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EE—R

BCRP; breast cancer resistance protein

CES1,; carboxylesterase 1

CES2; carboxylesterase 2

CDX2; caudal type homeohox 2

CHGA; chromogranin A

CYP2C9; cytochrome P450 2C9

CYP2C19; cytochrome P450 2C19

CYP2D6; cytochrome P450 2D6

CYP3A4; cytochrome P450 3A4

DCN; decorin

EpCAM,; epithelial cell adhesion molecule
FGF4; fibroblast growth factor 4

FNZ1; fibronectin 1

FRZB; frizzled related protein

GATA4; GATA binding protein 4

GAPDH,; glyceraldehyde 3-phosphate dehydrogenase
hTERT; human telomerase reverse transcriptase
iPS; induced pluripotent stem

LGALSS; galectin 3

LGRS; leucine rich repeat containing G protein-coupled receptor 5
LYZ; lysozyme

MCTZ1; monocarboxylate transporter 1

MDRZ1; multidrug resistance 1

MRP; multidrug resistance associated protein
MUC2; mucin 2

NANOG; Nanog homeobox

OATP; solute carrier organic anion transporter family member
OCT1,; organic cation/carnitine transporterl
OST:; organic solute transporter

P-gp; P-glycoprotein

PEPT1,; peptide transporter 1

PERP; p53 apoptosis effector related to PMP22
POSTN; periostin



SOX2; sex determining region Y-box transcription factor 2
SOX17; sex determining region Y-box transcription factor 17
TEER; transepithelial electrical resistance

UGT1AL; UDP-glycosyltransferase 1A1

VILZ; villin 1

VIM; vimentin



OGN EHEML, SANT/NMETRIN - G - PRt 22105, Zo—#Ho G
SRS DORNBIREIC K E REEL G52 5720, /NBICE T 2 BYBIEE % in vitro TG+ 2
T L ARSI B W CEEARSIEH & ko T3 L, BUROAIEERIECIE, oK
J& % invitro TRHWi 9 2 7z ® 1 REREIY H sk o /NG 2 0 v b RS R siliak T 3
Caco-2 Mg 3 Z W -5Hli R 2BIHEI T2, L2 LAaDb, ThXZhErDH L L
46 P IYEHRERSH 7+ ORI E A e b/NME M & T L R TEFEORED B
D, & MINEICE T 2 EYENEE 2 IEMEICEHE T % 2 R OMEZA KD b T B 89,

ZDX 5 iR & LCHZICHAENED LN TE DA b iPS MLk E -
fac®d %, e b iPSHIiES & E LIS Z M bFE T 2 5Eid AR 2 hbic o g ok
ITATORTEY ., UREZIZL D% DIFFEE T b iPS Mife ks b i35
FINTELLZ, LpLladrs, winb o bFEMAEHICbZ 2 ez hictE >
7y FEEZEOKE S, MUBERICE bR M EORMAD 57k EOMELD 5 72,

—J7 T, BEANT A N OWIE BAPEFEY ) R RETCETWE, BEAALAT
J A NI b MEKRD O HEEEL 22 5E FERHIIE 2 EY) RS ETRE T s L TR LE
3 3RTCHEERARTH Y, e MEE LM AR koBEEE H 2 ER - - T RIICHE Y
in vitro MY - MEREEEATTRECTH 2, Lo L, Tt A2 AENHBOMBARO NG & v
PR 2823 B b . FIfEMICRIED S 5, 2Tk U<, & b iPS it & EEIGE 4
WA A FESEHFEEST 2 TR BRI N720, Tho %W TR ~DIEH I
) 72 MRET 1228 233 A T 5 23, BEREINI CR7ZFEL L WO R EFTH 5,

Z ORI TR, BIEEME G AT RE G EEGIlEE T v & LT & b iPS #liga:
DS - HERSE CE 2 ABRERIGE AL A FER T2 L2 HIE Lz, B2 T
X, BURo e +iPS HkE A V777 4 F oA HIEICT 5720, & b o/NEERAHRR
PO EINAEGEANLS ) A F (EMALT A F 1b-10) LOHEEITo72, T,
F—HA»D e FERAALN 4 FE L b iPSHllEofz, X OB L7z b iPS
Mz v e bipSHlEdskiGE A A7 7 4 F (i-10) o2 sz, 20k, WA
VA7 A FICDnT 3RITHEERECORE. B X OEBOIEYBEM T~ D)o H % HE
LTy A vy —1 RIcHEEL 7z 2 ek EREBIc s 2Rtk 2 ik L 7z, = Cid, X
D EbRREZR B P IPS HSRIGE AN ) A F 2 FilT 2720 YR ESFRHFE Lz e b iPS
HfE 2 & B EERRAIAE (ELC) Z4rbaF 83 2 FiE ¥ 2R L. & b iPS#lifd2: & 5%
R EMEEE L, z ofilar o EEA LS 4 ¥ (ELC-org) D% RA 7,
SELTANK A KB X UZORBIRICOWT, Rl A EL sl T e dic, #
D 3 RICHEEINEE S X CHJBEURRE T ORFEIC D W T, B TR L ~ L 3 EhHE K 1
DiHMEEEE L L CFEHE L 72,



B8 v b AREREAAT A F L e b iPS IR A ) A ¥ OB

JeHK, b MGE BRI IR A MR L - S S RIIMISE T2 2 L IR TH 5 72720,
~ 7 R O EEREY) O /NGRS v P RES A Bk D Caco-2 MUK NA K FIHE T &
723 LAaLAado, fiFiie MAMEcE 3, BFIEMREEEORKIEN e NG -
FAAE L D b 132 018 WHHIRYE D 57227, 2D X 5 REEZ R T 5 7201, EF
v MEBBEREEAALS 4 F (b-10) e b iPSHMIfEhRBEALS A F (-10) AF
FHKINWHELED O NTE 72,

b-10 % Sato & IC X o CTHI® T S N BE FEMAED 3 Rt ERTH Y. BE LK
D=y FRTEEUEMP CHERMEE EDEEARE T 5 2 & T 2009 FiIw T A,
2011 FFiC b k2 bR Xz 28, b-10 X, FEAMAEO AT X B, v b o IGE I
L7-BERE - H5& % L CTH 0. invitro TRIFRIHER: - 5B C% 5, 20k, Y4MAE2E0%
COWIEFEICT XY, b-10 DEYBIRENISE 24, JREREAIRIGE 29, ERGLFEER 2 7x & Dk 4 75y
P ~DIGHIE S N,

i-10 1%, 2011 4FiC Spence H T X - CTHID TG S L7z 5, i-10 (&, J5E O R E IR 2 1K
{3 % 7=, B4 e ER T2 88 2 ET & RIcfER ¢ cw < 2 & T, e b+ iPS ffifd
o LiFE NS, v b iPSHIlEE MBI L2720, FEMAER T Tk <. B
MR- AN 7 & ORZERMIIED GATVWE Z L2 b-10 L BB M TH D 5,

b-10 37T & 7 2 ¥pflifE % & O AR 2 SR 22 L A2 S ERELL T 2729, (R
DE S AFICBL CHIRRD D 2 0 BBURTH 5, —F7. i-10 DI L 72 % iPS M A S 1B
HC& 3 IMKMIE R &2 0 DB T& 2720, FEMEAMEKV, X 51, iPS Mg IX A S I3
MEREE S VRECTH O . A e Bx ) RE L 25037 HETH 5,

