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= 9d + FF 945 e, o« p <0.05, == p <0.01, n = 4~6. C. T& 3= A& Tpp W3 A
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Aol A, thsd F7] AL 27 THF dotel A AXERE Az fuse] AL FAe v
Z4o0l sbsd ok £71 AERRE fAE Aolch. wo} E7] Az 2] wAel wokel MR (blastocys
D2 R A Golelol A Feld e E7) AXolTh MEEAA el E7] AXE FEshs Wy 2 4
Aol & gelA ATk 7 Wk B AL HOHO-ESCs) = Ho] 71 %8 alAHQ) TRl ALgHA,
Ao 7158 WY P NSRS RE E7) AT H8 sbssitis 2ol Il <s) ols) @ el

el We FAdA Agd F os

F7kel 71 AEs, WAdHes, =9 7] AE =3 (National
Al

Stem Cell Bank, NSCB), ZBg]¥yo}, MIEZZA A5 t3HUCSF) ol <17k vijo} =7] ME A+ AE; Wi AE AT

A9 WISC M 23; =220 digt =7] Az 2 A4 938k AE (UF-SCRMC) ; Novocell, Inc.(San Diego,
Calif.); Cellartis AB(elEl}® 2], 2=4%l); ES Cell International Pte Ltd(A7FEZ); o]x=gtd Fd(Haifa,
o]zt )ol ©]sf 11]*5174‘/} T s o #HeEHe oy H|olzel YeH ﬁ%; R R
Yol tgte] #jste &7] MR HolHHo] 2ol ATt AES ST & dHd wE FddA AHE

2 = dgagel Hjol F7] AEE, BAFH O ®E | SA01(SA001); SA02(SA002); ESO1(HES-1); ESO2(HES-2);
ESO3(HES-3); ESO04(HES-4); ESO5(HES-5); ESO6(HES-6); BGOL(BGN-01); BGO2(BGN-02); BGO3(BGN-03);
TE03(13); TE04(14); TE06(16); UCOL(HSF1); UCO6(HSF6); WAOL(H1); WAO7(H7); WAO9(H9); WAL3(HI3);
WAl4(H14) & 23y,

o} 7] Ao gk &g Y& o5 £ Thomson et al., 1998, "Embryonic Stem Cell Lines Derived
from Human Blastocysts," Science 282(5391):1145-1147; Andrews et al., 2005, "Embryonic stem(ES) cells
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and embryonal carcinoma(EC) cells: opposite sides of the same coin," Biochem Soc Trans 33:1526-1530;
Martin 1980, "Teratocarcinomas and mammalian embryogenesis,". Science 209(4458):768-776; Evans and
Kaufman, 1981, "Establishment in culture of pluripotent cells from mouse embryos," Nature 292(5819):
154-156; Klimanskaya et al., 2005, "Human embryonic stem cells derived without feeder cells," Lancet
365(9471): 1636-164190A4] ZrolE 4= 9lar; ol Z+Z-e 1 A7 2 wHA|Ae S,

S5d tsA 7] ME(PSCs)

A5 FAAol A, iPSCe= §A &7 AE - #d {FHAXE 4 AfF B2Axe 22 H-tsAd AxEE ¥4 3

ArFoEHA FRET. 4 AL dPHor fgER Hlo|g 29 22 ntolglx WMEE F3f o]|Folzith. ¥

A 79 FAAE vE A A e 288 A e geEA dAT, dAF 2d A Oct-

3/4(Pouf51) ¢} Sox2& 2ZZSIT}. 3~4 F+ 5, 259 FA A9 E Ax7 teAd 7] Axe FEEgHeR A}

gHow FAlal7] AAeta, Ao FHshE A9, wirkE AIZF e gEEH fAA 2 3 AEs §

) dElech, B A AFg® iPSCE, BlAgtR oz 1 A iPSC, "9~ 2 At iPSC 2 A7k H& T}
[e)

2
54 7] AEE zde. AR LA, dER ulolgl Al xEoe] Q7F A olMEZE Oct3/4, Sox2,
KIf4 2 c-Myce] 4 7] 283 F1x5 AMEste] thsd 27 AX= g4 AsA7l=d AHgdn. o 74
ool A, AE] mpolE 2 AlAwlo] OCT4, SOX2, NANOG 2 LIN28®Z AAES F2 Astes o] AH&do. iPSCsel
Al B E = FAA =, BAIEH o R Oct-3/4(<): Poubfl); Sox FAAF AlFe EA FAHAL(A: Soxl,
Sox2, Sox3 % Sox15); KIf AEY 54 FTAHLAKIfL, KIf2, KIf4 2 KIf5); Myc AZY EA FAHLA(H: C-
myc, L-myc ® N-myc), Nanog % LIN28o] 3} c}.
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Do 4 Jle] FAAE vhe2e] W% D DAL DNAR e 3
FES 5 Ak, opHlmulolelat A FAAE EASE e ARAIA 9] W, B 44
3 a el >~ ez}

H
H
7Id 7S Ax Wz Add 54 didR AxE wEHes A8

=
. dF FHAolA, ved = FAAke] 2 At 21 sfol A FGR2E A

ol 7] M Ee] thak AASE JES o & 59, Kaji et al., 2009, "Virus free induction of pluripotency
and subsequent excision of reprogramming factors," Nature 458:771-775; Woltjen et al., 2009, "piggyBac
transposition reprograms fibroblasts to induced pluripotent stem cells," Nature 458:766-770; Okita et
al., 2008, "Generation of Mouse Induced Pluripotent Stem Cells Without Viral Vectors," Science
322(5903):949-953; Stadtfeld et al., 2008, "Induced Pluripotent Stem Cells Generated without Viral
Integration," Science 322(5903):945-949; and Zhou et al., 2009, "Generation of Induced Pluripotent
Stem Cells Using Recombinant Proteins," Cell Stem Cell 4(5):381-3840l4 2t& 4= Qlar; o5 Z+zhe 1 A
A7F & HAA el FFE .

Ar FTH A, GAFQ {PS MEFE  iPS-DF19-9; iPS-DF19-9; iPS-DF4-3; iPS-DF6-9; iPS(XT]);
iPS(IMR90); 2 iPS(IMR90)E 3 &H3tc}.

DE 2d¥ #dd s Ag A2 75 digk AAg W& dE E°] Zorn and Wells, 2009, "Vertebrate
endoderm development and organ formation," Annu Rev Cell Dev Biol 25:221-251; Dessimoz et al., 2006,
"FGF signaling is necessary for establishing gut tube domains along the anterior-posterior axis in
vivo," Mech Dev 123:42-55; McLin et al., 2007, "Repression of Wnt/B-catenin signaling in the anterior
endoderm is essential for liver and pancreas development. Development," 134:2207-2217; Wells and
Melton, 2000, Development 127:1563-1572; de Santa Barbara et al., 2003, "Development and
differentiation of the intestinal epithelium," Cell Mol Life Sci 60(7): 1322-13320|4 Z& 4 JaL; 9]
E 7478 O AATE & "Ml E3E.

