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CYP:
UGT:
SULT:
GLP:
ATP:
LDH:
DMSO:
AFBI1:
CPA:
APAP:
TAM:
TGZ:
ABT:
GSH:
BSO:
NAPQI:
SAM:
GAPDH:

UPGMA:

cytochrome P450

uridine 5’-diphospho-glucuronosyltranseferase
sulfotransferase

good laboratory practice

adenosine triphosphate

lactate dehydrogenase

dimethyl sulfoxide

aflatoxin B1

cyclophosphamide

acetaminophen

tamoxifen

troglitazone

1-aminobenzotriazole

glutathione

L-buthionine-(S, R)-sulfoximine
N-acethyl-p-benzoquinone imine
salicylamide

glyceraldehyde 3-phosphate dehydrogenase

unweighted pair group method with arithmetic mean
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1. 18 Fil

AR, AR T OMEIC LY, B LEMORIENREIC > TETNHEERD
nNTEY, 2okd, RonGmilbewamEs <A - T2k TS, &
MDA AT — U TORETILOER D 5 6, M TORMBEN K & 72 5856 0 5 % El
A EV (Kola and Landis 2004; Hornberg et al., 2014). Waring © D512 & 5 LI K FRLEK X
— N —E kG L LToATRER T, BRSO FEEML OB EMMN 812 (ka0 h T, LEiliETE
SPICHAFE T I & 22 o 72 605 (LEWDOW, 240 LA (K 40%) H3FERRIREAER TOREMED K T
ol OHELH D (Waring et al, 2015) . FHhim CHERW L DO EMILEWMON, %
k- BB KX VBT &b Y 27 DI b AW T 57201, AIBEO B
MOEMED Y 27 TR, BT 572D OFRA AR THS.

ZEPEDRREE 720 EIMBRE AL L 25 75— 228 WT, &b FEBERERDOOE DIFE
ENZEIT B % (Hornberg et al., 2014) . FEAIFHEFEIENTFEE (26T D W IEI T LIRS AT T T
W5 A3, Idiosyncratic (FERLAEM:) ZRFREER S, FEA I = X LAN+SH S THRNE O
bHY, RIZTHTEFEZR0.

AFRO 7T v 23— NS [#—7 > M3 - & v MEBOERE - (bEM DRl - BRI
fdh DB, - AFHICMERIERRIRT — % OIG] LWV O ALK bnDd. £OHRT, ZaME
MBI L CiE, {bEaWaail - Stk oiafe CEM 2 PREM 72 3B, PIREM SISOV THE
i HLF 2T U —IZxfhi Uiz GLP @Mk & v 5 e Tt s (Fig 1) . #REREAZe3MR
B2 ClX in vitro K OV in vivo DA Z W T, BREMIOGER T 2ILEMOFLRT v LD
RS O LY BRSO R WM 2R T 27200 A7 ) —= 7 %17\, GLP mlEER T
%, BB OEET 0 7 7 AL - FNH T 2R RMOB AT O Lo OT — 2 AL,
BRIRBAFE Z D TV i & 22 5. BAREM SN (w0 X, T ), KW (X, ¥
V) 72 E & AW IEERIR O EIERBR CHFREIE AR LI s, T OEMERBLA I = X L O -
B N OIMEMEDRRFEZ ATV, A =R NG CToFREEWERO DDA 7 ) —= 0 7 RO
g, MR LAY O & D I T, AIEEIIEIC T D IFEE~ OSB3 T DI D DR —fi
HThHDH. ZOBHRBA D= XLAORHTC, A7V —=2 T ROBELEIIBNT, b h~OfffE
EMEEZFHET 27200 MFRE T ARLEE R D.

Drug Discovery Drug development
- ¢ Hit Hit Lead Candidate Preclinical Clinical
arge Identification // to lead //optimization // selection // development //development
Safety Exploratory Toxicity GLP Toxicity
Assessment (In vitro/In vivo) (In vitro/In vivo)

Hornberg et al., Drug Discov Today., 19, 1137-1144 (2014) & ) —&FHZE

Figure 1 Process of drug discovery and drug development
1



t MRS EMERO T — LT o RAZ A= R LTSNSO, b MFMlaThsd. b
MEflaOHRTH v MR, b N2 &3 2 R AIIX AT E S Tlde <
BIEWFZE T ORERNTHEE L W23, BUREIFHIII T LA S ICAF T E, BRI 1T 2 R ENRENFIE,
BIEFEICEER S5 2 &2, b IR IEZ OBGECRAFEIN O R ITEV, SEM G
TG & OFSREZHERF L72IRIECATT D Z LN ATRRIC /A2 0, REHEMEO RV B NI 2 55
FRICEATED L ICeolz. L LD, b MEFEFMIIE K —ofEEICH kT 2535
R#@EEO T v FHEDBRKREVWEWI REARH L. Fiov v ML > THUET—EOBEERTEEN
Kwvey BEHET 2587 ENH Y, AIFEMIE, FHILERFMRDLERGHOA 7 Y —=
VIRETIIERA LSOV E WO REANRDHDH. 5T, FEREERSCBREREE T oM H TIZE3Emr
WHRED EDS, BRIl & O g R e K OBEIRIE TR AT 5 5h, —WBa%, RENg
HERFELETLTLE REDOHELH L. NGNS, oI L 0 IEEE I KRB
W, K7 a7 s A VORI e Yy RBIFETHN, TOLIkay MI—EOHEHAFICE v K
TEAEASNAFTE WY, AL kuy ORENRME B EE L. £, v MR
MR, HEAEMTH Y, MDA T ) —= 7 TR Z K EIE S 2 A1 O I B b i
FBHANEHELNE W RERH D, —F, Mg EnBEca vy MEZER ENRD Wil s LT,
BIb SN2 T A4 i ERZFT S0, A OWT S b AP BB RE O HepG2 i 73
ERPAMELSEAEN TS, 2D OMIBITHERIE R LES T, HIEREDLELTVND
e, FIORA 7 V== ZIER LT N E W FIERH D0, £ < OFRYAREHTESE OR BN
b MM & bl LIER IRV 29, B S OFIROBERE D RHB O —-> T o 2 FEMHITE SR D2
ZHoIITEHME CE v, BHEFHMEOBLETH, A L7cbam o Ee, Rt omEitz
W/ NI 2 FREER H D, 20X 91T, AIEERIZEWNT, b hOEMREIHERE L L EMICA
L, BEDORAZ ) == FRA T = A LEHIHEH TE D MRET ANEENDD, FNEN
DOFFHIEE T /I TRREN B 5.



HepaRG #HfaiE 2002 42 Gripon © X VRIS « i S vz v MRS B kOMIak CH 50
(Gripon et al., 2002), DMSO K UF hydrocortisone 7¢ & DRI 72 /0 ALFFEAIN & F 405 Fiik ks
A& AW BRI C— BRI R Lok S 82 &, etk 0IBRE 2 R 3 Ml & AR ERR O
BReZ R 2 SDOREZ b OMMOILERROREZRT L1205, 2oL riiafbanic
HepaRG HIIITIERED A 70 577, FFIRIZRF 2972 albumin, aldolase B 72 & OFHLUZNZ, FHE
BORBPHEOONDMRED, FHEATIHEREL & MRS FERRICK®R L7271 7 7 A Va2 RS
(Gripon et al., 2002; Parent et al., 2004). F 7=, HepaRG #ifldiZ/fb &5 Z & T, NFEWAGHEE
FS, b MFAIRE RE L ~LIZEBLL TWOHIARTH D Z LR TWD (Gripon et al,
2002; Guillouzo et al., 2007; Aninat et al., 2006) . Z iU 5D Z & 55 HepaRG MR I L3 Y EhRERFIE0
TR E T MFMoRE LS LTHEMTE 2/iaR e LTER S, AR S M
INOoH 5. EEICZNE TEMNHEER TOF HAMEIZE T 545 (Kanebratt and Andersson ,
2008 @; Liibberstedt et al., 2011),, WM EAEIZE DS CYP #E, CYP FLEOFHEIZE % Wi
(Kanebratt and Andersson, 2008 ®; Turpeinen et al., 2009; Anthérieu et al., 2010; Ogasawara et al.,
2016), EMD 7 VT T AFHA~OARTEIZET 2872 & (Zanelli ez al., 2012) BYREAFFEIZ B
DOLWENL S RENTETND.

HepaRG i 2 W72 BRI BT 2098 U < D23 S TE TS (Aninat ef al., 2006,
Jossé et al., 2008; Gerets et al., 2012) . FMRFHHEAEZ & PATAINE & [FSFE L~ RAE LTV D Z &
5, HepG2 flifn7xr DT A o EHEEL, X0 b MFIICT W EMETMEET VIR & LT
Z DOFHFMEPKRE S TE TV DD, % O HepaRG Hild DRENETE & B MERBL & D BERS° HepaRG
HRE 2 D72 RETHTE M L 2 I Lo e BRI I BT oI g Th EY ShTE T
72N, % ZTAMFSETIE, HepaRG My Z i b AREIHNEMAL 2 I U CTHBLT D TR EME 2 M -
P TE 5 R TH DN EWV O BLE T, HepaRG Ml ifia itk & LCoHF MHEICET 2407
FREAToTC.



2. P 2E FFHERETM RO FEY K HEERE T
21 S$18 #E

HepaRG fifdiZmfb S5 Z & Tt M A3 RTIEEE B L TWD Z ENHD
% (Libberstedt et al., 2011). F7-fb SN Mla ThH L7 MFMlaE gL, v MiZE
DD TenZ DI E NS, HepaRG AR O W) G BERIETEIC OV TS e » bl L CiE
PEZFHE L TV DA 13 7200y, ARBE Tld HepaRG D431t « B2 1% O EN 22 3K B R 1EE

DOFH ATV, B b ST & O 72 AR O LA T & 5 HepG2 MliE O & b
L7,

2.2 %28 HepaRG HifadEYA HIEERIE 45T
221 % 1IE HepaRG MDD N LIEESH

HepaRG AN IFERE:, SH O (HepaRG® MAINTENANCE/METABOLISM MEDIUM 620)
TEE% 4 H~7 B CEMAHEEN LR L, 14 A% E CIEESHER S, BRicEHcx a0

(Manufacture protocol ZxH8), AWF5E CD HepaRG Al OB # LM 2R T D720, #EFEZ OEHE
BIE N ORI RIS TE ORI EZ 1T~ 7= (Fig. 2-1).

HepaRG cells
7.2 x 10* cells/well/96-well plate

Secsesessses

GEseieEiaeey Differentiation medium

Day0 Day1 containing 2% DMSO Day7 Day9 Day14 Day16
| | (Medium 620) | | | |
A A Pre-culture A A A A

Seed Medium

Observation &
change

Drug-metabolizing enzymes activities

Figure 2-1 Differentiation of HepaRG cells and the determination of drug-metabolizing enzymes
activities in the differentiated HepaRG cells.

Z OFES, HepaRG 13 Day7 CHFifats 2/~ 3/ & ONRE ERER 2 R la o LR 2D L 9 72
FERENBIZL S (Fig. 2-2), BEM D@ Y CToh -7 (Gripon et al., 2002; Andersson et al., 2012). F7=
FRIFAOIZ, K0 IFIIaERIZ RE 2 R 3 IR BT, AR L TV DRk P BlER ST, & HSEm
EEBTE TR E OFE RS, CYPIA2, CYP2B6, CYP2C19, CYP2D6, CYP3A4 iEMEIZSUWTIdfk
KA BH9 2 Z L3R & 7=, CYP2C9, UGT, SULT (oW TCiX Day7 The b <, Dayl6
F TR X IR THEBE 2D b7z (Fig. 2-3, Table 2-1). Z 0 X 5 (SRR TR MEAE D 2B H338
DHIEH, b MEFEMR 3 =y b)) OEWREFEERENE B2 =, HIH) L E
25, rbiiEE Day? OWEMEIE, b FERTHIROEME & F%EL EThH ooz, %y
b Day7 D 5% LABE ORRERRITAE 3 2 0 b5k & LTz,
4



10

Day7 Day9 Day 14 Day 16

Figure 2-2 Observation of morphology of differentiated HepaRG cells.

Table 2-1 Drug-metabolizing enzymes activities in the differentiated HepaRG cells

Time Drug-metabolizing enzyme activity (pmol-min'1 ‘mg protein'l)
Cell | oin Mean_+ SD
CYPI1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 UGT SULT

Day7 |7.65 + 041 [10.6 £ 23379 + 0.16|273 + 039|233 + 033 131 + 15 1644 + 24 1205 + 0.8

Day9 |899 + 070 |11.8 £ 1.4 [3.07 + 0.10]3.02 + 0.18 371 + 0.06| 222 + 19 | 1827 =+ 17 222 + 13
HepaRG
Day 14 |11.5 + 0.8 [181 + 1.5[252 + 038|496 + 043|371 + 034|216 + 4 1477 + 44 183 + 03

Day 16 | 10.7 + 0.6 |21.5 + 1.6 (2.5 £ 029|519 + 020|378 + 0.05| 234 + 25 1287 + 71 |17.6 + 0.8

CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation,

SULT: 7-hydroxycoumarin sulfation.

