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ABC ATP-binding cassette

ABCBI ATP-binding cassette family B member 1
ABCG2 ATP-binding cassette family G member 2

Py apparent permeability coefficient

BCRP breast cancer resistance protein

BMP bone morphogenetic protein

CDX2 caudal-related homeobox transcription factor 2
CVM collagen vitrigel membrane

CYP cytochrome P450

Dex dexamethasone

DMSO dimethyl sulfoxide

EGF epidermal growth factor

EpCAM epithelial cell adhesion molecule

Fa fraction absorbed

FGF4 fibroblast growth factor 4

GSK-3f3 glycogen synthase kinase-33

hESCs human embryonic stem cells

HGF hepatocyte growth factor

hiPSCs human induced pluripotent stem cells

LGRS leucine-rich orphan G-protein-coupled receptor
MACS magnetic-activated cell sorting system

MEFs mouse embryonic fibroblasts

PAMPA Parallel Artificial Membrane Permeation Assay
P-gp P-glycoprotein

PEPTI peptide transporter 1

SLC solute carrier

SLCI5A1 solute carrier family 15 member 1

TEER trans-epithelial electrical resistance

TGF-p transforming growth factor f3

VD3 10,25- dihydroxy vitamin D3, calcitriol
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ERROE MEARIMEFTE~OEAZ B Lt  iPS MHE /NS
AEVERLZBE 3 5 A58

(551 % aFgeiy s

8O RIS AN HEL) 2 AT 5 72 DI, WIS BR MK 2 T L T, BERIERALIZ 2%
EINDAMEND DN, EELOBIUIFEIT/NGIZ L > TIThILTW5b, #E- T, /MEICE
WTHHRELS N SN D ERLEZRRT D ENARHTH D, BT HEHIND in vitro
WAEEET L& LT, ALY UHEERE (PAMPA) Pt b F S Caco-2 MIFRR ST 5
No, LonL, Zhb invitro fHIET /WL, EHES ORI Z SIS 2 &5 2 52 MG
FEERCHM N T VAR —Z —RHBLL TRV, HDEWEZNO ORBLENE MG & B
L2 b, K0 FOABEPSEMICEL LT invitto BT VOBEBEEN TV,
ZRetEEfiia TH S5 e b iPS MR, 3 MERKOETOMBIZMETE LR T vy IL %
ALTEY ., EEOHFEND . /NEMIE~LSEARETH D Z WAL E 572, & FiPS
AR5 & SRR/ NMBIZFEEL L 7z M AR © UL BEF ORISR D L BT LY invitro
WINGHIE T VBAETEX H B2 bD, £ 2 TAMSTIE, b b iPS flad &/ Mafia
~OSHALFFEELE, WONZ e R iPS flfa Sk NI A N2 in vitro WO EFAE 7 /L O ERNE
DFESLAZ B L. MRt a1T o7,

[T

In vitro T, B N iPS a6 BAY & DRI~ & S EFFE T D 121X, wE R4k
BN EEZDVENH L, ZNETIZ, b b iPS #ME O/ANMGHIE~ & MEBEE ST D
BE LT, NV ERWE 3RICEEERIC K DL L 2 otk FCOfbifE 4 % Hik?
DS SN TERD . HHFE=E T 2 RockEE T TO/NGRT~D MBI L T\ 5,
3WRICIEEIEICB WL, 3IRITEEBEEROANT 7 A4 RO SNLT20, ZOFEEORET
VIHERER) 72 FRAT P B I A FH N T2 in vitro WIGGH SR CTH D, £, AT /A RiZiTzh
AR LIS DR B AT WD Z &0 /NEa M b, I ONT S O WU HEFEAR
2T DA A B 2 72 8 OFSRER) 22 bt 247 - 72,

2 WOTEEEVEIT BT, /NG RIBSHIAL A & /NI~ & s S 5 FIEORET 21T, X
Dt FRN MBI Uil biFE AR AT, £, ER Lz M iPS Mg R/
o HERE DBERE R 72 AT ©A1T o 7,



[FER K OE 4]
W2 B 3 ROTIEEIEA IV B b APS A /N IR oD 1R Y

FT. WRE~DLENET activin A Z IR L7-EFHIIC K 0 B & iPS Ml ds b NAREE~ &
HMES =%, NWIREDR L AR & s ST 5 Wntda & O FGF4 % RN L 7= 55 %
AW NGRS & b S e, 20, /GRS & /NMEHIE~0 b 223
& XA TV D R-spondinl, noggin, EGF Z# N2 785} O~ b U Z V% W 3 IRocE: 3%
2L, NEANT A REER LT, NEALVT 7 A RIZEEMaEZ 2 EA T2 &
N6 Bl AR L S kA R L. BRI R e R PR Td 5 CD326 (EpCAM)
ST 22T, /MMl E SR TEL Z LWL NI L, o, ffkL7z
bk iPS HMAEE S /NIERIAIE DN T SR ORI & I B ESEE DRRNT B 1T o T FE R /I
BT 2 B W REiEEE CTH DT ~ 7 1 L P450 3A (CYP3A) KX 212 (CYP212) DIk
P, WNCHBERO X A N v 7 v a O AR LT,
B3 2 ROCEEERIEA V- b R iPS AR Sk A oD /R Y

BMEBEEDO T =7 TR I, AERNORE G VEEZ AT 5 collagen vitrigel
membrane (CVM) 12, WIRZESH 5 W/ NGRTERAII Z #5FE L, CVM ORERIZ k3 250 5%
Ml L7z, EORER, /NG~ —T —D villin, FEWEHTEESE D CYP344, CYP2CY, CYP2C19,
W) kT o AR—H —D P-gp, BCRP, PEPT] DEsRBENE FARA/DBIZIELL L Tz
Z L b, CVM IIHERER 72/ NBRIRE ~DREMEICE I & B 2 v, 72, b Z2 RT3
IR -2 f5E U7z f#& 5. BIO, dimethyl sulfoxide, dexamethasone, &P vitamin D3 % 1 % 72 5%
HMAFERATHLZ LERE L, &5, BT AEYO e MMEWILER & AHIE O B & %
WPV WFRBITE 2SR & Tz,

PLEDOFER G 3Rt EIEIC L > TERI Lz e N iPS Ml S/ MGA VAT 7 A4 R, 2k
TERERIEIC Lo TERI L7 & b iPS Ml H R/ MG, ZhEias b M ORI 2 1A AT
HE72 in vitro WINGHIE T L & 725 2 L M S 5,

[ 3R]
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A2 BER L7z /&inid, B T kS &z, JFE. ~7F R, A3 Koa & LTNER
SR S 4L, AmTEENIMNERRE L L THA STV D, /METIE, Zh b nERRE
720 T RATRAT 2 ERLOEIN G- TV D (Figure 1-1), EZHMSOR ORI (£
WFRIRIHRXAIANA T T XA TV T 1) 1T KSOEMME, /MERAIZ 31T 2
GEW b T v AR — 2 —|Z K DR A E ) RO, IFMiics T 2 EHE L - TRE%
ZTHEBEZBND, DD, ABKIZBW L, /MMpMlaEEERE <. EeRE S
IZ L WESRERILEY CAT, AbEW) 227 )V —=0 7952 E0RHERATHD, 7 v b,
A X 7 EOIERGIR L AMERHIEN & VT2 in vivo REAMIC X0 8 0 R IE A FEAT 95 7
EHLHWONLR, LEREEMEN LN & A XU LD in vivo FHlIE 72 B F25R
BB MBETH L, A—Ty MEBMENZ 06, fLEMDOA TV —=2 7235 L
TWRYY, Invivo dHliD A NV—T"> M & @ 5 5iEE LT, BEIkEME RS- L, 1B
DG TEBILAM AT T2 12y N R=U U ZIEL R T o0, EYRHEAER O

m

BRI ND (1 £ FEERLEMEME e N CIIAEBENSHENRIRES B2 60D,
HZAEDBEHRKE W,

Z T, A=y MEICEI, FEZEOBEIME invitro WIEHTR & LT, AT ZEH
¥ AT LD Parallel Artificial Membrane Permeation Assay (PAMPA) [2][3] <0t &R 1 Skl
#k Caco-2 M [4][5][6] Z AV 7=fEtdsita skl 23 BIHRIZ BV TR < AT T 5, PAMPA (3
t hOMEAEE#ERT DY VIRE Ca—T 4 TV ENTEETH Y | AbEM OB LIS
ToH HBMPEICERAF Lo e b oOBEEEE TR LG T 2 & B 60028, /NMElak o
MR & OFMEIE, Y kT o AR =& —Z L DM, KOS I L DR
W& EOIIHEL TE 22V, Caco-2 MR/ NFIZRFEN LMD E SRS (XA Y v s
Ta ) IZLHNY THESMMEZ A L, EEZBEICiHE T 5 PR ATP-binding

cassette (ABC) T U AR —X—D P fEHX /X7 E (P-glycoprotein, P-gp). FLIEIMHIEE H



(breast cancer resistance protein, BCRP) <°Ht V) iIAA @ solute carrier (SLC) k7 AR —F —T
»HHTF K hT o AR—%—1 (peptide transporter 1, PEPT1) 23%IH LT\ 5, LL—F T,
ZOFRBEIT/ G E 22D 2 & FRCEMAIEER OB EMIN 2 EARES L TY
% (7 & MBI W TR B Z < FEBL L K O EIES ORHIZE 53 % CYP (cytochrome
P450)3A (N, CYP3A4 MUK o0 FFl) 138 A RIAPE O FHM 2 3V TEEEZAS [8][9][10].
Caco-2 AHIIZI 1T D CYP3A4 ORBIEITE MMEL Y HIK< [7]. CYP3A4 Rtz & D77t
X TERNEEZERZBND, £72. Caco-2 MILDOEREAFMEIIMIEEMAENH D Z & bl
SNTWD [11], LEDZ Lt K0 v MNEOEBSRIIZEELL Uz invitro /NMEET IV
DORRFENREENTND, b N T T4~ U —/NMeHild [12] ODIEHZE 2 72856, RENOLE
PICAFTHZ ERRETHY, © b T T4~ U —/NMEHkZ AW H 6] A 720 72 D 128
REMZ2 70 7 7 A )L DIFERDI D72 E W o T B 2 B D,

ZHeMERAIIL T S & - ES #IE (human embryonic stem cell, hESCs). A Tk 32 rEM i
Mg CT®H S b iPS M (human induced pluripotent stem cells, hiPSCs) [13] (XZREDIRIET
HHRES R DN ATRE T 3 MEHROT R TOMIICHMETE LR T Uy Vv E AL TEY | £
FZNDIREESD IS D F SR 2 RiE S5 2 & TREDHMR~ S E 5 Z &3
AETHDHEBEZLND, Lo TABKICEWTIE, Zettepiiai:, ATRRER e
DOREFMEZFREE T LRI T T v b7 +—2 & LTHIRFENTWD, SFRELZ &Rl
DOHFFEIZIBNT, & b ESHildd D id e b iPS Ml ZNIEEE, & 72 NIREEH Sk oKk ¢
& 2 IENRHA A JIFARAE, /MR~ & 3L RTRE T 5 Z & A B 82 o 7= [14][15][16][17],

NGAEIZ A CHAERE AT MM THY . 2 MBI > Th b SN TS
EEZOND, NEEMIITEEICRE L, WIS, /MG Wfia, S — i
i 7a & DS~ L 5395 (Figure 1-2) [18][19][20], /INGEsAMAE DOEI5EL431b 1%, Notch
v [21] R° Wat & 7L L& 7 # —leucine-rich orphan G-protein-coupled receptor (LGRS)
LD YA R THD R-spondinl & DFEEIZL D Wnt/p-H T =2 v 7 F Mz k- THlEHE R
TWbHEEZLND [22], 77, NEBRMROEBIEOMIELHED SN TEBY ., ~ 7 X Lars



B PEREMNE T, epidermal growth factor (EGF). noggin [bone morphogenetic protein (BMP) BH
#I]. R-spondinl ZWM L7-5HC, T I =0 ROa 7 —F U n@EicaEEhs~ U AL
KD 3RILEEERT ANT /A FEBMRLEMHEEZETETH L ZENAHSATWD [19],
T b MNEREIBOA IV ) A REFEEIZIX, Wat3a, EGF, noggin, R-spondin1 . nicotinamide.
A-83-01 [transforming growth factor B (TGF-B) type I 5 & EE S F—BFILEA] OWMMBHH T
b5 EnHEINTWD [23],

/NGEERERL D 3 IRITA NI ) A REFEIEIL. B b iPS HifE2 &/ NGHIRE~D 3 LFEIZ §
JCHENTWD, TGF-p 77 2V —To® 5 activin A 2V, BRER I THD SOX 7 7 2

—IZET 5 SOX17 RGN T#ETH D FOX 77 7 2 U —IZFT 5 FOXA2 #3845
NIREE~DMEFHE [24]. WIREDZ LA VR — N9 5 L5 STV 5 fibroblast growth
factor-4 (FGF4) [25] & Wnt3a & W T2 NIREED & caudal-related homeobox transcription factor 2
(CDX2) ZHELT 2 H/% N (NGRIEAII) ~& bEFE S %I, MR IL o AL 77
A R AT DXV NGEANT ) A R~k 32 2 &R HE SN TS (Figure
1-3)[26], L22L. 3WICHEEIRTH D/NEANVT 7 A N RHWTALEH OWIGHEIL T& 72
W2 ED, AEBRICIERAT A 7-00E, 2 ROTEE FICk L LADKERD D,

bk iPS M & /NG~ O EFFERGETTIE, R L7z 3 RonA VAT /A RERREITHN
2T, 2 WEE F THLMat ST\ 5 (Figure 1-3), SHFEE TIZZ N E TIZ, 2 RoThEE
TIZBWT, w7 A ESHlfE, & N ESHMAiad LWL b iPS Mlas & /MG ~D 53 bF5E
2R LT 5 [16][17], Glycogen synthase kinase (GSK)-3p BHLEH] (Wnt/p-1 7 => v 7 F)v
ZiEMAL) @ 6-bromoindirubin-3’-oxime (BIO), y-secretase FHLZEFH] (notch o 7 /L Z4il) @
(3,5-difluorophenylacetyl)-L-alanyl-L-2-phenylglycine tert-butyl ester (DAPT) 1%, PNIRZE 2 65
CDX2 G D/ NGRIBEAIE A~ & A EFFE L, & BITid, WIGHA, FRMA, S0 uiifa, x5 —
MR & o T MRS &R0 2 E A R L TW D [16], tOWFFE7 v—T7 B,
TT ) I NVARY F—%& H T2 FOXA2, CDX2 OEAT-E A [27][28]. DNA A F/LALBHE

# 5-aza-29-deoxycytidine (Z KD T EY = 1T ¢ 7 ADOFHENT L 0 WG~ & 53 bFFHET 5



5 [29][30] M#EE TS (Figure 1-3), LA L., 1E8L U 7=/ NIGHIBE OFEBEIFEAT 23R+
SChDH I WIEZFHETE 2 HIEE TR SN TVWRNWE & SHMERIRBN R T
528 2EOEBLEFEAPLEDT-OMBOERNMEMTH L Z L2 L AIZRITERT 5 |
THREDR® 5,

AWFFETIL, AR TIEM T 2 ECcofEE2 L7z, & & iPS #Mifad b/ NMEHEld~D 531k

FEIEOMENLZ BIE L. BEt&1T o7,

[ m:l/Jlb(t_%?_Cég%’fEi}ﬂ

p=H ds
@ =
Rl

{ NS DIRIY |:> s QIHE«F’E ;‘;’jﬁ %mwmﬁ

[ RO <ﬂ
HH,+E|:}3E,

(FErhyEit)
Figure 1-1: #& A EHK DL OKNEIRE (#i=N)

RO NHEH ]
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Figure 1-2: /MG ORTE K OF2E ORE L @Mia 0 JH7E & 2 OfiRr (X))

R-spondin1, Noggin
Activin A Wnt3a, FGF4 EGF
3d 4d =
ays ays IJ\Bﬁﬂuﬁ =28 days ( ",%’34 .
Z:Aminﬁ zlAmi‘éﬁ *ﬂmﬂ T
MESHIRT ST | aISRICEATIAER L MPSHltaER

Reference 25, Spence et al (2011) INBSHRADM LS EER
AHRBE2E TR

P/ {2

IRTTIBERICLBIMEFE

- Transwel 571 — A OIEE S AR
-BERROAA b Ov DA Rk SRR
N SIEE R IR ER

BIO, DAPT

Activin A, DMSO
4 days 11 days -k ETabat3rs, RIS (d Transwell \OBIBENHE
WEE IRURHHRS ) - BEEREDAA b2 v )33 R Rk d AR
M1 Sﬂﬂﬂﬂ MBS S (F R TSR

Reference 16, Ogaki et al (2015)

EGF, PD98059(MAPKPFEE), A-83-01

Activin A FGF2 EGF 5-aza-29-deoxycytidine ML BhEN AR
3 days 4days 6 days #13 days wagp) - DNATIMEEERE 65