FRo kS i10 i LT I cENTE Y, RIAVISCHBR I NS, LD
L. Akt sk o #EE %2 3 3 b-10 12X L T i-10 DEEREIZ L HER A I K & RTES
%, 207z, TFRFHFRICET 2lEORMEEHEET 5 2 &<, BEHED i-10 ofax 53
BEHO T 0B H 5, —J7 T, EEOHMBIRY . b-10 & i-10 Z[EER2>DOFFIC
el L 723/ L7\, F b 27 a— 24 PA50 (CYP) 7o & o3 EhRERSEE R T 08 n T
FIBELEEREAERRE WD, 2nd 2 BEOA LY ) A4 FERERN > OBE I
W 27201132 DHRER R 2 VEBD 5, TR T, F—FAD e b+ 458
D5 b-10 & e b iPSHIEZREILZ L. %o iPS HlfEA 5 i-10 Z{ESLL 72, W& ICH TS
3RICHEEIRFE & 2 KT BIREED Z N F NI DOV T, Z DFFEZ FElIC I L 72,



kL T

EREBRBEANT 7 A F (b-10) OB L ERTE
b bR AEBTHARERUL . ALBRERLR B X ORBROR AR B3 AT e R D W 9 i

HEAS (MEEEAREFS A 2019-3, FES © 7 v — ViR, EEERERO/NMGE X
O RIGIC 31T 2 VB RERH & v o~ 7 M O SEBLR T L A V77 7 A F D3RP B REEA TR~
DA REDFHE) DAFEDITC, FLIREREREHERPT - il St o b o cfrbiz, Ml
b ALIRERIK MR D B 2 R, EEE(CENRERAE I e T fahAmt
1To72. WHEBIZET., T 1HBEoIEREREEEERED & 2-4 o4y v T 21572,
BonH vy It AH 4 FEBRLT 5 E Tof], 1 X penicillin-streptomycin (Thermo
Fisher Scientific) % &K PBS HCRTE L 72, b-10 ORI Ix, DAETOHE 81 Icilik <
TITEICETOBIEZ A TITo 72 24, BRRICEHAT 5 &, Bonkt+ fhyrv 1%
25MMEDTA FIC 4CT30 A v Fax—F L, EFCEMLLY~xy T4 v LCER
ZOEEL 7=, BEE A~ MY (Corning) IS L. % OREIR 25-40ul B 24 v = LT
L — b (Thermo Fisher Scientific) %7 = VIC F — LIRDIEHE LTCT 794 Lz, =+ Y
T A% 37°CT 10 frfEA X &, % 212 1 X penicillin-streptomycin # &AL /7 4 FRGH

(IntestiCult Organoid Growth Medium (Human), STEMCELL Technologies) % 500 u L/well fil
A7z b-10 ZHERFT 2 720, HiHb (IntestiCult Organoid Growth Medium (Human)) 132 HZ
LI L, ANH A4 R EB S & 1:3-1:10 THER L 72, #ERIZ 320 Miyoshi & 31 @
WEICHE ST To72, £ 7 x4 % 05 mM EDTA TH#% L 72#. TrypLE Select (Thermo
Fisher Scientific) ZMA CAALA /A V&2 F v 7 CTRENY 00 BH L 72, ZoBERE
JCTETHA v Fax—F L )TN ERBREI G, AVH /4 P& 2501 ETIC
vy T4 v L, EYUAREEICRS X I N S A THBE L 72, KiC, 25-40ul @
ANH A VEEREZ 247 =V T L — FOFRY 2 VI F— L ROWHEE LTT 774 Lz,
~ M U7 A% 37°CT 10 [ E A X ., 1 X penicillin-streptomycin % &4+ L7 /7 4 FEGH%
500 u Liwell il 2 7z,

v b iPSHIRE (b-iPSMIRE) DR

b-10 OFZICH - & b+ AR A b ol L 7225 (LOX 108 {EA ) % 90uL
Opti-MEM (C&# L, v F iPS MifdoB L icbBEAR 77 A I F Iy 72 10ul (2. Img/mL
@ pCE-hOCT3/4 % 2.1 L, 1mg/mL @ pCE-hSK % 2.1 L, 1mg/mL @ pCE-hUL % 2.1 u L.
Img/mL @ pCE-mp53DD % 2.1u L. 1mg/mL @ pCXB-EBNA % 1.6u L (GHIE-LHAL) )
EMAT-32, ZOBREBEREF 2y MIBEL, TL 27 baRL—vava{Torz (5L
WX Tablel #2R), 2L 27 tufL —v = v LML B aiE 7 (2 o MSB431542,



0.5 uMPD0325901, 10 uMY27632, X' 25 u M Thiazovivin) ¥ X U8 0.5X Antibiotic-
Antimycotic % &% IntestiCult Organoid Growth Medium (Human) 9mL & L 7z, % Ol
fa iR % iMatrix-511 silk Ta—F L7267 =L 7L —bDFKY I 15mL $OMM %,
AR %2 &8 StemFit AKO2N HiiCHifE L7z, 14 HHICZ v =—%fkUL . StemFit
AKO2N ZFWTHEER L7, 2 2 CORIZ L7z e b iPS i@ % b-iPS flifd & MFEFR L 72,