*: The day thawing and seeding was count as Day 0
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Figure 2-3 Determination of drug-metabolizing enzymes activities at the several time points of

differentiation duration in HepaRG cells, and the comparison of those activities in human

hepatocyte of 3 donors



222 % 2I1E 41t L71- HepaRG #HifaDE M Bl R F LA

2.2.1 THALSRAE & U TRk e LT R REI% iR #E Day7 @ HepaRG #ll 3 &=~ MZHOWT, it
BRI ZHE L2, ZORE, MR LT XTOL FRIZOWTEERRO b, KELT
WAHHDITRO b ZeoT-. IEHEO T v MEZE LR K TEH CYP2B6, CYP2CIO (ZHITHH S

BERETHY, KE7eny MAZEITERO biu7en > 7= (Table 2-2).

Table 2-2 Drug-metabolizing enzymes activities in the differentiated HepaRG cells

Drug metabolizing enzyme activity (pmol'min™'mg protein™)
Cell Lot No. Mean £+ SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 UGT SULT
HPR116062 |7.65 + 041|106 + 23 |3.79 + 0.16|2.73 + 039|233 + 033]| 131 + 15 [1644 + 24205 + 0.8
HepaRG HPR116150 |833 + 123|344 + 281|194 = 49 (621 = 031|334 + 048 | 114 £+ 20 |[1962 + 121|614 = 23
HPR116169 |10.2 + 1.9 507 + 3.9 |125 + 28103 + 09 |221 + 039]|69.6 + 11.9 [2254 + 253|61.8 + 7.5

CYP1A2: Phenacetin-O-decthylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation,

SULT: 7-hydroxycoumarin sulfation.

23 HE3H E FFLSNAHEKME HepG2 Hifa M R YR HEER E4ET M

57E1% D HepaRG M O SEWREEEFRIGTE & i3~ 572, & M2 A HHINE HepG2 AlifE D
IR AZHE Lo, ZORRE, R LIEE A EOEYRBFERIGEC OV TR T
[BLUL R CTHoT- 1T & A ETEMHEOFRD H 10727 - 7= Phase I B%35 & bt L, Phase [1 %32 CTH 5,
UGT, SULT (2B L TIHEMEERRD L, 2o D7 v 7 7 A /uidimEo#HRS (Wilkening er al.,
2003) ICLARBELFEED T2 7 7 A VT o7~ (Table2-3).

Table 2-3 Drug-metabolizing enzymes activities in the HepG2 cells

Drug metabolizing enzyme activity (pmol-min'1 ‘mg protein'l)
Cell Mean + SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 UGT SULT
HepG2 ND ND ND ND 0.0150 + 0.0101]0.225 + 0.047|33.7 + 5.1[20.8 + 4.8

CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation, SULT:
7-hydroxycoumarin sulfation.

ND: Not detected



24 HFAE

77{b4% @ HepaRG ML O FEYEITERTIEME &t 35729, & MFMaOIEmR

E RGO RYAHEERE T

AR &2

HIE L7z, & MIFAIL & LT, EARRIO v~ s AT (Cryopreserved Human Hepatocyte, Plateable,
BioreclamationIVT #1:) Z 3 =~ ~ (3 N7 —) M L7z, BAEHHIIA#RE, —WHE%, Y
REEFRTEEZTE U, SOREITMIRIE, MR - RRREEER 1T & M GRS M | <, #R 7R
BRFERRE IR, EHEME T T 5 2 A —RIIZH BTV DAY, ARHIETIE, #REIT#
WA ENRHEOT v v A T A v LA, i - —WEEE%, KYRELHGT 54
A IV TIEMZFHMI L7z, 2 OREER, 5% O EMABREEREMIIERO bR, =
>k SHM (2B L CiE CYP2B6, CYP2CI9 ([Z DWW CIIMH FIRLL T Th 72, F£7= CYP3A4 (2D
WTH, EbBEEORD->7Zw Y b YEM S HE L, #9200 EEREEIEHEMEN &0 5 R TH

ST2. ZORERITUSETOT — % > — b (Certificate of analysis) & [RIEROMEHFTH Y,
RIZHRT DIEMEDOAETH 2 Z L VR S L7 (Table 2-4).

R — D1

Table 2-4 Drug-metabolizing enzymes activities in the cryopreserved human hepatocytes

Drug metabolizing enzyme activity (pmol-min'I ‘mg protein'l)
Cell Lot No. Mean + SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 UGT SULT
SHM 2.06 + 1.31 ND 1.81 + 0.40 ND 0.178 + 0.038]0.349 + 0.132| 255 + 94227 + 64
CHHs CPQ 1.94 + 044|1.66 + 034|1.84 + 033|249 £ 0590908 + 0.149| 33.7 + 57 |391 + 76|(7.12 + 1.02
YEM 434 + 1.05|2.61 + 0.68]3.72 + 0.65]|0.788 + 0.185|0.660 + 0.175| 72.6 + 16.7 | 342 + 62|6.24 + 1.31

CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase,UGT: 7-hydroxycoumarin glucronidation,
SULT: 7-hydroxycoumarin sulfation,

ND: Not detectable




25 HES5H /ME

43/t L 7= HepaRG fIE O IMEHIERIEIED 7 0 7 7 A Va2 g3 5729, HepaRG, HepG2,
b MBS OTE A A2 E L, e L7z (Fig. 2-4). Z O#E%, HepaRG MR CHEE TR X
b NEEITAILOBERIENE & g L, MR L7 T X COoFREIZOWT, R%ELL EOEETH -
7-. ZOZ itk FHCHTRIRG S IEMEA b Ll EOHRE & b —8 LT\ 5 (Libberstedt et al.,
2011). F7/-b MEFEIFHHRIE S PRI K > TEHENE L RV, F3mHE TR To R »
R23ER D HAT273, HepaRG MIITFERR L7230 FRED T X TUIZHOWTIEMEZ RFF L TBY, 4
EFER L7233 1y MIOWTEITTY, vy METEEEIC OV TR 200 5 (CYP3A4) 2
DZEDFO BT DIZxF LT, HepaRG Ml = » FMEZED R K TS 5 [5F2EE (CYP2B6, CYP2C19)
Tholo. FMHEERIEEDO 1 v FEZEDS D72 <, TTHITREE R & U T2E LU
FRIEMEEZRA LTV

HepaRG #IfED CYP2D6 DIEMEIZHOWTIE, MEFICH D L O, N F—DEIKIZHNT % poor
metabolizer TdH 5 Z & 2351 5 3L TU 5 23 (Gripon et al., 2002; Guillouzo et al., 2007) , 41810 HepaRG
AR DT E O 5 Tld CYP2D6 D FHE T o 5 Bufuralol D ToH 5 1-hydroxybufuralol @
RIS i, IEMEEIT e MG L F%E L~V Th o7z, A EIORE OSSR 4 ka2
1E U725 30E 0.514 — 1.03 pmol/min/10°cells (FEEJREE : 5 umol/L bufuralol) Th-7-. [ UHE
Z VT3 TIEAY 3.0 pmol/min/10%¢ells (FEEHRSE : 25 pumol/L bufuralol) & W I #ERTH Y

(Liibberstedt et al., 2011), EEIREDEWEEZ[ET DH &, 410100 HepaRG AL DfEF 1L Y% &
LRIFL~NLVOEETH D &b D. RS Tl L e MIARITHINE & HepaRG #Hifid
@ Bufuralol KEE{LIEVEILFE L~V Th o7z i L TS,

HepG2 HIFEIZ DN THIE L 7o AUHEERIEE DR R 61, BEHOE Y (Wilkening et al., 2003;
Westerink et al., 2007 @; Westerink et al., 2007 ®), SULT OIEMEIZOWTIE, b MM & [
LAV DIERZRA L TR, 13E A EDONFROIMNEIIER SOV TiE e TR
g U, {EMENE L HRWETZIE, B FERUL T Tdh - 72, HepG2 (ZH~T HepaRG #llfd D HEW)
KRR TEMEIIH212m <, HepaRG MIIIATIRO FFE0 728808 T & 2 FEM AR TE 2 + 50
IZRA LT D IFRRMEAIIE E L C HepG2 LW ARTH D Z EAURIEB I T,
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Figure 2-4 Comparison of drug metabolizing enzyme activities in HepG2 cells, cryopreserved
human hepatocytes, and HepaRG cells.

Three different lots of CHHs (Lot. SHM, CPQ, and YEM) and HepaRG cells (Lot. HPR116062,
HPR116150, and HPR116169) were examined. Results of HepG2 cell analysis: gray bars are means +
standard deviation (S.D., n = 8). Results of CHHs: black bars are means + S.D.; Lot. SHM: n=6, CPQ: n=3,
YEM: n=6. Results of HepaRG cells: white bars are means + S.D., Lot. HPR116062, n=3; HPR116150,

n=6; HPR116169: n=5. ND: Not detectable
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3. HEIE HFEMUMEZTHAV-MSEEETm
31 E18 #s

7t U7z HepaRG #fidid b FHHIIE & R L L OEMRBEEZRA L TVD Z RSN
2%, Z @ HepaRG M@ s EWE O EME 273 5 & MFlasHnR E LCTHEHATH 50
ERREIT 5720, 5 SORFEWIRIFEEWE &= O B EIEOFHE 21TV, & OfifakEE M, %
NG L2, BFEEWE E L THWE 5 2Ot &% (Aflatoxin Bl,

Cyclophosphamide, Acetaminophen, Troglitazone, Tamoxifen) (%, CYP |Z & A IUTETELIZ &
STEMERBRT L ERMLNTND.
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3.2 HE2H b MEEHMEZERAV-HkRE T

53t L 72 HepaRG #Mifiiid & hFHEAE & [F%5 L~ OFMIGEHEEZ AT L TV D Z L AVR ST
23, Z @ HepaRG AR B E O EEMEZ AT 5 & MTFMREHMnR & L TEHATH S0
ZIRETT 5720, b MEGETMRAE O CIFEEYEIC X 2 MaEE i 21T o 72, b NIRRT
ARRELIEES 2 B, 2 4 S CHEMAGHBERIEMEZFEM Lo v NSRRI (Cryopreserved Human
Hepatocyte, Plateable, BioreclamationlVT #1:) %# 3 2w~ kb (3 R —) M L7=. {LEWERE L
48 MR (R v 2 Rl U 7= f PR B = P E ORI 21X ATP 7 » 2 A (CellTiter-Glo™, Promega)
Z .

Z Ok F% Table 3-1 127”53, AFBI, CPA, TAM IZ2WCiZE D v hOwFEFFRIRLIS L T
b I AR AF R 2 M B E 2N 3R D H LT, APAP IZOWTIE, 7w b CPQ IZOWT DR, Fimie
FE? 10000 pmol/L {23\ CHIFEFEEMED DR 7228 (Cell viability: 91.6%), 2 & v k
(DWW TUEAEIRHAM U 7 el B2 3 CRIMEBEEMEITRRD bz io7z. TGZ IZ2OWTIE, 3 12y
N & B AEEM U7 i 2 100 pmol/L & THIIRREE =ML Lo 7.

Table 3-1 Results of cytotoxicity assays of five hepatotoxicants in

cryopreserved human hepatocytes

Lot. SHM Lot. CPQ Lot. YEM
Conc. Cell viability Cell viability Cell viability
Compound (% of control) ICs0 (% of control) ICs0 (% of control) Cso
(umol/L) Mean S.D. (umol/L) Mean S.D. (umol/L) Mean S.D. (umol/L)
0 100.0 2.6 100.0 2.4 100.0 2.4
0.2 117.5 28 - - - -
0.6 122.7 34 112.7 1.5 . 107.9 2.3
AFBT 2 120.0 3.7 8 118.7 1.1 =20 89.1 26 a7
6 85.3 2.6 82.7 2.5 38.1 1.5
20 18.4 1.1 59.4 33 6.2 0.7
0 100.0 2.0 100.0 1.0 100.0 1.3
250 100.1 2.1 - - - -
750 101.3 1.9 96.9 0.4 101.3 1.8 .
CPA 2,500 105.3 08 >25,000 98.0 1.8 >25,000 99.4 1.0 =25,000
7,500 107.7 1.9 94.9 1.4 935 2.7
25,000 79.8 1.1 91.2 1.8 50.4 2.0
0 100.0 3.4 100.0 2.4 100.0 2.2
100 100.6 3.2 - - - -
300 102.1 2.2 946 3.0 101.8 2.9
APAP 1,000 102.0 1.3 >10,000 94.1 4.0 >10,000 99.2 26 >10,000
3,000 103.5 1.2 90.1 4.9 94.9 35
10,000 98.6 0.8 916 0.2 104.9 98
0 100.0 35 100.0 1.6 100.0 43
1 100.5 1.0 - - - -
3 100.4 1.4 103.2 33 107.0 2.1
6z 10 98.8 2.8 >100 103.8 4.2 >100 107.8 1.0 >100
30 95.0 1.6 102.9 2.1 102.8 3.9
100 96.4 08 99.1 13 98.0 2.6
0 100.0 3.1 100.0 0.8 100.0 0.3
1 100.0 1.6 - - - -
3 100.4 1.0 94.3 15 100.6 2.1
TAM 10 %5 2.9 40.3 86.3 1.9 544 97.0 25 60.9
30 67.5 3.7 73.8 3.9 81.8 23
100 0.2 0.0 0.3 0.0 0.2 0.0