ﬁ» = N T -
PR > — >\ VB RRMEBIZORAIL TVSTE

W, EBRHEERIEZN DD

Reference 29, lwao et al (2016)
BIO, DAPT, EGF, Wnt3a

Activin A Activin A BIO DAPT BIO, DAPT gg431 542(TGF-BFAE) L -~
208 28 AR 15 days o ot o
WEE m;’; > - (minsmen) -0 EECE

TWS—7, HikgD
VERUIVERM

FOXA2 transductlon CcDX2 transduction Reference 28, Takayama et al (2019)

by adenovirus vector by adenovirus vector BIE(CE A LA E NPSHEIIER/NSMEAD
HEBEEEARREIE TR

Figure 1-3: fLOWFIEF— 22 L 5 B B iPS fifiE s & /NGHIIE~D /M biFE s EEX)
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F2E
IRTIEFEZALV-E + iPS #ika Bk /NmHERE O /E R

b b iPS M b HEY L3 2 MMM~ & EIFE T D1IE, 2 KRR T H DT 3 Ik
JLREE T C, MBS E S ST ARz D HENAREBEZ D, RETIEL, £3/h
R MR D 3 IRTCANTT ) A REERIEZ W, & N iPS Ml b/NMEA VT ) A4 R~D5y
{LFBEE [26] #2512, & b iPS HllE (TKkDA3-4) MO/ANGA N /A4 ROERZBE LT,
HARMIZIZ, Nodal > 7 /L DIEPEILIC X 5 NIREE~D /3 LF%E, Wnt > 27 F /L LY FGF &~
7 F VO K D /%Y CNBRTEEHIIL) ~DbFFE, ~ MU Z vz e 3 kock:
T T Wnt &7 F VO, BMP ¥ 7 J /L O], EGF OEIN K 2 /NMEHa~0 st 2
LI IBPEI TG L7z (Figure 2-1),

2 WLk L B | 3 ROTHEE F Tk, ANH A RE L TEHMOMEA S b5 720
ZDOEFOWETILFEMAR T RNREETH D [26], MMZ T, in vitro & D WIPEFEARIX, 2 &
JeHGEE CIER L 7Z BB A A\ CIT 9 72 [3][41[5]. AV /A4 RELCRHMlicAWS Z &
TREECH D, £ 2T BRI KO ABRIZ L > T, AT ) A REESHT 55k
ERETL7z, £72. B b iPS MMRESNMEA LT ) A RiZ/NMERIRBLAIN O MRS & E AT
HZ LD [26], BHAEEEOMAE AW T, N AR LT 5 HiE ARG LT,

RIS ORE CRILE L, MBIZFEBLL T 2 SRR I L 2R3, SENic 2 1 R Uy
Y a iR AN THRBICE o TREAZITLEEROND, 3 WotkiE FCER L
b R iPS MR HSRANGIIZ OV T, 2T EORRITH O NIZR > TWRWNWZ L b i
ZIOBRBERIIRNT 2 525 U7z, EMRBBER IOV T, B MMNBICEIZEIALEO HNLD
CYP3A K TNCYP2I2 5 [8][31] (22T BRI 70 BB T3~ 2 AR U I K 0 34l L 7,
Flo, ZA MY 7 v a AL DN THREICOWTIE, £OHELE LTRSS HNSLRT
V%, trans-epithelial electrical resistance (TEER), fifafffRiZ i~ — 27— inulin } % lucifer

yellow OGN, WK A S 7 v a RS > 787 @ Occludin LY ZO-1 DR B

11



RN 5 & TRMI L 72,

1.1 EbiPSHIREH S NIREAD L F B
TkDA3-4

Actlvm A N
AIRE NEEY—1—SOX17, FOXA2
Z,Ajl;jnﬁ DOFIFEIEZREUE

1.2 AREHNSGHER/EEE ((MERIEEMAE) A EHEEIRST

Wnt3a, FGF4 . B
AWREE 'J\B%ﬂuﬁ INZRISRAHAR Y —H—CDX2
2 Aminﬁ Rz DFIRZIEFRLUIC

1.3 /ViZEIEEH RO SN AT J A BAD B A bR ES

Rspondin1 Noggin
s ZiE/N\BBHE<—h—Villin,
/NE=HIER —P NEANA) Muc2, Lysozyme, CHGA,

i Y Gt A ] ephe2RIRAISEL U

Figure 2-1: & b iPS flifan> H/IMEHIIE~D /3 baF s (B =CX])

EBRH B ROk
b b iPS Ml OMER SRR

t bk iPS AMREKRIZHR KR FERFAERT O KA D IR\ 2 7207 TkDA3-4 £k [32]
MR L7, B MiPSHIfIX, ~ A b~ A 2 C CHIGE LA Ml S B 7o~ 7 R iR VL ARME S
ld (mouse embryonic fibroblasts, MEFs) % 7 ¢ —# —ffild & L CH# %17 -7, DMEM/F12 k%
#f (Sigma-Aldrich, Saint Louis) (Z 100 U/mL penicillin (Thermo Fisher Scientific, Waltham), 100
pg/mL streptomycin (Thermo Fisher Scientific, Waltham), 2 mM L-glutamine (Thermo Fisher Scientific,
Waltham), 0.55 mM 2-mercaptoethanol (Thermo Fisher Scientific, Waltham), 20% (v/v) Knockout

Serum Replacement (Thermo Fisher Scientific, Waltham), 5 ng/mL recombinant human basic fibroblast

12



growth factor (ReproCELL, Yokohama) Z#~7"U X k& L CIRIN L7z B3 2 HERpRSH & L C
i/l L7z, MEFs (34E4R#% 13.5 Ao~ v ZARIENSGFHE L7z, & & iPS MilaofkE, %
9" MEFs % CTK dissociation solution (ReproCELL, Yokohama) % FHTEERIIZERE L, Ko
fze b iPS M= m == R 7 LA R=TRHD L, BRSNS 2T T T LR,

F11/3 &4 T8 MEFs Z#FfE L7~ 100 mm 7 1 v > = FICERFET 5 7ETIT-o 7,

t b iPS HifEH b NRZE~ DS LREEE

CTK dissociation solution % F\»C MEFs @ Z % B£5EH)IZFR 7S L 7244, accutase (Innovative Cell
Technologies, San Diego) Z MW Tt K iPSHiffd= v =—42 B sE7, Holze ~iPS
#MfiE % hES-qualified Matrigel (Corning, Corning) C=2—7 ¢ > 7 L7 24 well plate |2 3 x 10°
cells/em? ORI CRERE L7, 7o fRIZIZ, Fitk b iPS MIFEHERFRGHIIZ 10 uM Y27632
(Wako, Tokyo) ZWINL7-85A2 H /e, $EEFHE BRI 9O EIar 7oy Mo T2 BT,
WIESE~DEREE 2 4G LTz, B2 W51 FRZEf ., D-PBS T 2 [Pad L7242, RPMI 1640
media (Thermo Fisher Scientific, Waltham) (Z 100 ng/mL recombinant human/mouse/rat Activin A
(R&D Systems, Minneapolis), 100 U/mL penicillin, 100 pg/mL streptomycin, fetal bovine serum
(Equitech-bio, Kerrville, #5E 4625 1 HH: 0%, 1 HE22H 2 HH: 02%,2 HE2H 3 HH:
2%) BTV A e UTEIN L7285 a VT 3 A AR L 2R b#E L, £ b

iPS FlAE S & NIAZE~ & 3 LiBE LT,

NIEZED b P RG/R (NERTEEMIN) ~D LSk

NIETE~D LA ER (day 3,D3), Fii&z W 5[FRE L, D-PBS C 2 [mIYEf L 72, RPMI 1640
media (Z 100 U/mL penicillin and 100 pg/mL streptomycin, 500 ng/mL recombinant human FGF4
(R&D Systems, Minneapolis), and 500 ng/mL recombinant human Wnt3A (R&D Systems,
Minneapolis) Z %7V A F & U THM L2 #Z VT 4 HIFE HERHIACHL U7 0S HR5R

L. PIREED &/ NG RITEGIIE ~ & 3 EFBE L7z,

13



/NERIESHRE D D /NBEA NI ) A R~D o bFHEEE

INGHTEEHIE A~ & LB (day 7, D7), Biaz % S[ERZE L. D-PBS T2 B L=, #
HARE AT 20 REeB/LVAZ LA /N—TF|2 L, 500 ng/mL recombinant human R-
Spondinl (R&D Systems, Minneapolis), 100 ng/mL recombinant human Noggin (R&D Systems,
Minneapolis), 100 ng/mL recombinant human EGF (R&D Systems, Minneapolis) Z %7 Ak &
L TN Z 7= matrigel |2 0%, 24 well plate & 5T 100 mm 7 « v ¥ = BIZHEERE L 7=, 37°C
A F a_X—F —HNIZHHE L, matrigel 23[E F 572112 advanced DMEM/F12 (Thermo Fisher
Scientific, Waltham) (Z 2 mM L-glutamine, 15 mM HEPES (Thermo Fisher Scientific, Waltham), 2%
(v/v) B27 supplement (Thermo Fisher Scientific, Waltham), 100 U/mL penicillin, 100 pg/mL
streptomycin, or 2.5 pg/mL amphotericin B (infrequent) (Sigma-Aldrich, Saint Louis), 10 uM Y27632
(Wako, Tokyo, #&f1% 3 HE]D&H) 207U A & LTI L8 Z2 T 28 HELEEE
2= L. NGRISSHIIE S S/NG ANV TT 7 A R~LoEEE LTz, 7eds, Bzl 3-4 AR T

1To7,

INBA VAT 7 A4 R b/ANERROMAGLE

BNAT VA NR=T/NBEANT ) A REeT 4 v 2 b#EMR LT, 2 mM EDTA (Thermo
Fisher Scientific, Waltham), 1 mM dithiothreitol (Sigma-Aldrich, Saint Louis) %/l 2. 7= D-PBS TlH]
IL ., oK T C 30 e Uiz, /NMEAT ) A R4 18G OFHIIE L, #AIIZHIA < 73K
Sz, BiEEWSIERER%. 3U Dispase (Roche Applied Science, Penzberg), 1% fetal bovine serum,
10 uM Y-27632 % /il 2. 7= DMEM (Thermo Fisher Scientific, Waltham) Z ¥l L, 37°C T 20 438
e L7, 23G OFHZE L, S BITEBIIZ IS e, £ D%, 70 um cell-strainer (218
L. B Sz /8 L7-, 22 human Fc receptors blocking reagent (BioLegend, San
Diego or Miltenyi Biotec, Bergisch Gladbach) %/l 272 MACS H/X> 7 7 — (0.5% bovine serum
albumin + 0.1 mM EDTA in D-PBS) Z¥%#N L., JK& FC 15 RIS S /2, BiEEZWRGIFRE

# . human EpCAM antibody-coated microbeads (Miltenyi Biotec, Bergisch Gladbach) % /Il x 7=
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MACS MNNy 77 =%, K T 15 SRS S8z, EEEZW5IBRER. magnetic-

activated cell sorting system (MACS) %17\, bt b iPS #lAE b S/ NG Al AE 2 ik L 7=,

t b iPS R E R/ MBI DR 1k

t b iPS Al B kBRI I, iMatrix (laminin511-E8, Nippi, Tokyo) CTa—7 ¢4 > 7 L1727
L — b & % & Transwell inserts (Corning, Corning) (Z 1-3 x 10° cells/cm? OFHfa S CHREFE L 7=,
Advanced DMEM/F12 (Z 2 mM L-glutamine, 15 mM HEPES, 2% B27 supplement, 1% (v/v) N2
supplement (Thermo Fisher Scientific, Waltham), 100 U/mL penicillin, 100 pg/mL streptomycin, | mM
N-acetylcysteine (Sigma-Aldrich, Saint Louis), or 2.5 pg/mL amphotericin B (infrequent) (Sigma-
Aldrich, Saint Louis), 10 nM human gastrin [ (Peptide Institute, Osaka), 500 nM A-83-01 (Tocris
Bioscience, Minneapolis), 10 uM Y27632 (#§#& H ¢ #), 500 ng/mL recombinant human R-Spondin]1,
100 ng/mL recombinant human Noggin, 100 ng/mL recombinant human EGF Z#~7'U A > s & LT
Nz T=¥edh 2 (RN RO 266 ), BT, 5,000-10,000 cells @
t b iPS ffiic H SR/ NG Al E 2 Matrigel (221 L 24 well 'L — R &H DML 100mm 7 1 v > =

(ZHEFE L7=, Matrigel 23 E »721%, BHARML, 3-4 HEMR CHEHZAZH LT,

RT-PCR ¥

F— %L RNA ¥ RNeasy Mini Kit (QIAGEN, Hilden) & % VM PureLink RNA Mini Kit
(Thermo Fisher Scientific, Waltham) (Z X D £E( L7, & FAkK A/ ¢cDNA |Z human adult small
intestines pooled from five donors Clontech (Mountain View) % i H L 7=, iz 5 i~ 1% SuperScript
I1I First-strand Synthesis SuperMix (Thermo Fisher Scientific, Waltham)% VN CT{T> 72, Real-time
polymerase chain reaction (PCR) /¥, Power SYBR Green PCR Mater Mix, Tagman Gene Expression
Master Mix (Thermo Fisher Scientific, Waltham) & % % One Step TB Green PrimeScript PLUS RT-
PCR Kit (TAKARA BIO, Shiga) % HV>, Applied Biosystems StepOne Plus real-time PCR systems,

the Applied Biosystems 7900HT Fast Real Time PCR System & % \ M3 Applied Biosystems 7500 Real
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Time PCR System (Z X V1T o7, mRNA B FRBRIABIINTV A F -V VT EIE T

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (2 L Y #i1E L 7=,

FHEAN D H DO Z{HEH L7 (Table 2),

7T A <= —1ILL FDOES

Gene Name Forward sequence (5'—3) Reverse sequence (5'—37)

SOX17 CTGCAGGCCAGAAGCAGTGTTA CCCAAACTGTTCAAGTGGCAGA
FOXA2 GGTGTACTCCCGGCCCATTA CAGAGTTAGCCGGGCCTGAA

CDX2 TTCACTACAGTCGCTACATCACCA CTGCGGTTCTGAAACCAGATT
VILLIN (VIL1) GCTTGGCAACTCTAGGGACTGG TGAGGTTGCTGTTAGCATTGAACAC
MuUC2 CAACCAGCACGTCATCCTGAA GATGCAAATGCTGGCATCAAAG
LYSOZYME (LYZ) CCGTGATCCACAAGGCATTA GAGTTACACTCCACAACCTTGAACA
LGRs5 ATGCTGGAATGTTTCAGGCTCA CAGCCATCAAGCAGGTGTTCA
EPHB2 CTGCAGGGCCAGGAATTTG CACCCTGTGGTTGTCCAGTGTTA
OCCULUDIN (OCLN) GACCTGAATGGGTACATGTGTGTAA GGAATTCTCACAACACCAACTGAAG
Z0-1 CGGGACTGTTGGTATTGGCTAGA GCTAGGCCAGGGCCATAGTAAAG
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

Table 2: 77 A ~—ODi&Eln B

SR lh

AR E 21X, Mildform 10 N (Wako, Tokyo) % =Zif T 30 57l & % VM methanol %KM T
150MA rFax— 252 & TITol, EEFETH#. D-PBS T 2-3 FIFEH Lz, FEELE
AR X SE Ye b 24T 9 £ T 4°C THRAFE L7z, YBRiTIZIL. 10% normal donkey serum (Jackson
ImmunoResearch, West Grove), 0.1% Triton X-100 % ¥/l L 7= D-PBS Z %Sl LR T 45 4yl
BT 52T, BRI L T 1y X0 T AT 57z, 1 IRPURSUS T8 4°C TITV, 2
WHURSNE 1 FEF =R T1T o 72, £/ MEA VT A ROREEIL, Mildform 10N % 4°C T
WA > Fa_X— T 52 & TITo72, ED%., 10-30% sucrose solution T 4°C T—HA F =
~_— |k L72%#%. OCT compound (Sakura Finetek, Tokyo) (23l UiRIAZEFIC CHfE 7 0 v 7 %
PR U 7o, B L7 7 m y 7 13 (R E ©-80 °C CIRE L7z, BURSUIRIEY 74 A4 A
2y RN T10 um OEITER L, AT74 K77 RTEV T2, BT EED HiF7z A
TA R T ZNIHPEGEITHINN D FT-20°C LLF TRAE L7z, B8 oz g fUsid Bk
L7z ik ERBRITAT o 723, BB HENTITo 72, 1 IRPLIKRIX, goat anti-SOX17, 1:50 (R&D

