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SR FMNTIEE L, ERL OB T ILLHREES, I IRICE L FHERAFFERTHY . EXEM
DRFIE « LEMHRICB T 2 EFE LOREERGHNEO 1 >TH D, LiEs-> T, FrEkbisisis I3z
B 5 OBRERE L BRI T 2 HENH D, —MIC, BBRENR LR RIC I VR - AEGsh 5
ZERTHENDGE, KFBERZROBRLERZ RN L CTHEBEZOFG 2T 5, 20X 5 it iit,
EhREMEI A8 L C, Bt EAE ORBL TRNCEE 2 MR A2 b7 b9, L L, FERORRMES
PREZNE, b MFEE Mk v MFAMEN:, & MIRAFIRE 2R OFIEE DR S ENFE L 725 T
BY . EKERMEFEEFICR LA - BEMEMRICET D in vitro RBSROMENLIINL BB TN D,

ZHVETIZ, MREAREE X b IPS ffE b RIF A ERE O R B 21T > T& 72 (Toba et al., Sci
Rep, 2019; Toba et al., PLoS One, 2020 %), X 5|2, ~7 RZ7 a~vF UFEIENOBE IO TR
BT VDT 7 ARED FIRe72 IR ORI B L T& 7=,

F T, ABFZRIX. AEERISEICILUH &N D in vitro BB L OPHER OF E 2 fse <, HrEpk,
b MESMENE, FIGEMEZ Ml 2 72 in vitro EMBNREREM R O A BN & 925, ik L7oAFeREHE
D ORI LU BN 2 ARNER L, 7 DEREEANIC L 0 FeE O 3EMRH - MERER KIS
72t |k iPS Hife B RITARIE 2 (F RS 5, 20 1T BEICHISZ L 72 M IGEE R S o R b b iPS flllakkis
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K OFARY iPS Rk 2N 2 7=, & b iPS AR SRAFAE SR AT DN T in vitro EYEHERMMA & L
TOXEMEERIET 5, AWFZEHIM ClE, HEhRE-CRRME T 23 AT HE 22 AR AR /1 L 0D Fefife T % 21K H
EE LT, BEARBY7RFERRIZL T B ThH 5,

(1) SR - AEEEO KB E b iPS HIREE O T
F9. HIBICB W TERYERED TRNCEE & SN LG - AR EZ KB Lt b iPS Mk 4 /i

Lz, BIRL72F L2 0BEBZLITIZEET. 2B, 3 TR COIRYENRESCEIERBUCHE 25y

- (AFE) ZXELE b iPS M ABNLEATHY | IKYENRE - BB CEE/LED 5O

REFEZAFR L 72,

A) CYPIA2 K#E iPS MKk : FFRBCIIERIC L 0. CYPIA2 DIFMENE T 5 Z L Mb T\ 5, FEEE
1. EiRE CIL CYPIA2 OFRYEEMONF 7 V7 TV ABK T TH5EM0NH 5D, L7zdo T, #HBRIED
FEIH RIS 21T D CYPIA2 DFG-RZIEMIZFHET 5 2 L%, fIREDBRBESLEREIZRIT S
RITER 3 X OSEMIE BAEH Z [k 5 72 OICEHE TH 5,

B) CYP2E1 /K#H iPS itk : CYP2El OFHL&EIL, EFKLLREM, T a— R EOFELZITOT U,
Fo. T N7 7 2 OF#EMEIX, CYP2EL 35 KON CYP3A4 12 X A EWICEINT 5, 2ok
N, AEEBIC IV RBENLH LT AFFER~OBE b IE S TS 72, CYP2EL DL
R BRI 2 BN & D,

C) UGT1AL K18 iPS HEFEMK :  CYP B E M & FaAR (IR S L7 LB, non—CYP (2 K HEIRE Tl
WZA TS %, UGT (IDP-Z /v v AREsEIESR) 70 FHEIE non-CYP DORFEHI L5 MAHEESR Tdh 508,
53 FHE D % 53R E O 72 D OREERY 2B T VE 1IN STV, £ 2T, non—CYP IZ X HEIRET
HIRMESLO—N & LT, UGT O CThe b MR ~DFHH- 3K E W UGTIAL R ZHAAL D,