AFB1: Aflatoxin B1, CPA: Cyclophosphamide, APAP: Acetaminophen, TAM: Tamoxifen, TGZ: Troglitazone,
Conc.: Concentration
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3.3 Z 3& HepaRG fifdZ AL ==

H3E, F2H T MR~ 5 O EEYE OMIREEZ G L722Y, ROy
g D HepaRG fIIZx;3 5 a2 550 L7=. Z0{k L7= HepaRG Ml T8 (AFBI,
CPA, APAP, TGZ, TAM) #ZHgiE L, 48 WfHlfR(CHINFEEME A R4 L7z, MIEbEE O FEIEIC
ILATP 7 A Z W M Lz y MISEMRETEER Eor y FHRIF LV TH 72D
T, fEE® 1 7>y b (HPR116150) Z{HEH L7z,

Z DR A Table 3-2 (TR Y. TXRTOILAMITHOW TR ERFANHITLREEME D R ST,
AR EENED ICso N HEH S ALAEW S AFB1 (IC50=5.0 pmol/L), TGZ (ICs50=80.0 umol/L), TAM
(IC50=15.8 pmol/L) T& 1, CPA & APAP ([ZOWTIL ICso WELH SR 727, Bt fE o
Rl EE 3 4L E 4 CPA 122U Tl 25000 umol/L T 56.7%, APAP (Z-24>C 10000 umol/L T 75.4%
Th v MlafEFEE R I T,

Table 3-2 Results of cytotoxicity assays of five hepatotoxicants in HepaRG Cells

Lot. HPR116150
Conc. Cell viability
Compound (% of control) I1Cs0
(umol/L) Mean S.D. (umol/L)
0 100.0 2.3
0.2 96.7 3.3
0.6 87.3 3.9
AFB1 5 6.4 31 5.0
6 43.7 1.1
20 10.5 0.6
0 100.0 3.4
250 99.1 1.3
750 98.9 0.6 N
CPA 2,500 99.3 1.6 525,000
7,500 95.9 2.4
25,000 56.7 1.1
0 100.0 1.5
100 97.4 3.2
300 97.7 2.6
APAP 1,000 96.1 36 >10,000
3,000 95.8 4.6
10,000 75.4 2.0
0 100.0 1.6
1 98.8 1.6
3 98.7 1.3
TGz 10 98.1 2.1 80.0
30 96.4 1.0
100 0.3 0.0
0 100.0 3.1
1 100.5 0.4
3 98.0 0.5
TAM 10 98.0 1.1 15.8
30 0.3 0.0
100 0.1 0.0

AFB1: Aflatoxin B1, CPA: Cyclophosphamide, APAP: Acetaminophen, TAM: Tamoxifen, TGZ: Troglitazone,
Conc.: Concentration.
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3.4 HEAE IME

HepaRG FHILDOFFEMERENR & L COFMMEEZM#RT 5720, REIEMHE(RIC X0 #2588
THZENMOND 5 O EMEWE ISV T, HepaRG #ifa AW CHINEME 2R L, & b
O FFRIAE O B DB M & el U 7= (Fig. 3) . £ O R, AFB1 (22 CTld HepaRG #lifii 1C50=5.0
umol/L, b MEGREAFMAE 3 7> F) TIiXICso=4.7 pmol/L~#J 20 umol/L & & I JH#EITHHAE
ZHEIZIER%E CTH o7, b MEFEF MO R T d AFBl ~DOEEZ MR &2 >727 > N YEM
X AFB1 OEMEIZEELRT 5 2 & T O A3 AFB1-8,9-epoxide (KD A k12 B 57~ 5 (s R
CYP1A2, CYP3A4 DIEMER R b EWV T~ N TH Y, HepaRG A & [FIZEOMRHBHNEMETH , Ml
BIEDRZ SR I Lo 7. CPA b b ARG m2 > 7w v N YEM TRl M S <,
HepaRG #lific & fx b AR E D ED T Livo 72, B b b MEAEFAIE & HepaRG Al Tl
PEREIR S T- DI TGZ ~DEZMEDENTH Y, b NEFEIFMETIE 3 vy M ELRERED
100 pmol/L CTHEAIFEE MR B2 > 7= DIZx LT, HepaRG Al TiX 100 umol/L T Cell
viability 0.3% & 1E & A EFEIRL TND LW IFERTH 572 (IC5=80 umol/L). = DR ITFFELME
ZHER L TCHRBROFERE 2D, ZORROBENTOWTEEMOBREHIARFIN M TITH 523,
HepaRG #lificiX SULT OACEHEM:A & <, TGZ 133 R BUC, CYP IZ X A RHEHEEIL O A7 57,
MBI AR OMEEE LM SN 5729 (Funk et al,, 2001; Saha et al,, 2010), = DOFEEOA[FENED
RRENZ. TRLD I END, FER L5 ODORFEMEWEIZ SV T HepaRG ML b - BAEAT
ERIELL EOMBAEBEEDEZEEZ R L TWDH Z ERH LN E o7z,
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Figure 3 Cytotoxicity of hepatotoxicants in cryopreserved human hepatocytes and HepaRG

cells.

Comparative cytotoxic effects of AFB1, CPA, APAP, TGZ, and TAM on cryopreserved human
hepatocytes (CHHs) and HepaRG cells. Results of CHHs are open symbols (Lot. SHM, Lot. CPQ, Lot.
YEM). Results of CHHs are closed symbols (Lot. HPR116150). CHHs and HepaRG cells were exposed to

test compounds for 48 h. Cell viability was evaluated using CellTiter-Glo™ luminescent cell viability

assay. Results are normalized to control cells levels and expressed as means + standard deviation (S.D.,

n=3 cultures). The Figure 3 shows the summarized results of Table 3-1 and Table 3-2.
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4. FA4EF HEMYEZRV-RBMNEGCTFRIREZHEN
41 HE1H S

FFgtE DB I B O FFARA O FIED —o & L TR -3 B A BT 72 & O FIEN AWV
LD, \LEMERBET HZ LICLVEBT HE ML T Z2MENITHAT L, up-regulate X%
down-regulate L CW 282 L, {EMECIEIHE S TW DB 7/ « /N2 T = A ZifHT
L, BHERBUCBR L TWD AN = AL EHET HFIETH L. 20O &5 R FIETHEERB
FERAT % in vitro DRRERFR TIT 9 556, AT T VBB DN VNE L 70 5. 24U E T HepG2
REDOHAL SN R AMAIE e v FHESEELBET D LENRPHAEGE HbTE
S, ERHRENME L, FIBOR#Z K s hi=h & LTA+H0THD. & 2 TARFETIE HepaRG
HER S AR TS T R BRI O F1EE2 W T, IFEEWE D A 1 = X LEFTIHEHT % 2 &
N TE LR THL0OBMFEITo 72, FEEWE & U ClilasEf i 217 > 7t &Hm D 9 b,
CYP1A2, CYP3A4 T X 0 RE S AR T % epoxide (A2 8214 % 7~k 9~ AFB1, CYP2B6, CYP3A4
FIZL VAT 5 4-hydroxy 173, acrolen 72 £ L 0 MR ENED & 2N LT 5 Z &2
H B TWD CPA el & LTEEM L7z (Fig. 4-1).

(a): Aflatoxin B1

CYP1A2 7
CYP3A4
CYP2A13
—_—_—
Reactive
& cn. Metabolites
H o~ (Cytotoxic)
Aflatoxin B1 Aflatoxin B1-exo -8,9-epoxide
(b): Cyclophosphamide K\C,
[e]
o=I|J/N\/\o|
NH, Reactive
CYP2B6 “ (\c‘ _ metabolites
o CYP3A4 Phosphamide (Cytotoxic)

(o] [e]
O\H/N\/\CICYPZCQ O\%/ N \%/ TN mustard
‘ _— NH _— NH,
[/NH ‘ \ " Xcn, Reactive
: ° metabolites
(Cytotoxic)

Cyclophosphamide 4-Hydroxycyclophosphamide Aldophosphamide Acrolein

Figure 4-1 Metabolic pathway of aflatoxin B1 and cyclophosphamide and the toxic metabolites
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42 HF 28 HepaRG fila % U HepG2 Hii2 % B L\ Bz FRIZMAEHT

At & 7= HepaRG #l M O, IF#EEE AFB1 X% CPA % 24 WifEIBgEER 14, Ml 2 [A]0Y L RNA
fiitH, GeneChip® Human Genome U133 Plus 2.0 Array % F U CHEFEM) & {n 158 B BhARMT 2 5206 L
7o XL LT, HepG2 Mz V-, $EfEfL —BiHE S ¥ 72 HepG2 AlfEIZ AFB1 % CPA %
24 RE[HNRER 1%, [RIER O 5 1k CEfER B s R B BIfENT 4 920 L 7=. 54675 probe set DB T %
wGe e Liend, AbEWiER O LA BEIS 4% Table 4-1 (2773, KtV C AFBL & O CPA D7 PE%
BUCE D Z & THMHAD p53 BHEEE IOV THIH L, (LS WIRER I & 5 258 H % Spotfire
DecisionSite 9.1.1 (TIBCO Software) z JWTHEERY 2 7 2% U > 7t 21T\, KRz e — b~
v 7 TR LT (Figd-2).

Z DRGSR, AFB1 X% CPA ALHIZ X % Control BEIZ A3 2 A8 s 40, 25 E7213 0.5 5%
threshold & L 72351 HepG2 Al & bz L T L ¥ £ < D& {xF 7% HepaRG AT IV TAE) L TV
72. AFBI (5.63 umol/L) ALERIZ-DOUWNTIX, 2329 {EHDE{s 173 fold-change >2 OZEH), 1403 {EH D
B 7723 fold-change <0.5 D% &% HepaRG Ml T/x L7=. HepG2 MifuTix, [F—JRED AFBI
DALFRIZ I T, 320 fE D& (s T-7° fold-change> 2 DZEHE), 319 {E D EAs 73 fold-change <0.5 D%
#AE R L72. CPA (10 mmol/L) ALERIZDUNTIE, 4424 {HDE/R 173 fold-change >2 DZEE), 2275
f#l D1E{=T-25 fold-change <0.5 D2 E) % HepaRG #lifil T7x L7=. HepG2 Ml T, [F—#E D CPA
DIERIZFUNT, 429 [H D EA5 1723 fold-change >2 D28 H), 518 {E# D& {s 175 fold-change <0.5 DA
)z R L7z, p53 BEER IS OWTHIE U THREHT L 725 R IV T, AFBI, CPA H:(Z HepaRG

IZBWT, HepG2 & g L 1 0 %< @ p53 BEDEAG - DEENN L D KWEE THROL LD &N
IFERTHY, AFBI O CPA DIEFEIZ LV, HepaRG #lfld TL Y p53 signaling D/XA T = A

(Helton et al., 2007; Lukas et al., 2004) 25{EME(L STz, BARMICEE L TW DB 07 1
—7 % Table 4-2 ([ZH#E L7273, AFB1 ALERIZ LV HepaRG M@ TlX, Gl checkpoint [ZESH T2
CDKNIA (p21), GADD45, FBXW7 .} BTG2, Apoptosis signaling (ZB:# 35 BAX &N APAFI,
Mismatch repair BEiE D MSH2 K TN PCNA, Global genome repair (ZPBEf%9"% XPC K O¥ DDB2,
Homologous recombination (283> % RADS51, p53 O3 fiEdlEINZ Ea 2 MK 1T 5 MDM2 72 K
DA 2 UL ED ERZ/R LU=, —J HepG2 il CiX, BTG2, CDKNIA, MDM2, DDB2,
GADDA45A O HIEBNIHERR S 47z, CPA WBRIZSOW T b [ABEOEI T, 2 (5Ll B EROEE %
R LT DL, HepaRG fifld Cld BTG2, CDKNIA, FBXW7, GADD454, XPC, APAFI 72X D&
R DEBHEFE S L7275, HepG2 Ml Tl filth L 728510 5 HEBOMITERD bl s,
fold-change >2, <0.5 DE# Z /R I BEIE TR O LR -7,
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Table 4-1  Number of up-regulated or down-regulated genes in HepG2 and HepaRG cells after

exposure to aflatoxin B1 or cyclophosphamide

Compound AFB1 CPA
Concentration 1.41 pM| 2.81 pM| S5.63 pM|11.25 pM| 10 mM| 20 mM
HepG2 2 fold - 293 320 521 110 429
0.5 fold - 109 319 762 196 518
HepaRG 2 fold 1302 1480 2329 - 1632 4424
0.5 fold 735 1084 1403 - 1373 2275

Number of genes affected by AFB1 or CPA with a threshold fold-change > 2.0 or < 0.5 after 24 h
treatment of HepaRG and HepG2 cells is shown. Gene probes with detection call of “P” or “M” were

used for analysis.