Tablel Vv Z raRL—Ya VETHWEZESLIEE

Voltage Pulse Pulse Times Attenuation Polarity
width interval Ratio
V) (ms) (ms) (%)
Perforation pulse 125 5 50 2 10 +
Introduction pulse 20 50 50 5 40 +/-

bk iPS MR O MERFEEE

b bR AREEE AT o © Tic-iPS Mg (JCRB1331) 1 JCRB fifid -~ v 7 » bigft &
7o TNH DML b-iPS M. iMatrix-511 2 —7 4 ¥ 27 L7 7L — b & StemFit AKO2N
B m FwvwC, A —4— (Ajinomoto) DIERICHE > THEFF L 7=,

t b iPSHIBEHRBE ALY /7 4 ¥ (i-10) ~D4rb & i

B 251D W T i-10 ORI 21T o 72, FHEICEHAS 2 &, b-iPSHlld% 2%~ F U 7 v
Ta—rL7Z6 VA7 L—MIiBEL (1.1X105~3.0X10°{f/7 = v) | i&FE% 24 HEH]
LANICHEEFE 2 Bla L7, £ 3. WIREERIREIC /L X ¢ % 72 b-iPS M@ % 100ng/ml 7
7 F e v A & Defined FBS (dFBS) % & tekfiffhih (2mM L-27' v % 1 v 1 X penicillin-
streptomycin % & RPMI1640 55#h) <3 HRERE L7z, 2o, 1HH. 2HH. 3HH®
% dFBS #EE (volivol) 132240, 0.2, 2% TH -7z, Kic, T DN % &5 MNIE
HEMIRZIC b X 5729, % 2%dFBS. 500 ng/ml FGF4, 500 ng/ml WNT3A % & o FLffERs
TA4-7 HERTE L 72, 7THHIC, P iiFiE 72137 = VORICER I Wiz A 4 F
MOWEREZEBILL, ~ Y 7 LIC@H L, IntestiCult Organoid Growth Medium (human) %
WCHEE L 72, AkUIE 2~3 58 1 BTV, 12~23 KD i-10 Z FEERICH W 7=,

Short tandem repeat (STR) f##7
DNA | DNeasy Blood & Tissue Kit (QIAGEN) % F\>C b-10 & X O b-iPS #fifid 2 & il L
720 STREENTIZ X /1 T34 Fthic X o> TiTbi7=,



TAHYFRRT 7 2—% (ALP) Bfa
ALP ¢t )%, Red-Color AP Staining Kit (System Biosciences) # i\, A — 7 —DIg/RICHE
> TT o7z, Jett U 7RI 22 BRI CRISZ L 72,

BEANT ) A F D2 RICEE

BER 2SO WTAAT ) 4 P 2 RoukiE L7z, fidICEild 5 &, MilksEm 4 v
F— b+ (24 7 = v, fLEL 0.4 um, Corning) I, 2% (volivol) &~ + U 7L % & A 77 Advanced
DMEM/F-12 (Thermo Fisher Scientific) 250u L Z /%, 37°CT 1 Kffl4 v ¥ a2 —v =2 L,
~hFUTNVa—} L7z, ANH 4 F% TrypLE Select TR L € 37°C, 10 70flA v ¥ 2~
— ML NI ERRIRI T2, ZNEERY T4 VL, AT A K & BE—Hl i
X4, 10uMY-27632 (FUJIFILM Wako Pure Chemical) Z &AL 7/ 4 FE:H (IntestiCult
Organoid Growth Medium) TH&#E L 7=, Z OMI&EEREZ 40um DL LA FL —F—

(Corning) T L, ~b U Zva—F L7z4 v —Fic 3.0x10%ells/well LA Eic7 5 X
IICHBE L 72, 1-2 HZ & ICH sz T\, 7 HIM 2 ROTHEE L 7258, &7 v 2 A ICfEH
L7,

qRT-PCR f#&#7
ISOGEN (NIPPONGENE) %W CH# v 7 A5 5 RNAZBIL, 1 ¥v 7 AdH7= b 500
ng ® RNA % F\»C Superscript VILO cDNA synthesis kit (Thermo Fisher Scientific) 2 X Y
CONA Bz T2 72e 2 —7 v b L 72 21851 D mRNA FEHLL ~ v (3 2:42CT 3% v T
WHICEE L 72, k., NEMEMEER T & L T glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) # M \»72, gqRT-PCR ICH W77 7 4 ~—oDf%] (Table 2) % PrimerBank
(https://pga.mgh.harvard.edu/primerbank/) 2> & HUfS L 7=,

Table 2. qRT-PCR EERICH\ 72 7 7 4 ~— DEH]

Gene Symbol Primers (forward/reverse; 5’ to 3°)
BCRP TGCAACATGTACTGGCGAAGA/TCTTCCACAAGCCCCAGG
CEs1 ACCCCTGAGGTTTACTCCACC/TGCACATAGGAGGGTACGAGG
CES2 CTAGGTCCGCTGCGATTTG/TGAGGTCCTGTAGACACATGG
CHGA TAAAGGGGATACCGAGGTGATG/TCGGAGTGTCTCAAAACATTCC