F IR BT DT/ AREX, MEIZBH L2 O B WS AREHINT (Takayama K. et
al., Nucleic Acids Res., 2017) RRZDOXBRIZEV E L7, WIhon+H., Bllha FoArTaEE
fy& L. CRISPR/Cas9 v AT AT XV AERAZE A LT, CRISPR/Cas9 (2 X VW —ARSHEINr S vESLRIZ 72 -
7o R —7"2 2 R, FEMFERERSS (NHE]) 12X VEER & T A2 ERSNICHASND X5, B b iPS
FRIZ T ) DREFER AT, Z D%, Puromycin IC X DRI T 4 7L 7S 3 U E2{TW, ZRFEND
BERBEIZ LT, 1026 18fok M iPSHifdD avw=—%2Ef5F L7, &2, BfFL72E K iPS
fada v =—OEBE T EICHHOESPIFHFA SN TOWDE D MRT H7DIC, Yo ) 2T 5T
ST, BERIBLAIMER IR SN D KO ICEKEI LT 74 ~—% W\ T, PCRICE W ERT LIV OHEE % fife
Bl < D7 a— 2B W AT VI RFT—7 7 A RBfFASNE b iPSHlR m—>Th
D ENGINoT, T, BERMT LVEY IR X0 S EESIRRNT 21TV R & L RS
FHTIC, BIEFEOFENH D WVIIREDBZBD Hiviz, TS OfFENTIZ LY . CYP1A2, CYP2EL, UGT1ALl Z %41
FHXRE Lo b iPS MIBRR DOBSLITEE) LTz,

FeWT, BHRIDS ) MREMNE b iPS MIRORSEIEIZEEE KT L TOR WG L7z, B4R
&, CYP1A2 R#EFK. CYP2EL R4B#K, UGTIAL KHEHKIZ, Wb b b iPSMIRIZFAA O 2 m =—IRDOZHE
R LT, IRIC, Rofbfila~—h— (0CT3/4, SRY (sex determining region Y)—box 2 (SOX2), NANOG)
DR T FHBLE% Real-time RT-PCRIEICE W FENT L7, TORER, WO XKERICE T 2RO EAEI
~— N —BETORBEEIIHATRGRE FRETHY | ARREITRD beholz, 72, NANOG B LW
SOX2 D F LRy BBl IR LV B LR, WInoMiicls T HRABIZEIT R -
7o LLEORER LD | CYP1A2, CYP2E1, UGTIAl OKHHITE K iPS MIILORGCIEIZHE L RIT S 20D
LIRS NT,