(a)
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Figure 4-2 Gene expression profiles in p53 signaling pathway in HepG2 and HepaRG cells
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Gene expression was visualized as a heatmap by using hierarchal clustering with Spotfire DecisionSite

9.1.1 (TIBCO) using UPGMA method. Gene probes whose detection call was “P” or “M” were used for

analysis
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Table 4-2 Gene expression changes in p53 signaling pathway after exposure of HepG2 and
HepaRG cells to aflatoxin B1 or cyclophosphamide

HepG2 HepaRG HepG2 HepaRG
Probe Set 1D | Gene AFBI AFBI CPA CPA
Symbol [ 81 uM [5.63 uM [11.25 uM | 141 pM [2.81 pM [ 5.63 uM | 10mM [ 20mM | 10mM [ 20 mM

fold fold fold fold fold fold fold fold
204859 s at |APAF1 1.60 1.51 1.75 1.20 111 0.98
209903 s at |ATR 1.03 0.89 0.93 1.03 0.96 1.22 0.79
208478 s at |BAX 1.45 1.71 0.97 0.81 1.08 0.99
201236 s at |BTG2 NE NE 1.90

202284 s at [CDKNIA
203409 at DDB2

1.77

229419 at FBXW7 1.19 1.28

203725 at GADD45A 1.76 1.95

211040 x at |GTSEI1 0.95 1.00 0.73 0.90

229711 s at |[MDM2 1.94 1.46 1.69 1.67 1.54
202520 s at [MLHI1 1.11 1.05 0.99 0.90 0.92 0.71
209421 at MSH2 0.94 0.85 0.68 1.13 0.91 NE NE
209361 s at |PCBP4 1.06 1.00 1.36 0.95 0.74 1.21 1.41
201202 _at PCNA 0.99 1.25 1.11 0.99 0.93 1.48 1.21
205024 s at [RADSI 1.20 1.03 0.99 1.22 1.09 NE NE
201746 at TP53 1.05 1.01 0.99 0.97 1.07 1.15 1.35
205667 _at WRN 0.72 0.82 0.53 1.26 1.01 0.98 1.30 1.43 1.22 1.59
209375 at XPC 1.28 1.49 1.69 1.88 0.93 1.11 1.70

Fold-change in gene expression related to p53 signaling pathway in treatment groups relative to control
group is shown. Red and blue values represent fold-changes >2 and <0.5, respectively. N.E., not
evaluated, because detection call was “A” in one or more samples.

19



4.3 FE3IH IMME

AREETIX, 53t EE7- HepaRG Mz T, FEHEMEYE AFB1 XX CPA Z1gkiE L, MEHENE
IR RBEERNT 2 Fhi L, =D& nA8% HepG2 fMfn & i L=, ZOfER, AFBI K OY
CPA DBREFEIZ XV, HepG2 #li & Lk L, HepaRG A CTL YV £ O NEEH L Tz, £
NENDOHFEMERBRA D=L LEFRT D2 ETMHEND p53 BHEER 12OV TH, HepaRG
AR C &V 2 < BI5 77 HepG2 Mifiw & bhil LZ8E) L CTuh/=. AFBI1 IX CYP1A2, CYP3A4 72T
RHBAOTEMEL 22 1) TAERT 5 AFBI exo0-8,9 epoxide KN FHMZ / RTZ & THHNLTWD

(McLean et al., 1995; Gallagher et al., 1996) . CPA % CYP2B6, CYP3A4, CYP2CS8/9 72 Xz kv /E
B% S 41 % 4-hydroxy CPA, F 72 fe#&HIIZ A3 % acrolein J UF phosphoramide mustard 72 &'1Z K U &
MEHRBSTHZ ENHHIN TS (Chang et al., 1997; Gut et al., 2000; Tong et al., 2017). ZiL5H D
R DNA [EEZ 5| XL Z 92 & T, DNA damage response Td 5 p53 BB s DA B 235
X Z =45 (Denissenko et al., 1999; Roy et al., 1999; Suzuki et al., 2008; Boehme et al., 2010) .
HepaRG i As HepG2 & bbiz L, HEMRBNEEN BN LG, ZHLH O DNA EHEZ 5[ & 2
T A HepaRG I CTL W Z< A S U DNA FEEA S &2 L, L0 EE X< p53 Bk
B OEBPIRZ D ENTERLEEZLND.
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5. B5E HEUHMEORBZMIC K SEMHFIFTM

51 %18 #5

JFEPEDORBUIIAE A 2 ERNBER L TWD EEX LD, TOHTHIFIBOBEEE DR D
—OTHLEMHEERICL Y, LB TR 2 5 AR S D (0 i O3 B
BdaZ&bLIFLIEHD. FB2EOMRGND, 431k L7z HepaRG HURZIXEE 140 « 55 11 FR{RFHEE
FEHITHER LT FRICOWTEIIEEEZ & M AIZRAE LTz, £ 2 E TOMRET
7> 5 HepaRG Al 2 W T EM E O B BL A 7l CE 2 MR TH D 2 & DVRIEB S U723,
REETIEZ OIFFEEORBNZEH Z2 N LB ERITH D0, R OB BI~D 2% 31
TEHRBRTH DL W) B TR G 21T - 7.
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52 H2 MMBERBIHT S CYP ICLIRBOPE
521 H1HE E MEREFMERERV-BRSETE

B3R S OHIT B 2 L IR IC CYP NI BN D0, Mick s e, Rtz
VT T2 A% )T HEHELD D BFIT0%H CYP TRE S D Z & 235 5 Tuv 5 (Yokoi., 2009) .
ZDO X HITEELORFHCHF G DORKEV CYP TlEdH 503, CYP IZX > THERT DR ITE
PEDOFBUCE G- L TWDHAE B, 4 E, FIHTHRZL O, SEIFEEE & L TE
L7z AFBI1, CPA 72 &% CYPIZ L 0 AR 22 O@mMERBUIEG L T\ Z & 0355
ALTWD . AEI Tl CYP I X 2 RENEME(LIC KV 51 &l 2 &5 il HepaRG i Thk
TX D0 EBRETT 570 CYP OFRLER]Z H W CRIR N DR B~ 2 % 5 L 7=,

TPt FEFEAIIEZ AV T AFBL &KUY CPA 12 & D HIfaE M~ CYP O FLER| O Z DR
ZiTo7z. b MAGERFHIIIZE 2%, B3| CHEA LR e v ho b EFERF AL (Cryopreserved
Human Hepatocyte, Plateable, BioreclamationIVT f£) # 3 2 v ~ (3 FJF—) fEH L7=. CYP DO
AL U CILIERF A 72 CYP OPHERITH 5D ABT & U 7=, ABT X Mechanism-based inactivator
ELTHELIL, BEN CYP TR S CYP DIEMEHR.LO~LE N TV F/ALT 5 Z & T CYP
Z oy FREIER A CPLE T A PREAITH S (Fig. 5-1) (Ortiz et al., 1981, Paul ef al., 1984, and Emoto
et al., 2005). ARETTCIIE FEFEFAIINIC AFB1 & CPA & [RIFFIZ ABT (500 pmol/L) A BR#E L,
48 FEM I PE EME A2 I L2, 7238, A ABT OFMEIFEERE (Ogimura et al., 2011) T
SNTFMEEHNTZD, CYP NI lEESND 2 L 2GR Lz (Fig. 5-2). IRk EME ORI
\ZIZ ATP 7 vt A Z -,

ZOFER, AFBlLIZT X ToOry hOb MEFEFMRICRTEN: A2~ L7122y, CYP OFRLEHIT
&»5H ABT #ILE$ 252 LIk - T, ZOMBEEMEITET L, B2l FEINL. £72, CPA
OGRS LTz » N YEM IZ DWW TS, CPA L - THl X Z Sz MilagztEss ABT 12
FOEBICH LTS Z LRSI, AFBlI LT CPA Ot FEfsF I~ EMEIZIE CYP
WX ARBNHFE LT D Z Ere sz (Fig 5-3).

o0
V
™

Figure 5-1 Structure of 1-aminobenzotriazole (ABT), a non-specific broad CYP Inhibitor
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Figure 5-2 Inhibitory Effects of ABT against CYP activity in cryopreserved human hepatocytes

Inhibitory effects of 500 umol/L ABT on several CYP activities (CYP1A2; phenacetin O-deethylase,
CYP2C9; diclofenac 4'-hydroxylase, CYP2C19; S-mephenytoin 4'-hydroxylase, CYP2D6; bufuralol
1'-hydroxylase, CYP3A4; midazolam 1'-hydroxylase) in cryopreserved human hepatocytes (CHHs) were
confirmed using each lot of CHHs (Lots SHM, CPQ, and YEM). Results of CHHs without ABT: ABT(-)
are means = S.D.; Lot. SHM: n=6, CPQ: n=3, YEM: n=6. Results of CHHs with 500 pmol/L ABT: ABT(+),
Lot. SHM: n=3, CPQ: n=3, YEM: n=3. ND: not detectable.
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Figure 5-3 Effects of broad CYP inhibitor on cytotoxicity of AFB1 and CPA in cryopreserved
human hepatocytes

Cytotoxicity of AFB1 and CPA was examined in cryopreserved human hepatocytes (CHHs) with or
without 1-aminobenzotriazole (ABT), a non-selective CYP inhibitor. Results are black bar for with ABT
and white bar for without ABT. CHHs (Lot. SHM; (a), CPQ; (b), and YEM; (c)) were exposed to AFBI
(-1) and CPA (-2) for 48 h with or without ABT (ABT(-) or ABT(+)). ABT concentrations were 500
umol/L. Cell viability was evaluated using CellTiter-Glo™ luminescent cell viability assay. Results are
normalized to control cells and expressed as means + S.D. (n = 3 cultures). The data shown in Figure 5-3
(without ABT) and Figure 3 (a, b) are the same. Student's t-tests were conducted at the same concentration

of test compound with or without ABT (*:p< 0.05, **:p<0.01, ***p< 0.001).
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522 %218 HepaRG g% AL \-HIiES 45THE

%1 EICT e MNEGEITIEZ VT, CYPIZ X 2RI L 2 M RB~DO B LRI 5 2
&N TET2M, HepaRG Ml THRERIZ CYP IZ L 2 REAOTEIEAGIC K 2 MR B0 8 2 51l ¢ =
LRI R AT oo IWEMEWE & LT MEGEFIE OB & FERIC AFB1, CPA # W,
HepaRG AIAE~DHIREMEIC x5 ABT ORI X 2B Z50 L7-. ABT OMEGAORK
Afe UCHANCIRE 2 5 > Tilad M & O CYP IEME~ OB Z N L, &h25%0E Lz, Mlnds
PEOFEM E L TIX ATP 7 v, LDH 7 v A (LDH Cytotoxicity Detection Kit, Takara) % H\»
72, ZOfEF ABT 1 HepaRG 2% LT, 100~500 pmol/L D2 FEFIPHIZ I\ TH 5 27 Hili
FMEITRE o 72 (Fig. 5-4 (a)-1, (a)-2). #:\ T, ABT OIRWpHIESRTER Mk 4 2 LER) 3
LR L=, JEFEZ 100 umol/L K TX 500 pmol/L O 2 JEfE, FIHE O A EDF L H = & ThE
FIGVERHI O 720 O FEWRFE O 1 FEfFTO ABT OBRFZE OF D 4 5:¢F (ABT 100 pumol/L RijfLEE
72 L/ ABT 500 umol/L RiZLEE72 L~ ABT 100 pmol/L RijZLEE 1 B[, ABT 500 umol/L HijALEE 1 FF
M) 122\ T, CYP6 2y FFf, AR 2 HFRICHOWTCIMEZ T 72, 2B Z DL & D HepaRG
AR Do SR, A EEBRIZHW 2 7 B#20{E1% D HepaRG ML DTEME L D &, BERTEMED
B\, 43t Day9, Dayl4, Dayl6 @ HepaRG fifldz FHIWCE&EEMEFI L. ZORE, +XTo
CYP 53 FFHIZDOWT ABT OFHENEN D b7z (Fig. 5-5). CYP2B6, CYP2C19, CYP3A4 (T
DWTHE, IRENEWSEEOEDRENE <, IO RE GO HAL7253, 100 pmol/L FiALEE
LM THRERIZFTH -T2, CYP2CY IZOWT HIBENEW T X 0 HERD RN &
VMERITTH o 7208, BIRIIZBEEZ RN 55 <, ZiEBE# (Emoto et al., 2003) D@ THo7=.
CYP1A2, CYP2D6 ([ZDOWTIL EDFMET S+ 72 HENR N FE O H 472, UGT KT SULT (2D
T, FFDRITRD N ole. T HOBRFHRIRN G, CYP2C9 OEFELRITFH B DD,
ABT 100 pmol/L ¥ 721% 500 pmol/L THIZIXFBREDHETH 722 & &, 100 pmol/L DFEAET
H+4378 CYP IEMEDOAENRENRO L7280, K0~ E N DI WREET, £z, £
FoOEEMELER L, AER TO HepaRG HIIEIZ K32 ABT OALERSAFITIREE 100 umol/L (i
ILEREE L) L L7z, 72BiE L7-54:MC4r{k Day7 @ HepaRG #llfil 2 FVC, #REFAY72 ABT DR
ENROFMAEIT 7o, FORER, MR LT XTO CYP 43 FFEIZOWT, ABT IZ L AHES
RERFED O, L% 72 R E CHEMMER SN TEY, +oRESRETH D Z L 1HAT
7= (Fig. 5-6). CYP2C9 (ZxI T A LERFITM Oy 7 L 0 ITE - 7228, FLEER L 72 B
FCHERFL TUM .
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Figure 5-4 Cytotoxicity of ABT for 72 h exposure in HepaRG cells

Cytotoxicity of 1-aminobenzotriazole (ABT) was examined in HepaRG cells to find the dose concentration
for treatment. HepaR G cells were exposed to ABT for 72 h and cytotoxicity assay were evaluated using
both ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using CellTiter-Glo™
luminescent cell viability assay (n = 3 cultures). LDH assay was conducted using LDH Cytotoxicity

Detection Kit (n = 3 cultures).
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Inhibitory effects of ABT on several CYP activities (CYP1A2; phenacetin O-deethylase, CYP2C9;
diclofenac 4’-hydroxylase, CYP2C19; S-mephenytoin 4’-hydroxylase, CYP2D6; bufuralol 1’-hydroxylase,
CYP3A4; midazolam 1'-hydroxylase) in HepaRG cells were confirmed. Results are means + S.D.

