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W FHRMNEE L, EELORBHILICEL FERAEFLZTHY . b M ANLZretEE (iPS) Hifa f kAT
HIRIL, FMERBR 21X U0 LT BRI TO=— XD TEVY, b M REEZE AT A BRI L &
NTWDHEDO0, HWREHEES Cytochrome P450 2C19 (CYP2C19) 72 EDIHMEDEAZEN K E W T & AN IEREICA
BHEEFHO T LML IO —RERS> TS, Flx OFEMIHEERE D 5 B CYP2C19 @ poor metabolizer
(PM) 1E, BARNTIE 20905 TR DM, b MMREFEITHIIRO AT & 72 5 RCK N TIHEESLL T D44
JET LR SN TE ST, CYP2C19 O poor metabolizer MEIRGFAMZRNIELE L TRV, & Z TAMFSEE
BT, 1ERD T 7 MREEAMTTIZ v 7 T 0 FHRWEETH - 72 WG RS T CYP2C19 4, T 234
HIZKB LT AFREFHINZERE LT/, v 7 7 hXHE72t b iPS A AR (poor metabolizer HIE
OIS T 2) 2ER L, FRR2EMNREIRERE 28 LIl oZ etz e 52 L T, &
D O 72 TR FER DS ATRE A2 BLANBH R 21T - 72,

1. CYP2C19 R¥E & I iPS HHfa DR SL

t bk iPS il CYP2C19 B FHEIZ B W TEAIRIZHFIMM A 21T 9 7o, FT—7F A FET TR
<. CYP2C19 BB T D=V o 1 FHEAER L LT 2 RE{UIWT 27538 T X % short guide RNA & OF Cas9 FER8EL
77 AI FERADSL BART-HBLT 7 AI e, ThO3MEDTIAI Fex L7 huRb—i g Uik
WXV e FiPSHIBICEA L, Fa—a~<wAi Tl sy gy Lk, Yo7k mskor ~ iPS #lj
an=—% 24 {EEEE L 7o, HEEL 72 24 KR 5 B¥%OMND Y v— 1 ?D CYP2C19 s TEICBW T, M7 U LT
FHFEFAHL X 238 2 > Tz, CYP2C19 BAnT-DBAtE= R &4 iHk Lzt b iPS fiflafk (CYP2C19-KO iPS ffifia)
DL LTz,
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CYP2C19 BAn T DRIEA & b iPS MIA DRI BT D0 2 ead Lo, B4R (WD) iPS fifid & CYP2C19-
KO iPS ffRIZFEREM) 7@ MR B AL Ze v o 7=, WT iPS flifid & CYP2C19-KO iPS iRz 81T D RKfb~— 01—
(0CT3/4, NANOG, SOX2) Di&fnFFBIf% real-time RT-PCREIC X 0 fi##T L7z, WT iPS i & CYP2C19-KO
iPS fIEICIB VT, ROk~ —H — DB FRBEEIXIEFRE TH -7, SHIC, AERAICBWVLTH, Kok
~—%— (0CT3/4, SOX2) DOFBOZEIIMAILM TR ONRh oz, LEDZ E2n | CYP2C19 s DRI
b b iPS MR ORISR B E RIF S 20 2 LR ST,
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HEfE (CYP2C19-KO JIFfHAE) ORI TIRIERE ChHo7e, Fio, B BIERICQWMINTT VT I &3 LT
LA, BFMRTCIRIERIZEOT VT I v FEAR (B9 10 pg/ml/24hr/mg protein) Z/RL7z, S HIZ, <
—w~?%57w7¢V&aﬂTV%Fvay:owfﬁﬁ%é%ﬁott*% A O BT Z O3B
ICEITR LN o Tz, bz Eonn . CYP2C19 5 7D KIEIT, tbﬂ%ﬁ@@ﬁﬁ@m@\m%z%m
LR &R STz, KV EHMIC WT 1PS #lifidds L OF CYP2C19-KO iPS A D AT /3 fbike & 7t 9~ 5 72
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4. CYP2C19 /K4HE b iPS Y H S ATHIAE O SR EHEE O Z T