U AlZE(e: iPSC == ESOOlA #HE v S Adtshs Ze Wi B e Wi 483 5 3l
O e AlRE(]: iPSC HE= ESOClA HF Wiids Aatehs B e 2ol did Wil 482

Atk oAgA1AFQd HHLE o & £9| "Methods and systems for converting precursor ce

—_

Is into intestinal
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tissues through directed differentiation," US9719068B2 to Wells et al., and "Methods and systems for
converting precursor cells into gastric tissues through directed differentiation," US20170240866A1, to
Wells et al.ol ZRAHEJAG. A5 FdeA, ved AE= AHvl(morula) Z5H  fFeldt. 45
TadelA, tsA =71 AEe E7] AlFelrt. oldd WRlel AMRHE =7] AlFol=, HIAFA SR, Ho}t
=7] AZE7F 23, viol 7] AlEE ol Wl AE doje] E= wijol A e = k. ol =
7l AE e A AExs, ¥R R, 7ks HEe gddt Xf &5 F tal= thddt 55 FollA
Frel & dn. A5 FE>ddA, HE vlol 7] AEE Artstr] ffal 1% AEZF AFEET. o
T FEdelA, HE wjo} 7] AEE A7) A8 QAxE wijol B2 AETE A} A7 FAAelA, HE
wldS A7) 9l iPSC7F AR R T, el AREE 4 = DE AEE Y XS] 9%k 371
o=, HA|gtg o2 | United States Patent No. 7,510,876 to D'Amour et al.; United States Patent No.
7,326,572 to Fisk et al.; Kubol et al., 2004, "Development of definitive endoderm from embryonic stem
cells in culture," Development 131:1651-1662; D'Amour et al., 2005, "Efficient differentiation of

human embryonic stem cells to definitive endoderm," Nature Biotechnology 23:1534-1541; and Ang et al.,

f

=z "
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rl

oo
Mo i O
N
o N

=y

1993, "The formation and maintenance of the definitive endoderm lineage in the mouse: involvement of
HNF3/forkhead proteins,” Development 119:1301-1315¢] 7]%¥ AEo] E3g ),

Z49e Q7 iPSCE AHSle] 3D 7 TEE e PHES wAgD. 4Y) e PIEE g e, 8
RO AE P A% FEE ZFF U4 49 T2RE TG, AN 2YTS E mdst st g ]
SUF U B L TS AN dehdth 3D TR ROE ok A HAE R/EE R 54 A
o4, WA wua AF AN W 0E ABY AL A% AFT FAF B2 AgE F Ak shie 57
oA, A7) 2AE L PES 3 S0 de) oE SRS A o AeE At

3§41 MAE BIAQAR, ANE £2YEE G¥R ARGPSC FAS HAEE g Fde Au %
F mao] e Aoj 10 W FD 2 S ®e 5 BHL AV, MR P TERE AT A A
S/EE 9% FRE Aged, oS A WE(AE 60 A o)t okE Al HEH Y 7
A ERES SEAT. ANE 2B BT BREG 2L BF YHEA D0 AFARE AT 3 AR
WAE)S A, D QZE iPSC-RE &F 2 AT ol 4Ho] A W FNE ARF + g ARAA o
Hol f88 vk vhmtow, A 2YES wEY KA RHHe) AR FE oduh

9 FWAA, iPSC AZANA 3 FAF AT FAS FEsE gl ANHL. 4 PHe ) aAE X
@ 5 Ak

a) iPSC AZ fae T vl (DE)S FGF A= 294 2 Wint A5 FZ 94 (GSK3 AA A s &g s}
2 A, v AE o 1 d lix ok 3 A 7 w9t T W 3 ebdA (posterior foregut
spheroids)& @A37|e] T&Ee 7|2 <, HEAZIE 94 2 b) 2 FAF AVIE FAsA TR V)AL,
v s A= oF 1 UlA] oF 5 4 Bek, utEAsAE oF 49 Tt HEIRAHRA G EA Skl @A adlA F5H
T AY HA BHAE st A

A obAlE A7 2AAH(Fibroblast growth factor, FGF)&= & AA, A X 2 wjo} 253 g A4
QIz} o)t} FGR+ dlutsl A3 whildoln | AlX Wy #HE syt dolE 2 =gty 435 2
b GA osE 5 AS

§2 FGF A% Ado] 54l 3oz yeigth, A3st FF 42 @545 39=

olt}. A2 <l FGF A& AA=, WA o= FGF1, FGF2, FGF3, FGF4, FGF8, FGF9, FGF10, FGF11,
FGF12, FGF13, FGF14, FGF15, FGF16, FGF17, FGF18, FGF19, FGF20, FGF21, FGF22 @ FGF230.2 o]Fo]zl o
A e sy o] BAE EFet. AR FHACA, FGF AE Ae ARt #EE MXE 7 84F X
Ao = 3k siRNA H/HEE shRNAZE o] sk A=2E @243t A7l AHeE o+ dtt.

[€)
A

A5 S, DE vlgES 2o 7|AE FGF 21& Ag H29 s o]ite EX= 3179 w22 AHEd
t}: 10ng/ml ©]%F; 20ng/ml ©]AF; 50ng/ml ©]2%F; 75ng/ml ©]AF; 100ng/ml ©]%F; 120ng/ml ©]4F; 150ng/ml
o]4; 200ng/ml ©]AF; 500ng/ml ©]%F; 1,000ng/ml ©]%F; 1,200ng/ml ©]7; 1,500ng/ml ©]7; 2,000ng/ml ©]%;
5,000ng/ml ©]%; 7,000ng/ml ©]%; 10,000ng/ml ©]7; T 15,000ng/ml o]/, L5 FHAA, Aladsy &
kel Fee Ay A 7)1 AA dASHA ARG, g2 T, A5 A" AR #2448 she AT
B st WstET. AR FHA A, B dyel mE A% dY A= DMEM 2 A o} @3 (fetal bovine
serine, FBS)S X338l wix|o] @AgrETh. FBSE 2% ol4; 5% ©4; 10% o]4; 15% ol 20% ©14; 30%
ol Ex 50% ol wxEY FAAE 7] 7" Aurt, HAgAoR | FGF Al AY AR

il

>~
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o
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qelol BAE Tk, B0l AL A5 429 Qoo AL BA, BHOR wE xqd], 48
S AL olHF Aol

A3ek FGF As A= &A= F9Abel o8 &olatA olsi® Feolvt. & SHelA, FGF A& d= &A=
A T 9l FGF A% A= FAAl, FGF1, FGF2, FGF3, FGF4, FGF8, FGF9, FGF10, FGF11, FGF12,
FGF13, FGF14, FGF15, FGF16, FGF17, FGF18, FGF19, FGF20, FGF21, FGF22, FGF23, W& o]E9] %3 & ZiLE
Aeld 4= 9tk WT Ala A2 AL 284 T 994 Wnt AT 42 44 A9 238 gdF; 2-ohv
L-4,6-01x3d FEnd (SlElR) orAIme; 1Q1; QS11; NSC668036; DCA HIEl-7}Eld; 2-o}m]:=—4-[3, 4~
(HEAT A - Aol = ]-6-(3-HEAHY) A, Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt4, Wnt5a,
Wnt5b, Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a, Wnt9b Wnt10a, Wnt1Ob, Wnt1l, Wnt16, GSK3 JAIAl, ulz+
ﬂé}ﬂl% CHIRON, R-2=ZW, I ol59 ZFE2HE A8 4 v, 3 i, BIP 44 BPP 425

g4 sAl 7] BWP2, BMP4, BMP7, BMP9, Zix}, BWP 425 S43iA7)& duld2 iy A9 5 i, &
EZoket 4= 9lvd: =71(Noggin), =2E% (Dorsomorphin), LDN189, DMH-1, WlE 2 ¥ (ventromophins), % °|&
o] =z3rE

=)

Aekek GSK3 JAA= FhANA &olatAl ol Zeolth. AAAHQl GSK3 AAlAl=, HAFA R, o5

GSK3B & A3t Chiron/CHIR99021-E 2ESHeit). GAA+ AR WHE Fast7]o] A33 GSK3 ﬂxﬂzﬂ%— 2l
A& Aolt}, GSK3 AAAlE <o 1uM WA < A ok 50uM, W oF 3uM WA oF 25uMe)
For Fo=E ¢ Q. BRI Adg o 7170 A & AEs Aotk dF S5
FGF A& Az #dHd AE FAHALAS FHo2 3 siRNA 2/%EE shRNAZF o] &3 7