ABT(-): without ABT, ABT100: 100 pmol/L ABT without pre-incubation, ABT500: 500 pmol/L ABT
without pre-incubation, ABT100 Prelh: 100 pmol/L ABT with 1-h pre-incubation, ABT500 Prelh: 500
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Figure 5-6 Inhibitory effects of ABT (100 umol/L) against CYP activity for 72 h in HepaRG cells
Inhibitory effects of 100 umol/L ABT on several CYP activities (CYP1A2; phenacetin O-deethylase,
CYP2C9; diclofenac 4'-hydroxylase, CYP2C19; S-mephenytoin 4'-hydroxylase, CYP2D6; bufuralol
1'-hydroxylase, CYP3A4; midazolam 1'-hydroxylase) in HepaRG cells were confirmed. Results are means
1+ S.D (n =3). ABT(-): without ABT, ABT(+): with 100 pmol/L ABT, ND: not detectable.
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ZO X DITERE LTz ABT OFM2 HWT, Mladmttit iz s 272 -7, 43k &7 HepaRG il
f@lZ AFB1 & CPA & [AIRFIZ ABT (100 pmol/L) % WE% L, 48 R[] (M 55 14 2 3EA4f L 7= (ATP
T A). TORE, BEERFNMEEEEZ R Lz AFBL 124 LT, ABT /LHE CHllaEED
B & 23255 0358 B (Fig. 5-7, (a)-1). F72iERE O 25000 umol/L Tl M2 /R L7z
CPA (22T %, ABT OALELT, 25000 umol/L OHMIfEEEMEDTE L < #8559 L T 7z (Fig. 5-7, (a)-2) .
INDHDFRERNG, CYPIT K - THER SN D REMIC K 5FME% HepaRG MU TE 6 2 HAL TV
DT eV E T,

(a)-1 Aflatoxin B1 ()-2 Cyclophosphamide
= 120 — 120
3 OABT () S DABT ()
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Figure 5-7 Effects of broad CYP inhibitor on cytotoxicity of AFB1 and CPA in HepaRG cells

Cytotoxicity of AFB1 and CPA was examined in HepaRG cells with or without 1-aminobenzotriazole
(ABT), a non-selective CYP inhibitor. Results are white bar for without ABT and black bar for with ABT.
HepaRG cells were exposed to AFB1 (-1) and CPA (-2) for 48 h with or without ABT (ABT(-) or ABT(+)).
ABT concentrations were 100 pmol/L. Cell viability was evaluated using CellTiter-Glo™ luminescent cell
viability assay. Results are normalized to control cells and expressed as means + S.D. (n = 3 cultures). The
data shown in Figure 5-7 (without ABT) and Figure 3 (a, b) are the same. Student's t-tests were conducted

at the same concentration of test compound with or without ABT (*:p< 0.05, **:p< 0.01, ***p< (0.001).
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53 HE3H MRREEIIHTIERANEEYE GSH 0EE

95 2 HilZBU T, HepaRG #liEZ VT CYP IZ X AW X A MRS 2, b bk
ERERICEDZADNAZ ENRTELZ EBHLNERSTEN, ZTOX S ICHEEEEZRT XD
PRAREHII L TR ARL E CROSED @ <, MR CRET S ERT 5 L RIREC, HilaNoZ v~
N7 ER DNA ICHEE L, MifufEE 4o =i 2 3G (USRS &L TLTabsnTn
% (Leung et al., 2012; Thompson et al., 2016) .

ERATTIRIEE & LTmbiLd GSH 1, ERNO 7V —F N ATR Py —L LTAE
RO~ OERIEA N L ATk U TERERIZE < 23, exogenous 7216508 H 3k D S D
KEFHEORFM R E L BIS L, Znbamib L, 20X RBUSHEREY ) b RIfar D #
VX7, DNA 72 E&5F5 TV (Mitchell and Russo., 1987). GSH Z A6 &€ C, s CH
WNZ L DBEMEDEEZ BT, BT v VERHMIT 5 R1EZAVE T in vitro, in vivo THRFTHRE S
NTEXTWBHH (Fujimoto et al., 2010, Watanabe et al., 2003, Nishiya et al., 2008), 4[a] HepaRG #ifiz
ZHWT, GSH 2B 38T, LV EE X ROSED @ W O mME 2 5 i 5 R 2 8T 5
ZEEMmFE L. GSH O ¥EIZ1E GSH O HiB{R T & % y-glutamylcysteine D & ik % F&

(y-glutamylcysteine synthetase) DFLEHITH 5 BSO % T (Griffith and Meister., 1979; Griffith
1982), GSH DA AEET S Z & & Lz, BSO DUHLMEORGTE L CHANCEE LS 55 C
AN FEE M OVEARIN GSH B~ 2 31 L, SRF23%E LTz, /(b &7 HepaRG HHIEIZ 100
~500 umol/L DT BSO A MEEE L 96 W[, MMzt z 3Fh L7, MfadsErtoakn & LTk
ATP 7 v A, LDH 7 v & A & H\\o. ZOf55E BSO 1% HepaRG MifaiZxf L T, 100~500 pmol/L
DOREEFIAICIBNT, ATP 7 v A 24 L L7z Cell viability [ZIXEENRD SR - 7278,
LDH 7 v & A = L U723 TlE, 200~500 wmol/L (D FE LT 35\ T A7 A 7 Hil i s 4
NHERTE, b7 ia it 3 iR &7z (Fig. 5-8 (a)-1, (a)-2) . fit\ T, BSO (62.5~1000 umol/L)
DOHIFEN GSH &IZxF 9 2 2251l L7-. BSO ZHE#EE L 96 FEfiit:, AMIEAN GSH & &% HIE L
7o, ZOREE, HER L72 62.5~1000 pmol/L DEFIPAIZ IV T, MIAN GSH &D+472iid %
MR CT& 7= (Fig. 5-8 (b)). ZNHDZ EMnd, BSO DULEESAEIL 100 umol/L & L, 72 B O#H
JaTgtE T v A &7 9 24 FERIRTORTERSM & LT, MRS IC @A Lz,

AALFRZRAFIZ I T, AFBI, CPA, APAP OAHIfaEENE~D BSO WL 0 5228 % 51 L 7= (Fig. 5-9) .
ZDFER, AFB1 22\ T, 10, 30 pmol/L DIRFEIZ-DUNT, BSO ALEE CTHlfa M R S 7.
F 72 CPA LY APAP (DWW TIET R TOREIZ DV T BSO OMLE CHlla g R I -, =
NHDOZ EMNG, AFBl, CPA KUY APAP IZ X 2l ORBLUIIZEH 57 5 &M b2 SOGHE
DEWRE) DM % HepaRG MiIld TE L XD ENTETWDL I LRGN /o2, FT2,
Z DX HITBSO MW T GSH Z ke S H 7o AlluR 2 VT L 0 R X < BUSHED @ REtm o
AR EEORT vy VB L ONEOFEEZFMMT A5 Z L TELHZ ERREBINT.
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Figure 5-8 Cytotoxicity and effect of BSO on intracellular GSH content in HepaRG cells after 72
h exposure of BSO

Cytotoxicity of L-Buthionine-(S,R)-Sulfoximine (BSO) was examined in HepaRG cells to find the dose
concentration for treatment. HepaRG cells were exposed to BSO for 96 h and cytotoxicity assay were
evaluated using both ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using
CellTiter-Glo™ luminescent cell viability assay. LDH assay was conducted using LDH Cytotoxicity
Detection Kit. Intracellular GSH content in HepaRG cells after 96 h exposure of BSO were determined
using GSH-Glo™ Glutathione assay (b). Structure of BSO are shown (C).
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Figure 5-9 Effects of GSH biosynthesis inhibitor on cytotoxicity of AFB1, CPA, and APAP in
HepaRG cells

Cytotoxicity of AFB1, CPA, and APAP was examined in HepaRG cells with or without BSO, a GSH
biosynthesis inhibitor. Results are white bar for without BSO and black bar for with BSO. HepaRG cells
were exposed to AFB1(a), CPA(b), and APAP(c) for 72 h with or without BSO (BSO(-) or BSO(+)). 100

pmol/L BSO concentrations were pre-incubated for 24 h before test compound exposure. Cell viability was

evaluated using CellTiter-Glo™ luminescent cell viability assay. Results are normalized to control cells

and expressed as means + S.D. (n = 3 cultures). Student's t-tests were conducted at the same concentration
of test compound with or without BSO (*:p< 0.05, **:p<0.01, ***p<0.001).
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54 FA4H TELTI/ 7z OEMHEBICHT HREBMOEZED T

PRSI AE RN O 2 OIEMMHTERIC LV k2 R A= T TV D, AERNICRIS L E
AT BTN TR S RSN HRIE S N D 23, 2 OREFRBIZFEMIZ X ik~ T, 2o
< OMDfFF  IEHAL ORI EHEITIE G > TV D, FFEEORIICH 2 9 W o 72 AR o
e TR 3BT Dk A 7RG AS AT = A DFERBZ 2 Hivd. APAP ORI/ NA T = A % Fig.
5-10 \ZR9°73, APAP (ZAIR T V7 v VEBHA, MBS THa 2=, PRS2
&, CYP I X 0 AR EN T ISTED WV NAPQI & W 9 U2 GSH THIA S Ui S 2 8%
DS TS (James ef al, 2003). AREITIXZ 45D APAP ORI D 5 HEEE O FHLEH
ZHWT, ENbailAtabEd 2 & T, RERKIZIE U, R OEIE~OZEDOFHE 2
HepaRG #lifidZ AW CITA D 0 Ofat&2iTo 7. H LIZEAIZ N E THRIEEHBRETLTE T2
CYP OILEAITH S ABT (100 pmol/L), GSH OEARLFLEAIO BSO (100 umol/L) 21z, 7
V7 v A, WA OB AEA L LT bi5H SAM (Fig. 5-11) #fEH L7z (Llhenblum
etal, 1985). SAM DILEREAEORFT & U CTHERNCIRE A 5o THIIEMEZ 5 L, SFE4 %

=, /b &7 HepaRG #AEIZ 500~2000 umol/L D IEE T SAM ZHRFE L 72 FFREIfE, ﬁﬂiﬂ’ﬂ%ﬁ%
FEAM L 72, MREEMEOFT E L CiX ATP 7 vt A, LDH 7 v A ZH=. TOHE SAM |
HepaRG #MAE 2%} LT, 500~2000 pmol/L @/;ar“ HPIZBWT, REERTN foc%lﬂﬂ@?ﬁ'r@mi?g&) 5
U7, 500 umol/L DI FEIZ I\ TII MR fEE I TGN Tdh - 7272 (ATP assay: 93.7%, LDH assay:
500 pmol/L;17.0 U/L, Control;12.3 U/L), 500 urnol/L DL % SAM O5Af L Lz (Fig. 5-12 (a)-1,
(a)-2).
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Figure 5-10 Metabolic pathway of acetaminophen
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Figure 5-11 Structure of salicylamide (SAM)
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Figure 5-12 Cytotoxicity of SAM for 72 h exposure in HepaRG cells

Cytotoxicity of salicylamide (SAM) was examined in HepaRG cells to find the dose concentration for
treatment. HepaRG cells were exposed to SAM for 72 h and cytotoxicity assay were evaluated using both
ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using CellTiter-Glo™ luminescent cell
viability assay (n = 3 cultures). LDH assay was conducted using LDH Cytotoxicity Detection Kit (n =3

cultures).
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O HER OS2 VT, AFEEA 2 A G oE, APAP @ HepaRG MRz x4 %
AR E~ OO L7-. APAP O L LT 5mmol/L, 10 mmol/L % H\ 7=, ZDfERS
mmol/L, 10 mmol/L ® APAP |2 & > T Z I A Mia7tlE, BSO LT SAM DL (7 /v
7 ua UG, MBS, V2T AU REOME) Ik DEm Lz, £io, ORI
B CYP OFHERITH 5, ABT OABRIZ LV 522255 L, MilasEs HE S vz (Fig. 5-13).
S OfERIE Fig. 5-10 (1271 L7z APAP O/ S A T = A2 - THERT 2 G 3 w3 Bl
FHLTWAHZ &AL TEY, HepaRG Hifid & W7o ARG R IC A FELEMH A G DEDH Z & T,
ZDORHY OBERBL, RO TG LWRT DN TEDL Z LRI,