{ESL L 7= CYP2C19-KO 1iPS e 1 SRATHEAZIZ 3:5U T, CYP2C19 OREIREDNHA L TV D E 5 dkfili L7z, WT
JH#AE & CYP2C19-KO FAlIARIZ CYP2C19 DIEE CTH D S-A 7 == M U ZAEH S E, 55 RIEHPICE o1
#i 4 KL AT == " & ER LI, W ATl TlX 4408. 4 pg/mL/min/mg protein O 47 —IKiE
fbA 7 == b U & 7=23, CYP2C19-KO JIFAlAE CIIMIRA LA T CTh o572, BLEL D CYP2C19-KO fif
ARG Tl CYP2C19 DEEMMAHNEEDHIL L TV D Z & 03l STz,
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M/ REEIHIFI TH D 7 m ¥ RZ LT, FICCYPC19 IC LD i S TIEMAIL 25 70 KT » 7/ Th
V. FEEZECHIbEHRE SN TWD, £ 2T, W T#ifd & CYP2C19-KO IFHIfld DT, 7 v K7 LLod
e L OUSERRIZ AN U2 R Lz, W FMiIfE & CYP2C19-KO ATMEfIZ 7 v e R 7 LV 2B L. il
RaAfERZFHI L7z, Lav L, BHilE CHIIRAGERICHEREREDN ol LI >T, Z7rERZLILICK
0EER S NAIFEMEICIL, CYP2C19 AN O SRR OB G- R S 7z, 7 v B R LLORETEEIZ
%, CYP2C19 7217 Tix7e <, CYP3M 5 T2 2 &b TWn5, £ 2C, W JIFHRL & CYP2C19-KO IFHiAz
IZCYPSM BERITH L7 hat Yy —VEEHSE, 70t 7 LU DInERRER -, W Tk Ci
rRa Yy = VO L DM REOZEIT A Lo 7o h, CYP2C19-KO Ml TIZr b=y — L %4k
A+25ZLiIcky, AEICHRAGFERNES L (7 RZ L0100 oM AR THIBAETERD 30 %, 300 pM
VEF CRIBATERDY 60 % B, X o T, BN L7z CYP2C19-KO AFMIRASESL LD in vitro AFaelE T IR ~
ISHFRETH D 2 LR STz,

AWFFERE TIL, BB O®ZIERD T MRS 2 T CYP2C19-K0 1PS Mz E U7z, #INZ L7z
CYP2C19-KO 1iPS #ifid & ITHEfL ~rbFFE L. CYP2C19-PM OFHRE 7T /Wil & L COISH & ATz, —iKAY
W2, 7 R7LuEROFEE S, 209 B 8BWITHE TCHALRF I LT AT T —E 1 (CESD) 12X
IR IRZ ST CARIGEHERL & 72 75 5% 0 O 16% D3PI C CYP 1T K 2R & 52 10 CIR MR & 70 0 S85) 2 848
Do ZOXIZZBE RTLAZRITILUD LT HRNOBEGIEOEYBREA L0 FEMICHRETT 212, et
VIZT TR L /NG E TR 5 A A A A DR T IR R R OB N A B LI 5 & PRI D, 4RI
L 7= CYP2C19-KO iPS @A 5 CYP2C19-KO /MGHHIAE & CYP2C19-KO AT 2 /ERL L, JLiER v AT A&+ 5
Z LT, HEOBEHY R AR/ & IO — BRI T LRMEE T E H7o 8, CYP2CL9-PM IZIIT S A5
HONRAFT A TEYT 4 —OTFRAFERANTITAREIC 2D EHEShD, ZOXIRETETAPHEETEN
X, ERHEERICET DEMNC 22 EHIFFCTE 5, XD, PMOIFENHLE ST 5 CYP IZ1E CYP2C19 LIgh
(2% CYP2C9 R° CYP2D6 72 E3db 5, B D CYP /3y FREICOW T H RIBRIZ, 7 AFREIC XV EER O CYP & K
X, CYPKO AFHIRL 2 ERT U, EIL D in vitro FMERHIEER O 72 8 ORI S F L OREFICEZ N B &
EZbND, AWIERETIE, CYP2C19-PM OET VAT AZ/ER L, AIFSHTE L2 Z L amme LT, 5.
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The liver plays an essential role in drug metabolism. Drugs are metabolized in the liver,
and transformed into active (or inactive) metabolites. Some drugs and their metabolites can cause
hepatocellular toxicity, compelling pharmaceutical companies to discontinue development of these
drugs or withdraw them from the market. Therefore, establishment of the highly specific in vitro
systems for the evaluation of drug metabolism and toxicity is a pressing issue. Poor metabolizers
(PMs) are individuals who lack of metabolic capacity of a specific drug metabolizing enzyme.
Therefore, the plasma drug concentrations and frequency of side effects differ greatly between PMs
and non-PMs. Because cytochrome P450 family 2 subfamily C member 19 (CYP2C19) largely contributes
to the phase I reaction of drug metabolism, there is a concern that the PMs of CYP2C19 (CYP2C19-
PMs) would suffer from the unexpected changes of pharmacokinetics and toxicity of CYP2C19 substrate
drugs. For these reasons, to ensure the safety of drugs on the international market, we must
develop a drug metabolism and toxicity evaluation system which considers CYP2C19-PMs and its ethnic
differences. However, the available sources of primary human hepatocytes (PHHs), which are widely
used in hepatocellular toxicity evaluation tests, are almost entirely limited to Caucasians, making
it difficult to perform drug screening for CYP2C19-PMs.