CYP2C19

CYP2C9

CYP2J2

CYP281

CYP3A4

DCN

ECAD

EPCAM

FGF4

FN1

FRZB

GAPDH

GATA4

hTERT

LGALS3

LGR5

LYZ

MCT1

MDR1

MRP2

MRP3

MUC2

ACTTGGAGCTGGGACAGAGA/CATCTGTGTAGGGCATGTGG

GGACAGAGACGACAAGCACA/ICATCTGTGTAGGGCATGTGG

TGGCTTGCCCTTAATCAAAGAA/GGCCACTTGACATAATCAATCCA

GCGCTGTATTCAGGGCTCAT/CTTCCAGCATCGCTACGGTT

AAGTCGCCTCGAAGATACACA/AAGGAGAGAACACTGCTCGTG

ATGAAGGCCACTATCATCCTCC/GTCGCGGTCATCAGGAACTT

CGAGAGCTACACGTTCACGG/GGGTGTCGAGGGAAAAATAGG

AATCGTCAATGCCAGTGTACTT/TCTCATCGCAGTCAGGATCATAA

CTCGCCCTTCTTCACCGATG/GTAGGACTCGTAGGCGTTGTA

CGGTGGCTGTCAGTCAAAG/AAACCTCGGCTTCCTCCATAA

GAGCCCATACTCATCAAGTACCG/CCTCGGGAGAGATGCACAC

GGTGGTCTCCTCTGACTTCAACA/GTGGTCGTTGAGGGCAATG

CATCAAGACGGAGCCTGGCC/TGACTGTCGGCCAAGACCAG

CGGAAGAGTGTCTGGAGCAA/GGATGAAGCGGAGTCTGGA

GTGAAGCCCAATGCAAACAGA/AGCGTGGGTTAAAGTGGAAGG

CTCCCAGGTCTGGTGTGTTG/GAGGTCTAGGTAGGAGGTGAAG

GGCCAAATGGGAGAGTGGTTA/CCAGTAGCGGCTATTGATCTGAA

CCGCGCATATAACGATATTT/ATCCAACTGGACCTCCAA

GCCAAAGCCAAAATATCAGC/TTCCAATGTGTTCGGCATTA

TGAGCAAGTTTGAAACGCACAT/AGCTCTTCTCCTGCCGTCTCT

GTCCGCAGAATGGACTTGAT/TCACCACTTGGGGATCATTT

GAGGGCAGAACCCGAAACC/GGCGAAGTTGTAGTCGCAGAG



NANOG AGAAGGCCTCAGCACCTAC/GGCCTGATTGTTCCAGGATT

OATP1A2 TGGGGAACTTTGAAATGTGG/AAGGCTGGAACAAAGCTTGA
OATP2B1 TGATTGGCTATGGGGCTATC/CATATCCTCAGGGCTGGTGT
OCT1 TAATGGACCACATCGCTCAA/AGCCCCTGATAGAGCACAGA
OCT3/4 CTTGAATCCCGAATGGAAAGGG/GTGTATATCCCAGGGTGATCCTC
OSTA GAAGACCAATTACGGCATCC/AGTGAGGGCAAGTTCCACAG
OSTB GAGCTGCTGGAAGAGATGCT/TGCTTATAATGACCACCACAGC
PEPT1 AATGTTCTGGGCCTTGTTTG/CATCTGATCGGGCTGAATTT
PERP CTTCACCCTTCATGCCAACC/GCCAATCAGGATAATCGTGGCT
POSTN CTCATAGTCGTATCAGGGGTCG/ACACAGTCGTTTTCTGTCCAC
SOX17 GTGGACCGCACGGAATTTG/GAGGCCCATCTCAGGCTTG

SOX2 GGCAGCTACAGCATGATGATGCAGGAGC/CTGGTCATGGAGTTGTACTGCAGG

UGT1Al CTGTCTCTGCCCACTGTATTCT/TCTGTGAAAAGGCAATGAGCAT
UGT2B17 GCTCTGGGAGTTGTGGAAAG/ATCACCTCATGACCCCTCTG
UGT2B7 GGGAAAGCTGACGTATGGCT/ACAGAAGAAAGGGCCAACGT
VIL1 AGCCAGATCACTGCTGAGGT/TGGACAGGTGTTCCTCCTTC

EERMETFEEE (TEM) &

FNH I A K EMlEEEERA v —1F (127 =4 75—~ b, Coming) <5 HIMks
BLK, V) VEERE L 2% 7 20T AT e FCREE L, BEZROERE Bk, @,
T A, B, B ITRBOREBEEYIRITSE AT h RS2 BRI T T 5 72

FESERE A
CellTiter-Glo 3D Cell Viability Assay (Promega) % Fi\», Ml ATP €83 % 2 & T4

MRS % BFAl L 7z, FOLmE X, ~vFE£—F~A4 27871 —F ) —%— (Berthold
Technologies) ZMHWTC, 1 vV = H7= Y 0.25 FRTHIE L 72,

10



FACS i@t

BRI % 4%PFA T 4°C, 10 2[AI[EE L. —XPUE, Kbk 4 v Fa~x—F L
7o f#HTIZ MACSQuant Analyzer (Miltenyi Biotec) & Flowdo ¥ 7 + 7 =7 (FlowJo LLC,
http://www.flowjo.com/) %\ TfiTo7-, +XTDHifk% Table 3 iIC/R7,

Table 3. FACS fi##t7 CfEF L 7= Hiik

Name Company Catalogue No. Dilution

Miltenyi Biotec, Bergisch Gladbach,

CD326 (EpCAM)-APC, human monoclonal 130-091-254 1:50
Germany
Villin Antibody Santa Cruz Biotechnology, TX, USA SC-7672 1:50
Donkey anti-Goat IgG (H+L) Cross-
Thermo Fisher Scientific A11055 1:1000

Adsorbed Secondary Antibody, Alexa Fluor 488

B LR ESES (TEER) HIE

TEER O #IFEIC X, Millicell ERS-2 voltohmmeter with STX01 Electrode (Merck) % FH > 7=z, 3
EME ISR A v — P OEBEICHES W TQOXem2 IcZ X ni=th, 77 v 7 OEPUHE
ALK 2 & TEEED TEER 23K0 72,

CYP3A4 iEHERIE
CYP3A4 iEHtEDHIE 13 P450-Glo CYP3A4 Assay Kit (Promega) % i\ TfT - 72, CYP3A4
FEICi: ¥ v MMHEBO Luciferin-IPA % 72, #GIEEOBIE I 3L 3 7 A — & — (Lumat
LB 9507; Berthold Technologies) % F\>7z, CYP3A4 7Gx, Pierce BCA Protein Assay Kit
(Thermo Fisher Scientific) # vy, A —H —DIERICHEV, Tz VICEENE X V08
BETIEALL 72z, CYP3A4 OfHEAIE LT, 10uM 7 + 25— (FUJIFILM Wako Pure
Chemical) % 3E & Hicasim L <A L 72,

Carboxylesterase 2 (CES2) J&H:HIE
fifgsEY 42— b ZEULL, CES2 FETH 2 10uM D fluorescein diacetate (FUJIFILM
Wako Pure Chemical) & 4 v F 2 ~_— 1+ L7, CES2 ofHEH L LT, ImM @ loperamide
(FUJIFILM Wako Pure Chemical) % HB & Hicin L < L 72,

11



P-gp (multidrug resistance 1; MDR1) @ t 7 v 2R — & —iHHHIE

MRS A v — b Eofifdic, 10uM © Rhodamine123 (Sigma-Aldrich) % &% Hank's
Balanced Salt Solution (HBSS ; Thermo Fisher Scientific) #&#i# % il 2 T 90 43f 4 v F 2 ~
—rFL, Ly —=2N—fll2253% v 7Y v 7 L7, Rhodaminel23 O+ 7' Fid, TriStar LB
941 (Berthold Technologies) % FV>, 485 nm DJifcd X 18535 nm D FEHN 7 4 v 2 — % v
THIE L 7z,

Papp & ER ODHEH
FIVRKR—=R =T v AICET 5 Papp 1Z. U TORIcH - CEHR I N/,
Papp: 8Cr/6t><Vr /(AXCO)

- 8C Ly —"—fllCOKIERE
.St PAVF a—v 3 VIHY
-V, DLy — N —fllo kR
“A A vy — b OJKHE
- Co D P -l coPliEE

PEHiLE (efflux ratio: ER) X Fco XA W TEH L 72,
ER =PappBioa/ Pappaton
Pupaws - JEUGHEM (apical side: A) 2> b MM (basolateral side: B) J71A1D Py,
Pupoa : FECHEH] 2> & TEREEI TS [0 D Py