Systems, Minneapolis); goat anti-FOXA2, 1:50 (R&D Systems, Minneapolis); mouse anti-CDX2, ready
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to use (BioGenex, San Ramon); goat anti-VILLIN, 1:50 (Santa Cruz Biotechnology, Dallas); rabbit anti-
MUC2, 1:100 (Santa Cruz, Dallas); rabbit anti-Lysozyme, ready to use (Diagnostic BioSystems,
Pleasanton); goat anti-EpCAM, 1:20 (R&D Systems, Minneapolis); mouse anti-vimentin, 1:50 (Santa
Cruz, Dallas); mouse anti-occludin, 1:250 (Thermo Fisher Scientific, Waltham); mouse anti-ZO-1,
1:100 (Thermo Fisher Scientific, Waltham); mouse anti-OCCLUDIN, 1:250 (Thermo Fisher Scientific,
Waltham); goat anti-EphB2, 1:40 (R&D Systems, Minneapolis) % il L., 2 FLiKIL, donkey anti-
goat-Alexa Fluor 488, 1:500 (Thermo Fisher Scientific, Waltham); donkey anti-rabbit-Alexa Fluor 488,
1:500 (Thermo Fisher Scientific, Waltham); donkey anti-mouse-Alexa Fluor 488, 1:500 (Thermo Fisher
Scientific, Waltham); donkey anti-mouse-Alexa Fluor 555, 1:500 (Thermo Fisher Scientific, Waltham)
Z e, FREEZ D Y413 Hoechst33342 (Thermo Fisher Scientific, Waltham) % F\ 7=, Yefa#

O EHRFEAT 1T HEBARET BZ-9000 microscope (Keyence, Osaka) % FHV 7z,

I ]

v b7 a2 P450 (CYP) DOIEMEFHiO 7=, CYP3A KUY CYP2)2 MBI E TH 5
terfenadine (Sigma-Aldrich, Saint Louis) & % Md CYP3A O #iA ) IE C & % midazolam (Wako,
Tokyo) % M\ 7=, FEEEEIX, terfenadine, midazolam #:(Z 1 pM, &/ 7 7 —[% Krebs-
Henseleit buffer (pH 7.4) % FV >, fUEAJGIE 37°C, 90 0TIt - 72, E#RS#RICEBIT S CYP
TEMERHIIC BT, FEE IR 1S terfenadine 73 1 pM, midazolam 7% 20 uM, i/ N > 77—
Krebs-Henseleit buffer (pH 7.4) & 5 % 2 mM L-glutamine % %80 L 72 Williams medium E
(Thermo Fisher Scientific, Waltham) % V>, ARE SO T 37 °CL 90 43 8 % W Mid 120 43 T1T -
72o £7c midazolam & W7o RHiiCi, #AAY72 CYP3A [HEHITH S 10 uM ketoconazole
(Sigma-Aldrich, Saint Louis) % ¥/ L COME H1T- 70, MAEEIE 1-2 x 10° cells/mL, 7 & K
= MU NVERMLEGE A by 7SHT,

Terfenadine D34 & L T, hydroxyl-terfenadine (Sigma-Aldrich, Saint Louis), midazolam D 1¥;

#4 & LT hydroxyl-midazolam (1’-OH midazolam, Sigma-Aldrich, Saint Louis) % LC/MS/MS
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system, Waters ACQUITY UPLC (Waters Corporation, Milford), Waters Quattro Ultima mass
spectrometer (Waters Corporation, Milford), Nexera UHPLC (Shimadzu, Kyoto), Triple Quad 6500
Plus system (AB SCIEX, Tokyo), Triple Quad 6500 system (AB SCIEX, Tokyo) (Z & ¥ E& L 7=,
77 7 A2 N A A 21X multiple reaction monitoring mode (Z & Y =4 — L 72, Hydroxyl-
terfenadine @ precursor ion [X 40 V @ cone voltage, product ion [ 30eV @ collision energy (Z L
0 AR L7 (m/z488.30 — 452.20), Hydroxyl-midazolam @ precursor ion (% 40V & 2%V & 130V
@ cone voltage, production [ 20 eV ® collision energy (m/z 342.00 — 324.10) &H 5\ NEL 37 eV
® collision energy (Z & YV ARk L7= (m/z 341.55 — 202.79), 50 7 21% 1.7 um ACQUITY
UPLC BEH C18, 2.1 x 100 mm (Waters Corporation, Milford) & CAPCELL PAK ADME, 2.1 x 50
mm (OSAKA SODA, Osaka) #ffi L7z, BEIHEIZ 0.1% FEA/KIEEHK (mobilephaseA) & 7k
k=1 K UL (mobile phase B)ZfHH L. JitifiX 0.5 H25\E 0.75mL/min iZ L7z, 77V =
> FEEERIE 10-95-95-10-10 (% of B) / 0-1-1.2-1.21- 1.5 (min) & %\ M3 30-40-40-95-95-30 (% of
B)/0-0.4-0.9-0.91-1.1-1.11 & %\ % 0-0.4-0.7-0.71-0.9-0.91 (min) & L7z, 7235, WAL

WAL 7=,

JRESIESUE (trans-epithelial electrical resistance, TEER) D#|EE
t bk iPS MIfEH R/ MBI O HIERDO & A vy 7 a A K BN THEREDIEIE & L

C. TEER %7l L 7=, TEER (% Millicell-ERS (Merck Millipore, Darmstadt) % F > CTHlE L 7=,

Lucifer yellow & O inulin O BEGE &ML

t b iPS MR/ NGMIEDBRIEED Z A Y 7 a KDY THEREOFRIE S L
T, EBEEHEME SR RE IR~ — 7 — Th b AKEMEE L EY lucifer yellow (Wako,
Tokyo) & 5 W &4 & D['“Cl-inulin (American Radiolabeled Chemicals Inc., Saint Louis) @
apical ffi] to basal {ll~DEiE iM% M L7z, [“Cl-inulin (2 pCi/mL) or lucifer yellow (100

ug/mL) DR T 37°C, 120 77 A > = _— | L7z, B8 & BrE% Ml % transport medium
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(Hank’s balanced salt solution, pH 7.4) T 2 [A] wash L72#%(Z, 250 uL ®[*C]-Inulin or lucifer
yellow 1&i% % apical {fI]iZ 900 or 700 pL @ transport medium 7% basal {IZ#SINT 2 = & TRl %
BAE L7z, 120 3R A o F 2 _X— [ &, basal IS4 U 7 L Yo 7V FTEET Tri-
Carb 3100 (PerkinElmer, Waltham), ¥ > 7 /LR (IR E: 428 nm, 406K E: 536

nm) | multi-plate reader EnSpire (PerkinElmer, Waltham) % H\\ClllE L 7=,

Apparent permeability coefficient (P,,,) DHE H

Py 6i1}ﬂ<@f§01i U] %H—J‘ L7z,

e 40 1
WP =0 A% Co

dQ/dt = the amount of the compound permeated per unit of time, A =the surface area of insert membrane

(0.33 cm?), CO = the initial compound concentration in the donor chamber

W B ARAT
T 1IR3 DL, M+ BEARERR S COR LT, MEHIA BT, xS 720 Student’s
T KE (WARRE) & 5L Two-way ANOVA Tukey's 26 B HLERE TV, p i <0.05 DEE

WCHEENDD & LT,
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21 £ RiPS BN SMEA LT/ 4 FAOSEHERE
2.1.1 E FiPSH#ifahr 5 NFEE~ADHLFERET

LUFICR LB TIE (Figure 2-2-A) 12X V. b b iPS #lll (TKDA3-4) 7> 5 PIIRIE~
DoAbFEE Z Kt L=, $£9°. CTK dissociation solution % T MEFs % F&Z L. accutase (2
£V iPS Mifdan =—Z BB IE®%, v NV S Ta—T 47 Ly L— ML
Too BERERITK 90% 2 7Ly b LR o TORRE T, WIRIE~D 3 EFFE 223 Nodal ~
7 F N OIEMACIER S8 ST D activin A [24] 2Nz 728502 FHWC 3 BREME S
7o T ORER, Ml K E < TkDA3-4 LTSN B 2 lagie% /R L7- (Figure 2-2-B),
Day 3 (D3) OHMIFEDBE T FEUENT OFE R, NRE~—F—Th 5 SOXI7, FOXA2 DiBIE T
FEENE B IiPS MIEICHRTHEICE N> T (Figure 2-2-C), £ 7= Ing Ao, 1%
IEETOMAEN SOX17 KT FOXA2 4 Td - 7= (Figure 2-2-D), VL EDOFER S, TkDA3-

4 1% activin A IZ L > T, BRIRIZNIBE~ ML LT EE X BT,
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(A) (B)

BRETAE
t NPSHRRZNS ARRZEAD Rl
HMEEEFE o
hiPSCs WHZ{%
(TkDA3-4) B
I Activin A, 3 days I
2R TTIEE
©
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= 2500 - * *
=2 2000 - I g _ 401 |
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Rl £ L Sl

Figure 2-2: Derivation of hiPSCs into definitive endoderm. (A) the procedure for differentiating hiPSCs
into definitive endoderm (DE). (B) Bright field image in differentiated cells at day 3. (C) Definitive
endoderm marker (SOX17 and FOXA2) gene expressions in differentiated cells at day 3. Data are
presented as means + S.D. Fold changes versus that of hiPSCs are shown (hiPSCs: n = 8, differentiated
cells: n =7). *p < 0.01. (D) Immuno-staining images of SOX17 and FOXA?2 in differentiated cells at

day 3.
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212 RNREEIoHBERE (MNERIERMER) ~DSEFERE

WIZ, LAFIZR LIeEFRE FIE (Figure 2-3-A) (280 NIREE (D3) 226 F /%K (/b
WA RIBHAL) ~D k8 2 et Uiz, /NERIEGHAL ~D /3 LaFER - & LTl ShvTw
% Wnt3a & OV FGF4 [25][26] Z RN L7-85H1C 4 A b S 755, MiRdeEsl 4 £ 5 M
fafghie%s /= L7z (Figure 2-3-B), D7 OHMifa DR R BT OFER, /IMERITERME~ — 21—
T D CDX2 DB RIEN D3 OWNRIEICLLXCTHEICHI L7 (Figure 2-3-C), F7-%
FERIRYLta ORE R Ky Ol CDX2 Bt DMl TdH - 7= (Figure 2-3-D), LA EDFEF A
5. PWIEZEIT Wnt3a KT FGF4 (2 K » TEERT/NERIEEMIL (D7) ~fbLiz&EE 2 b6h
7o 728, bR O OIREN S . Wnt3a IX GSK-3B FLEA] (Wnt/p-h 7 = v 7L &%
PE{E) @ CHIR99021 (3 uM) [33] IZRENAIRETH H Z &, F£7- FGF4 OUINT M TIEAR W
L ERRT ORESTND, Wnt &7 F/LET S NIREEIL CDX2 Btk o flifa~ & 4k
THZ L [26]. MHESFMIRO 2T 42 a s AT 4 7 AL Wnat3a Il K> THIRED % 51E
MEESND Z EBRHEINTND [34] 220D OTNICEEND LHELR SN D PIREER
SkORE A (Figure 2-5-A) M/NGRIBRAIIE~D /b2 VR — F LTV D A[EEMENRE 2 b

50
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(A) (B)
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Figure 2-3: Derivation of definitive endoderm into mid/hindgut (intestinal progenitor cell). (A) The
procedure for differentiating definitive endoderm into intestinal progenitor cell. (B) Bright field image
in the differentiated cells at day 7. (C) Intestinal progenitor cell marker CDX2 gene expression in
differentiated cells at day 7. Data are presented as means *+ S.D. Fold changes versus that of day 3
definitive endoderm are shown (definitive endoderm at day 3: n = 7, differentiated cells: n = 7). *p <

0.01. (D) Immuno-staining image of CDX2 in the differentiated cells at day 7.
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2.1.3 /MERIENHEMN S/NMNEF LA/ A4 FADRREIRE

T, LRISR L2 MEBEFIE (Figure 2-4-A) (2 X0 . /NMBRIEFFIIE (D7) 226 /MMgA4
WA A R~OREBMLE WG Uiz, BRI OMER A AR KT (23], £ 72/ 5 RiEkm
BainB/INGA N T ) A R~DOREALICAE 72K & LTl ST\ % [26]. R-spondinl,
noggin, EGF ZHiHUZIRIN L 28 HLAERFE LIRER, AT /A REORT7 =7 (LL AL
77 A R) OHIBIEREZ R L7z (Figure 2-4-B), D35-D46 DML D IEIsT- I HRIT OFE R, &
WHINE~— 21 —"T& 2 Villin, #lild~—H—TdH D MUC2 (MUCIN), 7~%— Mlifd~—7% —
T D LYZ(Lysozyme) DEAGFFEBIED D3 ONRIEIC N THEISHEM L= (Figure 2-4-C),
Flo. ANVT A ROWKEG R 2 Wiz @ lade e ofi R, AT/ A Rzl L Tnd
AAIZ 3T Villin & TY Lysozyme Bt OMIBR GBSO G2 Z b, IMEANT 7 A4 R~k
b L7z & B 2 iz (Figure 2-4-D), 723, HEZ OMIBOEEEN S, R-spondinl L R-
spondinl FRFIFHEBAILO 2T ¢ 23 > AT 4 U A [33], noggin (X BMP > 7 /LEHEH

¢ LDN193189 (100 nM) IZ X > TREFRETH D Z & A RET HHERZE TN D,

(A) (B)
INEETERARAEN S/ )\ HREAD BRiEETMRaR(D20)  BAREFHARZR(D46)
SEEEFIE R ry NG
hiE/2E I\ i
(GNZENE S iR) AIH AR
R-spondin1, Noggin, EGF

=28 days
Matrigel, 3)R7tigs&=
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Figure 2-4: Derivation of intestinal progenitor cell into intestinal organoids. (A) The procedure for
differentiating intestinal progenitor cell into intestinal organoids. (B) Representative bright field image
in the differentiated into intestinal organoids at day 20 and 46 are presented. (C) Enterocyte marker
VILLIN (VILI) gene, goblet cell marker MUCIN (MUC2) gene, Paneth cell marker lysozyme (LYZ) gene
expressions in differentiated cells at day 35—46. Data are presented as means + S.D. Fold changes versus
that of day 3 definitive endoderm are shown (definitive endoderm at day 3: n = 7, differentiated cells: n
=19). (D) Immuno-staining images of VILLIN and LYZ in the differentiated into intestinal organoids
are presented. Arrows depict the corresponding regions positively stained with anti-LYZ antibody in

both regions. Statistical significance was determined by two-tailed unpaired Student’s t-test.
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Fo. AGREHIRGE S /NMEA LT 7 A RITIMEGRRESAAOMEN G ENd EE X B
7= (Figure 3-B), t k iPS fla/ H/NGA LT J A R ~OI bk & @it Lz 3L [26] 126
W, MEMIEAE D 2 LIRS TWD, filadeaoitf, ER L7/ ML
J A FIZIX Vimentin BEPEORVEHIIEAE N TWD Z L AR SN (Figure 2-5-A), = D H
ME . INGANTT ) A R &SR LTINS EMERA G ENnTnDd Z &
Mo, ZOfMaERWTER LB CIZ, #4 b x 7 a2k 530 THERED HE
RTE T, MlABLEEMEIC XD ERMO b N ORI 2 R T X 22 W ATREMER B 2 STz,

Z 2T, NGHIES BRI TH D Z 2R LT, EEGHIARRAVIZEEL L TW DRI
PUF CD326 (EpCAM) [35][36] A2, /MG Z ML TX 72 & B 2 7z, miEfiiayt
DFEF, WEA NV T A RO EpCAM Z#FHELL TW\WADH Z L BRHEGRCTX 72 &b (Figure

2-5-B), WIS/ MBHIIAOMLIEO R 217 =

(A) B)
VIMENTIN/Hoechst EpCAM/Hoechst

200 um 200 um 200 um 200 pm

Figure 2-5: (A) Immuno-staining images of a mesenchymal cell marker VIMENTIN in intestinal
organoids at day 42. (B) The immuno-staining images of EpCAM in intestinal organoids at day 42 are

shown.
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21.4 INGAILA/ 4 EhS/NGHRRaD L ZD&Et

INGA VT A RS/ Mgl z ik 2720, /INEA VT ) A4 REHSSE%IC -
R~ —7—Td 5 EpCAM #H5HE & L7-ReSMIE 7B (MACS) %217 >7- (Figure 2-6,
2-7-A), MACS 2 X% EpCAM 5% ERGHila ofifk 2 sl 2 720, MACS Efifio~7 v
7B, MACS Eith 71 7 22 b7 » 7 STl (EpCAM HURICHEA B — AT g
7o, PURICERFR S VMR D 7 MM T v 7 I D), MACS Efitg 71 7 AT
N7y T ENRPo T ONT, EREh 7 e —Y A F X M) —%ATol, ZDORER,
EpCAM BEPEHIIE OEI & 132 L E I 59.6%, 94.8%,3.6% Cd Y (Figure 2-7-B), MACS |2 L > T