In recent years, genome editing technologies using human induced pluripotent stem (iPS)
cells have progressed rapidly. If we could use these technologies to establish CYP2C19-knockout
human iPS cell-derived hepatocyte like cells (CYP2C19-KO HLCs), these cells could be used to
reproduce the drug metabolism in CYP2C19-PMs. However, the genome editing efficiency depends on the
target genes—that is, most of the transcriptionally inactive heterochromatic genes in
undifferentiated iPS cells, including CYP2C19, can scarcely be edited. Therefore, we have optimized
the conditions of the genome editing strategy and successfully enhanced the biallelic—targeting
efficiency to more than 15 % by using RAD51-expressing plasmid and valproic acid. Moreover, we have
developed an efficient hepatic differentiation protocol from human iPS cells. From the above, in
this project, we aimed to knockout the CYP2C19 gene using our unique genome editing technology in
human iPS cells, and to differentiate the cells into HLCs so as to develop a cell culture system
imitating CYP2C19-PMs.

In this project, using human iPS cells and our highly efficient genome editing and
hepatocyte differentiation technologies, we generated CYP2C19-knockout human iPS cell-derived
hepatocyte—like cells (CYP2C19-KO HLCs) as a novel CYP2C19 PM model for drug development and
research. The gene expression levels of hepatocyte markers were similar between WT HLCs and
CYP2C19-KO HLCs, suggesting that CYP2C19 deficiency did not affect the hepatic differentiation
potency. We also examined CYP2C19 metabolic activity by measuring S—mephenytoin metabolites using
LC-MS. The CYP2C19 metabolic activity was almost eliminated by CYP2C19 knockout. Additionally, we
evaluated whether clopidogrel (CYP2C19 substrate)-induced liver toxicity could be predicted using
our model. Unexpectedly, there was no significant difference in cell viability between clopidogrel-
treated WT HLCs and CYP2C19-KO HLCs. However, the cell viability in clopidogrel— and ketoconazole
(CYP3A4 inhibitor)—treated CYP2C19-KO HLCs was significantly enhanced as compared with that in
clopidogrel—- and DMSO-treated CYP2C19-KO HLCs. This result suggests that CYP2C19-KO HLCs can
predict the clopidogrel—-induced liver toxicity. We succeeded in generating CYP2C19 PM model cells
using human iPS cells and genome editing technologies for pharmaceutical research.
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