RNA-seq f@tT

RNA (% ISOGENE (NIPPON GENE) % F\»CHifft L 72, RNA @ 58 5T i< 1Z BioAnalyzer

(Agilent Technologies) & RNA 6000 nanochip (Agilent Technologies) % FH\>, 3°_XT®d RNA
¥ v 7L RNA integrity number (RIN) 7 A ETH 2 2 & #HEZE L 72, RNA > —7 v 2 H
DT 477 ) —kE5IZ. TruSeq Stranded Total RNA Library Prep kit (Illumina) % i\ T4T >
7o ¥ =7 v AITIZ HISEq 4000 + 27 4 (lllumina) %{HH L. FASTQ 7 7 4 VA A{ERL L
72o FASTQ 7 7 A VDEYEF = v 7121%, FastQC. FASTX. FastQ Screen® % {#if L 7=,
FASTQ 7 7Aooz v 7 vy F Y — Fid, STAR aligner®* % FH\»T Genome
Reference Consortium Human Build 38 iCXf L T~ v v v 27 Lz, Z DEDMENT X, integrated
Differential Expression and Pathway analysis (iDEP) % & Database for Annotation, Visualization and
Integrated Discovery (DAVID) 3637 % F{\»TfT - 7=,

12



S

b-10 & b-iPS MIfE DIfILIE X U % OHARFHAH

T, A—fADor b+ 4842 5 b-10 & iPS AT (b-iPS MifE) ZAPREE FHEkicEd
L7 X DI L7, AFRROEHTH 2 b-10 & b-iPS ML OBEIEHE RO —M %
723 % 729, Shorttandemrepeat (STR) fi#tT 21T o7z, % DFEH. b-10 D7 7 L DNA &
b-iPS A D 7”7 2o DNA 22 & FENTR R & U 7238 {57 ko 10 i o 4T ic[Fl—o STR &l
BRI NI, TDZ e H 5, b0 & b-iPS ML, TS ICH—ERERTH B L AR
It (Fig. 1A) o W72 L 7z b-iPS M O PR %2 il 3~ 5 720 RrAHZESARER I X 2 T REEL
F, TN ) HFRT7 7 2—+F (ALP) Jefl, qRT-PCR fi#HTIC X 2 Kok L Ot~ — 71—
LT ORI 21T 572, b-iPSHILE KT 4 Fav bu—ATh 23 bRk
A Hsk @ Tic-iPS #fifid 38 (JCRB Cell Bank; JCRB1331) & OEICTEREEIN 272 1378» b
Bl ol WiE &b, MU OB FUIE AR, ZIZHERIRZ < B, ¥ 22 0 =
— %K T 22 L, iPSHIfd o MR 7 ERE%H L T\ 7z (Fig.1B) , ALP IC X 26T
MECHREY FICERIR SN A 572 (Fig. 1C) . qRT-PCR T DFLEHE. b-iPS Hlidic
J %5 kKnft~— A —&EsF (nanog homeobox; NANOG, sex determining region Y-box
transcription factor 2; SOX2, fibroblast growth factor 4; FGF4, human telomerase reverse
transcriptase; hTERT) O FILL ~ v, Tic-iPS Mg & [AEETH V| b-iPS MIFEEILL oM KL &
7o 7 W ER AL Y dEvZ AL Ik o7 (Fig.1D) . F 72, b-iPS i
I BT 2 NIRES L~ — 77 —iB{5F (GATA binding protein 4; GATA4, sex determining region
Y-box transcription factor 17; SOX17) OFIIL ~ v, Tic-iPS Mg & [FERRETH v, ABfH
k& O bk o7 (FiglE) o TN DHERIE, b-iPS ML EE AR O WIAIC D)
L. —f&i 72 iPS Ml D BRI 2 R 2 H L T 2 & 2R LT 5,
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Figure 1
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Figure 1. Undifferentiated potential of human duodenal biopsy-derived iPS cells

(A) The waveform data in b-IOs and human duodenal biopsy-derived iPS cells (b-iPS) by STR
analysis. (B) The phase contrast images of Tic-iPS and b-iPS cells. Tic-iPS cells, which is derived
from human fetal lung fibroblast, were used as a positive control. (C) Alkaline phosphatase staining
of Tic-iPS and b-iPS cells. (D) The gene expression levels of undifferentiated markers (NANOG,
OCT3/4, SOX2, FGF4, and hTERT) in Tic-iPS cells, b-iPS and duodenal biopsy (biopsy) were
examined by gRT-PCR analysis. The gene expression levels in Tic-iPS cells were taken as 1.0. Data
represent the means + S.D. (n = 3, biological replicate). (E) The gene expression levels of endoderm
cell markers in Tic-iPS cells, b-iPS and biopsy were examined by qRT-PCR analysis. The gene
expression levels in the Tic-iPS were taken as 1.0. Data represent the means + S.D. (n = 3, biological
replicate). Statistical significance was evaluated by one-way ANOVA followed by Tukey’s post hoc

test. Groups that do not share the same letter had significantly different results (p < 0.05).
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i-10 DL & PR

i-10 (3, APRLE FEEICEE L 72 X 9 B L 72 (Fig. 2A) . i-10 DL BT % frAH 2
BAMSECEIZ L7 (Fig. 2B) . #@E O ¥ & —3 L T, KofbD b-iPS #lifig (Fig. 2B, 0
HH) »oNKEME (Fig.2B. 3HH) ~& b7 2 @R Mgy 4 X8 KEL AR, #
M IRZEME~ & b3~ 2 BB (Fig.2B. 7 HH) Tk 3R toEEMES R X 5 X 5 ik
o7z, TOBRBNMIEMIEE ~ ) Z A ICa LT 3 RoeHEZ 1T L. PR 39 L kI
g LA A AL 7 ) A FORER R L 7= (Fig. 2B, &A%/ 4 ¥ PO, 10, 17) .
T HIT, B2 & N7 0-10 136 7 HLA EARRETE A FIRETH - 72 (Data not shown) . X,
B2 L 72 -0 IS REME M R o TV 5200 &) 0 &GRS 5 729, qRT-PCR fi#tTic X v Kok
~— N =BG ORI EMERL 7=, Rofb~<=—7 —#IEF (NANOG, OCT3/4, SOX2, FGF4,
hTERT) I, i-10 DAREICEE D & 37, b-iPS M L 0 B i-10 D 5 MRV FHE % 7~ L 7= (Fig.
2C) , TOXHIC, -0 FIEFICH LI, RIAMBCHEIEL., LRtz ko Tws 2 &
R E Nz,
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Figure 2
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Figure 2. Establishment of b-iPS cell-derived intestinal organoids