100 - i 50 1
~ ] OABT
E 90 | #BSO+SAM ]
g ##x | == | BABT+BSO+SAM
< 801 R
X 70 fth
£ 60 B
E 1 sk ==
:‘S‘ I |
> 50
—
5]
O 40 -
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0 5000 10000

APAP Concentration (umol/L)

Figure 5-13 Effects of several enzyme inhibitors on APAP-induced cytotoxicity in HepaRG cells

Cytotoxicity of APAP was examined in HepaRG cells with or without several enzyme inhibitors. Results
are black bar for without inihibitor, white bar for with ABT, grey bar for with BSO+SAM and striped bar
for with ABT+ BSO+SAM. HepaRG cells were exposed to 5 mmol/L or 10 mmol/L APAP for 72 h with or
without inhibitors ((-), ABT, BSO+SAM, or ABT+ BSO+SAM). BSO concentrations were pre-incubated
for 24 h before test compound exposure and other inhibitors were treated at the same time of test
compound exposure (ABT:100 umol/L, BSO:100 pmol/L, SAM:500 umol/L). Cell viability was evaluated
using CellTiter-Glo™ luminescent cell viability assay. Results are normalized to control cells and

expressed as means £ S.D. (n =5 cultures). Tukey test was conducted (***: p< 0.001, ###: p< 0.001).
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VT, EERIZ SAM T UGT, SULT AFHEINTW A NMERE T 5720, Mladtai 21T
-7z well (APAP 5 mmol/L #f) DOIEMIgEE% O EABRR L, EiFHF O (APAP 7
V7 a CTREAER, WERAAE) OREOREZITo 72, EOFEE, APAP 7 /v 7 v U RIA R,
APAP fiifitf &K & H1Z Control #f (Jx Y ABT HAMULERRE) & bz LIREEAMK L, SAM ALERIC X
0, APAP OEFAMRHINHE SN TS Z kR TE 7= (Fig 5-14).

APAP-Glucronide APAP-Sulfate
1000 100
—_ 823
3 796 _
£ =) 58.0
2 £ —
S 600 2 60 |} =z
= .
g
g 400 3 ; 40 |
g Z
S 200 2 20 | 7.17
¥ 7 (BI(;%) é
- <0.
é 0 L L L % 0 ! ! !
< Control ABT ABT Control ABT BSO ABT
+SAM +BSO +SAM +BSO
inhibitor +SAM inhibitor +SAM

Figure 5-14 Effects of several enzyme inhibitors on metabolism of APAP in HepaRG cells
Metabolites of APAP (APAP-glucronide and APAP-sulfate) in the culture supernatant after APAP exposure

to HepaRG cells with or without several inhibitors for cytotoxicity assay (Fig. 5-13) were determined.

Results are expressed as means = S.D. (n = 5 cultures). BLQ: below lower limit of quantification.
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55 581 /IE

ARFETIX, HepaRG il FI 7ol 2 T, SHEM AR 2 AFAIZ W, ol

BRI T DB OWTEMIE L7z, CYP OIFFFRAZRIAEATH D ABT 20N T2 Z &L
£V, AFBI KU CPA Ik » ThHl & Z S DMz rE g L7z, AFB1 & OF CPA 135 4 7,
3HMZFL L7z Y CYPIZ L 0 AT DIEMERB N BIELZ R T 5 2 E0MHNATNDED, &
mlfcE l L7z ABT OS2 VT, HepaRG fildd> CYP IEHEIZHICES L TWAD Z & ME
WL TED, CYPIZ X AREHIITEME L THRELT 5 #E% HepaRG M TR TE 5 Z E VR X
ni-.

Z DX HIZ CYP T X 0 AEHAOTE ML TR FE M 2 R~ WL, AL E TROSHED
BV TH D Z £ 3% <, AFB1 @ AFBI exo-8,9 epoxide X°> CPA D) T % acrolein b &
JePED < MR o & X7 R, DNA ITHE S L, MIfafEE M % 777" (McLean and Dutton., 1995;
Gallagher et al., 1996; Chang et al., 1997; Gut et al., 2000). Z ® X 9 72 UMD @ G AR
i kg & U< GSH Claa i S nd Z &N BTV 5 (Mitchell and Russo., 1987; Lu.,
2013). GSH OAEAKILERITH D BSO ZAE L7=Z A, 7 v MFHIIEZ AW THiE23 5 %5 GSH
Five#iaE 7 v (Fujimoto ef al,, 2010) & [AI4RIZ HepaRG MR T%, GSH LB OAIIE R DMESL T
&72. Z O GSH % f418 & 7- HepaRG #lIZ T, AFBI, CPA KU APAP Dl st 4 3l L 7=
E2A, KRR < MlaEED MR CE . T b D Z &5 AFBL, CPA, APAP 7° HepaRG
AEfEIZ 5] & Z JMAaREE LY, GSH Tif i S LD £ 9 UM T 5 LT\ D Z LRI E
7-.

F 72 APAP ~DOEFELEHZ H W e B~ SFRERE O F 5 2 MR T 2 BT, ARV
72 APAP 3312 CYP2EI, CYP3A4 OV CYPIA2 TR &4, NAPQI & W ) RO 2 4
T 5 2 ENHBILTWS (James er al., 2003). 4 [ElE ABT 12 X 5 CYP2EL DOIEMED FHEZNFIZ
ffER8 LT3, ABT @ CYP2EL {EVEIZKTT 2 BHERIT Ki=8.7 umol/L Tdh 5 & 9 N
&Y (Emoto et al., 2003), SFEIOFEMETIENELZ +SICHET H&METHL EELX NS, LIEF
R DOEBOFERI G, APAP 7V 7 v VAR, APAP ffEILAR L © 12 Control # (XY
ABT BMALEREE) & i LI MK <, SAM ALFRIC L W, APAP O A REIAE STV D
T ENFERTE 2. GSH HAREIC W TIEIARIIE Tldd 5728, ABT+BSO+SAM ALHREEIZES
WTC, FHEREOEEMMATERD 51, GSH AL CYP OB X v AT 2% NAPQI OfiF
HEECTHDHZ LD, GSHIAKDEE LB ST,

TN DFRERNG, ZD X5 e REETEMHEL, 86 - e EEEO /AT = 1 38 5 APAP
D XD REEWZHONT, ZhbOFFRBEEROMEFEA ZMAG0E, FHMiT2ZLI12kD,
KRB ~DBE~DOTEELWRET LN TELLEZ NI,
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6. FEO6E EERLE

A RIEIF R F X E L OB T L, THREROEE O ERFINO—>TH Y, EHELAIHK
FZEIZEBNT, WNIZIFEEREDO VML EY 23 LT 200388 L > Tnas. Zb o
ZEMNBEREMFIEO X0 PO CHEENEO IV A7 2 THIL, \LEMDOZDRT v v IL
T RO HMLEN B D, AW TIE, EOMHEEMNY 2 7 O OFHMIC HepaRG e 23 A H
RSB TH DG E VI B TR AT T2

HepaRG AMAITAFA 2 58 S Tk &8 % & v MFMIE & RO YRR RIEE 2 A3 2
EWV O HEN 72 Z TS (Gripon et al., 2002; Aninat et al., 2006; Liibberstedt et al., 2011). Gripon
LOWMEICED L, HMEBEHORIZIX, DMSO M O hydrocortisone 72 £ DAY 224375 E
FNEENTEY, ZOBMTRIEEERT S 2 & TEMMHEESRIGES LH LT 50, H#HSET
VLA —5F T HepG2 Ml 28588 L C b, MR ORBUIA LD LR EE (Gripon
etal.,2002), HepaRG MDD DO—>2>THLHZ EEZXBND.

bt NI AE N — DR SIS S - R TE o v MRIZEDNFEL, 1y
MZE o> IO FREOBRIEHENE L IK\a v M ERFET 570 L, b MFMates
NELT, BBRRONRTY X2 AR MTEHRK LD 55720, AIFEVBIOR Y7 ) —=2 7RO
Hlp E~OEMADOBRIITZE DR EBETHIMNERD D B X 5. HepaRG MlldiIfkb 7z
M CTHDH=D, ARECZLD ey MEEFRWEEZONDN, BE T DO bimfEE kT
i sns &, #iga Y SRFET S, £33 2 v Mr® HepaRG Hifdic >\ T, CYP6
> 1fE (CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP3A4), fuAlEsE 2 4y 1-fE (UGT,
SULT) (Z2WTC, EWAHEERIEEZHE L, b MEEFME G ey b)) OIEVEM, HepG2
RAOVEMEE & ik L7z, ZofER, b MEEIHAIC O W TiEe v b () 12 X0 B R
FIEMECENRO LN, £ovy ML > UL EO5 FREICOWT, JEHEEAFED bz
EWOFERTH T (Fig. 2-4). EHICEL OFEMRHBNCH G LEERS T TH D CYP3A4 1T
DOWNTIE, mbIEESEVE Y b (ot YEM) &, Kz & (lot SHM) & DZEDK] 200 fEF2AE
HY, BERRBRROBEIHERTI2LAICIIRCEVHERLETH L ENBI N, vl
AaE R L7z oI 3 vy N O SEYREIEERIENER, BASLO A — T —@ Certificate of
analysis (Z LA DOEERTEMEEORE RS (FHROES, Supplemental table Z/8), 22 v v Ky OiEE
BEOK G TREOFEHEICEATEH, KREIIMVITRVIEEEO e 7 7 A VE2RT 3y N T
Ho7o. HepG2 MINZIZ DUV THIE L 7o REHEERTE M ORE R O IZREHR OB Y (Wilkening et al,
2003; Westerink ez al., 2007®), X & A E Dy FREOEYREBERIZ OV TIT L MEFEIF#IIZ
L, EPEDNE L EWEIE, B TR T Cho7z. SULT OIEMHIZOWTIE, B MEFEH
AR OTEMAE & [AFEOTEME LR L, KRR BBE#ROEY Th -7z (Wilkening et al, 2003;
Westerink et al., 2007 ®). ZiL 50D Z & 55 HepG2 AMMILIEH O BB THW A A0 Y
SEM IR TE IR S, REZ I L7e B o i ~O@EHIZ# L2 Rl ST,

HIE U723 = v 143 @ HepaRG i O Y REEEFRIEMEEORE RN D, MR LT X TOHT
FEZHONWT, FHLUVMEWEMEEZR S350 60T, EDO0FHICOWTH b EGEAT N & 7%
MEITENLL EDOEMSEEAZ R LT, R L7232y MZOWT, &be vy MAENRBED -
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DX CYP2B6, CYP2C9 O 5 fEREETH Y, b MEMITMILL Y b ry MEZENDRL, ZF
L7CRHER TH D 2 LAvRR S, EERCEIIFR TH S CYP3A4 IOV TR, £ 1.9 fEFRAE
OIEVE D ZEDFBD Havlz (Table 2-2). Zh b OIEMEOZEILE MM CRO bitlzr v
MEZLVITNE o720, PRI L > TUEEYRHF~OFGEREHENLOEHY, £7-
MDA 7 ) —=2 7 ORI, (LEMORBICEHFET HEEROS TR L NITR > Ty
ZEVHLGELZWTED, MBRBEORICHEN Y MR EDLLIGRITIREPLETHLZ L
EZ2 bbb, HepaRG HIfEIZOWT LA TlEd 203G 1 v M X D IEMEEOZENFED SR
FIZOWTIIREIIIRTH 503, ED T2 ORIEFFRBRICIWNT, Ny FRIZENAE Uz AlEE
PEARHE 2 Hivd. HepaRG AlED CYP2D6 DIEPEIZ W T, #EFIch b L oIz, KT —ofEk
\ZH1 K75 poor metabolizer T 5 Z & 231 5 3L TV 5 53 (Gripon et al., 2002; Guillouzo et al., 2007),
AE@H@&G%@@E@ME@F%TiCWWE@ﬁ 5 Cd 5 bufuralol DIEHY TH D
1-hydroxybufuralol DA RKIFFRD H AL, EMEMEITE AT E A% L~ L Th oz, AEIOH]|
TE DG B A MR EcAi 1E U 72565 1% 0.514 — 1.03 pmol/min/10°cells (FEE L : 5 umol/L bufuralol)
Thoto. [ UEEZHW S TIEH 3.0 pmol/min/10°cells GEE YR : 25 pmol/L bufuralol) &
WO FERTH Y (Liibberstedt e al., 2011), EEIREDENEBET S &, 4[ED HepaRG D
FEFIT L HRE L RFELVDOIEETH S LB s, EoFHE CIIfER Lz e Mo
& HepaRG Hif@ > Bufuralol KER{LIEVEIZRIZE L~V TH -7z E#HiE LT 5. Phase 11 (X% R
(2D T3 HepaRG Al D 7 /v 7 1 g AiEME R Ot R T A TEMEIRIT B N GRS /A O 75 4 &
DHmoTel b, AERFHIC LV #E I HIEEWITHOWNTIZ OBEMEFHmIZ TR E N %
HEThdrEE2DLND.