EpCAM D ER a2 @l T/ —F 4 7/ TEH 2 EIURENT,

Qg Ak ey
\ O f

NAI0E—ZHEDIRSL TS
MR LOTHYIEND

Figure 2-6: MACS |IZ & B &L Y —F ¢ o 7 (FE X))
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hiPSCs

iz
(I\iZHEISERRE)
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39 days, 3RTIEE
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ANHIAR

- I = MACS (magnetic activated cell sorting)
—Flow cytometry
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(B)

Before MAQS: After MACS: After MACS:

Pre-separation cells Positive fraction Negative fraction
00 s R L " R~ 3
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B
EpCAM+

Figure 2-7: Purification of hiPSC-derived intestinal epithelial cells (IECs) from intestinal organoids. (A)

A schematic drawing of the assay procedure. (B) The proportion of EpCAM+ cells in pre-separation

cells before MACS, positive fraction after MACS, and negative fraction after MACS are analyzed by

flow cytometry, respectively.
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VT, MACS IZ X - Tt b iPS i sk MG (hiPSC-IECs) 23fifk S 47z 2 & & e
T 572, EpCAM Fhtk ERHilEZ laminin511-E8 fragment (iMatrix) T2 —7 4 > 7 L7127
L— b RIS L7210, S iineta %17 o 72 (Figure 2-8-A), T OFEE, 1ZF 2 TOMIE
MR~ — A —Villin e T 72 Z b NGANTT A4 Rinb Yy —F 17 LTz |k
A MR ChH D LB X b, E72. Lysozyme BED /S x— N, MUC2 Btk d
FRHERE, Chromogranin A (CHGA) BG4 WML, EphB2 [ D transient amplifying (TA) Al
ARG ENTWD Z & HLHBIC/2 -~ 72 (Figure 2-8-B), LA EDFEFR S EpCAM Zf51E &
L7 MACS I XY /MEANVTT A4 Rb/hGilaZ @RIk TE s B2 6N, F
7o, N~ — 2 —LGRS Kk OVNGafilas &4 Loafk L7z TA #ild~ — 7% —EPHB2
(EphB2) OB FIBEITE NENNEEREL XL TH -T2 Z &b, /MBS S E

NTNDATREMRE 2 515 (Figure 2-8-B, 2-8-C),
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(A)
Midgut/hindgut Intestinal
hiPSCs cells organoids

Va | 35-39days 3R7mEE | o .
—N—> - | == MACS (magnetic activated cell sorting)
T —Immuno-staining after seeding on iMatrix coating
dissociation plate (day 6: villin, MUC2, CHGA, day 19: EphB2, day
21: LYZ)

(B)
_VILLIN/Hoechst LYZ/Hoechst MUC2/Hoechst _CHGA/Hoechst
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~
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Figure 2-8: (A) A schematic drawing of the assay procedure. (B) Immuno-staining images of VILLIN,
LYZ, MUC2, CHGA, and EphB2 in EpCAM+ cells seeded on iMatrix coating culture 96 well plates.
(C) Intestinal stem cell marker (LGRS) and transient amplifying (TA) cell maker (EPHB2) gene

expressions in EpCAM-+ cells. Data are presented as means = S.D. (n = 3).
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2.2 £ kiPS #ika B k/NE R O EERI AR AT
2.2.1 E k~iPS iR/ im0 R HEERIE 1 TE

INGANTT 7 A Rinbififb Lzt iPS lfd R/ NGMlas . EHES O b Mk AR
FHEICA M TH D Z L RO 5720, b MMGIZEIZREI L T 5 B W ARGEIEE CYP3A K&
N CYP2J2 [8][31] DiEM:AFHEI L7 (Figure 2-9-A),

INBANTT 7 A R 2 Boat%,. MACS FERinio~7 1 72#lild, MACS THdk L7t I iPS
Al AE A e/ N AlAE (hiPSC-IECs), MACS SEMEZ TSR T 7 AT N T v TS 7z ino 7o,
ZNENOMIBT K LT CYP3A KO 202 1M 2 7ML 7z, BURIHY CYP3A KT CYP2)2 A5
T % telfenadine, SLH¥) CYP3A FLE TdH 5 midazolam Z# Hvy, RIS HOZHENOE
K #¥% hydroxyl-terfenadine, hydroxyl-midazolam (1’-OH midazolam) D 4:j% A 5 1&EME % 2FAf L
7zo TORER, FEEIIZMACS B 7 M2 T v 7 INRpocfilacixiz s A LB N
T MACS FBiO~T 2 22 flilalc e ~C, fifb L7z & b iPS Ml e/ MG B W THEID
% < DRFHW D ER Tz (Figure 2-9-B), 72, midazolam (2}~ T terfenadine D573 L 1
%< O MNAERL ST M, terfenadine 13 CYP3A KON CYP2R2 (2 X W (Rt s =iz & &
Zbd (Figure 2-9-B), LLEOFE RS, b b iPS A SE/NGHIINIEL CYP3A KO8 2)2 %

REMEZEZAT DT LRSI,

31



(A)
. Midgut/hindgut Intestinal
hiPSCs cells organoids

N 39 days, IRTIBE I
— —D>4‘—P MACS (magnetic activated cell sorting)

—CYP3A/2J2 enzymatic activity assay

dissociation
(B)
Substrate: Terfenadine (1 uM) Substrate: Midazolam (1 uM)
140 - ©OPre-separation cells 0.7 1 oPre-separation cells
® hiPSC-IECs @ hiPSC-IECs
N 120 1 A EpCAM negative cells i 06 1 A EpCAM negative cells
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Figure 2-9: Functional characterization of hiPSC-IECs. (A) A schematic drawing of the assay procedure.
(B) Drug metabolizing enzyme activity in pre-separation cells before MACS, hiPSCs-IECs and negative
fraction after MACS. Data are presented as means + S.D. (n = 3, respectively). 'p < 0.05, “p < 0.01
versus pre-separation cells before MACS. Data are presented as means = S.D. (n = 3). Statistical

significance was determined by two-way ANOVA Tukey’s multiple comparisons test.
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2.2.2 E +iPS #iRaBEE/NMGHEED /) 7 HEREET/M

INGAIVTT 7 A Rhbffifb Lz e b iPS il i/ MRS ERE G O b R ERIAE D FF
A MTH D Z & & B 572, HAEIRESE OIETERHMEIHE S . & kb iPS M H k)N
AEAMIE (hiPSC-IECs) DHLEIED X A hY % v 7 2 a A X B8 THEREZ 37 L 7= (Figure
2-10-A, 2-11-A),

b b iPS #fE SR/ MR Z 1 & 5 3 X 10° cells/em? D #IIEEL T Transwell I FERE# |
12 A& 20 F 13 BREEFE LIER U 72 B TEER 1%, Z4E1 419 Q x cm?, 342 Q x
em? & EfEZ R L7z (Figure 2-10-B, 2-11-B), —77 T, MACS ZFEfifio~7 = 72ffild, MACS
Khith 17 M N T v T E NI o Ml % Transwell FICEEREL, 13 HMRGE LIERIL 72
HiJEEo TEER X, 1210 65.6 Q x cm?, 43.3Qxcem? Th Y | M2 L TORWEFD
TEER (37.5 Q x cm?) &L XX FRAERICIRME Tod o 7= (Figure 2-11-B),

WIZ, & b iPS MR SR/ NG Z Transwell I ZfERi# D13 (C81) 2 HEREZ AV ¢,
Jie 1 B 7% 388 ~ — A7 —inulin & OF lucifer yellow @ apical to basal (W J716) O g it 2 5Ff L
oo T ORER inulin O BB IBAEL Py, X 0.138 x 10° cm/sec, lucifer yellow @ P, I
0.624 x 10° cm/sec & ZNEIVRWEEZEEM: [3][4] 27~ L7z (Figure 2-10-C, 2-11-C), — T,
MACS ZFEfiFiD~7 = 7effifid, MACS Efiitk 71 7 A2 b7 v 7 &> 7o/l % Transwell

(ZHERERS D13 1238 1) 2 BB H 1T 5 lucifer yellow @ P, 1%, 4241 13.8 x 10 cm/sec,
233 x 10°%cm/sec TH V. FlfL 2 FFFE L TV 72 W EF lucifer yellow @ P, (40.9 x 10 cm/sec) &

TIEFRIRR I BV MERGEEME 2 7k L= (Figure 2-11-C), F£7=. & b iPS fllia s/ MgHiaiz >
THRIEMIRYEZITo TR, TOMBBICIZ X A Ny v a U EBRT 52 /%7 T
& % Occludin &2} ZO-1 [37] ZHBL L TW5 Z & AR E L7~ (Figure 2-10-D, 2-11-D),

LEDOFERENS, b N iPS MBI RANGRIIT S A v 7 v a U ERTER L, DBICFE

722N THREAH T 5 2 LAVRE T,
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(A)
) Midgut/hindgut Intestinal
hiPSCs cells organoids
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Figure 2-10: Functional characterization of hiPSC-IECs. (A) A schematic drawing of the assay
procedure. (B) The TEER values in the hiPSC-IECs at each culture day after seeding on iMatrix-coating
Transwell inserts. Data are presented as means = S.D. (n =4). "p <0.01. (C) The apparent permeability
coefficient (P,,) of paracellular marker inulin in hiPSC-IEC monolayer after seeding on iMatrix-coating
Transwell inserts. Data are presented as means + S.D. (n = 3). Permeation assay was conducted on day
13 after seeding. (D) Immunostaining image of Occludin in hiPSC-IEC monolayer after seeding on
iMatrix-coating culture plates at day 6. (E) Tight-junction maker (OCLN and ZO-1) gene expressions in

hiPSC-IECs (n = 3).
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(D)

Z0-1/Hoechst

v
- ™ J ] o
-

Figure 2-11: Functional characterization of hiPSC-IECs. (A) A schematic drawing of the assay

procedure. (B) TEER values in the filter membrane without cells, EpCAM negative cells (negative

fraction after MACS), pre-separation cells, and hiPSC-IECs at each culture day after seeding on iMatrix

coating Transwell inserts. Data are presented as means = S.D. (n=4). "p <0.01 versus the pre-separation
cells. (C) The apparent permeability coefficient (Py,,) of a paracellular marker lucifer yellow in the filter

membrane without cells, EpCAM negative cells, the pre-separation cells, and hiPSC-IECs at day 13

post-seeding on iMatrix coating Transwell inserts. Data are presented as means = S.D. (n=4). » <0.01.

(D) Immunostaining image of ZO-1 in hiPSC-IEC monolayer after seeding on a culture plate at day 4.

Statistical significance was determined by two-way ANOVA Tukey’s multiple comparisons test.

Figure 2-11 was using the hiPSC-IECs differentiated under a modified protocol, in which part of
recombinant proteins (Wnt3a, noggin) are replaced with small molecular compounds (3 uM CHIR99021,

100 nM LDN193189) and excluded (FGF4).
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2.2.3 E ~iPS #ifamE/MEHEEOREEEDKRET

LEHOE MEOWRILEFEM ORI DR LT, & b iPS M &/ ML & #fif9-%
&R EWBEFESEY, £2T, b M iPS flRE sk MBI ORI R OBRET 21T o T,

Ezid, b NN B ORI A H & S STV A KT (N-acetyleysteine,
human gastrin I, A-83-01, R-spondinl, noggin, EGF) [23] % ~7'U A > K & L TN 7285 % M
W7z (Figure 2-12-A), EOFER, & M iPS Ml d /MG EZ ~ Y Z e L7z 3 o
BegICk v, SHEMOANT /A4 REFENARETH 7= (Figure 2-12-B), &KIZ, 8 WM DEG#E
%, CYP3A JOf 212 BB DSMILE Th % terfenadine, CYP3A B DO HAIRILE Th 5
midazolam {ZXF3 5 RSO Z 7N L 72 R, T ORI (hydroxyl-terfenadine,
hydroxyl-midazolam) D4k HERE S 4U7= (Figure 2-12-C, D), Terfenadine 135 #iks#ER1 & 13T
[FIFEEE DR B A SR S 4u, midazolam [XFEAMNREE 2 20 5, F7odHlMAaEs 2 /5 B
722 L TREIEEATL D bREMOAEREIT ER o2 b 00, FEMEEE K OHIIEE THITE L
T2 E TS ORE R Tdh - 7= (Figure 7-B, 10-C, D), £7-. CYP3A JERA R L EHK|T
& % ketoconazole (10 uM) % Il Z 7= midazolam DCH &L control IZHRTHEITIK T
L7- (Figure 2-12-D),

eV T 8 WMEFEZ OB R iPS ML B R/ NSRRI DWW ToE A B A 1T o 7o RE R, 8
BB BIZBWTHE XA Ny 7 va UHERY 737 Occludin LY ZO-1 OFEBL R
S 7z (Figure 2-12-E),

LLEORERD S B b iPS M S/ MR, /NSRS 2 EE T b 2 SRS
BOEA NP x 7y a Al kB8 THREDSHERF SILT2IRRE T, 8 M o0 R HIES & 23 Al 6
ThdIENRBRINT,
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(E)

Z20-1/Hoechst

Occludin/Hoechst

Figure 2-12: Development of long-term culture method of hiPSCs-IECs. (A) A schematic procedure
for long-term culture of hiPSCs-IECs. (B) Bright field images of hiPSC-IECs on days 0, 4, 13 and 54
after purification are shown. (C) Drug metabolizing enzyme activity for terfenadine in 8 weeks-
cultured iPSC-IECs. Data are presented as means = S.D. (n = 3). (D) Drug metabolic activity for
midazolam in 8 weeks-cultured iPSC-IECs. Data are presented as means + S.D. (n = 3). p < 0.01
versus the reaction with 10 uM ketoconazole. (E) Immuno-staining images of Occludin and ZO-1 in
8 weeks-cultured hiPSC-IEC monolayer after seeding on iMatrix coating culture plates. Statistical

analysis was determined by two-tailed unpaired Student’s t-test.
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2.3 IMNE

AFETIE, £98 M iPSHIfdE LT TkDA3-4 #H\ ., 3 kot Ic L D e b iPS ffE D
INGANTT 7 A B ~DoAGEE A BT LTz, ZRettafilian b 3R OMMIE~ & b S &
LA, AT T 50k, Bl 2RI B O TIENEESE 2 & 3 IREDO N ONIREE
~O5b. NIRBED% L& L% (NGRIBEAIL) ~D 4 b, /NERTBRAIRZA 5 /)
JEHIIEA~D R & W o T2 B EE B RE S D [26], TGF-B 7 7 2 U —"Td 5 activin A |3 Nodal
VT FNVERIEEA L, SRR S NIRES~O LA R TIERDAHE SN TND Z &M
5 [24]. & b iPSHIMEZ 100 ng/mL O activin A Z ¥RA1 L 7= K5 #1C 3 AL &7, Tk
R, WIEE~ — 7 —S0X17 LT FOXA2 3BT 5 NIRE~D b2 g L7z, KIZ, Wnt3a
[26][34]. FGF4[25][26] IZHNIRZEDH 5k (MERIBRHIR~D53b) 2R TERRHE ST
WHZEDEG, NIEEEE 500 ng/mL @ Wnt3a & 500 ng/mL @ FGF4 Z¥sI L7-55#17C 4 HH
b EETo, EORER., /BRI~ — 5 —CDX2 Z38BLd 5 /MG RTEAI~D 731k 2 e
BTz, /MEEMIE~—%5 —LGRS ® U Y RT/NE#Hla ORI EE /L Wnt > 7 L%
1511695 R-spondinl, /IMEEEE OMERFICEZE /e BMP & 27 7V IHENEH 2777 noggin, /M
A ORI B e EGF A RN L 72 k5, WWONT/MBEERICE N2 7 I = K=
TR ER~ N SRV 3 IROUEEEEIT, v U AR FO/NGSOR;E
[19][20][23] <° CDX2 Bt D/ MG RTBEARL > & /MG ~D R EVE [26] ICHHTH D Z &0
WESINTWD, 22T, /NERIESHRZ ~ U Z U@ L, 500 ng/mL @ R-spondinl, 100
ng/mL @ noggin, 100 ng/mL ® EGF Z ¥R L7=EHC 28 HLL LEE#R3 2% 2 & ¢, WA
(Villin), #RHIH (Mucin), 23580 (Chromogranin A), #3%— MM (Lysozyme), 43bA3 4 L
HE A 72 TA Ml (EphB2) 7¢ & Q&M /NG CHERK SV D/ NMGA VT ) A4 R~D L % fife
L7z,

fERLL7= & b iPS MINAHSE/ANBA LT /A RIZHOWT, Sl 217 > 12/ 5. /MG
FNIT ) A RIZIE Vimentin BBHEOREMINAZ < GENTEY . ZHUTHPIREER R ORVE
fo L HEER S e [26], Z OB, NWIREDOE LK OVING# L OHERF I ST L 5 2
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Hivd [26][34], — T, EIEEOE MEARIEOTRIZIB W THHETH D, BIERED & 1
cox 7 v a LB THEEICK L TR ARDEENRE X LNDL -0, RIC, /M4 IV
7 A Rinb/NGHilaZ#ift 3 2 5iEE e Lic, /Ml Bl chH L Z &t &
Rz HIAS FAO IR Bl 5 R B EpCAM (CD326) [35][36] ZFetEic, /IMEGANT /A4 RZH
I LT HiE 2 VT MACS 21T -7, £ O#EF, MACS Ailx EpCAM BEEMIE OEIAE 235
60% T > 7=DIZxt L, MACS 2 & - THIZ L 7= Ml Tix EpCAM BEMEMIE OEIE 235 95%
EREL M LT, ZOFERND . MACS IZ &V S8#RIZ EpCAM 5D b Rfifaz Y —7 ¢
VITTEDLZEN ol £, #ifk L7z EpCAM Btk bR I W CTHRug Mg,
ZAT o oS KERSr 23 Villin BHEOWMGEIA CThH -7 Z L 226 b b iPS M kMG A v
T A RS/ Z RIS TE 2 2 0350 o7z, MACS RO/ INEHIRL & [HE Al
faid & END~T v el TR U 72 BRI CId, MRS REFE S TU R WIE & [RIERIC
TEER 2ME < | lucifer yellow O MEN E -7 2 2B, b b iPS AR SR/NGA VT 7 A
KzEHWTe MEAOVIED invitro FEANE T VA2 VERLT 21213, /NG Z fifk 92 LB
boEEZ BN,