(A) The procedure for differentiation of intestinal organoids from b-iPS cells is shown. (B) The
phase contrast images of differentiation process of intestinal organoids from b-iPS cells. P means a
passage number, for example, PO means a passage number of 0. (C) The gene expression levels of
undifferentiated markers (NANOG, OCT3/4, SOX2, FGF4, and hTERT) in b-iPS (passage 15), b-iPS
cell-derived intestinal organoids (i-10, passage 9) and i-10 (passage 17) were examined by gRT-PCR
analysis. The gene expression levels in the b-iPS were taken as 1.0. Data represent the means + S.D.
(n = 3, biological replicate). Statistical significance was evaluated by one-way ANOVA followed by
Tukey’s post hoc test. Groups that do not share the same letter had significantly different results (p <

0.05).
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3RIC (3D) KEEREEICHIT 2 b-10 & i-10 DR

b-10 & i-10 k4 i b KT 2720, T TIBEDEVEZH L2 L7 (Fig. 3A)
b-10 1K M2 & 2> THIIEE 253 (]9 10um) BRIEDIERER L T =ik L, i-10 (&4
Haf@ 2= < (] 4opm) . REOMIMAE L ORIZOER LTz, WIEICOWTIE, 13
EAED D10 IFEEEHTH 57228, i-1I0 IFRIFEHTHE -7, 2D X 51C, b0 1T L
B D 5 25 & 73 2 B A R IR CH o =Dt LT, i-10 (Z[EE R Mg D fErEIC X
D, BER® 0 X5 IcE MBI E LTz,

R E FIEMEE (TEM) T OFER, b-10 1IZEXH 10um Mg ch - 7= Dic
XL, i-10 FEHOME 2L, 2 OE X A 0um TcHo7- (Fig.3B: k) .,
DFEFIIAZBAMEE I X 2B OHEE S NfHE —3T B, b-10 TlE, £4 PP r v
7 vaviiE (Fig.3B : E T AR NVHORIEE) & & I#) 05um O R MRERGE B S
N7z (Fig.3B: ETFNANFDERHD . — /5, -0 TE XA P v v 7o a VG ER X
n7zb oD (Fig.3B: AT SANFOKIE) | % aMEEMEIBIZ I N T, i-10 12 b-10 X
Db 02umiD o7 (Fig.3B: AT SAAHORH) . U EOHELS, WiArLH /A F
OififtEOE X DEWIFMIEOEAR Y OERICEL 2D TH Y, b-10 X i-10 X b B
L7 LRI CH 5 Z e I, 7, Bk Z coMBEEEST 2 L. i-10 TH
RI N ERoMAAE L FEMIEE 22 EITH 3 2 MERMECEK I CTnw b LHEE
I Nz,

RKICHA N 7 A4 F OREFHREIC D\ THI~ 7 (Fig. 3C) . b-10 1x#k{R1% 6 H H % <Hyhif
L. Zo#kikZicid Lz (Fig.3C: AX) o —77. -0 ZHIEMRORRcH 2 21 HE
ORI L2 7= (Fig. 3C : BBPUA) . F5HNEFRIE b-10 CH 59 BERE. i-10 C#Y 148 IR &
& I N7z,

WA AT 7 A F OB D E & % FHIi 9 2 72 ®, FACS i 217> 72, % DFER, b-
10 Z ek 2 Ml D#) 99% 28 ERGildEes 73+ C® 5 EpCAM 51T, 2D —213 12
THo7=DICX L, i-10 ZHER T 2 MiEDK] 56% 1% EpCAM [GiETZ Do v —27132 D TH
272 (Fig. 3D : k) . b-10 %K 3 2 Ml DK 70% 2385 LM~ — A1 —TH % Villin
1T H o 7z Dicxf L. i-10 Z RS 2 M0 71% 2% Villin [51E T & - 72 (Fig. 3D T) .
LAED#ER D2 5, b-10 1313 & A &2 EEMIECRERL X 2, i-10 13 BRI LASt o MifE % &
ATWB T ERARBEIN, TEM BIEOREA LI,
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Figure 3
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Figure 3. Morphological and histological differences between b-10s and i-10s.

(A) Phase-contrast images of b-10s and i-10s. (B) TEM images of b-10s and i-10s. Microvilli (black
arrows) and tight junctions (black arrowheads) are indicated. (C) The growth curves of b-10s and i-
I0s are shown. Cell growth was measured by the CellTiter-Glo 3D Cell Viability Assay. Data
acquisitions of b-10s were performed every 2 days (until day 12) and those of i-IOs were performed
every 7 days (until day 21) after passage. Data are presented as means + S.D. (n = 3, biological
replicate). (D) Percentages of EpCAM- and Villin-positive cells in b-10s and i-10s were measured by
FACS analysis. Isotype control (white) and stained cells (gray) are represented.
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WAV ) A FOBIETHRIRT a7 7 4 0% qRT-PCRIC X VT LELER L 7=, 97, 3
YI b 7 v AR — & —i8{xF(multidrug resistance 1; MDR1, organic solute transporter beta; OSTB,
multidrug resistance associated protein 2; MRP2, solute carrier organic anion transporter family
member 1A2; OATP1A2) DFEIIL ~ A ZfiA L4/ 4 FCRIZETH o 72, —J7. OB ET
(peptide transporter 1; PEPT1, organic solute transporter alpha; OSTA, multidrug resistance
associated protein 3; MRP3, monocarboxylate transporter 1; MCT1, solute carrier organic anion
transporter family member 2B1; OATP2B1) D FHIL <~ id i-10 IR T b-10 DHBE L . &
KT#J 100 f5TH - 7=, breast cancer resistance protein (BCRP) & organic cation transporter
1 (OCT1) 2w TlE, i-I0 DA b-10 £ h b EWRIHL L%k L 7= (Fig. 4A) . Y
B E © —#8 (cytochrome P450 2J2; CYP2J2, UDP-glycosyltransferase 2B7; UGT2B7,
UGT2B17, carboxyllesterase 1; CES1) i i-10 LR TH - 7225, X OfthofEFR (CYP3A4,
CYP2C9, CYP2C19,UGT1AL,CES2) & i-10 £V % b-10 D@, A TH 20 f5TH o 7=

(Fig. 4B), W& LRMifd~—7— (illin 1 ;VIL1) & 54— b~ —% — (lysozyme ;
LYZ) O#EEFFREL L, 10 X0 d b0 o8&, Wi~ — 7 —