(2)  FEWRE - W OEEE KB O © R iPS HH F AR o0 AT RS
AMFFECITE b iPS MR E AT 2 N 20 O R R 72 B E - BRI R Z BIEL QW1 b, £ 2
T, F7 CYP1A2, CYP2EL, UGTIAl @Kt bk iPS M DOIFHLERIZ RIZ TR B A RN D 7= 012, %
nENOE b~ iPS Mlaz iFMla~ b E L, LFOBmE 2 To72, B4R E & iPS fllldds LU CYP1A2
RIBE b iPS MM, CYP2E1 KRt b iPS M, UGTIAL K¥Et b iPS HINA A ATHENG~ & /M behE L7- (B
ATUFRIRG, CYP1A2-KO FAEAE, CYP2E1-KO FA#EAL, UGT1AL-KO fFiifL) &3 2%, Wi, i~ ——
(albumin (ALB). alpha—I antitrypsin (AAI). hepatocyte nuclear factor 4 alpha (HNF44). CYP2C9.
CYP2C19, CYP3A4) DiBIn3RBlE% Real-time RT-PCRIEIZ X W EHT L7=, FOFEE., WIoOfFiilalc
5 T%.6HJF%HJH@<7~7J~®‘ﬁ4ﬁ%§%fﬁ%%ﬁ%$ﬁ”ﬂ$fﬂﬂﬂﬁ CRIBETHY  ARBRETFEO NPT, F
BT OB FRIABEORTREO b, EDZ LG 7/ AFREIC X D EEREIL T DOH
%#ﬁﬁﬁﬁmf&/Am%hmtﬂ:b1%ﬁM@m%Hﬁ%kwywmm:%@%Exjmx:kﬂ%%éh/
77
S H{Z, UGTIALI-KO IFHIRIC DWT, KV MR T 21T 72 o 7o, AIFERFEDELIZITIZ, (P L7z
~ iPS AR SRAFAIE N R R ORI 2 LT D 2 EBMEDSMETHh D, £ 2T, BARAT
AR KOV UGT1AL-KO I 31T 5 CYP3A4 T3S L OV UGTIAL OREL L IHM A7 L7, 7. %
#9728 CYP3AA VEMERIE F > b & AT CYP3AAVEMEZIE L7 A5 . BP AR 35 JU U UGT1AL-KO JH#fE oD f#]
THERZELI -T2, I, UGTIAL DX X7 3B A 83 5728, Western Blotting 21T - 72,
Z ORGSR, BFARFAIIEE £ OVUGTIAT-KO FFHIAE & $ 12 UGTIAL Z/nd 32 R S zno7z, &5
(2. UGTIAL OAGHNEMEATE T 57260, BrARFuFs O UGTIAL-KO ML UGTIAL O RE Th 5
SN-38 ZEM &, RE LIAE (SN-38) BLOZEOMREHY (SN-38G) D pEA: &% UPLC-MS/MS % Fv T
HE LTz, TOfEFR, BARAFIE L OVUGTIAL-KO AR B W TREBLARRIZ T2 <. Wi
JEIIZ W CH A SN TEREIIMPBRU T Cho7e, TNHORERLY . & b iPS M kT
HIEIX CYP {RIEDRHE R & L CIEAEHA TH 525, UGTIAL OFHER & L UIHFER AR+ TH D Z LR
Iito, T T, AT ) A REERFNOBANEZRART-, FANVT A4 RN, ARSI
PR BE & Rr O ITFHII O BE 38 2 FIREIC 9~ D HffF & L CRAR S, RBSRRE DA TR0 B ERFIE~ D
ISP SN TWD, & b iPS MR SRATHIIE N S FFALH 2 A RE/SL L, UGT1A1-KO fFfflifa &
U CRHIi FIRED MR AT 21T 72 o T2, 2 ORER, BWARIFA VA 7 A4 RIZEBT D UCTIAI DA TR EIT
FNTT 7 A RBSCRTO B AR TR & Hefie LT, #9100 f5E TN L7z, 7235, UGTIAL-KO A w7/
A RIZBT D UCTIAI BIEFOHRBLEIL, 2O XD RMERD o7z, WIT, BART L OVUCTIAL-
KO fFA /AT 2 A R 2 X7 EZ BN L., Western Blotting 21T->7-, WARAFA LT /A4 RizE
WTUGTIAL ZoRd /80 RS &4, UGTIAL-KO iFA Vv / A RiZBW Tidil S inotz, &6
(2. UGT1Al DIEMENRTER L TWE el 5721, BpAR IS KOV UGTIAL-KO IFA /v 7/ A RIZ UGT1AL
FEThH D N-38 ZAEH &8, RELIKRE (SN-38) BL OO (SN-386) DA% UPLC-
MS/MS Z W CHIE LTz, ZDfEH, UGTIAL-KO IFA /N /A RIZEARFANT ) A4 K& il U CRE
ICHREPAFEICEALTEY, ZOREWIIHBLRFLI T Th o7, £o, BAERMFA LT/ A Fide
MRSl (Primary human hepatocyte (PHH)) &bl LT, REMW O EA RN @V MEA 2~ L
720 U LOREE IO BERFAILAT /A RIZUCTIAL DiEMEZA LTEH Y., UGTIAL OFHEiRE LTH
HThoZ R hic, 72, UGTIAL ORIAIZ LY UCTIAL ORFHHEVEDSTHA LT Z LSRR S
7oo ®ARIT, UGTIAL-KO IFA VT /7 A R % HI TP atE Al sk 23 S rT e et L7z, UGTIAL IZ K 2
Z s a R NEERBICE G5 L STV AERKIRCHRMEME 2. BAERNTA LT 2 4 FB X
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ONUGTIAL-KO fFA V7 7 A RICE S8, MR 2 E Lz, £ ORH, UGTIALI-KO JTHilZIZ SN38
RTE T/ Tz, BV CEEASES &2 ORERFCHIAFENMET L, BAERRFA
NH A4 REREBLTHRIEVMEEZ R Lz, ZRHOREL Y, UGTIAL-KO fFA VAT /A K2
UGTIALl {32/ L7 iF8tE 2 TR RETH D Z E VR S u7e (Shintani T. et al., Mol. Ther.
Methods Clin. Dev., 2023),
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The liver plays an essential role in drug metabolism and detoxification. Some drugs produce
highly reactive metabolites that may lead to hepatotoxicity. Drug—induced hepatotoxicity is the
most frequently cited reason for abandoning compounds early in development or withdrawing them
from the market after approval.l Therefore, it is essential for pharmaceutical research to
accurately evaluate the kinetic characteristics and toxicity of drugs in the liver.