Agd 5 9,

Hell A, Wnt 2/%E=
25 2A4sA7)=d
A= dE 5o BxW vEAAR AdE= A8 AT jEHA 22 7]

A EWelA, 1 fAF F71E buh Hioh wul(aFP), SHRTALE), ElE AT SWARBPA), AMolE A
19(CK19), ZHAMIZ & <1z} 6(HNF6) 2 Alo]E=F P450 3A4(CYP3A4), HNF4a, E-7+dl®l, DAPI ¥ Epcams &

=2
@ 5 odths 54€ b & Ak oleld WAL A% Fol 40 4 WA 50 LAl WY & Ak wA £F
o QIzke] gk AEelA] BAR FF, B So] 4o AL FEI HAE 5 A,

d SHA, I FAF A= HE TF 24S e Ade 5AeE & v

A FRAN, 1 A RE B ATERE fEE # 93, A 8 WA §8 % F09 AZE SR F
frobe g FEE RG U S AL U FRE BsEolarized) HAES I ATo R Sl 9 4
ATk, 2 AL A7NE A154 8 B AIE B 15 T ALE X9 5 A

R 7S 5 SReA 8] F i) olge 5Ho® Rtk BE A4 Y, BE 9 84, dolx

ot
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1000ng/mL/1xe. ME/24 Al7ke] €3 whal; Hol® 1.000ng/mL/lxe. AE/25A7F] 4w, Hol%® 1,000

ng/mL/1xe’ ME/24 A7+e] FH ezl A D Ho|® 1000ng/uL/1xe. AIE/24 A7kl SFEml AL ol Zwo]

A, 7+ A} Z71E Hol® 10,000ng/ml 1xe | AE/24 A7k F 7 whulA MES 2= AL Egow § 4

att. 7+ A} A7]E PROX1, RBP4, CYP2C9, CYP3A4, ABCC11, CFH, C3, C5, ALB, FBG, MRP2, ALCAM, CD6S8,

(D34, (D31 FolA A& &} ool $A24E BT & = AL EHo= & 5 gk, o ZHoA, 7

HA}F A= SRR gIAF AJEAE WolA, o So] (V209+2 HolAE ¥ NEE xggEe 4 9. 1+ &
o 5

A} A= US 201601772709 7118 A3 e dBAE ¥38 4 9}

d SHoA, 1k A A71E 2 FAF A7 GF AR, dE B T AE BEE tE 954 B gids ¥
b vt 540 S g dvk

A SHAA, A7 o] " (SAE) S HAlske el AT, SAEE ZF V) B 2/Es dE = 1
4 DILDY 4 Aok, 7] UHe 540 B4 g SES 2 wWAA 714" 1 FAF Arie AEATE
GAE X3 5 ok, d FHAA, AV dHEe EF2dAl HolAH O E(FD) Y Y Z/EE &S A3
= 9AE T  AH, FF Fole A7l dEo] A o] REES F2E vtsAdol s e, 3
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A9 P2, BE iPSCel Sl 7hAES iAoz, hpSCse] HLC(150-1000ng/ @ /107 AlE)Ze] 2D 2 3D
B3l Ao ttE Adur) ] 52 v (Miki et al., 2011; Song et al., 2015; Song et al., 2009; Vosough
et al., 2013), 12k ZHAEE 3 249 91F AAANA 30~404g/ 2 /10" A TS A28 TH Davidson et al., 2016;
Dvir-Ginzberg et al., 2003). ol2gk Ayb= 3 fAF 717 29E £l 7] AE frel A EeF vjast

Tl FH] o] FEHQ HAEE TRt AdeS Hol T F88HA o] ARG A whHe,
L ] e A Q176 S 16 S AT FAA Wl AL AYAN Wil T P
A= Ad 7Fssie webs A4 7 (E 11). Addo=z | Z90L Y BEFS 72 b4 &
ste 7F A AVE AAE] % 2REES gEEgit.

G5AS Akl A7F iPSC- ZF fAF A1) wlAl s Reky 54
SO, 1 FAF AV T 2Rt @48 ZEEAE A HE, B 24 95 34 2 HlE 7]

A Fo wuds gagtoayn FAMETIY EAS 3% th. BSEPSH MRP29 E"ioﬂﬂ%éj‘ﬂ G o]k

o]l Al (intraluminal) Qo] o= F3HE S %Uéﬁ“E}(E 2, 9 N, EAEHES M Fe

W #H) Qgoelar 2% Y (canalicular lumen)S Q1743+ 7hA|E 9] withA 43}1”} ko] Wy H Hyk 99

o5 FAHE Fo FAETH(Cutrin et al., 1996; Tsukada et al., 1995). W&, AL dukat A3

TjLE‘f(Tsukada et al., 1995).

A (junction complex)ell o8] F-&% i U]H]%Et s lﬂﬂ lﬂl?'*oﬂ QX
I El Aol 3t /\} 71 |l

el a7 G9e dMse Aoz ded Yo, £ 19 1)

1 gGAe =

AR gL AT, T A AnjAoE #F A, AR WS e A RS 2 U
(= 2, 9id B). olg3t diFstd Ex3 AXs= oRT-PR 4] 23, FAFE71= ABCB11 % Na + - E}F$-2
HolE F5-7% ZYWEHE=WICP) S A ddS Hioy, 71 52 13k HZET FAFS7]oA o
Roh(= 2, HE 0. WA, ARSI g JFel o8 uiF WiAdelA EElE E5stE QI T
shretgleom, ol Ayl 1+ A3 (hepatic canaliculi

THBAT. W FAY F BA E FF2E 26.7ug/L/10 AE(200nme] AE
_‘E[; T
[e} 1o

o
o ﬂJlO
&
i,
—

(% 2, A8 DRR, HRAE, BA FEE ol BuelH A=A w bRbAES] 5 (gl
A5 10 umol /LA, oF 40 £g/A/10° AFE)ol BATR AN et al., 2016). 1se] FAFIIE B
8w fAHE GRS HA W ol wE A4 Bal B4 D e, ol BEA £F

7F AEstA FAE s AAFS.
QAIZE T+ FAF A7lolA 34t &9 2 &9 54 A3t
d Qatoln, welA o] AlxEle]l A3
AZF)E 2 4 Adt(Nishida et al., 1991). ZHAES] AW (&
WAL ofEy thAl AMES X3 W ol 2 oA FFgE9 7
[e]

(Kock and Brouwer, 2012) BSEPS} MRP2:= 217t A A% @5 4 =73},
[e) (e} =

onl
fr

Ezl %loﬁaﬂlﬂr A, gEAAe] FAFETIE S F9 (intake) = FS1sk7] H3l, 90 59 AR
Ze| ol E-Z 2 9 G A9 (CGanF) .2 §-AF7] o] =AEA T (Mork et al., 2012). CGamFE 9] F-o A =]z

?, FAFE719] WA 29| CGamFe] F2 o 2 RIHATME 2, AL E). FABHI, FF HE5A

H-YA-FF(CLF)S o8] 17t iPSC AZEFA AdE = A MEHT FAPEY] l :X*Elb Ao g Uy

tH(& 2, g F). o] 49 Folid& A3y

AR&3ko] BSEP 7]so] flv tH FAAE Bfshes iPSC AlXFE /Esgith. BSEP= %}—ﬁ— <

ol¢} A#E A, BSEP-KO iPSC- FAFE7E B2 dizd FAFE7|o w8 d3 H54ks 354 23y, £9

Hoz & u, o]F HolHE fAMEY|7l F-ERE EF5AS FYstd A WEE fEse 58S /1A

al

b e mm %

=
&2 A

47 Bhe BE AT

BAES CYP209+2 iPSC-7F &4

} %
FA47) 715 HEAA4 EAY (phenotyping) el A4 VUYL HAESS 94, £99)
s Adar] gd 29 Azxdel oEgdAs B2 @gay. S8, 2

il

(susceptibility) 2z  wWo]Z(d: C(Clin Pharmacol Ther. 2013  Dec;94(6):678-86.  doi:

_15_



[0064]

[0065]

[0066]

[0067]

[0068]

S550dl 10-2781633

10.1038/clpt.2013.143. Epub 2013 Jul 17. Association of CYP2C9#2 with bosentan—induced liver injury®ll
AiE BAlge] A9 (YP209+2)S Ad o2] iPSC AEF7F FHEAL(E 3, e A), HARS] A shellA
H5AAE e S vluslth(=E 3, HE B). FHEAE, FAFEVIES] tigk CLF wiEe CV209+2 &-RbA]
APEZIA = AZek Al B AAIRE, v -EREA] FARE Y= oy AT ol = 3, FE Col A"
CYP2C9=2¢] A sfe] 37FA] Aolgh iPSC frell AR 7]ol yehd, wAgke] ofs) f¥ ws AA gk <
A AT dAFT. dxHom, ole:=EZt VIRt @5 A= CYP209+2 iPSC AEFo] Fol#HolA] et}
ol Ak FA) A wE A BAel el wae] A% FNE ST AAte

auh)

FARIAAS e AU B FEA BF AAF G2

of=oll ola] fdE DILICNA H5 A7
o

=) Z9o T23% 9 uHT u, FYUAL o] FAMY] mdo] EA 33
9] &4 sl A DILIS Welst S=A

ol e, CLFe CGanfi= 8719 81 7hA] ZAIZ <l i1 o
| kgt

=

el Age 4 glr] Wiel 9 o JHH dhshes HAEs] Aol WA e AT I3 £49= A
at7] el |

ety ar ok 1. s Aol As
ash, gty ox A
(Barth and Schwarz, 1982; Bravo et al., 1998)

T35 AlF Aol dagh 2. AT A} oA AT 85 Ao
& = FF U =ARl HolAE o] E(FD) o] AHS-
AFAADT. S4 GG oA e SF AR A2

A 2% F(canaliculi space) o2 F&5Ho2 F5d w7bx] Mo 78 Jdti(Malinen et al., 2014).
b WA E wEeta =&FE 2Ase A flo]l % s AAIZE HUb AMRE S AEAE ‘1‘&3}7] 13,
AZE B GFE ol &ste] At Aol wE 1t gA % & 5 Bk &

ot
Ju
Lo
=
=)
T

(T Hu
“ 1-3 1
Y2
g 2
g o
o K

1
o,

N

ofx

o

o,

NS
ol

4>

%0,

s

g
lo

i)

oft
%

2

i)

2
o, EFUL 107HA FDA ¢l ookEe] AE Fokg Hrhste] FD-7|0F BA W FAEE Felsta Ax
3 2 % ek, YA 38 Thed AETE 7H 9 7HA sebEel did H Ao &
Ao Z oM QTE(AMIO) 2 Al 9 ddA FARE7ledl foletAl 548
= A2 DILT B2 AFo A ALHATHE 12). =99L DILI HAYS

o 3k7]e] 3 74 /8 F SR 2R " 9 Mo ™ SE(FDs) S e FDE ARt AR Sl A
AA 7FsAS AT 95 AAZE gl DILL FEEA 5H), 9% AA7E & DILI 3=(B
) 2 DILT 3FERE BuHA & FFE( C 53)(= 4, WE D)(Oorts et al., 2016). FD wjZEol oidt
7beds Astety] Slal, B FUAL olu A Jo oF FAREY] N-oF WiR-o] F¥ A= HEE A%
st 205 st S Agsdo (= 4, JE B). HS Oﬂﬁliﬂ ZUAE WA Afo]ZE
A(CSA)E AR&ste]l oA Hl&S Hrksts 58S FRlskylth. FDE A2 5 & F, 24 ARF &<k CSA=
g ool Atz (DNSO) # HlaLsko], frejm gk (ol Bls) 0.4)7F 1"13}(& 4, 94 B). 19 ¢t
= AT A FARE F7eh] ¢ o] 9 /) TCE Addskleh. SHEARE, o] Al Alx

A TCO Ael 24 AR 5, FDO] frEe o BRI fAbeAl BAE, CSA, ERZEE B vlgkxEe] B
T

E:Ltﬂc___

¥ o =
oX,
ol
Y
o
it
e
)
ol
ol
4t
i)

o 8o

=
O_u

Yoo 12 off ot N © oo & Ho &
S

A

o

& oo 2 oft EIN B T off ox do

v
(o
rO

Mo off o@ oo

SRl A ] B EZE ol 355 Bt

TR, vEZE=gol 4o DILT 2Ry dddE o wiAYSelA DILIS] = A&s str] ol
(Pessayre et al., 2012), &9 VEIZE=Lol 17 F7ks AT, o] dFolX= FARE7IoA MEZ=

glo} A& 2Abslr] flal, mEZ=gol A7 AR A #E(Li et al., 2014) 0.2 mEZ=gol v A
(MMP) A5 ARgsto] &85 A] &2 AXomiPE ZUEP AT, 24 At st TCE A= 3 5, S7E(2-8
v W3l p <0.01), YEFEAYG(7~139) W3}, p <0.05 TE 0.01), CSA(3~7 W} W3}, p <0.01) 2 dvuxE
(4~42 wf W3}, p <0.01)¢] A=mMPe] &%F-°]E% F7HE AESATHE 5, i A sHF o] e} 1),
E3, ERIYEE &Y o4l JMLEM A AR WmMP S7HAZTH3~5 w) W3k, p <0.05).
W BAE, QERE 2 g eseEE A $ omPe 7 }% Fofoll e HEshA HFEHA FUrE. o
el b= 7 FARETI-7IeE 54 HAAHLoD = BHE ARk 11ve> ojujA] 7]k #Ajo] mEFZEo} 54

L

S
=]
hi

A

qul
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917k DILI®] A)zbek e thzbq ole] glar, wlEa=eol 4l BSEP ©4lsh e DILIS) ¥4 7|43 ol
Ho=w AR FE g5 2FH wlg #HHo] A(Aleo et al., 2014). 2y, A AL 7|5 EEE oy
] q 5

& Hb. LoT Al=dlollA g5std AARE 7 #59] oS udd o

EUL AE, FF FA 9 nEIZ=gol 2EH A Alolo] BAE BAEH I A, FaE, CSA, TRO B
1 A& (EE AA 9 vEIZELol 2EY2)S &= 9= TOL, DICLO 3 BOSel

SES A EEdT. o] AR o) BiaX(Aleo et al., 2014)9F IdHFES}

A ols FHAo] DILIS] AZAAd =2 48 A7 d&e BolFe 44 dolgel 443 wteirh(= 5, i

7)
B, O). F7F=, & Z912 130uMellA MEzRE HE7F FAPEY] AESS oA AT 2Es FEPTH (244
Zroll 85%ll A 72 Alzbol 64%=). NEFFFES DILIZ H=sh7] 8l 4 dwd  F2 Oy 3w9st Ag
& B8 Frh(Fisher et al., 2002). “12fuh, 7Feet W@rel 7]2ste], dlgprhEoe] gt 542 2= WS
ol W& &tH(Oorts et al., 2016). £33}, LoT A28 DILIS) F8 7AZ EFE 93 F931 o