(chromogranin A ; CHGA) & #flifld~— 2 — (LGR5) DFIAL L1 b-10 D5 2ME D> - 7=

(Fig.4C) . Z ofEAIL., Mk EME D FEOREE (Fig. 3B) + X WlilassiE o Fectt (Fig.
3C) IKPF TR L —E L T\ 5, LA E R T (galectin 3; LGALS3 p53 apoptosis
effector related to PMP22; PERP) D FIH L ~ L (Z,i-10 X Y b b-10 D J5235E 2> > 7= (Fig. 4D) .
—J7. MIZEMIEESEA ¥ (fibronectin 1; FN1, periostin; POSTN, frizzled related protein; FRZB,
decorin; DCN)DFIL L ~ L L, b-10 DMK A - 7= (Fig. 4E) . Z DOfi[A 1Z TEM 8152 (Fig.
3B) *° FACS fi##t (Fig. 3D) TR bh/-fER e 7 2, U ED#ER2 S, b-10 133 +
7 v AR =2 =L HYREBER O RB S < FEYEEARCHISE L Tw 5 aREME 2R
Xz,
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Figure 4
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Figure 4. Gene expression profiles of b-10s and i-10s in 3D culture.

Gene expression levels of drug transporters (A), drug-metabolizing enzymes (B), intestinal cell

markers (C), epithelial cell-associated factors (D), and mesenchymal cell-associated factors (E) in b-

10s and i-10s were examined by qRT-PCR analysis. The GAPDH expression level was taken as 1.0.

Data represent the means + S.D. (n = 3, biological replicate). Statistical significance was evaluated by
the unpaired two-tailed Student’s t-test (*p < 0.05, ***p < 0.005). N.D. means "not detected".
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2 RICHEEIRRBIC BT 3 b-10 & i-10 DHIREE

IGEANI ) A F OERYBREARIGH D 7-01c, ZhFn% 2 X0ti#E L (b-102D,i-10
2D) . ZOFFEZIE L7z, TR, & 2 RoTHiEA AL 7 A F 2D AH 7 4 F) I
BT v AT 2RI 7 HERGER Lz, 35 &, i 33— PR AR R o #ilig
THEREINTWE LD L7z (Fig. 5A) o e L CoOREWEZFHML =L 25 i10
2D (Zb-10 2D X 9 % TEERfEAE L. BIEDHBE WS THEEZ G323 2 L 2RBE R
7= (Fig.5B) . i-10 2D ® TEER fH2 @\ D13, HERICE& TN 5 BEERMAE A E M %
b L w3 rREERE Z b5,

FNI ) A K TIT o 7o imat & [ABRIC FACS it 21T o 72 & 2 A, b-102D Tlk. #ilEDK
86%7%5 EpCAM [51ET 1 oD v — 27 2R L 72D I1cxf L, i-10 2D T34 37% 25 EpCAM [tk
Thbh2o0v—2%xL7% (Fig.5C: ) . b-102D TIHAMAEDHK 52% 23 Villin (51T 5
> 72725, i-10 2D TI3HI 88% 2% Villin Bt TH - 7= (Fig. 5C : ) o T DFEFIZ. 2 Kook
T X 5 Th-10 Tld EEAMIIE OB A 23 L7225 0-10 TIZEM L 722 L 2R L T 5,
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Figure 5
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Figure 5. Morphological differences between b-10s and i-10s in 2D culture.

After 2D culture for 7 days by IntestiCult Organoid Growth Medium, each monolayer was used for
each assay. (A) Phase-contrast images of b-10s and i-10s in 2D culture (b-10 2D and i-10 2D). (B)
TEER values of b-10 2D and i-10 2D were measured by Millicell-ERS2. (C) Percentages of EpCAM-
and Villin-positive cells in b-10s and i-10s in 2D culture were measured by FACS analysis. Isotype

control (white) and stained cells (gray) are represented.
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HY LT v AR— 22— X OEYRBHEEOEETRIFEIR, 102D XY 3 b-102D D
TinEEICH Y (Fig. 6A&6B) . % OfH[A] 1% 3D FEEIKE (Fig. 2) kY EHETH -
7o Ebic, BE FEMEd~—71— (VILD) & 54— Milllgd~—7— (LYZ) D& TRE
L~LiE, i-102D & 9 % b-102D DF A3 Do 72 (Fig.6C) o WFNDAALA ) 4 FTH,
2D HBIC X > TH L DBIETORBEL _AD LR L, @§ilifld~—7 —DFE L~ KT
L7z (Fig.4) . ThoDfERS S, b-10 13 i-10 & B L T, B4 mobiifig 2 & & ic
PEREM 72 2 KT ER R R TER L. 2D K582 EEAIIE~ D b 2 (e 3 5 2 L 2SR &
niz,
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Figure 6. Gene expression profiles of b-10s and i-10s in 2D culture.

After 2D culture for 7 days by IntestiCult Organoid Growth Medium, each monolayer was used.
Gene expression levels of drug transporters (A), drug-metabolizing enzymes (B), and intestinal cell
markers (C) in b-10s and i-10s in 2D culture (b-10 2D and i-10 2D) were examined by qRT-PCR
analysis. The gene expression levels of GAPDH were taken as 1.0. Data represent the means + S.D.
(n=3, biological replicate). Statistical significance was evaluated by the unpaired two-tailed Student’s

t-test (*p < 0.05, **p < 0.01, ***p < 0.005). N.D. means "Not detected".
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FEBED 2 RItkiER L L COMEEX T 2720, %< ot AFlofktHic5 3 2% P-
Wi v o378 (P-gp s MDR1 D3FR) 0, /NGIC 31 2 354 o W) [ald g o (o K5 1
BG4 2 CYP3A44, 5% ¢ W) @@ ic 351 2 MK R S53 % CES2%2 D if1 % i
2D AAH 7 A FHEICHEL 72, b-102D 13 i-102D X v & P-gp D HEHENE (ER) 258 < (Fig.
7A) . CYP3A4 (Fig.7B) ¥ X UF CES2 (Fig.7C) DRHTEIED Eih o 72, T b DRERIT,
BIETHRBEL~L (Fig. 6) HBIL T, Lo T, 2l L b AHETCOEET T
X b-10 12 i-10 X U  FEYBEFHHICE L T3 2 L 2R E Nz,

Figure 7
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Figure 7. Activities of drug transporters or drug-metabolizing enzymes of b-10s and i-10s in 2D
culture.