Human induced pluripotent stem (iPS) cell-derived hepatocyte-like cells (HLCs) and human iPS
cell-derived hepatic organoids are expected to be used for pharmaceutical research. We have been
developing a method for the differentiation of hepatocytes from human iPS cells with high
efficiency. Previously, we have succeeded in generating CYP2C19 poor metabolizer’ s model using
CYP2C19-knockout (KO) human iPS cell-derived HLCs by clustered regularly interspaced short
palindromic repeats (CRISPR)-Cas9 system. We also generated CYP3A4-KO iPS cell-derived HLCs for
the evaluation of CYP3A4-mediated drug—induced toxicity. Human iPS cell-derived hepatocyte models
with knockout of pharmacokinetic-related enzymes would be a powerful tool to evaluate the
contributions of specific pharmacokinetic-related enzymes

In this study, we established CYP1A2-KO iPS cells, CYP2E1-KO iPS cells and UGT1A1-KO iPS
cells using the CRISPR-Cas9 system. To establish CYP1A2-KO iPS cells, CYP2E1-KO iPS cells and
UGT1A1-KO iPS cells, genome editing targeting exon 1 of the CYP1A2 gene, CYP2El gene or UGTI1Al
gene was performed using the CRISPR-Cas9 system. The donor plasmid containing the puromycin-—
resistance gene was linearized by CRISPR—Cas9-induced double—strand breaks, and then it was
inserted into the targeted nucleotide sequence on human iPS cells by non—homologous end—joining
(NHEJ). After positive selection with puromycin, we obtained human iPS cell colonies. To examine
whether the transgene cassette was inserted at the target locus, genotyping was performed using
the primer designed near the targeting sequence. As a result, a band was detected in KO iPS cells
but no band was detected in WT iPS cells. From these results, we succeeded in establishing CYP1A2-
KO iPS cells, CYP2E1-KO iPS cells and UGT1A1-KO iPS cells. We showed that knockout of CYP1A2,
CYP2E1 or UGT1Al did not affect the pluripotent state of human iPS cells by real-time RT-PCR and
immunostaining analysis.

WT iPS cells, CYP1A2-KO iPS cells, CYP2E1-KO iPS cells and GT1A1-KO iPS cells were
differentiated into HLCs, in order to examine whether the hepatic differentiation capacity of
these KO iPS cells was similar to that of WT iPS cells. The gene expression levels of hepatocyte
markers (albumin [ALB), alpha-1 antitrypsin [AAT), hepatocyte nuclear factor 4 alpha [HNF4A],
CYP2C9, CYP2C19, and CYP34A4) in these KO iPS-HLCs were similar to those in WT iPS-HLCs. These
results suggested that knockout of CYP1A2, CYP2E1 or UGT1Al did not affect the differentiation
to hepatocytes.

We then differentiated UGT1A1-KO iPS cells into HLCs and established hepatic organoids from
HLCs. To 1investigate whether these cells can predict UGT1Al-related drug metabolism and
hepatotoxicity, metabolic and toxicity tests were conducted using a variety of representative
drugs. To our knowledge, no prior study has reported the establishment of a UGT1A1-KO human iPS
cell line. We considered that UGT1A1-KO hepatic organoids would be useful as a highly specific

assay for the evaluation of UGT1Al-mediated kinetics and toxicity
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