57 b S 72 HepaRG Ml b b EGRATME & [F55 L~V O R RGETEE L AT L TS, £ 0D
HepaRG AN DI ENE DKL 2 iR 3 5720, (CHIIEE(L CHEEEZRBLT L2 2 Mo b
REM 2T EEE 2T, MlREEFZITY, & MRS ORE & ik Lz, 2ok
R L7 5 FEOLEMIZ DT HepaRG Afldid b s Tl & AL LS Th - 72,
b RS DWW TIE, CYP3A4, CYPIA2, CYP2B6, CYP2CY 72 EDIEMEDK b E N> T2
2y b (YEM) 22\ T, BAGHEERIC L0 REIIEHE A BERBUCEE T 2 2 L Tabnd
AFB1 <X° CPA Otttz Nk b < (Fig. 3), REMiEELoEELZ L 525 T0\5
Z E MR E LTz, AFB1 M OY CPA 129" % HepaRG Flfd DAL FEIE DA M 1T = O HIETEN
mmrolzry FERIFELNVOEZETH D LB X BV TAM IT2VWTiE CYP2D6, CYP2C9,
CYP3A4, CYP2B6, CYP2CI9 72 KT Ko CTHARE D 4-hydroxy-TAM A a3 BLZR S35 2
ETHILILTWAD DY (Moorthy et al., 1996; Crewe et al., 1997; Jena et al., 2015), TAM (T2 T %,
HepaRG fifid & & MEGRERFMAZ ORI IXRZE L~ L Th o7z e b B MRS & HepaRG
A TR N B 72 5 72 DI TGZ ~DEZMEDENTH Y, b MRS T3 vy M &bk
ERE D 100 pmol/L CHEAAFEEMEFRD B /e - 7= DIZxt LT, HepaRG flifid Tld 100 umol/L
TIEEALEIEBL T D (Cell viability: 0.3%) EWHFERTH 7= (Fig. 3). Z DOFEREDE N
DV THEIOMRFHIARIENE TIXH 5723, HepaRG flifidix SULT ORHHEIEN E - 7223, TGZ 1%
BIERBUT, CYPIZ X D2REHEMHALD 72 67, WBRSAROMIEEE S 515729 (Funk e
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al., 2001; Saha et al., 2010), Z DFEOFREMEHE 2 LT,

MR B TR B BT 1, FIEORBUEFMIT OFIEO—2>TH Y, IFEMENFEBL LR
b, invitro X in vivo DR & WL EMNZIEIN T 2 B RO EE 2 ifhr L, mIERHIZ
B 53 2 FREC, TEMEALSUTMEI STV DR A T = A AT L, Z OFEtERBLO AR
HIZ®H 7= 5. ABFIETH HepaRG flifiE’ = D X 9 7o i s TR BUL BT ICA A Miaz Th 5 h»
EHERT D72 OMET T o7 LA & L TiE AFB1 LT CPA & W9 Mo RatniEthic kv 4
A S5 SOGHERG7 DNA [EEZ S & Z L, p53 V7 T ABNEHILT 5 L) A =X AEE
ML G & RO CRHl L7-. bl 8 & L@ a3 BAT ICIUAMIC L X 9 &5 HepG2
A U2, 2 ORE TR EIEE R TEMEDY £V &\ HepaRG C HepG2 12T LD %< @ ps3
BB EF L TRY, p5S3 VI FANRAT = PIEHLENTWD Z ENRBINT-.
LB D Z L )25 HepaRG IZ I W TIEANEMEAL 2 5 T BSOSO @ WRE 2 3 A2 B < 41, DNA &
EEGEH I LTSI EIREBENTZ. HepG2 FIIZI VT & —#B p53 BEE L2 A8 L T
U273, HepaRG IZBW T KV IRIRENGZ OB FONEH L TEHY, BELCER AL
2D ENTETCWZ., TIHD I &5 HepaRG I IEHIIITIETEILIC L 0 BELT 2 8% &
DR LA DZENTELZ L ZHBEBEF LUV THIERTE.

Z 2 E COMRGTHERD D HepaRG (XHMRHBIEEN = <, AMIRFEMEREMN, AIREERILO A =
A LR SICHERTE 28R TH D Z EAVRB S 720, mIERBUCEMHHRENEI S L T

LB ERRETT 5728, L VFEORTNEZITo72. £9 CYP IZ X D REIH 2R IEMEL S eSS
BLUZBE L CWA N EMETT 5720, CYP OIEFFFRBHER D ABT % HV T HepaRG Hifin T
DOILESRMZRET - feNr LTz, ORI\ T ABT A9 5 &, AFB1 &KUY CPA 12X - TH|
T Z SN AMIEEEESE L < ES L, mEREBLUZ CYP 12 X DG ZeiE I X 5 mtE sl %
HepaRG Mifd TR 25 Z L TE T,

Z D XD MR E N A R RSP E O m MG AR D GSH Ik Ve S hgETH 2 &
DHHINTWDENRZEND D GSHIZ X Dm0 B2 il T 5720, MiaH GSH & e < & 72
Fa R 2 DVERL 2 MGt L7e. GSH O RIBEE D AEA R OBREAITH 5 BSO % VT, HepaRG #l
faCOFEMZHmF L, GSH 2 S - MiaRraHBE L. ZoET7 VEZHWT, AFBl, CPA
MOV APAP O EZ i L7 & 2 A, K0 EKEIC N LEMOEmMEEZIE X5 Z ENT
X, HepaRG HIfE DR CHUCHEMREIMIC L 2 BIEOF LG RMRT 2 2 LN TE . 2 b ORI
FATAEAGTEEIIC & 0 BUSHEOE ORI BN RR LT EME Z R LA O RT v v L K
OEDOFHE2FM T, MIREEEZ R TSEO BV 2 £k T2 U 27 O L0 b7
EMEIRNT 21D OBBIERA I V—=0 TR ELTHHATHS Z EWRBI .

P3G ITAER N O 2 DIEMAREIBER IC L 0 B R 2210 T DL IFEMEO B & AR
B ORGNEZ 5N 5. HepaRG % VT APAP OISR I L CHMEILERZ b b\ Tx

DA LTz & 25, APAP OBEEORFBHEEE I, RBNEMEAL, G MeEIC L o884
R D Z EMNTE 2. DX D722 T HepaRG it W CHFEILEAZ M2 5 Z 2k, b
B OFMERBUKTT D FFHABBEZE OF GOV THREHT 5 2 L 1E, FEAMONRER & D
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K OICEHEMRIUCEDL N E THTHZENTELEARY — MRV I DB 2N, Alhl
DRRFTTIX CYP OIEBR A 72 BHE R &2 O THFEIIZ CYP OREZ 5 Z & & RRETEAS,
N BARERE AW DON T, BRI D 2 R DL B 2 5 TREOHEE /2 &I
B TROMEBEAREAZEHL, TOREBLFMT L AARTFETHY, Z0LH7k
FHAMIZ & HepaRG Al ZfEH T2 2 LN TELEEX LS.

RBERFZEIZ 3T 2 IO SRR DT D DEEA 7 U —= U IR W TR FERMZE, Ny F
MZEN DI W E THERHIARNEEND. BERZEICL ey MEEXRH D b FIFHLE
BRI KD ZENFERBUCE Y BT I EHMET 57200y — L& LToOARMMEICET 2HE
tH & Y (Utkarsh et al., 2016; Parmentier e al., 2018), ERDORHEHR E L CHFICHEATIEIH D &5
X OIDHD, BERFHIR DS LERBIFEOYIWIBEFED R 7 ) — =0 7RI TUIIZER 27
FRNEEI, HepaRG MO HNEH Lo W EBbild. 0 XL 9 72ifii-R 2 BAJIZIS U T
WTHZ ENEETH S, F72 HepaRG MuIZEHIHOER G FIRETH L Z &b, RHIRIE
BB DT A 2 ARE LT RIHIREE ORBROWE ©H Y (Teng et al., 2015; Pomponio et al.,
2015), RHIREGE COARRET 5@, RUIRGE TAEMRT 2RI L 22 L2ETE 2 in
vitro DFTAfiR DHEEIZ H HepaRG MITHAHCTH D EEZBND.

LIb, ABFFEIZ LY, HepaRG il 2 FW - fHflfass 513, FFattyE OREiEM L 2 I
LCRIT 22 RIHT 2 2N TE, REWOREBLMMET 52 L3 T& 5 MEET
WHRELTHAMATODZ bzmmLllc. ZOMMERZHNWDS Z EICXY & MSBT DHFEEEO R
T2V VTP IROE S L BR A b D B O 2 WA R T T e —F L2055
EEZLND. EHITIE, AZEEOWBIERMICRKIT 28R ) —= 70T, Ko fFEkY 2
7 DY EIEGBA A OBREICLEMTE 5L EALND.

BN 2 BB D—D1T, IFFEMEY X7 D72\ EFE S BAFE Bt b D EhRAY 7218 H I K 0 Al
oW L, 6 LOFEAFERMATIEE 22 EORWEH O 72 WEER ORI S22 5 Z & 3 HIFF
T5.
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1. HE
Sigma-Aldrich
acetaminophen, cyclophosphamide, 7-hydroxycoumarin, 7-hydroxycoumarin-glucuronide, diclofenac,

caffeine, niflumic acid, 1-aminobenzotriazole, L-buthionine-sulfoximine, acetaminophen-sulfate,

acetaminophen-glucuronide :

BT 7 4 v AFMERA S

aflatoxin B1, tamoxifen, phenacetin, midazolam, salicylamide, acetonitrile, methanol, DMSO

Corning Gentest

4'-hydroxy diclofenac, 1'-hydroxyl midazolam, 7-hydroxycoumarin-sulfate

Toronto Research Chemicals

4'-hydroxy mephenytoin, hydroxyl bupropion, bupropion

Eeatre s & —
bufuralol, 1'-hydroxybufuralol

Enzo Life Sciences, Inc.

S-mephenytoin, troglitazone

2. R

LC-MS/MS : HPLC; ACQUITY UPLC (Waters), MS/MS; API4000 (Sciex)
Multilabel Counter (1420 ARVO SX, PerkinElmer)

SpectraMax Plus (Molecular Devices, LLC).

NanoDrop ND-1000 spectrophotometer (Asahi Glass Co.,Ltd.)

SpectraMax Plus (Molecular Devices, LLC).

2100 Bioanalyzer (Agilent Technologies)

GeneChip® Fluidics Station 450 (Affymetrix).

GeneChip® Scanner 3000 (Affymetrix)
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3. MRaEE
3.1 HepaRG #iia

#MAE - HepaRG® (if& /N4 77 /L, BIOPREDIC INTERNATIONAL)

Bt
HMARFEAERS © Medium 670 (BIOPREDIC INTERNATIONAL)
A% (UML) B Medium 620 (BIOPREDIC INTERNATIONAL)
LAY EEIRE © Medium 640 (BIOPREDIC INTERNATIONAL)

HepaRG #lif (HifE N4 7 /1) %, Medium 670 % FHVCalfig L7-t%, 7.2X10* cells/0.1 mL (Z
FHELL, 100 uL/well 27 —4 > a— kK 96 7 = /L7 L— NI L7 (Day0). CO 1 > F =
R—H%— (37°C, 5% CO,) TH:#E L, Day 1 (2 Medium 620 (Z&EEAHSL, 1 [H]/1~3 A TH
AL, 6 HESbEZE L7z,

3.2 b NEHEFHRE

#HAE : Cryopreserved Human Hepatocyte (Plateable, BioreclamationIVT) Lot No. SHM, CPQ, YEM
EZH © CP Medium® with Torpedo Antibiotic Mix® (1:45, v/v)

b NI A, BRHh A AV CRME L7212, 3.5X10% cells/0.1 mL IZFABLL, 100 pL/well 3°
DaAT—Fra—h96 Uz L— MIUERL, CO M ¥Fax—H— (37°C, 5% CO,) TH;
FBL, WEERICEET vEAICHEALE. 2y O A —D—CoA L OIE MM %
Supplemental table IZ £ & D 5.

3.3 HepG2 #Hka

#MAE : Human hepatocellular carcinoma HepG2 cells (American Type Culture Collection)
E5H © Minimum essential medium (LA F OFHELE A : 1 mM sodium pyruvate, 0.1 mM non-essential

amino acids, 2 mM L-glutamine, 10% fetal bovine serum)  (Life Technologies Inc.).

