Z & (Rana et al.,
22026, 2V P THEED TFHRREATIITHE I LHnnsd, Lir LiBEOHE TIE
MPT (T X % IS O FHE I3V EEME 28 b oA EH I L TE Y . 2 olfi o
Z 3 IMEHIAE R AP IE R EMINIC H 5 MPT IC oW CIREH I N T W iad o 72, BRI/ I3 EER
fackh sz erbilfiide LT EEENENTLE > T0E I EREZ LN, SHRIZIM/IME
UMM Z MK L T Z & TX Y MPT 24 L7z DILI A 1 = XL DfFIRIC D 535 Z & 234
fFxn s,

AWFZETILIM/IMI D MPT %A L 72 5fill = FHE A /1 = X L DfREIIZH0 1T A Tk v, S
COMICELCX ViR 2ENL 2 LT, A =R LICHED Wz invitro DA ) —=v 7
R R L EERFARICE T XY RetkomuwiEi{LEM ORI ~DOHBZ T T <, HIKIcE
WTCHFEEDO FHRAREEE LA MIHTE 254 4 ~— 7 — R EE 4 DILI BIERF O 1A
DRAIHICHOECTE 2L FE XT3,
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