A B Al AFolw | wx] o] B4 MiAYFS | AAIE] BARS] 913 183 HAE S Eo|

)

r o
L
o,
e
o

AL 7104 DILTel thak #H ok Hot

e

thekel S5 aQlel o3 HFeAE Aow G Ak, HAAR opAEp] A ZE
o] Mx|Fe} o7k mFoA nivty} NAFLDZ <ls] = S71egs SA47F S718ta g
(APAP) (Fromenty, 2013; Michaut et al., 2016). wepx 754 DAlANAE 32t} A "FH ke Fefoll A
DILI #FAHE dS5skes Aol Fo3th. 2 AFolr,  F90L2 Bxs Ak, &d4it(oleic acid)ol ot
TE wxzol o3 AW 54 AR RdaS GEtiE 6, Y A). FAPEVI SEla HE 3 A F, f
2 S ARG (= 6, 2 B). AWAke] Absb= ATPY U=E opn|= UyFrEe =g uz
S fdta AH 7oA DNA €48 FEdtE &4 AbA Z(R0S)9 F83 Yotk (Browning and Horton,
2004). o] AT} Ak}, A A AHH FAPE7IoA ROS Aol HEEHJTH(E 6, HE ¢ L = 13, ;Y A).
wak, xHake FE 338 (Zborowski and Wojtczak, 1963)3 A 7+ mlEEZ=dole] iz HAS Fwdl
AtH(= 6, WE D 9 = 13, ¥ B). WA vEZ=Eol 75 oyt H Rl A1 2] NAFLDS] whetel] A3
3}7] wjiZol (Rector et al., 2010), ol#gt A¥= AW 54 FAE7I7F A= A Ay AW 7 2dS 2dd

o

osh ge AARA FA7) meo] ROS Aol F7E ACKR YL Selshrl, =R I eHE(0-50 DS
24 AZE B ALeha FAPIINA AT AEHS Bk

g A 54 AECM ERgdEEs AL

[e}
& 24 A 7rollA 85% Q@i 72 A =
Go] BRHYT. T& AX AE BA Aot A A
=l 6

A
Axt, FAFEY Abgo g e fARRYIS AdE &
(el B8 -40%, p <0.05)2 YEAFTHE 6,

>
=
X
o2}
)
=
i
B
B

£

gog, A0S A7 AR AR shehEel o8| DILI fAF AHERE 3&5d + e
AT, B S92 ARl N-oFE A 2 A (NAC)S AF&-3te] ROS S A=, A UINACT}
Hl-opAlEM] el #+6d FA 7F o Aol A BEES A 7]aL(Lee et al., 2009), EEZEELEC] 93 Al
¥ 5A4S A4A717] i (Rachek et al., 2009)°]Ath. o7t wpel o], A AET2 NACO] <fel s
NAERom, o]z NACZE HoFeh A AT A7 A AlE APEE FARSES AASTHE 6, 3id E
26, sl F). oiFE9] DILL AbellelA, FdatA st 3 deld A9 Ad oF&=9 A7 <tk(Polson
and Lee, 2005)(Bohan et al., 2001, Navarro and Senior, 2006). ©] LoT A|Z&®l-2 DILI X &5E 3t o5 @&
2 B o} thE ke QW AR A3 B GES ERIsteE d f83 =Y 5 Q).

o]

L7l Fde R AAT o] WS (SAR)E A4 JNdelu AldEsl oofEe] HE T okw 4HO F2
Aleltt. 53], DILIE= oF& /dolA FTas =d Aol , F=EA &g oAlol o v ofE e
g5 AV F8 949 T stdelth. I3F 1A} IMAEE ARREE A=A uige AR ook HAo AH
oltt. FHr Bil= QI A4 obAlEe] E3hE AEE AHEshs TAE Vb 'F A 2RI et al., 2016)
of A HAFAANE, o3k 24 SHES JPA oAl A E IF TAE EA ek B39 AFE dauds
of oA wZel  AY™ A ®wk oy AdAY HAE oJds] zta vk EI, ARE R A2
HepaRG Al 3 d@5 AASTE 54S H7bebed f&shAwt, 239 @2 BSEP(H+9 2 A=, =
ABCB11, H54F MiEs #% T8 64 2 95 AA gAY Fo %4) 24 2 AR 2R 3 A
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A wjiol] ARg-o] AgHETH(Le Vee et al., 2013). Y& S83% AL AF 53 4 7271 7531 At 4
Aol A AA A&l AgtdTtE otk dijkA oz, e WHS A sEE] EA stelA Az FF o]
ugel o gE 4 FA4S SHI]) A% dastn Z2dsy 1 HEEe] A|2ES JbEsiAl St LoT &
Aol F8 ol & Zrh: 1. H& S8 G0 A7 T 12.35 ©E], 3847 €T 94.85 &), 2. &
A A ZF(dd FATIOA 54 7he) 9 3. thE 2dE T, d7AY nESEsol 2Eda he] s #}
€& TAE A% vss d=gk 58], SoA AFE ke o], F34F AT E us AE 2EHE A Yo
DILTS R AdEo] e (Aleo et al., 2014)& Kol FUiL, o)F A= AFJ(MEZE=Hol & 5 AAA
2E 2o wel AE gEFo] #AaF7] uEo, LoT 42 A7) Al v=d Z3tE yephin. 23t ~E
e AEZ AP Fas S s J@F A b &40 2 #Ae] Jri(Serviddio et al., 2004).
27 FEAS 5E AA s AE 2 SAFHIL AR nEZEY) A S Westal 58 5%
AT Z 112 A4S dAste], Ay oz ol 3 <12 $48 A3 (Krahenbuhl et al., 1994)3}ar, 1]
EZ=gol 7S5EF-F% AEAPE S 2#3H(Bernardi, 1996). ol#ld @A AMAEsle] H Z¢el9] o
g3k o5 kel ¥ EAMS & 5olA & ¢ e Hiel o] BF A 2EHZVF vEFZE ol 2EHA
o} mlaste] b E4kel tigk Hrh AuiAQl @49ls vERlch. wEkA LoT Al&=¥12 DILI AIAYSS AN
g 24l Al2"o®w ALgE & Qi)

gk, HZol iPSC HEe] ol SHgel wak, JHQS Aol FhAdel g AE ] Hrbe Ed 7)giEnt
(Inoue et al., 2014). 7]1&9] #9 B2 AAdo]X SAES oZdts AL dutgog 7o) 2HE 93X
RAT, SAEE SAEZF AelY] S 22 3} aFeA EF #A St (Stevens and Baker, 2009). LoT A|Z=%l
< ohde Jek iPSC Hdel A &3HH o] Hol= o] oY Aolgk SAEZFFAde] ATE Aotk F3| =i
DILI®] HAel wFo], 54 Ax v A4 2S5 71 3R AEY AMES dA S8AA e Fol4
DILT WAUES Weled 555 & A aslalr] g B4Rl FEES

3 olt}. wahA LoTi DILI FAEE
AEgrozn Ak ide A A Wt A e

of fAb7] mdel shtel @AE W whgol gtk Aotk AW wgow A% WA i Hol
DILI| thet shtel 7bsd MiAUZoIG, ERaeeE F5 AL S4 o uggel MAEF, b
= k
= g

Ly
_ﬂ

THP-1 AZ2S AHEE A9 &5 g & AREste] S7FEAARF(Edling et al., 2009), °F= s
Zhehs AldhE A9) Rge] vk, wEpA Wy AlSel 23S SEoEA LoT EREFS THATI= Aol
¥ A4S Wkeke d T2 Aot adddk &5k, Lol HAE SUEFS e FIA 52 ook
Eigk= A=l d 7be

- =

RN
~
oA = R (O e < s D )

Sl BASBE AE FAZRE AD bseta o

A 54, dad
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uHe o,

o
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FEFE(GSH) 2] 4 58 A% & 4 dtt(Michaut et al., 2016). oF=
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T4 A9 O AT HTE S Qe kR BSo] Hrdoz ol Yrks AL FEE AL A w,
A5 FAY AZRE BAE 7 QAL FA] TR WA @ S Q] WA o Qo] AEEA @
& &3 A AT A8 47N we 3L ATH