HepG2 iz, EioEsHiZz VT T75 F£ 7213 T225 flask & FV T 80%LL T confluence THE(L
B L7z, MARNEEIX 025% trypsin/0.02% ethylenediaminetetraacetic acid (EDTA) solution
(Sigma-Aldrich) CHIE & (25 U7z, @i L7=%%, 7 x 10%cells/0.1 mL [ZFABL L, 100 puL/well 32 96
U7 L= NI, COf v Fax—HF— (37°C, 5% CO,) THifE L, —MiHas% oA
T oA L.
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Supplemental table: Summary of Lot Characterization Results of human hepatocytes

Activity (pmol/10° cells/min)
Lot No. CYP1A2 CYP2A6 cyp2c9 | cypac1o | cypape CYP2E] CYP3Aa4 [cyP1A22E1| UGT/ST CGT/ST
PHEN COUM TOLB MEPH DEX CzX TEST ECOD 7-HCG 7-HCS
YEM 15.5 107.0 37.5 8.0 1.8 71.7 129.0 154.0 415.0 18.6
CPQ 18.0 105.0 36.4 17.8 32.1 49.9 95.2 78.0 440.0 41.0
SHM 4.0 26.0 9.0 2.0 65.0 54.0 15.0 27.0 347.0 52.0
MAX 57.2 127.0 92.8 29.0 76.0 81.6 154 560 558 62.6
AVERAGE 20.3 62.0 30.1 11.4 25.2 37.0 66.5 81.1 360 315
MIN 2.0 2.8 8.0 0.2 0.4 8.0 10.9 9.0 15.0 5.0

PHEN:Phenacetin-O-deethylation, COUM:Coumarin hydroxylation, TOLB: Tolbutamide 4'-methyl-hydroxylation,
MEPH:Mephenytoin 4'-hydroxylation, DEX:Dextromethorphan-O-Demethylation, CZX:Chlorzoxazone 6-hydroxylation,
TEST:Teststerone 6-beta-hydroxylation, ECOD:7-Ethoxycoumarin-O-deethylation,
7-HCG:7-hydroxycoumarin glucronidation, 7-HCS:7-hydroxycoumarin sulfation

Substrate concentration are unknown.

MAX, MIN, AVERAGE values were calculated using the results of 22 donor lots in the Certificate of Analysis.
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4. RERFE
4.1 EYMRBEREERE

3k & H7- HepaRG M@ (7.2 x 10* cells/0.1 mL per well/96 well plate), &% —Wepis Szt
N EGREIFRIAE (3.5 x 10% cells/0.1 mL per well/96 well plate) F5 X TN HepG2 #lifi (7 x 10* cells/0.1 mL
per well/96 well plate) (22T, KHIIAOEMZ Ky T FEORERAVIE N 7 7 )V & G T AZ
a3 5. BB 7 T A M OB (HepaRG #llAd : Medium 640, &+ BAEAFAIAE : CP Medium®
with Torpedo Antibiotic Mix®(1:45, v/v), HepG2 #lificl : £5%% H Minimum essential medium) (Z{EA L,
KB ORKRE L L7z (40 uM phenacetin, 50 #M bupropion, 5 M diclofenac, 100 xM
S-mephenytoin, 5 #M bufuralol, 5 M midazolam, and 100 M 7-hydroxycoumarin) . J&EMRFE %,
37°C T 60 ks L, 60 701%, EIGE:H 100 ul Z#8:HL L, 2 uM caffeine % & ¢ MeCN % 50 gL
W UGS T S8 7. BOSEIRZ OV 7 VITERER(F (-80°C) L7z, WfsR(FLTZY
7 ViX, 1 puM niflumic acid (Negative ion mode D IS)Z RN L7=DE, A% ) —IZ X DHFRrZ /)
JVETHILEL L, ©E% Dryup &, FRfREZHL (Water/acetonitrile/methanol (9/5/1, v/v/v)) 1Z#
fif S, LC-MS/MS FHOS M 7L & Lz,

CIESE!
MRS LC-MS/MS [Waters ACQUITY UPLC interfaced with an API4000 (Sciex)]
BENFE : A © 0.1% (v/v) acetic acid in water, B : acetonitrile.
717 2 UPLC ACQUITY HSS T3 column (2.1 x 50 mm, 1.8-um; Waters)
77 LIRFE : 40°C
P ;0.4 mL/min
7TV N
A/B=99/1,99/1, 10/90, 2/98, 2/98, 99/1, and 99/1 (at 0, 0.4, 2.0, 2.2, 2.6, 2.61, and 4.0 min).

WEXTGE L LTy ik L OV B ORF BRI (Q1/Q3 (m/z) transition) % LA FIZ/RT .

e F AR Q1/Q3 (m/z), mode
Phenacetin O-deethylase activity (CYP1A2) : APAP 152/110, +
Bupropion hydroxylase activity(CYP2B6) : hydroxybupropion 256/238, +
Diclofenac 4'-hydroxylase activity (CYP2C9)  : 4’-hydroxydiclofenac 312/231, +
S-mephenytoin 4'-hydroxylase activity (CYP2C19) : 4’-hydroxymephenytoin 235/150,+
Bufuralol 1'-hydroxylase activity (CYP2D6) : 1"-hydroxybufuralol 278/186, +
Midazolam 1'-hydroxylase activity (CYP3A4) : 1'-hydroxymidazolam 342/324, +
7-hydroxycoumarin glucuronidation activity (UGT) : 7-HC-glucuronide 339/163, +
7-hydroxycoumarin sulfation activity activity (SULT) : 7-HC-sulfate 241/161, -
Internal standard (IS ) for positive mode caffeine 195/138, +
Internal standard (IS ) for negative mode : niflumic acid 281/237, -
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4.2 APAP {X#EAIE

3k & H72 HepaRG M@ (7.2 x 10* cells/0.1 mL per well/96 well plate) (& APAP 35 J OVS-Ff . A4
Z 72 REEREE % O RIERMAE 7 7L, R (-80°C) L7z,
B 7L 10 pl 12 2 1M caffeine (IS)% 7 ¢ acetonitrile/methanol (5/1, v/v)% 200 pL A1 LER % > X
7 1% filteration (0.45 pm) L7= % D2, HEHIAK 3004l ZE - IRE L, LC-MS/MS D57
e LTz

[T 5:1F]
SIHTHERR © LC-MS/MS [Waters ACQUITY UPLC interfaced with an API4000 (Sciex)]
FEFH © A : Water/formic acid (1000/1, v/v), B : Acetonitrile/formic acid (1000/1, v/v)
717 I : UPLC ACQUITY HSS T3 column (2.1 x 50 mm, 1.8-zm; Waters)
717 MR ¢ 40°C
it & : 0.4 mL/min
VA= S i
A/B=99/1, 99/1, 10/90, 2/98, 2/98, 99/1, 99/1 (at 0, 0.4, 2.0, 2.2, 2.6, 2.61, 4.0 min).

HIERtSR & LG (Q1/Q3 (m/z) transition) & LA FIZ/RT .

Kt Q1/Q3 (m/z), mode
7-APAP-glucuronide 328/152, +
7-APAP-sulfate 232/152, +
caffeine 195/138, +
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4.3 k=Tl

At & 7= HepaRG flifii (7.2 x 10* cells/0.1 mL per well/96 well plate) K OMERET: —Bidis S+
72 b REGEERIE (3.5 x 10* cells/0.1 mL per well/96 well plate) (ZHYBRMIE % & ok HIlZACHA L,
BRI E 2 W% U7, DRER S, HepaRG M} Medium 640, b hEGEATHIAZAY CP Medium®
with Torpedo Antibiotic Mix®(1:45, v/v)%& VT, #8RME D5 % DMSO % AL & LT 200 {4
JETHRELL, E5HIT 200 5 R LIREE L7 (CPA I3 AKZIEEL L),

HRERY)ENE T 14 48 WR[H FE 721% 72 IRefd] (B 5 =, 27 3, 4 #i HepaRG Ml A W 2D A4) #
|2 ATP assay (2 C Cell viability #l& L 7=.

FHPER OLBE S A LU T ISR .

ABT:100 uM (HepaRG fifid) /500 pM (b FEGREITHIND) (AL 2K K), B & Rt
BSO:100 uM (BRI = ZK547K), SR ALEE 24 e RE Al AL B

SAM:500 1M (B8 : DMSO 0.025%), #BRWE & [FIFFALER

48



4.4 HENEGCTFRINEZHER
441 RNAHH

HepG2#fifa (1 x 10° cells/1 mL per well/24 well plate) % #5Flt: —WelEg S B7-1%, B3z 9i5m'E
(AFBIXIXCPA) E ARG (1 mL) (ZASHLL, 24FF[RIEERTE, AMALZ BN L7z,

HepaRGHfiid (48 x 10 cells/0.5 mL per well/24 well plate) % Medium 670% F\ > CHEFETL —HifEsE S
H, Medium 6201222 #2 L, 6HHEGHE L7z, L DKCPAE A DOMedium 64012 AZHL L, 24RF[HINGEEE %
FfE Z B U7z, 501k L7=HepaRGHfild (0.45 x 10° cells/ cm?/24 well plate, 7' L— EHFE X A 7)) I
Medium 630°C2 H {552 %, Medium 620124344 L5 H [f£538, AFB1E A OMedium 6301255 HIAZHL L,
24REFEINETE L, A Z[aliY L7z,

FREFIETEIYL L 7= #MiE ) 5 Total RNA % RNeasy Mini Kit (QIAGEN) % FV Tl U 7=, i H#E(E
X%y ho7v b a—LOFIEED IZiTo 72, #960%DTotal RNAZ [FIUL T & 5 &% 7%,
M FEA) B R TR BT ICEE M L (N=1).

442 DNAXA-OF LAWK

Total RNA DMEDOFEEE & LT A260/A280 tr% NanoDrop ND-1000 spectrophotometer (Asahi
Glass Co.,Ltd.) % I\ CT#I & L, RNA integrity number (RIN)(% 2100 Bioanalyzer (Agilent
Technologies) & VWV CTH L7-. RNA %> 7 VO SEHRO 7 747 U7 & LT, A260/A280>1.6,
RIN>8 % 5% i L 7-. Biotin-labeled cRNA % GeneChip® HT One-Cycle cDNA Synthesis Kit (Affymetrix),
GeneChip® HT IVT Labeling Kit (Affymetrix) % 721% GeneChip® 3’ IVT Express Kit (Affymetrix) % H
WTFIAICTEVVE R LTz, #EREAEIS A EIfEHTIZ 1T GeneChip® Human Genome U133 Plus 2.0
Array (Affymetrix)ZfEH L, "1 7 U XA B— 3, PEE, Y43 GeneChip® Hybridization, Wash,
and Stain Kit (Affymetrix)% >, GeneChip® Fluidics Station 450 (Affymetrix)IZ & W {T>72. A7
VX AE— 3 %DT 7 F /UL GeneChip® Scanner 3000 (Affymetrix)(Z & W #iH L, MR %
Expression Console Ver.1.1 (Affymetrix)®> ' 7 s 7 =7 % HC, f#HT L7-. GAPDH O 3'/5' signal
ratio> 3 Z S EHLRD 7 T A4 7 VT & L TERE L7z, GeneChip 7 — % X MAS 5.0 algorithm with the
GeneSpring GX (Agilent Technologies)|XffilE L, fiiEtk D7 — ¥ % U T, vehicle control #EIZ %
2 BRI LR O AE Y 72 fold-change % &L L 72, & O e % upregulated 35 & Uf downregulated
D7 T4T VT &ZNEH fold change> 2, fold change< 0.5 & EFE L, il L 7=. & D H % Spotfire
DecisionSite 9.1.1 (TIBCO Software) % H\» T, UPGMA {EIZ X W BEERY Y 7 2% ) v T HRNT 54T
W, fEREE— vy TRLE.
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4.5 HEAE
451 BUNIEE

T 7 TV EREE, BIEREHIA 2 ERRE L, 100 L @ lysis buffer (CelLytic™ M, Sigma-Aldrich)
ZUSHINL, well N® Lysate Z[AIY L7=. Laysate WD % > X7 &% Pierce™ BCA Protein Assay Kit

(Thermo Fisher Scientific, Waltham, MA, USA)Z HHWWCHIE L7=. JIEITFy ho7e fa—LoF
JIE YV (24T > 7. W SE % SpectraMax Plus Z FUWCHHIE L 7-.

452 ATP assay

L& W BN E £ O N ATP £ % CellTiter-Glo™ luminescent Cell Viability Assay (Promega)%
WTHIE Lz, BEEFy o7 v ha—/LOFIEEY IZ/T>72. luminescence X Multilabel
Counter (1420 ARVO SX, PerkinElme)% VN THIZE L, ICso values | SOFTMax Pro (Molecular
Devices)Z FHWTHH L7-.

453 LDH assay

b EWNEFE% O _EiEH 0 LDH % LDH Cytotoxicity Detection Kit (TaKaRa) Z FVWCHIE L 7-.
HWEZXy ho7e ha— o RIEEYIZIT>72. WIEE T Microplate Reader (SpectraMax
Plus384, MDS) % N CHIE L 7=,

454 GSH assay

L& E R % OMEN GSH &% GSH-Glo™ Glutathione assay (Promega) % F N CTHIIE L 7-.
HWEZXy ho7'a ha—/LOFIEEY 11T > 72, luminescence (& Multilabel Counter (1420 ARVO
SX, PerkinElme) % FH VN CHIIE L 7=.
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