EHSOE MEARINEZ AT T 5 BT M S OWIPEZHIEE LT\ 5, FEMAEHE
P NCHA X 72 a AR DNYTHREEZA L TN ZLITEETHD, £ T,
t & iPS M HR/NMEGHIIEIZ T D 2D ORBE AR L 7=, &t MMGIZE T 2 E2RFEmN
HEFR TH D CYP3A KU CYP2)2 B DIEEHM T % terfenadine, CYP3A DIEIEY T
& % midazolam (Z%F3 2 RHHSOE 2 3 L 72f5 R, 2N E R OB O 4 R S 4L
722 b b N iPS AR E SR/ NSRIIEIX CYP3A KON CYP2I2 BERTEMERZ A L T\ D EE X
Siviz, F£72. b b iPS M Sk NEHEN 2 Transwell | Z#5FE U/ERL L 7= g A AV C, &
AP xv 7 a ryOFEEE LTRSS TWS TEER, MldMR~—U —inulin KO}
lucifer yellow DREFEENE, # A Yy 7 v a AR Y /37 ETH D Occludin & T ZO-1 O
FEELAZ T L7z, = OfEF, Transwell #H% D12-D13 (23517 % TEER 1354 400 Q x cm? & &)

V) TEER %7~ L7z, F72. Transwell #F1% D13 {23517 5 Inulin, lucifer yellow O i iE{%EL
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Papp IZZ I 0.138 x 10° cm/sec, 0.624 x 10 cm/sec & KW VEEEMEZ R L72 [3][4]. &5
(2. AR IC BT Oceludin KUY ZO-1 OFRBMXHERE SN2 Z v, B b iPS AliE R/
WML 2 A Ny 7 g CEEEL, MBI 2 N THEEEZ AL TWH EBE XS
e,

VI EDRERD G, 3 RICHERIC L > TofbiFE L, /ER L7z & I iPS Ml i /NGRS =
Hihor MIBT 2B OWINMEEZ RS 2 72O OF L invitro /MBET VE L THEHEZE XD
N5, 78, BORIEZHIET 28AE L LC, EhoRAIEm%IcREE T2 b7 =%
N—4%— (P-gp, BCRP, PEPT1) i H 2T 540508 [38]. foMfsEicis VT, AffIXZ
DIEY) N T U AR—F—IC L HEETEEEZ AL TND 2 EAMERL TS [39],

ABE~OTEAZE LIcHE . b MR ORI S H LT, & b iPS Alfa)
S/ANERII 2 W 5 2 L1k, BOBTESE, ERIRESESTRE CHIUE, FmEEY & 3
O LIEMIOFTRNFREL 725, ETo. B THIUIG O DM 2, FHIEEY
BEWPE Lt bd 5, £ 2 TAREDRKIZ, b b iPS Mfld ik MBI O & HiREE O
BEt a1 o7z, b MG ROEERMROBRICEN EHRESNTWLIY T Y A R (N-
acetylcysteine, human gastrin I, A-83-01, R-spondinl, noggin, EGF) W TNZ~ R U # Uiz L% 3 &k
JCHEAE [20][23] A FHWCREIESE AT LR, 8 ME DA N ) A REEENAEETH D
Z L AR LT, F7-. terfenadine & U midazolam (Z X172 (R S 2 FFAM L 72 /5 5. 8 B ]
BB ICB W T RN AT & [FFRE O CYP3A R ONCYP2R EMERBH D B2 bz, &5
2. 8 HREREZO/NGMOMBEEICS T L XA Moy 7 va VY N D
Occludin % Y ZO-1 OFBLZfER Lz, LLEOFEREI G & b iPS Hifa i i/ NG % =41

DEFRNTRETH 5 = L PRB ST,
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F3E

2 RtiEEEZERALV-E b~ iPS #ifah s/ Eiman fE5l

B2 EICBWT, 3R EIEA AW EEFEIZ L D . & M iPS Ml (TkDA3-4) 725 /h
WEANTT ) A RO aER TE e, £l WMEANT A4 Fhroitifb L7zt | iPS #ifa
R/ MBI O BEREREAT 24T o 7o . /NIBIZ B2 MRS Th 5 CYP3A KU CYP2)2
BEROIEEEA L, A/NGHIOWEIIIZ A Ny v v a Ak b ) THERFT 5
LR TE L L EEMOE MEARINMEZFHET 2 invitro /NBET AV E LTH
MEBZ DNz, LM L—FT, @fiZgh 7V A2 & EHIMERT 2 &, 3 RoukER 21T
O e DI R IENEHETH 2 Z &L s EREE S A 35 A UL Lo BOEE MRl £ T L £
10 FHZES 52 &8, AIE~ODEHZZR LIGAIC, WERHFFSN IR REZIT LN
5o Fio, ORI N—TNEHE S TWD 2 RIchHE TOMEFEIEICB O T,
BRI IS A+ CTh D Z & | HMERER AR TH L 2 & 2 EOBIRFEALITH Z &
DML EBMENEME R Z & 8L AKICIEN T2 ECHERH L B X BD,

BHFFE T N —TTIXZNETIZ, & b iPS MIROMERFE LD & A FF = % — I frE
T4 THbFEESFEEM ETE 528 [40], MIS 7 ¢ — X —flilE W5 2 & THIREE
~DGALE R E R L T&E S Z & [41]. BIO (Wnt ¥ 7 v DiEtE(L) & DAPT (notch > 7 /1
DM 1 L D PIRZED & /N B Al SR A L~ oD 4 A1 75 38 3 ONS /I B i el ~ oD il B AL 2h 2
[16][17]. Collagen Vitrigel Membrane (CVM) (Z & 2 RiBEAIAE DAL 2 VR — b3 2805 [15]
ZERHELTWS, £2Z2C, Z0UbHRZIEN L, AIEETEMNT 5 L TOMEEMRL 5 5.
VMR EIR . W ONC B2 B ERE T O B b iPS M S MBI~ D S LFEE LD

iz Hfg L, MEf&1To 7,
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EBRME R 75
R

Elacridar, verapamil, midazolam /% Wako Pure Chemical (Tokyo, Japan)., [*H]-digoxin, [*H]-prazosin,
[*H]-propranolol, [*H]-mannitol (& PerkinElmer Life Sciences (Boston, MA, USA). Digoxin,
testosterone, ketoconazole, 6B-hydroxytestosterone, diclofenac, ranitidine, famotidine, sulpiride,
nadolol, and sulfasalazine (% Sigma-Aldrich (St. louis, MO, USA) . antipyrine, metoprolol,
hydrochlorothiazide, fexofenadine (£ Wako Pure Chemical, Atenolol /3 LKT Laboratories (St. Paul,

MN, USA). acyclovir |Z Tokyo Chemical Industry (Tokyo, Japan) 7»SHREA L. #HH L7=,

Human iPS cell lines

t b iPS #f@REIZ. ChiPS18 cells [42] (Takara Bio, Kusatsu, Japan), RPChiPS771 cells (ReproCell,
Yokohama, Japan) Z{#H] L7z, #MEFFEZHIICIX AKO2N StemFit media (Ajinomoto, Tokyo, Japan)
%Z >, Synthemax II (Corning, Corning, NY, USA) CTa—7 4 > 7 L7174 v = RIZHREL
oo AT A =% —idEICRET 586 1%, Methionine-deprived KAO1 5t (Ajinomoto) %

Yl

b b iPS MY b/ NG~ D LB

T8 100mm 7 4 v ¥ = |2 mitomycin ZLE L72 M15 7 ¢ — & —Hfifld % 5 x 10° cells/dish D #H
N TRRE L Tl &, 2D RIZE b iPS 4 5 x 10° cells/dish DAL THERE L 7=, & D%,
M1 55 H [DMEM (ThermoFisher, Waltham, MA, USA, 11995-073), 4,500 mg/L glucose, Non-
essential amino acids (NEAA; ThermoFisher, 11140050), L-glutamine (Gln; Nacalai Tesque, Kyoto,
Japan, 16948-04), penicillin-streptomycin (PS; Nacalai Tesque, 26252-94), 0.1 mM B-mercaptoethanol
(B-ME, Sigma-Aldrich), serum-free B27 supplement (ThermoFisher, 17504044), 100 ng/mL
recombinant human activin A (Cell Guidance Systems, Cambridge, UK, GFH6) with 3 uM CHIR99021

(Wako) for 1 day, without CHIR99021 for another 2 days] % T 3 Hf}5#% (day3,D3) +5
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& T, NIRIEAS LB R ZT o To, NIRIELZHSHIR, 7L — NS L Tl & s ot
B Z e, B DT 2.0x10° cells/ml O FFEJE £ T Bambanker hRM (NIPPON Genetics, Tokyo,
Japan, CS-07-001) & %\ % STEM-CELLBANKER (Takara Bio, Kusatsu, Japan, CB045) % fJ\ T
R T CH R LT,

FWN T, WIRIEEA 24 well CVM inserts (ad-MED Vitrigel ™2, Kanto Chemical Co., Inc.) _EIZ 8 x
10* cells/well DO ARA%EL CHERE L. M2 £5H1 [DMEM (ThermoFisher, 11885-084, low glucose),
supplemented with NEAA, L-GIn, PS, B-ME, 2000 mg/L D-Glucose, 10% KnockOut™ Serum
Replacement (KSR; ThermoFisher, 10828028), 5 pM 6-Bromoindirubin-3'-oxime (BIO; WAKO, 029-
16241), 10 uM 3,5-difluorophenylacetyl)-L-alanyl-L-2-phenylglycine tert-butyl ester (DAPT; WAKO,
049-33583)] T 12 HIME;ZE (D4-D15) 35 Z & T/ NSRBI~ L MbLFEE LT 7=, T D
. M3-0 5341 [Cellartis® Hepatocyte Maintenance Medium (Takara Bio, Y30051)], Xi% M3-1 £%
ftt [William's E medium (ThermoFisher, A1217601) supplemented with L-Glu, HCM SingleQuots
(without GA1000 and human Epithelial growth factor (EGF) (Lonza, Basel, Switzerland, CC-4182), PS
(Nacalai tesque), 10 ng/ml recombinant human Hepatocyte growth factor (HGF; PeproTech, Rocky hill,
NJ, USA, 100-39), 0.1 pM Dexamethasone (Sigma-Aldrich, D8893), 1.4 uM BIO and 1 puM 10,25-
dihydroxy vitamin D3 (calcitriol, 7/ VD3; Wako, 034-24921)], & 5\ E M3-2 B5#th [M3-1 5%
#1755 HGF ZFR &, 0.5% dimethyl sulfoxide (DMSO; Sigma-Aldrich, D2650) Z#A01] % HWT
BT 52 LT /MBI~ DML 21T o 72,

FRIOHEE LT, AMEEL iMatrix-551 silk (Matrixome, Osaka, Japan, 892-021) T 0.25
pg/em? OPRETa—7 47 L7z 100 mm 7 « = EIZ 4 x 10° cells/dish OFffia% CHEFR
L. M2 5z T 7 HIEREEE (D4-D10) 95 Z & C/NGBRIBRHIIE~D /3 biFEE1T > T2,
Z D%, /NERIBSMILAE BT v — 7 L — MR L ol S & b8 o fkie., H 2V
Bambanker hRM X /% STEM-CELLBANKER % i\ CIRIAZE R T CHURSRAT L7,

BT, /NBRTBEAIALZ 24 well CVM inserts 12 1.6 x 10° cells/well Otk CHERE L, M2 55

M FERERL 2 BT 10 uM Y-27632 23RN 2 T 5 A (D11-D15), LAtk iE M3-1 55316
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DHUNE M3-2 Bt A2 VW TR 2 2 & T /NGB~ D pEME 21T - 72, 7233, insert chamber
(apical ffl]) 1Z1% 200 puL. lower chamber (basolateral {fl]) |Zi% 500 uL OEF#iA G L, 2 H IR

b RS A S LT,

Caco-2 Ml DO RERIE

Caco-2 #f{2iZ DMEM medium (low glucose) (= 10% FBS Z4 7 U A > k& LTI - BEH
ZRAWTERE L, HEROZ A by 72 a kB30 THREAZ S I A BR1%. Caco-
2 #ifiz 24 well CVM inserts {2 5.0 x 10* cells/well O CIEREL7-, B L 27 HHIC

(THE IR &2 TR LTz,

e Gt A

4% paraformaldehyde (Nacalai Tesque) in PBS CHifa[E E#% . 0.1% Triton X-100 (Nacalai Tesque)
THEBLEEZIT o7~ PURIZLL T O H O %FH L7- : anti-CDX2 (1:100, BioGenex, San Ramon,
CA, MU392A-UC), anti-VILLIN (1:100, BD Transduction Laboratories, San Diego, 610359), Alexa

568-conjugated, and Alexa 488-conjugated antibodies (1:1000, ThermoFisher),

Real-time PCR

RNA I RNeasy micro-kit & %\ % QIAzol (Qiagen, Hilden, Germany) % HWCTHiHi L, Z®
% DNase (Qiagen) JLFEZ 1T 57z, WA G X)iHIE, PrimeScript™ RT Master Mix (Takara Bio) %
HWTIT > 72, Real-time PCR [%, TagMan Primers and Probe & %\ & SYBR Green % F\ T,
StepOne Plus (Applied Biosystems, Foster City, CA, USA) (2 X VW iT->72, B-ACTIN & %\ L
GAPDH % N EEHE & L7-, mRNA BEI5 FRBLEIL, & M A/NE (ASL ASI=1) (2%57 5 fold-
change THFL L. b I RNA (FIER & Ml A/ [Takara Bio, 63653, Lot No. 1012049A
(Figure 3-1, 3-3-B-i), Lot. No. 1901903 A (Figure 3-3-B-ii), 4, pooled from 5 male/female Caucasians

ages ranged from 20 to 61], 7235, Wu v F CHREFRARICAERZIT LW L 2R LT
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W5, T4 ~—IZLL T OBEBEFEIILOID O b DZEH L7z (Table 3-1),

Gene Symbol Forward Primer Sequence Reverse Primer Sequence
GAPDH CGAGATCCCTCCAAAATCAA CATGAGTCCTTCCACGATACCAA
chDx2 GAGGGGGTGGTTATTGGACT AGGAAGTCCAGGTTGGCTCT
L GR5 CTCTTCCTCAMACCGTCTGC GCAACTGCTGGAAAGTGTCA
ABCB1 CTTATGCTCTGGCCTTICTGG GGAGATGCCTGTCCAACACT
ABCG?2 TTAAGTGGAAACTGCTGCTTTAGAGT TCGGTCTTAACCAAAGGCTCA
SLC15A1 GCAATATCATTGTGCTCATCGT CAATCTCTGCTGGGTTGATGT
Gene Symbol TagMan Primers and Probe ID*
GAPDH Hs02758991_g1
VILLIN Hs01031724 mi1
CYP2CH Hs00426397_m1
CYP2C19 Hs00426380_m1
CYP3A4 Hs00430021 _m1 *ABI| Expression Assay

B) Primer sequences used in Figure 1, 3, 4 and S3.