LoTE AH&slhe HA9 g aWe] Mg &5y oA #AHAA EAd F8 I & Aotk «d&F &
of FAY AEA MY Al agsor & degFd A x|} Afolof A FAl R 7t A LA Eo| wEf, 7 F
aE&oF stt}; 7413k DILL AA9 16%7F A A A2 3 okZolth(Dumortier et al.,
o AYA o= Fulels A9t Bona 399 (A8 oFE i SSRI), 7]E
oA = A7 oleA X5 ekAI 2§ Aeo] I3ttt (Dumortier et al., 2002). T3 whAl A3l
w32 gk TR 8 tF FE AN ( S, gE AN aEAA A% #AEE AlFshe duky
Zo] (Marcum and Gellad, 2012), ©] uwiZol DILIZ} 4= w 4AA FES 2HEels do] 3] ol
o &2 Fal iPSC-HAREI7E FASA ol AE Jhest 9AE AT T wek, LoTe #4<] DILI 714

ATetetar Smd ol B hdd of=& AEs] 9 JEE Alwss dd d93e & 5 o

o

€4 (hepatic tolerance)<
2002). NASH7} §-&5% %

il

N
e,
0 9o on

tlo X m o

tlo 2%

T I 3}
52 7t DILTOl S22 43S mAH, o]zl Fo3d A4H EAoltt. AAZ, olAE =S vl A
DILIS] oF AutS At} (Russo et al., 2004). o& €9 /Y == 2 AA 2 AHoMe=, A9
Fokyl 7o tpE okEo] DILIY F& 9eo] & &= th(Bell and Chalasani, 2009). LY ® 71 Z4F X
ant 7hssith. 971M, g S AdorA, E49e ERFEEE g8 459 DILIY 54 #H b E
el sleEe XNE ZnE el 93 AR AE AdS el NACE stetAlEkE Fo 58

] Hol7l A F(Makin et al., 1995; Verma and Kaplowitz, 2009), #H< A+ %=d& wv]- I}

AJERE DILIONA NACS] AME-E FAVee FHo2 HAAT(Chughlay et al., 2016 ). LoT Al28l2 H]-m}FAM e}
B oFEo] <93 DILIC] thdh NACO] &%5S H7ishs dl f&slth. o yolrh, B =2 AHH H2 A9

)

A DILL fAF S35 Bpehs o 2 PR 3% dolueg dAe] A% AEd mres g & Ao
of. Eld 7led WHES 94 DILI ¥ dAwdd MAE A H QA QAES Folstu A=t
A 4 Qdow ) i SgE FAsh, 98k AT, 42 95t 9 & DILI A= A 85 &olshAl g,

w

PSCO] A

o] Aol A AREE CYP209#2 Wold <Azt TkDA3E K. Eto 2 H. Nakauchiol ¢]&l] 2123}7
AFHAT. 71E e MEFo wE oA AFE A+ iPSC M3EF9} Coriell BiorepositorydlA T
gt AEZF7F 2FET. o]E2 olde] 7w H wkel Zo] FAHAth(Takahashi et al., 2007). wliEshe
hiPSCs+= mTeSR1 ¥l #](StemCell technologies, Vancouver, Canada)ollA It (feeder)’} Sl ZHoA A5
A, 71} A&3k v Ao Lonza®l E8, H=+ Aijinomoto Co.2] StemFito] XgHEt). o] 5% CO, /95% 3712

elfHolEel A 37CE 1/30 AN ntEZ A (Corning Inc., New York, NY, USA)® FHIZJT. hPSC A H
. ntEg A 41, Mippi Co¥=+ Biolamina Co2] Laminin511 ¥+= Laminind4llo] AF&¥ < dt}.

‘0,
N
N,
5
w2
&
it
i
o
P
rlr

 FAE Z71(H0) S Bt

HF Uil W29 hiPSCse] &3t oldel 7l& ® WS o2 7FX Wd st {=35F3TH(Spence et al.,
2011). Zr3] =AM, HiPSCe Z2UYE Accutase(Thermo Fisher Scientific Inc., Waltham, MA, USA)olA o
2)3kal, 150000~3000007] AXE wlEZA EE= gud 328 22 w24 24 ZO]E(WR Scientific
Products, West Chester, PA)oll Zol”aldtt. A¥E7 nUE(AE s MAES 90% o) 7F 2 uf, vjx
Z 19kl 100ng/ml HEIR AR & D Systems, Minneapolis, MN) % 50ng/mle] W Je] 4 whi= 4(BMP4; R
& D Systems) & 3F+3= RPMI 1640 wi=](Life Technologies, Carlsbad, CA)E, 2¥9x}o] 100ng/mL EH A
2 0.2% ejo} So}x] dAH(FCS, Thermo Fisher Scientific Inc.)C =, 3¥X}e] 100ng/ml NEW A 2 2% FCS=
AT, 493k WA 6 dAF B, MAEE 500ng/ml o] A+ oFMIE A3 AAHFGF4; R & D Systems) 2 3u
m CHIR99021(Stemgent, Cambridge, MA, USA)S 3= B27(Life Technologies) % N2(Gibco, Rockville,
MD)E 2Zte= 313 DMEM/F12(Thermo Fisher Scientific Inc.)olAl ®lgslith. Alx &35 3t wlgE2 5%
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[0093]

[0094]

[0095]

00,/95% 37] B7)olA 37CE §A89 L, vixE oY wAsgct. B3td HE yuwgde 7 dxjol] sto] Af
Ag WAk, 54 At stE Ao Adelel FREA e A
3L 37Tl AL e AT,

FAF A7 B8 DEE 7 A AR Raksb) e A A g, S vhEed Ash, whee
MEAAY P F-ohEGA Y e AT 5 otk
shEElA AR 7 WA sU] ol A A AF WG FAPIE T BEse] A6

de HT

ST, dElE 3d BhAE 800 rpmell A 3 X HA EEEta, e ds AAg F, FAld 100% vHE
AL Assigitt. ZHOIEE 5% 0, /95% &7] 97114 37CE 5 WA 15 & & FATH. mfEZAo] 11
83l ¥ 3 13 DMEM/F12E2 B27, N2 2@ #HE]=2F(RA; Sigma, St. Louis, MO) 2ume &7 1~5 & =< H7}
stk WA= Ad=® wASAT. RA AHE &, mtEA BE o] WEE {FAPE7]E 10ng/ml IHAE G
QIZF(HGF, PeproTech, Rocky Hill, NJ), 0.1pm AFHEFE=(Dex, Sigma) 2 20ng/ml =3 2~E}El M(OSM; R & D
Systems)= -3t ZHAE wi<F vl X (HCM Lonza, Walkersville, MD)olA Bl<gFslitt. MX 235 3t vjtE
& 5% C0./95% &7] w9710l 37C RAARIL wix= 3 dvbe} wAlskvt. 20~-30 Ak, vhER A W&l
WEE FAPE71E BRE #4S A8 23839 F=ef 5 98 desisitt.

AlEE A A=YXH: 7-8Uate], Fdoldd AXEVF Jde FHFT bl FAREZIE FEREA B8k FHAlA
FEetelnt. deE 3 EEAE 800rpmoll A 3 E7F 94 EElshal A S AAT F 100% vE A A%
b SAlel, BE BFAE e HAE g uixE T Fyo 100% vtE A E3sAth. oM 2w
Eg2 2FES HA wige FAA Z¥”(0.3~0.5cm)3Faz, 37°C, 5% C0./95% &7] E27]lAd 15~30%-3F T3l
. ntEAe] a1 @ &, nEA £3H 37 eBYUAE vEYAR FHA I"E #d APl &
ZolEE 5% CO 95% F7] ®97]dA 37CE 5 ¥+ FAck. 7 DMEM/FI12E B27, N2 2 2E]:=AH(RA,
Sigma, St. Louis, MO) 2uMe} &7 1-5¢ &<t H7lekqlet. miAl= AUz wAskgivk. RA A §, nfEA
S Ulol xR FAPE7]1E 10ng/ml 7HAIE A3 Q1AF(HGF, PeproTech, Rocky Hill, NJ), 0.1pm @AMHERE
(Dex, Sigma) % 20ng/ml >F2~E}l" M(OSM; R & D Systems)= 3$HF3F ZHAIE vl 8fX](HCM Lonza,
Walkersville, MD)ll A wiFalllr. Ax 235 93 wlYES 5% C0./95% 57 EH 7oA 37CTZ 74 AlH

, WA= 3 ek wAlEITE. 20~309 A, mPEA gl WXxd FAPETIE BE BA4S 8 239
7 R B o EEsel.

R-ulEg)d W: 7-8¥xld Z#olHE AMEES 7R HE ulg FAFE71E B27(Life Technologies),
N2(Gibco, Rockville, MD) #E]x=AFH(RA; Sigma, St. Louis, MO) 2um 7} 9+ 313 DMEM/F12(Thermo Fisher
Scientific Inc.)ellA 4¢ &<t WA wds ALsATt. MAE Ad=E wAek. 4 o A g 5, FAF
7=l A7 2D AEe AER E3gith. ARSI RS BE 609 o) 5<F 10ng/ml o] THA]
¥ A% <QAHMGF, PeproTech, Rocky Hill, NJ), 0.1pM A ERE=(Dex, Sigma) 2 20ng/ml > A~EFE
M(OSM; R & D Systems)S 7}z ZFAIE vl (HCM Lonza, Walkersville, MD) &lellA 10 & ‘&<t viFsldtt.
A7 A A, B APETIE 2A(2A) 2 dHY EFEolE 6 9 EHolEd FHsta, 4a%
btk & Z4o) AR 4 vk Al 23S AR M =2 5% 00./95% 7] 171 37TCTE FAIAF
a1, wjx= 3 debot wA|Ekgich.

H&E E4 2w =4 335}

7F A A71E RtE AN sk, 4% e EEE s =l aAstar, shebde] WEAZITH, dHe H & E
o WMol 27 33 dME Ak, a17] 12k FAE AREEivh: & -17F 4F-R A (1 200 3]4] abean,
Cambridge, UK), & -#3 IV Z&ba &A(1: 200 &4 eBioscience, San Diego, CA, USA), & -Z0-1 &A(1:
200 &]4 BD Transduction Laboratories(San Jose, CA, USA)) % & MRP2 &A(1: 200 34 Novus
Biologicals, Littleton, CO). @A¥ 3 2 2k A, Alexa Fluor 568- 3 But+] & E7] W S2EY
(IgG; 1: 1000, Invitrogen, Al0042)< AollA 2 A7t &9k FAE7]o A& st S A4 10
¢t 10 pg/mL Hoechst 33342(Sigma)= A 3 T A7 E Al xdoz 3 3] AHeP. I3 dAnF
T W AoflA AHE ﬂﬂﬁ}oﬂﬂ} 7F A A7IE 4% SR EELUs| = 30 7 AT A2 X
2.5% Tween 20(Sigma)E FFA 5, FAFE71E PBSOlA] 3124k sl7] 12 &Aek A JEA) 4TelA uf g3t
o o2& ¥-BSEP &A|(1: 200 Sigma). Alexa Fluor 568- A3 Du+ & E7] WY ==ZEH(Ig6; 1 500;
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Invitrogen, A10042)S Aol4 2 A3t &<t %4%‘7101] ﬂﬁ;}‘”q ‘i% T, Al
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2]
2 =9k 10ug/mL Hoechst 33342(Sigma)® QM3ak 3 %A}%}ﬂe A gFAo= 3 3 AF Y. U2
AlRsi 94 T2d AmAcs =389 Fx4 onA sto] AXNHE B3},

RNA ©2], RT-qPCR

RNeasy ©UY 7]E(Qiagen, Hilden, Germany)S A}&3le] RNAS He]&ldct. AFALY Z2 &S uwlg} RT-
PCR(Invitrogen, CA, USA)S 9|3+ SuperScriptIIl First-Strand Sysenthesis Systend AF&3lo] A= =3
39 th. QuantStudio 3 Real-Time PCR System(Thermo)ollA] TagMan @A @& wlx¥ w2 (Applied
Biosystmes)& AF&3}o] PCRE 33T, 2 4 fdXol tish e Zglolm 2 X2 H KW= Universal
ProbeLibrary Assay TlA}Ql A4lE (https://qpcr.probefinder.com/organism. jsp)olA &2 Aolt},

RNA-seq Hlo[Ele] FAHE £4

RNA ©+g], cDNA A, Illumina HiSeq 25009 7|4 d3ste= <A 7lsd #F Jdtb(Asai et al., 2017).
TopHat (version 2.0.13)& AR&3Fo] RNA-Seq = #hS Q1% A5 (GRCh37/hgl9)ell 4 HAZth. Tophate] A&
dlolElE Cufflinks(Hd 2.2.1) oJAlEelol Agsto], JHH RNA-Seq d5gha AL A8, 4
] @9 AHES UCSC Als Bek9-A (http://genome.ucsc.edu) @t Ensembl dlo]EJHo] 2ol A 5318k, AR 9]
A8k (Transcript abundances)& FPKM(Fragments Per Kilobase of exon per Million fragments mapped)olA]

=] ].o:iq.

o

pHLO2] AIRE Hlwslr] $8, E9q AAZE T vlelel} &4 AR RNA-seq HlolE (pFG 2 FAFE7DE
oS3 o]l A¥ stk iPSC, DE, HS, HP, iDH 2 NHCY A2 =43 (Transcript abundances)<
GSE86007(Jalan-Sakrikar et al., 2016)°A] Y43} ar; efo} 7+ %2 9 A<l 7+ %2, ®o} 7+ =% H 13
ZFA 3 % 32 ENCODE(ENCFF418BVF, ENCFF804QWF, ENCFF965IQH, ENCFF9651JH, ENCFF918SJO, ENCFF367FJJ,
ENCFFO291UF, ENCFF280YNO, ENCFF347TXW, ENCFF724CQI, ENCFF624LQL, ENCFF962S0D, ENCFF170AEC)(Consortium,
2012; Sloan et al., 2016) & GSE85223(Asai et al., 2017)olA LU<3ktt. 7Hs3 diolg Axlg Fo] e
dlolel MEZF 543 Fdx 7188 Zevd, FHAE ARt 2902 log2 FXbolAl FPRM + 1 H
RPKM + 1 dlolelo] &4 nEstE 3 3 F, T4 28 59 49 10000 WA FAxE A9ttt +
L TA 24 BAE R H7)A FactoMineR(¥ A 1.35)(Sebastien Le, 2008)% Al-g3dlo] 4w Az &d <
FS AgFto g F39itt.