Gene Symbol Forward Primer Sequence Reverse Primer Sequence
LGRS TAACTGGAACTGCAAACCTGGAGA CTGATTGCAGACGGTTTGAGGA
CDX2 TCACTGGGCATTTCCGTGAG GTGGATCGGCCAGATAACAAGA
VILLIN CGACTGCTACCTGCTGCTCTACAC CGGCTTGATAAGCTGATGCTGTAA

CYP2B6 CCAGCTTCCGAGGGTACATCA TTCAAAGTAGTGTGGGTCATGGAGA
CYP2CO AACACTGCAGTTGACTTGTTTGGAG GGTTTCTGCCAATCACACGTTC
CYP2C19 AATCACTGCAGCTGACTTACTTIGGA CCGGTTTCTGCCAATGACAC
CYP3A4 GAAACACAGATCCCCCTGAA CTGGTGTTCTCAGGCACAGA
CYP3AT AAGGTCGCCTCAAAGAGACA TGCACTTTCTGCTGGACATC
UGT1A1 TGGCTGTTCCCACTTACTGCAC AGGGTCCGTCAGCATGACATC
ABCB1 GGAGCCTACTTGGTGGCACATAA TGGCATAGTCAGGAGCAAATGAAC
ABCG2 CATGGTGTATAGACGCCCTGAC GTTCCCAAATTGATGTTGTGACAGA
SLC15A1 TCACCTGTGGCGAAGTGETC AGCAGCCATCCTGCCTGAA
ALFI CATTCCAGGTCACCAGATCCA AGAAATCTATGCCCAGCATCCAG
ACTB TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAGAAGCA
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

Table 3-1: 77 A ~—DE{sFF5 & O Tagman primers and Probe ID

TEER #|E

TEER [ Millicell ERS-2 (Epithelial Volt-Ohm Meter, Millipore) %z F\CTHIE L 7=,
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BY LT AR—F—IT L HEEFE R O CYP3A EHFHE (Figure 3-2)

P-gp & O BCRP (T & 2 #AIEMEOFEAMIZ DV TlE, Basal-to-Apical (B to A, HEitJ7m) LY
Apical-to-Basal (A to B, WX J71m)) 5 DOEd M2 535 2 & TiTo 70, SR P-gp ZHE
D[*H]-digoxin (0.1 pCi/3mL; HHEHE 26.3Ci/mmol) % HV>, H1AUH P-gp PLFESK D verapamil
(100 uM) DIFAE T M OFELFAE T TOE M % 5141 L 7=, BCRP/P-gp i&MED M CI%, #Al
f\) BCRP/P-gp #:'& @ [*H]-prazosin (0.1 pCi/3mL; s HE 85.3Ci/mmol) % H V>, HLAIM
BCRP/P-gp FHEAID elacridar (20 uM) DAFAE T R OFEAFAAE T TOME M2 FHh L 72, #EAE
fadiErEix, g 3K o [PH]-propranolol (0.1 uCi/3mL; EHSFHE 25.0Ci/mmol), HHfE R
BRI, AKEMEEEE B A% O [PH]-mannitol (0.1 pCi/3mL; HiHHE 24.7Ci/mmol)
ENENAWTRME L7z, Biiiz W5 BR%EM%. transport buffer (TB; 118 mM NaCl, 23.8 mM
NaHCO3, 4.8 mM KCl, 1.0 mM KH2PO4, 1.2 mM MgS04, 12.5 mM HEPES, 5 mM glucose and 1.5
mM CaCl2, pH7.4) ZIRIML, 37°C TI0 M7 VA v FaX—ra U EfTolz, AL
EMEMZ T TB N 5 2 & T, BUSABia L7, Apical il (insert) (Zi% 200 pL. basal
NZIX 500 L I L7z, BOSKERENE 30-120 47fE, FEASHA & 13000 & At & O Refif i
YV TL, OBV TV T LEEEEEO TB 2N LT, T74bH, AtoB RO
B2 PR G, basal 1235 100 uL, Bto A J7 [ D REGEEMEFEM ClX, apical 12> 5 50 uL
YTV T Ui, U 7 L EHZIE CLEAR-SOL I (Nacalai Tesque) Z sl L., &
Ky vFL—a B F (PerkinElmer) & X 0 BEREZIE L1z, F7-REEOEMEIZ X
D CYP3A fUHNEMEREM 21Ty, HURAY CYP3A F2E D midazolam (10 uM) & 37°C T 2 IffH]
Bt &R 7=1%12, B CTH 5 1-OH midazolam % LC-MS/MS (Shimadzu Prominence Ultra-

Fast Liquid Chromatography/ABSciex QTRAP 5500) % H\W\CE& L7z,
TNAY 74 AT 7 H#—E (Alkaline phosphatase, ALP) 5434
Alife Z [E £ . StemTAG Alkaline phosphatase staining and activity assay kit (Cell Biolabs, Inc,

San Diego, CA, USA) % VT ALP Y&t %11 - 7=,
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$RW O REL 8 1 A

Transport buffer {& Hanks' Balanced Salt Solutions (HBSS, ThermoFisher, 4025092) (Z 5% FBS %
WML b0&E vz, &8 Q HDHVIE 5 M) 2Nz TB 2345 2 & TG % B
i LTz, BOEiaPEI 37°C T2 KA o F a— 45 2 & TRkl L7z,

B LA W L 1L LC-MS/MS system: Nexera UHPLC (Shimadzu, Kyoto, LC instrument 1) and
a Triple Quad 6500 Plus system (AB SCIEX, Tokyo, MS instrument 1) (Z X ¥ #ili€ L7z, HPLC %
Z 2% CAPCELL PAK ADME (2.1 mm L.D. x 50 mm, 3 mm, OSAKA SODA, Osaka, column 1) %
A L7z, HbEMD LC-MSMS 12 X HHEITLLF DS THER L (Table 3-2), A A 1%

2k E=4—L7,

multiple reaction monitoring modes

LC condition MS condition

Instrument Column Mobile phase Gradient condition 1;::::' \!Zﬁ:;e csnlgls‘gn Morﬂ::;ljl;g ion
Compound (LC, MS) A B % B/min mL / min v eV precursor product
antipyrine 11 g OHCOOMI ctonitrile /0.0 30.090.001.1.10 1.0 12 51 1891 561
propranolol 1.1 1 O'I%E;SIOH i acetonitrile ;q ;g (?9690_5? 110 L0 100 25 260.2 183.1
metoprolol 1,1 1 O'I%E;QOH i pcetonitrile 0050830000110 10 40 25 2681 116.0
diclofenac 11 1 O'I%ESEOH M pcetonitrile /.o 205 8n0a01 10 10 34 50 2960 2141
digoxin 11 1 O'I%E;QOH M scetonitrile 1 o 20 ne0 000y 10 L0 194 g ;gi:g gi;:g
hydrochlorothiazide 1.1 1 0_1%5320:[{ . scetonitrile 1o a5 05009100 L0 88 27 2959 2689
atenolol 1,1 1 OARHCOOMI ctonitrile 5.0 505000105 10 51 26 2672 1901
famotidine 1,1 1 O'I%SSEOH M scetonitrie 5.0 250 51.00 10 32 27 3380  189.0
sulpiride 1,1 p OPeHCO0R I peetonitrile 50 203100 10 52 34 3421 1121
nadolol 11 1 O'I%SSEOH M scetonitrie 5.0 250 51.00 10 79 23 3101 2541
acyclovir 1,1 p OPeHCO0R I peetonitrile 50 203100 10 27 18 2260 1520
ranitidine 1,1 1 OPHCOOMI tonitrile /00051 3013115 10 1 23 3151 1760
sulfasalazine 1.1 1 O'I%E;SIOH in acetonitrile .:-'070.9(5)7_?_3_??3171.50 1.0 84 40 399.1 2231
fexofenadine 1,1 p OI%HCO0R I seetonitrile /oo o0 a0 31150 10 112 38 5023 4663
testosterone 1.1 1 0-1% HCOOH in acetonitrile -"058 -'(158 gg[lg—%,g?—??l— 1.0 80 28 289.1 97.0

: water 1.11-1.

by dmx:fe‘:taf;stemne 1 g OHCOOHI o ctonitrile .-‘03-8,_45%_% %?91 5902? % Lo 84 72 3051 910
midazolam 1,1 1 0_1%5320:[{ i pcetonitrile ?8[—;3; %C?O%%gggz%ﬁl’? 1.0 7 38 3256 2912
;u?;i‘l’;’; 1.1 1 O'I%E;SPH M cetonitrile ?8637 %c?é% 551%5%2%31’? 10 130 37 3418 2028

Table 3-2: LC-MS/MS & D

S
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Apparent permeability coefficient (P,,,) D& H

PO IRARER Py XA T ORIC L W EH LT,

py Q1
WP =0 * A% Co

dQ/dt = the amount of the compound permeated per unit of time, A =the surface area of insert membrane

(0.33 cm?), CO = the initial compound concentration in the donor chamber

Py & B NINBRINER Fa & OFHEEMEMT
Pyp & B NINBIZET 22U (fraction absorbed, Fa, %) OFHREIMEIZLL F O [43] 12X
M U7=e 7 4 T 4 > 7' 1% Phoenix WinNonlin (Ver. 8.1, Certara, L.P.) % F\ 7= IR &/ —
FIEIZL VT T,
Fa = 100 x (1 — exp(—a X Papp))

a: the scaling factor

CYP3A REHTEMERME (Figure 3-4)

B A5 FRE% ., AR CYP3A A D midazolam (20 pM) & %\ i testosterone (50 pM)
EWRILIZ TB 2 RIS 2 2 & TRISZBhA Ui, BLEAI A2 A2 B8I%, TB I SR ) CYP3A
FHEEZED ketoconazole (Sigma-Aldrich)Z 0.5 5V ME 5 uM OIRE L 722 X H 2N LTz,
Apical (213 200 uL. basal (213 500 uL #IN L 7z, 37°C T 30-120 43fElA > % 2 ~— K%, apical,
basal 257U 7 L, LC-MS/MS (2 X % 75041 % C-80°C CTHRE L. & e 1’-0H
midazolam & % & 6B-OH testosterone % HIiE L7z, ffido &# > /37 7E &L, Pierce BCA protein
assay kit (ThermoFisher) Z W, X7 V7 T R 3Z R0 BY1-0 THH L, B, X
JEIRER 30 3 CRBUG N B L FEM L TWD EEB X bz, R V7 7 o 2 E KD
TREHE LSS 30 20E A2 VTR L,
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YA Rhodamine 123 D ELE BT
Rhodamine 123 (10 uM; Dojindo, Kumamoto, Japan, R233) % P-gp FE 7' m—7 & L TEEH L.
P-gp %3G ME & 5FAl L 72, Rhodamine 123 @ 2 £ |X Luminometer (GloMax Microplate

Luminometer, Promega) (22 ¥ il L7z, Flux ratio |[ZLA FOX TR L7,

Papp, Btoa
Flux ratio = —2& Z%0%

app, AtoB

EEHEAT
il AT + ARERRZE TR Lo, A B ZEMUE T Student’s t-tests & 5 U ME ANOVA multiple
comparisons tests {2 &> TIT o7z, EHTORER., P EA3<0.05, <0.01, <0.001 & 72> 7=HA12H

BEbL SHE L,
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31 2AZ—7TE RIS LEZRW/NMNGHEANDRERE

MR E CHEA BT CE A EZHASDES 2 LT, & N iPS ffa) &/ NG/~ &
O EE R R EIEORG 21T o 7o, BEMIZIE, UITO~@QoH A vz, O~ o A
B TH D MI5 7 —# — Il Z L REVEREHI D & AIRIE~ D3 b2 T AR — M2 [41].
DiPS MFEHERFRE DN & —BMEIC A F A=V 2R ET H 2 & THIRE~D L Z R [40],
@Wnt ¥ 7V EIEMEA(LT S BIO & notch &7 /L% il 3~ % DAPT 12 L 5 NIRIED /M
TR~ oD 23 AL 5 NS MG~ D REVE [16][17]. @EEED 2T — 7 o TR S
AN ORE ARV EE 2 3 2 85& 5k Th 5 Collagen vitrigel membrane (CVM) (2
& DRI DRk b A IR HE [15] (Figure 3-1-A),

MI5 7 4 — & —Hifd, A F A= FRERHL NactivinA 2 W TME S ET2NREE (day 3,
D3) Z CVM _hICHAEEERE% . BIO & DAPT Z¥N L7- M2 §5#t (D4-D15) % UV THE#%
L72AER, DI0 IZB W TRIET R CTOMIEIS CDX2 Z 3L L, /MERIESHIE~D 731k % s
L 7= (Figure 3-1-B), D16 £ ¥ M3-0 B5H1Z VTR L7ofE R, D30 I2BW T, /MBS
(B2 Villin 23 apical I EHBLL T\ 5 Z & &8 L7z (Figure 3-1-C),

WIZ, BEEBBEI N~ ——, YR T AR—F— EYRHEERET T OERE
FRELEMT 2T 5 2 & T, /ANMERTEEAAL D & /MG~ O L O R 2 RARD 2 et &
1To7c, /EEMIRL~—5 —LGRS 1X D5 F T —i\PEICHII L7 %I Lic— 57T, /M
~—J1—CDX2, Villin (3% 14 D10, D21 IZB W TIRAKE RS- OHERE LT, W T
2 7R — & — ATP-binding cassette family G member 2 (4BCG2, BCRP), ATP-binding cassette family
B member 1 (A4BCBI, MDRI, P-gp). solute carrier family 15 member 1 (SLCI541, PEPTI) 1% D21
THK & 72 o Toth bHERE LT, ISR CYP2CY, CYP2C19 12 D21 Thek & 720 CYP3A4
1L D30 IZBWTHRK ERoT%, ENEMER: Lo (Figure3-1-D), £7=. /Ma~—H—, ¥
Wb T AR—4 — EMRHEEE TN TN OBGEFRBEIZ, b FRA/DNBICEE L Ty
Too LEORERI D D21 (2Tt MNEBITRE L2/ Maiila~ L @b L7z L Z 2 6, M
WIOHEIRT, F72 CVMinsert TR LT\ 5 2 &5 FFERE e L C/NGRIE % SFf4- 5
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ZEMTE D, R R EEL B C & 2 L Tz,

BT, RBEESMBO B b iPS fEE (ChiPS18 ¥K) IZJSHTTRETH A& d i L7-, B
{KRYIZIE, RPChiPSS771 #£ &% OF ChiPS18 #£7Z IV T 21 A3 biFE U THRRL L 7/ M.
5548 14 H H® Caco-2 MifliZ 31T %8s 73 B 2 bk L7z, RPChiPSS771 #& M O* ChiPS18
BRE SR/ NBHIIRICB T B/~ — 1 — 3 b T o AR —F — SERHIEEE OB 1B
HITE MRADMBICEL L TWeZ & h . AFEEIMO e b iPS MRS &S e
b2 EEZ BT, —J7 T, ChiPS18 #RHIR/NEHINLIZ L~ T, RPChiPS771 #kH1 kMg
DI NG OBE TRBEIEE L TW e Z E205 B Ml A/MEIZIE RPChiPS771
BRE SR MGHIEAY & 0 L L CW D ATEEMENR B 2 Diiz, 72 W b T v AR —4 — (P-gp,
BCRP, PEPTI) KU\ CYP344 DEAG 1B EM Caco-2 MLV b & b iPS I H S/ MEHI

DIFINFEN T & AR LT (Figure 3-1-E),

(A)
RPChiPS771

=]
ChiPS18 DO 35 10 15 20 25 30 35 40 #HR3 | A-I'
1 L 1 1 L } 1" TE

| ) | =
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Figure 3-1. Collagen vitrigel membrane supports the differentiation of human iPSCs into intestinal cells
expressing transporters and CYP enzymes.

(A) A schematic drawing of the differentiation procedure of hiPSCs to derive intestinal differentiation.
(B, C) Expression of an intestinal marker CDX2 (green) on day 10, an enterocyte marker VILLIN (red)
expression is observed to localize in the apical side on day 30. I (green line) and II (red line) depict the
cross-section along which the Z-stacks are compiled and showed in the box areas (C). (D)
Time-dependent expressions of CDX2, VILLIN, LGRS (an intestinal stem cell marker), ABCBI

(transporter), ABCG?2 (transporter), SLC1541 (transporter), CYP2C9 (enzyme), CYP2C19 (enzyme),
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and CYP3A44 (enzyme). (E) hiPSC-derived enterocyte-like cells expressed higher levels of CDX2,
VILLIN, ABCBI1, ABCG2, SLC1541, CYP3A4 but lower levels of LGRS compared to that of the Caco-2
cells. Data are expressed as the mean + S.D. (n=3; n, number of independent experiments). Relative
values versus those of the adult intestine are shown. Differences between enterocyte-like cells derived
from RPChiPS771 and ChiPS18 were analyzed by two-way ANOVA Tukey’s multiple comparisons test,

significances are shown as P < 0.05 or “"P < 0.01.
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3.2 E +iPS e/ NGitie DR AR AT

THIZBW T, HEARERY) N o AR — % —P-gp, BCRP {2\ T, b Ml A/ MGIZEERL
DB FREZMER LI Z &5 (Figure 3-1-E), & b iPS e i s/ NSRRI 1) 5 P-gp,
BCRP Dk % 3l L 7= (Figure 3-2-A),

BRI P-gp HYE C & 2 [PH]-digoxin (233 T, basal-to-apical (Bto A) DHE 7 a1 ~D Lt
P Py 23 apical-to basal (A to B) OWLIN T[]~ Py IZHE~TE L L digoxin O J5 APk, 4
72 h P-gp (2 K D PEIT A~ OIE D RS T & 7= (Figure 3-2-B), F£ 7=, P-gp ORI AEHE
FIT&H % 100 pM verapamil F7E FIZHB VT, Bto A FHD P,y & Ato B JFHID Py, DNFIFRE
TH Y, digoxin O JF APEEE DKL, T70bHLHERIC LY P-gp IZ L DO 23 fERE T
X 7= (Figure 3-2-B),

HUR ) BCRP/P-gp £ T & 5 [*H]-prazosin (23T, BtoA JH~D P, /N AtoB JFHE D

Popp \ZHEA~THE < | prazosin O 5 AEHGDE, 723> BCRP/P-gp (& & 5 HE 7 171~ Dl ik 23 ffe
P&z (Figure 3-2-C), F 7=, BCRP/P-gp O A EHR]TH 5 20 uM elacridar 1F1E F 235
W, BtoA FFIHIASD Py 3D LT2—757T, Ato B FFHAD Py, (TN U722 &b [HEE
FZ £ W BCRP/P-gp IZ X L DD 3R TE 7=,

LLEOFERN G, & b iPS Al sk MBI T P-gp J O BCRP (2 & 2 HEHi 7 [~ Syt
EIEMEEZA TS Z L2V E T (Figure 3-2-B, C), 723, milEEiad: CRoiinEiE~ —5 —on
NEVAYESEN) C & % [*H]-propranolol , F 7o AR Z i CHEML M PR ZE ~ — I — O KEMELEY) T
& % [*H]-mannitol ™ Ato B F7 A & TN Bto A JF[A]D Py, IXHITIZIXFIEL TH Y | F 7= propranolol
DJF S EZE M A 7R LTz (Figure 3-2-D, E),

CYP344 122\ T, b MR N/DBIZEALIOBE FRBNEO bt Z &b (Figure 3-1-E),
R CYP3A 28 C & 5 midazolam (10 uM) % VT, ERRLAEHP TdH % 1°-OH midazolam
DR S CYP3A IEMEZ 3 L7z [44], < OFER. 1’-OH midazolam DARE A R T& ., A&
B SEH L2 U 7 Z > A 1% 463.8 pmol/hr/mg cellular protein T~ 7= (Figure 3-2-F),

ORI G, b iPS Ml Bk NMEMEIX, CYP3A BERTEIE A A5 Z LR EhT,
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Figure 3-2. hiPSC-derived enterocyte like cells showed the functions of efflux transporters and high
permeability for propranolol and low permeability for mannitol. (A) A schematic drawing of the
experiment. (B, C) Transport activities of P-gp and BCRP were tested with their representative substrates
and inhibitors. (B) Directional transcellular transport of digoxin (1.27 nM) in the absence (control) or
presence of verapamil. (C) Directional transcellular transport of prazosin (0.391 nM) in the absence
(control) or presence of elacridar. (D) The transport of propranolol (1.33 nM), which is mainly through
the transcellular route by passive membrane permeation, was examined. (E) The transport of mannitol
(1.35 nM), which is mainly through the paracellular route, was examined. Data are expressed as the
mean £ S.D. (n=3). (F) CYP3A4 activity was examined to check the formation of 1’-OH midazolam

(n=2).
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3.3 HEMFHICHELUL=EAE/NNGHEEANDSEFEEDIRE
3.3.1 ARMEIEHDIRET

I E TOMmBN S BIO, DAPT Z ¥l L 7= M2 B #1¢ CVM _E o DE #ilid (D3) % D15 £
THAR L. TR M3-0 55#0C D16 265835 Z LIk v, D21 1Zide FRRA/MBIZEEIL
T HSRERY 72/ MM~ & b T & 5 2 & 2 fifEsd L T\ % (Figure 3-1-D, 3-1-E, 3-2-B, 3-2-C,
3-2-E), —J7C. R M3-0 5O R TH 0 . /NGRTEGHIIE OBkl A 72 /1 0
TSN CH D, £ 2T, AL HER OB 21T o 72, BEMbZ R TR & LT, #i
Fa JE I OFREINC X » Z etk a5k 227 % dimethyl sulfoxide (DMSO) [17][45].
glucocorticoid receptor 2 (' pregnane X receptor z 4 L 7= P-gp OFFE/EHACHHIL O L %
it 7~ dexamethasone (Dex) [15][46][47]. M&V/NEBDO L [48] <° CYP3A4 OFFEER 2R3
l0,25- dihydroxy vitamin D3 (VD3) [49]. JHflifa o al#l {2 9~ hepatocyte growth factor (HGF)
[15] Z A\, Dex/VD3/HGF Z ¥ L 7= M3-1 £5#1, DMSO/Dex/VD3 % &l L 7= M3-2 Btz
DUNT, NG~ O MY A BRET L 72 (Figure 3-3-A),

CVM EiZ D3 7B 8EFE L M3-1 B id 2 U ik M3-2 B8 43k & 872 protocol (1) DFHIE
(D21, D23) ([ZOWTEA FIRBUNT 21T > T2t . /IME~—A— (CDX2, VILLIN). ##%Et
BEE RO b T AR—F— FNZFHICHONT, b FERANBIZEIR, O E a3 B e
X7z (Figure 3-3-B, X)), 7. CVM L2 D10 7 HERE L M3-1 550 5\ id M3-2 5
H1 T4k &7 protocol (il) DMK (D25) (& DWW T LI FRENT 21T - 7= & 5. protocol (i)
ERIERIZ, M~ —T1—, EMREHBER KL OFEY ~ T o AR—F = ZniZ>nT, &k
BN NBIZEERL O 5 TR BN HER S 7= Z & S (Figure 3-3-B, £7[X), M3-1, M3-2 55 #1i%
iz, AMGRRE A & RGEERTREZRER & B 2 HivTe, — 5T, M3-2 BRHTRREE U7k
M3-1 EEHCRE#E L7= M2 tb =T, protocol (i) TI% CYP344 (5. protocol (ii) TlE CDX2,
VILLIN, CYP344 BAZFORBLENFEIZEDP o722 E0h, M3-2 Ko 55 K 0 plivbic

L7 T D EHER S L7c (Figure 3-3-B),
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INBRIRE DB LDFRERE E LT, A4 hU ¥ 7 v a VIR HARNY TRV EETHL Z
EmB, NYTHREDTRIE TH D TEER ZMIE L7z, M3-0, M3-1 & % WM& M3-2 55 T4k
SHHFFO B R iPS MR Sk/NMEGRIAL (D30) (28175 TEER (. ZILE4L 554 Q x cm?, 292
Qxcm? 204 Qxem> THY | (TN HFEWTEER 2R L7z 2 Enb, XA hYox 7 vavk
B LT 5 EFE 2 biiz (Figure 3-3-C), F£7-. Caco-2 i (D21) @ TEER X 885 Q x cm?
ERVMETH Y & MNE (invitro) (2351 D TEER (9 100 Q x cm?) ([ZHEARTEWZ Lk,
Caco-2 M DM RIBIE, AEBRANS & 13872 5 LHEZR S D [50][51](52].

E S/ A~D L FEIE D —->T& % alkaline phosphatase (ALP) &M% 54l L 7255
£ [23][33]. D30 IZHBWT 70.3% D35 TH D . —FARMA ML & ALP {4 AT 2 Al

{EAIfE DAY — o fifadE R CTh 5 Z & SRR S 4L7c (Figure 3-3-D),
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Figure 3-3. Alternative maturation procedure to generate hiPS-derived enterocyte-like cells

(A) A schematic drawing of the experimental design. (B) The expression of differentiation markers,
transporters, and metabolizing enzymes in RPChiPS771-derived enterocyte-like cells cultured under
protocol (i) assayed on D21 or protocol (ii) assayed on D25 are shown. (C) TEER values of iPS-derived
enterocyte-like cells cultured under protocol (ii) (left) or Caco-2 cells (right). (D) The alkaline
phosphatase (ALP) staining was performed with RPChiPS771-derived enterocyte-like cells on D15 and
D30. Data are expressed as the mean = S.D. (n=3; n, independent experiments). Relative values versus
those of the adult intestine are shown (B). Differences between groups were analyzed by Student’s t-test
(B) or one-way ANOVA Tukey’s multiple comparisons test [B protocol (ii), C]. p < 0.05, “p < 0.01.

Scale bar: 100 pm.
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3.32 HALIZHFEIT 2EFDOEM

ATTE TR U 72 plREMbRE H M3-2 2 IV T sREMEICA 722 R -2 b L7z, M3-2 BiHf1i
B DR £ & 2 515 DMSO, Dex, VD3 O, 1 255 W% 2 DBV 723 8 S o
E5Hh (condition #1-8) (Z- DU CREAfi L 7= (Figure 3-4-A),

BRI P-gp AL rhodaminel23 Z HUNT, 8 S THiEE L7z 2Dl (D23) TD A
to B SaOEEE M, B to A JF MO EENME L 2 A L7z, £ ORR, condition #3
(DMSO/Dex) (23T, condition #1 (Dex), 5 (VD3) 12T Bto A J5H DG EMEN

ENo T Z LD, P-gp OFEMEM _EIZIE DMSO NEM &EE X Hi-, £7-. condition #6
(DMSO/VD3), 7 (DMSO). condition #5 (VD3) 1235\ T, condition #1-4 (ZH~_TEU flux ratio
(Bto A/Ato B) TholoZ &b, P-gp OIEMM LIZIL Dex bAHTHL EEZX BN
(Figure 3-4-B), — /7 C. condition #1 (Dex). condition #2 (Dex/VD3) TiX A to B J7 [ D 51
P, Bto A FHOEEIEM:Z N EIUCEITRO b7z Z L, VD3 IZ L D P-gp DI
P BITHERR T 22 o7,

KIZ., condition #3 (Dex/DMSO), #4 (Dex/DMSO/VD3), #8 (Dex/DMSO/VD3 [D23-25]) Dflfid
(D25) DBAGTHBURENTIZ LV VD3 OBV 2h R A F4l L 7=, VD3 Z s L 7= condition #4,
8 IZHBWT, VD3 Z AN L TV 720 condition #3 12T, CYP344 OBIR T RBLENAEIC
BNoToZ LG, VD3 1L CYP344 BInFORBLAFHFES 5 L& 2 bl (Figure 3-4-C, /&
[X), F7-. condition #4, 8 IX. condition #3 (ZL_T, /MO EKEVL~ — 4 —ALPI (intestinal
alkaline phosphatase), X fU#ili#3% Cd» 5 UGTIAI (UDP glucuronosyltransferase 1-1), CYP2B6,
CYP3A7 a1 DB EN A BIZE - 7= (Figure 3-4-C, X)),

BT, M3-2 Bia W TIERL L 72 & |k iPS FlEH S/ NGHAE (D30) (2-ou T, #URAY
CYP3A JXE T 5 testosterone (50 uM). midazolam (20 pM) (253 2 G 2 3l L 72, %
DOFE R, TR T 5 6p-OH testosterone, 1°-OH midazolam 23 ERK L. Z DR ~7 U 7
2 ZIXZENZEH 0.6 nmol/hr/mg cellular protein (68-OH testosterone), 3.7 nmol/hr/mg cellular
protein (1’-OH midazolam), F£7-. A CYP3A PLEAITH % ketoconazole (0.5, 5 uM) 1F(E

T, W CYP3A FEDORFHW A U, RSO E D HERR 47 (Figure 3-4-D),
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Figure 3-4. Components for maturation into hiPSC-derived enterocyte like cells.

(A) A schematic drawing of the experimental procedure for differentiating RPChiPS771 into enterocytes.
Maturation was performed by culturing the cells in M3-2, under 8 conditions, either with a full set of
factors or in the absence of 1 or 2 certain factors, as noted. (B) Differentiated cells were assayed for
rhodamine 123 permeability. Directional transcellular transport of fluorescence derived from rhodamine
123 (left panel: A to B; middle panel: B to A) or the flux ratio (right panel) are shown. (C) Gene
expression levels of the markers upon maturation under three different conditions (condition #3, 4, 8).
Time-dependent expressions of intestinal marker genes (LGRS and CDX2), metabolic enzymes
(UGT1ALl, CYP2B6, CYP3A4, and CYP3A7), transporters (ABCB1, ABCG2, and SLC15A1), and a
mature marker ALPI, during differentiation and with or without VD3. (D) CYP3A4 activity was
examined, using testosterone (upper panel) or midazolam (lower panel) as substrates, and quantification
of their metabolites was performed by LC-MS/MS. Ktz: ketoconazole (CYP3A inhibitor). Data are
expressed as the mean + S.D. (n=3-4; n, independent experiments). Relative values versus those of the
adult intestine are shown. Differences versus controls or between groups were analyzed by one-way

ANOVA Tukey’s multiple comparisons test (B, C); *p<0.05, **p<0.01.
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34 E MMERIMEE E IPS MRk B ERER OB AT

t hNBWINEE Fa  (fraction absorbed, %) BEHIOD 15 H €7 /L3 [5][12][43][50][51] %
W, b b iPS MU SR/ BN (D23, D30) O HEE @M (P, % #Ffl L7= (Figure
3-5-A), ET/VEYIE, & F Fa it >90%Tdh 5 testosterone, antipyrine, propranolol, metoprolol,
diclofenac, t k Fa 7% <90%7>2 >30%TC& % digoxin (P-gp 2&'H), hydrochlorothiazide, atenolol,
ranitidine (P-gp 5£2), famotidine (P-gp #%'2), sulpiride, nadolol, & k Fa 2% <30% C& % acyclovir,
sulfasalazine (BCRP #£'%), fexofenadine (P-gp 28E) % 7=,

ZOFER, & b Fad>90%DET /VIEMIZIIT D Pyyp T, D23 TiE 8.03-48.4 x 10° cm/s,
D30 i 12.0-41.9 x 10°cm/s, E k Fa 73 < 90%7> > 30% D 7 VI I51F 5 Py i, D23
TIE 2.10-6.15x 10°cm/s, D30 T/ 5.18-9.50 x 10 cm/s, £ | Fa 23 <30%DE7 LHY)IZH5
T % Papp i, D23 TiE 1.02-3.62 x 10° cm/s, D30 Ti% 2.65-10.0x 10°cm/s Tdh o7z, LT,
t bk Fa 28 >90% C/NMBIZHB T DWIEENEmWET IVIEY D P,y i, B N Fa 23 <30% T/
2B DWICENMENET VIO P, X TEL, B hFa tB#E L TWS EEZ BN
(Figure 3-5-B), = ZC. t I iPS Hila S/ MBHIIIZ 35 1T 2 iR Payy & & b Fa OFEBM:
BRRAT LTS R, v 74 FRIOMBIMAR R S, IERE (R?) 23 D23 T 0.749, D30 C

0.553 & mWW HEAME Z 7~ L7z (Figure 3-5-C),
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(B)

RPChiPS771 RPChiPS771
d23 d30 | Human
Compound Pypp Pupp Ea (% Reference
(x 10* cm/sec) (x 10°° cm/sec) (%)
Mean %= SD Mean + SD
testosterone 803 * 0.26 139 £+ 213 100 Sjoberg et al., 2013
antipyrine 464 = 1.7 419 =+ 22 97 Sugano et al., 2002
propranolol 26 = 27 293 £ 25 90 Skolnik et al., 2010
metoprolol 226 + 13 251 += 48 a5 Sjoberg et al., 2013
diclofenac 174 = 06 12 = 1.2 99 Sjoberg et al., 2013
digoxin 615 * 094 518 = 0.7 75 Takenaka et al., 2016
hydrochlorothiazide 21 = 112 95 =+ 492 67 Skolnik et al., 2010
atenolol 29 * 048 557 + 354 56 Sjoberg et al., 2013
ranitidine 394 *= 07 83 =+ 6.06 50 Skolnik et al., 2010
famotidine 505 * 1.76 742 + 336 38 Sugano et al., 2002
sulpiride 315 * 1.18 839 + 496 36 Amidon et al., 1988
nadolol 283 + 15 896 + 929 a3 Takenaka et al., 2016
acyclovir 362 * 0.73 10 = 6.34 18 Takenaka et al., 2016
sulfasalazine 102 = 04 265 = 1.01 13 Skolnik et al., 2010
fexofenadine 1286 * 0.3 41 =+ 372 13 Sjoberg et al., 2013
©
D23 D30
2 —
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Figure 3-5. A good correlation of in vitro P,y in hiPSC-derived enterocyte-like cells with human Fa
values of test drugs. (A) A schematic drawing of the experimental design. (B) RPChiPS771-derived
enterocytes matured using M3-2 medium were used for evaluating the apparent permeability coefficient
(Pypp) of 15 test drugs on D23 or D30. Drugs with known human Fa values and the references used in
this study are shown. Data are expressed as the mean + S.D. (n=4; n, number of duplicates). (C) The
mean values of P,,, against human Fa of the drugs are plotted, which showed a good correlation and

sigmoidal relationship with the coefficient of determination (R?) (D23: R? = 0.749, D30: R*> = 0.553).