[*]

11

e o{m
O

M

FAPEZIS AR, Snenal 9 wA 4 #r) £E2 545 s, 24 B3 96 9 Eelo) = (Corning)
NN FAg7Ie] i A5 200 LE FRHAG. WE 3E

HNE FHst] AEE w7bx] -80TCelA Rt
Ak, ASHE AzALe] Ao wak <1zF 4E-w ELISA A3 Al E(Bethyl Laboratories, Inc., TX, USA) %
9] B 2] =72 (Thermo Fisher Scientific)o2 A3 TE. A Ax £4& H3l] AxAe] X Ale| W} Luminex
System(Luminex Corporation, Austin, TX)2.Z A5NS ZFAIT. AXE G0 e AdF7 PALFS ALts
71 18, FARET7] A Aol ogk MR o A 39 BA8AE AR AT, AP WA W & BEA EREE
=3 0}7] 938, "+ Nanoject II(Drummond Scientific, Broomall, PA, USA)E AR&3le] FAFE7] Wjite

N TAAAT. TYdE FAS PBSE A e ¥ @S5AF ELISA 7]E(Antibodies-online, Inc., GA, USA)
2 BT, & EH Y] FIE Aker] fE g ALY Tde Ao ® Ay I NS AFES
o A7 AE & A A F9 Ao BAEE ALt AFS-Star o] B oA FIeo} vl 3T,

Fh A WG NS e, s SRS Al 3% FFEESE S DHA 0.0 &F kR
olE gEMor A 3 F 4% QAH HEZAlO|ZoA 1 /\] 7F Eob wjksllnh. o]olA], oSS A A t}
& ollgrs /\1315011*1 A o, HAEAoR TR Aol =/LX112¢6] WEAZT. 19 o 245 4
Assia 20 $ehd opdElo|ER Qs oolA AERA Wor AMULh. oluA: Hitachi 3 Az
Av)7 oz A7kasalr.

CGamF ¥4

b3 A, FAPEZIEQH 742 Z2AHE) 5 45N (118mM NaCl, 23.8mM NaHCO3, 4.83mM KC1, 0.96mM
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KH2PO4, 1.20mM MgSO4, 12.5mM HEPES, 5mM %37, 1.53mM CaCl2)2.& 30% HoF AFA wjdsldt). o=
FAFE71E 1 AIZF B<F 10ume 3 EXAH T@52HCGamF, Hofmann BMALZFE o] XA% AE)oz =g 3k
<, 723715 PBSZE 3 3] MFHSSIY. ol A= 33 dv|7F BZ - X710(Keyence, 2AMF, €&) AollA 2

sk,
F 5% A3 9

FAE71o A FF E BAS Frisked SR E A HolAH | EE AMESISITE. 25 A Aol fAEY]
PBSE Ho] Wi EFd=ARl HoelAHolES wiA] 5 FAMFEZIZ Aesint. =3, FF BFs

#138l Nanoject ITI(Drummond Scientific)E& AFEst] FARE7|o EF LA 2=MQA HolMElc|ESE F=98F3Tt.
ZFHU AR HotAlH Ol ESY AHE EE FAF I, 3 d@vA BZ-X710(Keyence)dell Al & EA ST
o2 Alg AlxEe] BldAdS #213l7] 8, HM 5 10 mg/mL ZF2 @ 2=A1Q1 tlobAlElo] E(Signa)E 201
mAtol 2 X7 A(CSA; Altrb)eh 4583 Hbetar, PFEH A BZ-9000(Keyence) & AME3le] XA o2 ol
A& &Y. HE 5 A B7rE fdl drE £FA=(MS0; Signa), &4 UlRToRA ZEfER
O] A1(STP; Sigma), E7FE(Tol: Sigma), TIEZH Y (Diclo: Sigma), W AIEHBOS; Sigma), CSA, EZFTEE
(Tro; Sigma), W= (Nefa, Sigma), NE}7FE(Enta; Sigma) E ¥ Z2el&(PI0, Sigma)d A %, HOMS
10 mg/mLo] EF2# =A%) HolAH | EE Hrletgint. 5 & Mg ¥, FAPE7IE PBSE 3 3 A5aL, FF 4
"7 BZ-X710& Abgste] olmAE aHom AT AL Imagej 1.48k AZE o] (Wayne Rasband,
NIHR, USA, http://imagej.nih.gov/ij)E AR&Ste]l fARE7]e] o Bl oA e] ZFe Atolo] Hl&S ZA4tet
o el A F Hr] e WY WStE WA onHd FdsAl &30,

nEZEo 54 FAY H7}

Zb o 27 A 24 F-2 dEd ZHoE 6 9 ZolEdA] wig g & FAMETIE FHol Microslide 8
Well Glass Bottom(Ibidi, WI, USA)ol] A|HW3tct. nEZ=gol 2 AP H71E 93, 2487 st
e &ZEA=(DMSO; Sigma), ZEZAEwFO|AI(STP; Sigma), 4 WEz9 E7FE(Tol; Sigma), UE=3Y
(Diclo: Sigma), EAIEH(BOS; Sigma), Ale]lZF= A& A(CSA, Sigma), EZZFEEZE(Tro, Sigma), WIEE
(Nefa, Sigma), NEFFE(Enta; Sigma) 2 3 =2 EFE(PIO0, Sigma)e] Al F, 250nM HEZWEZGY, o
o ~H 2, 79342 (TMRM; Thermo Fisher Scientific)S H7FsF3it}t. 30 & wiY¥ &, FAFS7]E PBSE 3
3 Ao Yar, ouAE 60x 3 EWRE A3} Nikon Al Inverted Confocal Microscope(@d&)olAl 2
AR T, TMRMS] W& 2 7S IMARISS(Bitplane AG, Switzerland)ol]l 2]8] mMP= AAESHSATH. H5 AA 2
nEZCgol ~EGAE Hrtslr] Yafl, 29 A7 24 A7F 3 Celloid-Glo® &% AME AZE 224 (Promega,
Mannheim, Germany)& ARg3she] A AELHE SAHSIG I, Axe] AER 7 &4 gl 23 WstE dA st
7] 93k 2 Lol BEHE TAAT|A A FA8SIT.

nEZ=gel B gF A 2EHXE VI FAPINA AE AL 589 B4 4

nEZEol B g AT 2Egage] Ax AL sEH] dAE dFe] A8, WA o 2

of AxE AAIAT. "AxE = -(AF # - "F ) x100"S MEZ=ol ¥ 2

A grs 7 mii gt mEZE=ol B g AA 2EH LS wHdE AlX

Ag 3 72 Akl FARE7) 2 ATP SRS CellTlter Glo® W3 AE A& B4 (Promega)S AHE3lY] =

T}, o] golEE Ra § 7a E:%L Infogr.am(http://infogr.am)S A}-&3

F ok Ao A FAPSZIAA AEY I}

23 = Sadl =AlE wke} o] AT, vtE oA wiAE L MHE FAREV= 24 3 os 9
°o]E 6 4 Zgo|E(Corning)ollA 3 & F<F 800 ume] Sditez st 29 vg, 50 ume EREE

50 um®] NACS} 4 = 131 glo] 24 AIRF &< AP st AlX AEHLE CellTiter-Glo® 3 Al

s A (Promega) & AHE3te] Fasgitt. o|mAl= @ #wA BZ-9000S AHEste] Ao R A

XA §% nEZCgol AEYA Hr}

ZF g A x2A Fz dE A ZHolE 6 A ZYolEdA w3 T, 20 MY FARETIE F o
Microslide 8 Well Glass Bottom(Ibidi, WI, USA) o] AN wWsla, olgle AE IS AAegTt. d17]9 A

o e JIEE ALESITE: AFe] 79 BODIPY® 493/503(Thermo Fisher Scientific), AEA A9 7%
SiR Actin Kit(USA Scientific, FL, USA), ROS®] 7% CellROX® Green Reagent(Fisher Scientific), WE
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=go}e] 7% TMRM(Thermo Fisher Scientific). FAFZ7]|E 60x 3 thEAZE AFE3}o] Nikon Al Inverted
Confocal Microscope(@¥)oll A Alzt3}slar A~7038kATh. ROS A, mlEE=gol 7] % 4=+ IMARISS] <]3)

24 sh9n.

AA Fo98L F(unpaired) 2FHE t7A EE Dunnettd tEH|w AFF A A (post-hoc test)S ©]-&3h
HANOVAE AME-sle] 23T, P <0.05+ 5938k Zlo 2 7H313 .
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