Papp (x 106 cm/s)
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3.5 IME

ARETIEL, AIFEA~OEMZ RIE 2 T, HOBIENOEEBERHETH S e b iPS MldH
e/ NEGHREA~D A LFHEBIEORRFT Z21TV . ZAVE THUMFEE THEA R TE 2HERR 2 1E
L7 EOREEZ B Lz, BERIZIE, MI5 7 ¢ — & —Hilaic X 2 NIRIEFE O KR —
b [41], AFA=VBREICEDFEDFEON E (HEHEORE L OARE Kb iPS Flifd
D FRZE) [40]. BIO, DAPT % V7= /NG A BIRAR el ~ 0D 73 (b 55 38 KON/ N IG HE I ~ o> Rl B
[16][17]. CVM B Vil M3-0 B3t A W7z iesidb [15] & o e R a2TEH Lz, £ ORE
F. b 10 HH (day 10, D10) (23T CDX2 K5t oo/ MG RTBRAE ~D 43k 2 Hezd L. D30
(23T Villin FEPEO GG 2 78 L7z, oMb B S8 s 73 B 2 ffhT L 726 R, D21
2B WT Villin, 3% ~F AR —X— (P-gp, BCRP. PEPT) N OSSR CiBESE (CYP2CY,
CYP2C19, CYP344) OBIATHBLEN . MMBIZELL L7 Z 226, D21 2/ MM~ &
Ak L7z B 2 b,

KIZ, & PSSR/ MBI DWW T, /NEDOERIEY T o AR—Z —Th v JEtt
W KT AR—H—@ P-gp LT BCRP OBaEIEME & /NGO 23 REER Th 5 CYP3A
PRI 2 5AME U 7=, P-gp Bislib MERFAN C I3 1T digoxin, FHEAIC verapamil %, BCRP/P-
gp Wi EEFAl TILELE T prazosin, FHEHNC elacridar 2 H L. A to B (WIXSTA]) M TEB to A
(PEHEST 1)) Dl J5 1) O REEZs M D L > HIEME 2 5F 4l L 7=, DOFER. digoxin, prazosin (2
W 57 T B~ THEM T T~ D g 25 i < . BLEANFEE TSRV THRIN T A M O 5
B OFEFERIEDERNE I H DV L2 Enn, & b iPS M S/ NS IE P-gp LY
BCRP #iikifitE 2 A LT\ 5 &2 bivl, £/, CYP3A IGMEFHM CIEAE & L T midazolam
(10 pM) % FAW TR BOE 2 Rl L 7265 5. 2 OBRE ) 1°-OH midazolam 23 ERK L7= (%
#f7 V7 Z A% 463.8 pmol/hr/mg cellular protein) = & 7235, b bk iPS iR S/ NMGHITEIE
CYPATEM AR T 52 L AR TE T,

IHNE TOBRNE. CDX2 Btk o/ NGRTEHI 2 Tk M3-0 55HUZ L0 CVM B ThE

52L&V, D21 1Tt FEANBIZEEEL L 7o NMERd~ L b TE 5 2 L 2R L7,
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L2xL— T, mifil M3-0 55D IA TH 0 | /INGRTEHIIL D s A H 72 K O fif
WRRETH D720, B ORI OERIRGT 21T o 72, b 2R3 K+ & LT,
Rl & W O FRERIZ L 0 ZretkEia o sk 2 29 5 dimethyl sulfoxide (DMSO) [17][45].
glucocorticoid receptor (GR) 2 % pregnane X receptor (PXR) % /- L 7= P-gp D (<A
DAL 21t 3 dexamethasone (Dex) [15][461[47]. &/ NEDEEME [48] X° CYP3A4 OifiE
YEH %77 10,25- dihydroxy vitamin D3 (VD3) [49]. FFHIFEDOEREL % 123 hepatocyte growth
factor (HGF) [15] % V>, Dex/VD3/HGF Z ¥/l L 7= M3-1 K511, DMSO/Dex/VD3 % iR/ L 7=
M3-2 EEHUIZ OW T NGRIIE A~ DR 2 5t L 7c, WIREE (D3) & 2 Wi/ NG Al i
(D10) % CVM E|ZHEFE L, M3-1 §5#1d 5 % M3-2 B Corfb S w72 #ffa (D21, D23 5

V& D25) IZOWTEIR FRBUT 21T o T R, /M~ — 72— (CDX2, VILLIN). 3%
MEKOEY N T v AR—H— ZNEUIHONTE FERANBIZIELL OB S - RO R
SN/ LMD, M3-1, M3-2 85#H TS /MG~ & pREME ATREZR B & B 2 B iz, £
7o, M3-2 B CREE L7oMilaid, M3-1 551 THEa8 U2 ifliC tb T CYP344 OBIs T8
ENHBEIZENST2Z e D M32 55D 573 L0 pREMEIZHE L 785 Ch 5 LR ST,
Flo, XA MUY 7 v a AL LN THBEDIEIE ThH H TEER ZJIE LS R, M3-2 57
ok wg=Reo e b iPS fifd bk MEMAL (D30) 123172 TEER X 204 Qxcm? ThH Y
B TEER fEZRLIZZ M, XA Mox 7 v a2 L TN EELLNE, &5
(/NG O Rl AL R O — > T & % alkaline phosphatase (ALP) it % SFEAf L 7= /% 5
[23][33]. D30 (23T 70.3% M EMETH O . — IR LM & ALP 151 2 479 % st b
FA DAL — 7o flifatE - Td 5 = & D3RI STz,

M3-1 K& OV M3-2 5 1iE T M3-0 B34k & [FAkk, /NIGHIRa O sbIic A T v . M3-2 Biil
DI WEFACIZHE LT e B2 o2 Lnn, FiV T, M3-2 5 A VTN~
R F 22RO TRHT 21T o 72, M3-2 E5oo N, ZRerEssfiiin o453k 2 e %
DMSO, DR T} PXR %41 L C P-gp DFFENEH %7~ 7 Dex, g VE/IMG DL CYP3A4 D

HEVEH A9 VD3 AMEMIRF L HEER S D Z v, DMSO, Dex, VD3 O, 1 ©DH 50
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122 SBRM- 38 St Dl (condition #1-8) 12O TREAR L 72, £ 9%, P-gp 2 rhodamine123
DWRILSTTE] (A to B) ROWEHEITE] (B to A) OFMEN S P-gp {EMEAFEEEIC R AVLIEM %2
FRFE L 72, Condition #3 (DMSO/Dex) (23 T, condition #1 (Dex), #5 (VD3) (2L~ THEHTT
6] D EBEYE NG BN -T2 Z &0, P-gp OEMER _EIZIX DMSO AR & & 2 b,
F7-. condition #6 (DMSO/VD3), #7 (DMSO), #5(VD3) (ZH\ T, condition #1-4 |2t~ THX
V) flux ratio (Bto A/Ato B) Th o722 &b, P-gp OIEMEM EIZIE Dex bAHTHDH EHE X
Bi7z, WRIT. condition #3 (Dex/DMSO), #4 (Dex/DMSO/VD3), #8 (Dex/DMSO/VD3 [D23-25])
DM (D25) DEfa FRBEMATICE Y VD3 OB IER 230 L7=, VD3 Z ¥l 7=
condition #4, 8 1ZFV VT, VD3 Z IR L CTU/2W condition #3 (2T, CYP344 DBE 15
BENSERICEN-T2Z L5 VD3 IX CYP3A4 BERIGMEO [ LICHER E & 2 biviz, £z,
condition #4, 8 %, condition #3 (Zt~T, /NGO R~ — 77— ALPI (intestinal alkaline
phosphatase), X {\i#iF#s5 T D UGTIAI (UDP glucuronosyltransferase 1-1), CYP2B6, CYP3A7
BIEFORBRENAEIZEDL T2 0D, ZUGEERIEEOM I L T AHEZE XL
N5, VT, M3-2 5512 FIWCTIERL L 7= & b iPS e Sk /Mg #AE (D30) (2o ¢, Bl
#) CYP3A JEE T 5 testosterone (50 pM)., midazolam (20 pM) (2592 A A 2 5F4M L 72,
ZDFER., ERLAEY TH % 6B-OH testosterone, 1’-OH midazolam 2342k L. ZDfH 7 U
7 T AIXENZEH 0.6 nmol/hr/mg cellular protein (6B-OH testosterone), 3.7 nmol/hr/mg cellular
protein (1°-OH midazolam), $£7-. BAIAY CYP3A FLEHITH 5 ketoconazole (0.5, 5 uM) 1E(E
T, W CYP3A SEE DG 38> U, RO O ES R Sz, il M3-0 55 T
L 72/ NMGHIFRIZ 1) D midazolam D27 U 7 F > A% 463.8 pmol/hr/mg cellular protein C
B o TS BEIREED 53 L IO BUSKEHE b & < RMBUS A L TW D afRetE b & 5 72
ZNENOMILD CYPIATEMEIZZAEN & D LITE X TR,

t MBI Fa  (fraction absorbed, %) BEZ1ID 15 {HOEF /L3W) [5][12][43][50][51] %
AW, b b iPS HIIEH SR/NSHIIG (D23, D30) DHFEE RN (Py,y) ZiHfiL, B h Fa o

FABAMEZMRGE LTz, BT /VEMIL, B b Fa2d>90% T 5 testosterone, antipyrine, propranolol,
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metoprolol, diclofenac, & F Fa 73 <90%7)>2 > 30% T & % digoxin (P-gp £:H), hydrochlorothiazide,
atenolol, ranitidine (P-gp 2£&), famotidine (P-gp &%), sulpiride, nadolol, E k Fa 7% <30% T& %
acyclovir, sulfasalazine (BCRP JL'H), fexofenadine (P-gp &) # AW\, ZDOHEH, & N Fa
7> 90%DE T AHEMNT T B Pap I, D23 TIF 8.03-48.4 x 10° cm/s, D30 Tl 12.0-41.9
10°cm/s, B K Fa 23 <90%70°>2 >30%DE T VI IIT 5D Papp 1%, D23 TIL 2.10-6.15 % 107
Scm/s, D30 TiX 5.18-9.50x 10°cm/s, & k Fa 7’ <30%DET /VHMIZIT D Py ld, D23 T
1% 1.02- 3.62 x 10 cm/s, D30 TiX 2.65-10.0 x 10 cm/s TH Y, E b Fa 2’ >90% T/MHIZE
T D WULR N ENET VYD Pyid. B B Fads <30% C/NMEIZI T B WINERMEWET L
WD Popp |2 TE T2, F72, B N iPS Hifa S/ NGHIIRIZ B 2 @Y P,y & &
N Fa OFABAMEZfiRHT L7 fE R, v 7B A R —7 OFBMFR R Sav, EREL (R?) 73 D23
T 0.749, D30 T 0.553 & @O FRBIME AR LTz,

U EDFER G AR TER L7c b & iPS Mfla b/ NMGMiaix, Em 7 o AR—2—
P-gp. BCRP OFEE L2 B {bAMbLED, T Db MOV Z FHIRTREZRHTH in vitro /N

TTFVELTAMEEZLN D,
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WorE

RS AT DB, VRS AEA SR, GRIREE, WK, Bk Uik a A TR L ) %
B LA BT 508, A SNBILAYOMNED L SR AT S5 BE OFEN: 2
BRET L ERAE TR BRI NALTWRALEX DD, ALK LZERESIZ, NG
IZB W TR SN ZITEER MR & D WIT R DRk~ Lo BRI 2R 2 &b,
ABEICBWTIEE MM TIRIN SN D BB EMEEDE LR AT ) —= 0 7 H0E
WD, BEAWIIEOREE LT, FERRRZ 2B & FIV T2 in vivo SIS ZE T H AL 5 23,
bR EARTABEMEENRESERDZ L bEENRSSND, 72, PAMPA X Caco-
2 HlHa A FAVNTZ in vitro BB RMMEREM ST B d A, EMRHBERESED b T AR — 42—
DFBENE MG ERESERDLZ LD, B MNERIED TRNCITERER H 5,

Z ZCAMIFETIEL, & b iPS Mlas & /NGMa~ DM EE AR L, fFR L7k | iPS
AR H SR/ NG AIRE DRERERI 72 fRAT 24T 5 Z & C, Bl invitro /MET LV E LT, B MIMER
IAE DTN F DA AMEIZ DWW TG LTz, LAURICARIIEIC & - TH B av 7o ki 2 453

50

3WTEEFRE AVt b iPS Mg & /NEIR A~ SRR

RIS T D NEHIIR SR & MDA~ & oMb T 2R 2 BT 2. TRbbNIRE, £
DBENIREDHZ Tt ZAE L, /NEflla~ & l#bT 273K D . & b iPS Ml &G4
NWH A R~NEZET D Z L TE 72 (Figure4-1), Vimentin (5140 RVE AL 5 F 05 /N5
FNTT A Kb, B R e REPUR CTh 5 EpCAM ZH5EE L L7z MACS 1T LV |
NG BRI Y —T 4 v /T AFEERM Uz, E2. b b iPS Ml Bk e A
MALLIZZ LT, XA MPx v a it i) TR 2 AT 2 BB A (ERI+ 5 2 &2
T&E, ZLIT/MBICERRYHIRESE CYP3A KON CYP2R2 {EMEA AT 2 26 L
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7o LEDZ L 3ot Z W TER L=t b iPS Mo S/ GRIAaIL, B MO
UM 2 B AT REZ2 8 L\ invitro /NMIGFTET V705 Z E R HIFR S LD,

Matirgel(C 184,
dishlc F—AIR(CIETE

—

R-spondin1, Noggin

Activin A Wnt3a, FGF4 EGF
3 days RS 4 days f——- >28 days NS MACS lj\h
S—— premme g Rmemenggl Z20

Figure 4-1: 3 Wkt 154 AV = & b iPS Ml f sk MBRE o e (X))

2 RILEEERE AWz b iPS MR & /NGB~ D s L EE R

BHEEIZBNT, ZNE TONENOHELNTWDIHRAMAEDEDL T & T, B MiPS
HIRE N X0 {2 MG~ O LB E R OB 21T > T2, 77 AT A =%
Brds Lo ORI 5 2 & T &R Lz b iPS #iflaz vy, M15S 7 ¢ — & —#ilfll b T
BT 5 Z L CEBRICNIRE~ L MESE 72, RIS, FERNOBUNREICHEEL L /53 k% 3
RN— b T OREEM TH D CVM _RICRERR . /MERTESHIL~D 3L NS /NG~ D Rk
BALPEA %759 BIO, DAPT s L =i i T2 2 & ¢, 21 HE oW e e K
iPS MR/ NGl 2155 2 LN TE 7o, Fie\ T /NEBHERE ~D RV EES DI ET O 5L
DMSO U Dex IZX>TH Y N T L AR—F—Toh % P-gp i&tEN M L, VD3 IZL > T/h
15 D E 22 G R CYP3A4 DA T RBLENABITHIN L7 Z £ 725 DMSO, Dex, VD3
BRI A~DOREMLIC A AR NFTH D Z L B yh-o 7z (Figure 4-2), S 512, b b iPS
fa i/ Mg AR 2 T, e R NBIRIER Fa BEFI D E 7 VIR 3517 5 Mgz i 1t % 31 L 7=
FER. TOREEFZRMES & b FalZIiZ@OHEREMERH 2 Z 2R LT, LLEORERNG, XV
R 72 o bif g2 VTR L2 e b iPS M f sk MBI AIE . B MR 1 WU A FA 7]
BEZ28T L\ invitro /NMGET LV E LTHEMA EE X B,
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CVM
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Figure 4-2: 2 Wkt 154 AV = & b iPS M f sk MsRE o e (X))

AIFFRIZE > THELNIZHMRIZE D 3 WocHERIC k> TER LZ e b iPS M sk/Ng
FNTT A R 2RI L > TER L7z b iPS Mlab R/ NG, 2hnZEhaie MEO
WM 2 BT FTRE 72 in vitro /IMBET VL7205 Z ERHIFF SN D, 3 IROCEF#R IR, 2 Rocks#&
(ZHE A TEE R EAEDFHED DB S RV E WO X d 525, /NEA VT ) A R4
W= E BRI ~OTE ] b IR S LD [53][54], 2 Rocts# 1T, S LasEif s D21 &
i<, F£72 CVMinsert LTI 5720, MIFEREERIEZR L T2 O £ WG 23 rl6E 72
7o, FIEHICEND B2 DD, A%, invito /MNEET NV E LT, AIFRIZEIT 2 3EME)
RERFFZE72 & QNS RMERFZEIC IR < b D 2 & IR S D,

¥, AWFROE 2 ETh D 3 RonkEEELZ MWzt b iPS Mildns b/NEHITE ~D 5L
ERFHT OV T, CiRAISSCR international symposium (5185, 2016) K& O 48 [a] H AFgiES:
KFWERT =7 a v 7 (RO Web BifE, 2021) (ZTAFEK L. Scientific Reports (2020)
TR Sz, ABFROE 3 B Th D 2 otk &IEE Aot b iPS ffas & /NgHIE ~
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