After 2D culture for 7 days by IntestiCult Organoid Growth Medium, each monolayer was used for
each assay. (A) The apical-to-basolateral permeability of rhodaminel23 (a substrate of P-gp) across
b-10s and i-10s in 2D culture in the presence or absence of 50 uM cyclosporine A (a P-gp inhibitor)
was evaluated. Efflux ratio (ER) was used to evaluate P-gp function. The following equation was used
for calculation. ER =Papp (B to A)/Papp (A to B). (B) CYP3A4 activity in b-10s and i-10s in 2D
culture was examined by using the P450-Glo CYP3A4 assay kit. (C) CES2 activity in b-10s and i-10s
in 2D culture was measured by treatment with fluorescein diacetate (a CES2 substrate) in the presence
or absence of 1 mM loperamide (a CES2 inhibitor). Data represent the means = S.D. (n = 3, biological
replicate). Statistical significance was evaluated by the unpaired two-tailed Student’s t-test (*p < 0.05,

**p < 0.01, ***p < 0.005).
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RNA-seq fBHTIC X 3 b-10 & i-10 DR EE

m#ic, RNA-seq i %1772 (Fig.8 38X 9) , Wit L5/ 4 FD3DRHICE T
EHREL TR T2 L 724558, b-10 T i-10 KT 744 TR EREHL Tk
Y. i-10 Tl b-10 ICE~T 967 EIn T2 mFH L T\ 7z (Fig. 8A) o [AIE X L7z 2 RFEH
Bzt (DEG) ML TGO = vV vF Ay MENZITW, p fED/NE W EA7 10 IHZ Fig.
8B IR L7z, E3. Bl LEHINE b, BrE WU, W k. R icB 3 2 @51
23 b-10 TlEFEH L T/ (Fig.8B: k) o Z4LiE. b-10 23 i-10 XV & 5 LMl e L
THRAL TWB L RRBL TS, —J, i-10 TR, MENEME, MER=
FICEAT 2 BB FHARRERL T, Thbb, b-10 & I HIC, i-10 TIEBEE M
RaLAL OIS DFE TR S L7z (Fig. 8B T) o b DfEHRIE, b-10 L i-10ICEIT 3
INFECTOMBEMEBT 2dDTH o7,

[FERIC, 2D B5E DA VAT 7 4 FCTEFAEH L T 5857 % FE L. volcano plot T/R L
7= (Fig.9A) . FBEL THROBREZHOL 2 IcT 57201, I N7 DEG I LTz v
Uy F AV MENEITO, 2y b7 =2 L7y L7 (Fig. 9B) . Fig. 8B iC/R L
7B RSN A, b-102D TIHARERHNICELE S 2 BIE TR EAEB L T/, Bl
EANEE DML e BINICE W CEHEERBETH LI L 2EET L L. 2D LT b102D A
s EREL TR OMFAL TnE L ZRBL T3, —Jj, i-I02D Tl, Fig.8B IC/R L
TBETRIC A C, TRRBIEAICEIE S 2 B FHEASRELL Tz, 2D &ld, i-10 X
2D HEEICHE T h-10 X U b EMAMERTH 2 2 L 2B L T 5,
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Figure 8
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Figure 8. Gene expression comparison between the b-10s and i-10s by RNA-seq analysis.
(A) A scatter plot comparing gene expression levels in the b-10s with those in the i-10s is shown.

(B) GO enrichment analysis was performed for DEGs. The 10 terms with the smallest p-values are
listed.
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Figure 9
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Figure 9. Gene expression comparison between the b-10s and i-10s in 2D culture by RNA-seq

analysis.

(A) A volcano plot comparing gene expression levels in the b-10s with those in the i-10s in 2D

culture is shown. (B) Weighted gene co-expression network analysis was performed for DEGs whose

gene expression levels were increased more than 16-fold or decreased less than 16-fold.
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EE

AFED B IE, B4 RifFR I K WS TWw % b-10 & i-10 DR -CHAE D&\ % I
LIcT BT, RO i-10 Az 28I OWTHIR A2 2 L Th D, B THRH
7a 7 7 ANCONTIE, 3RICHEE. 2 XHEO VT LOREICENTH, FELEY
b T VAR =X =5 X OEYRETEROFE L <L iE, b10 2 i-10 XY dEN Tz, &
2D A NA 7 A F OEYEXRIEES X OCERENEE L. BETRE e 7 s A v ofER L
MR LT, AFECELNET — X3, b MEEFALY J 4 F oyBhetii~o it
CEARZRET 200 TH 5,

VIL1 DB FRIL < b-10 D23 0-10 X Y b1 % 2@ 0> - 72 23, FACS T O
R Villin B0 E &1 2 oD AT ) 4 FRITHEEREZIR D> -7 (Fig.4C) .,
ik, i-10 @ Villin MR IC I, EpCAM FEIR DKW EECHIAE & L TR Z i 23
GENTniztE2bN3, 2D7-®, Villin & EpCAM % 3384 2 sl L 72 154 L R Al
faDOEIE X, b-10 D BECATREE D S 5, F 72, FACS fEbToftiR, 2D 5% 7 HRET
> 7z b-10 TiZ.3D HFERFIC b~ T E VILL DG HERIER 2ME T L T 72 (Fig. 3D K UF 5C)
BEERClE, b-10 Z 2D 853832 L VILL ORBIL _ARKT L, EE4HEICY — 27 I10GET
LT EDRRENTHE A 7THHI Y DRI CIX, 2D 558D b-10 ICH1F % VILL oFRHL
_UTIE B ICE O EHEE I NS, b-10 D 2D 5 IC X Y I5E LRI O L 25Tt X 4,
% L DOLMIIE S E U RS, e LR D &2 — v — =i F > T, VILL Btk RIN E
KRB Lz EZ b5,

Ichinose © . RIEERMMICHKIRT % delta like non-canonical Notch ligand 1 (DLK1) 723 E
R ORI 2 RS 2 Z L 2 HRE LT3 8, Grskov k. CHGA PP PI5 sl
W E NS GLP-2 28 L T AESMAIC/ER L. RSB HIIE o B85l % HlfE L < v 2]
REMEZ B S 20 ic L 7= 4, BEEZRMIIEZ & A T3 0-10 13, invivo & MEEICE T 2 LM
o & MEERMEB oM AR 2HHEcE 2% E 200, Lito X 5 2R ORI
Ihz,

3D KFERE, i-10 TR LM EME LA L. CYP3A4 15 X U CYP2J2 DFEHIL ~ L id,
ZNZND10 DZN LY DHIF KL, BHITEH» o7 (Fig. 3B) o T D X 5 FFEIL.
TR OBEMIE TR O N2 R e —33F 5 %, i-10 DEREN KA TH 5 H 5 —DDBh &
L CLi-10 TRk Mg & @ Gkk DMiia 23 BE L T b 2 & B3F 2 b b 25, Jilt,
Onozato b (¥t b iPS#HfE2> 5 CYP3A4 2 FH T 2 E AN S 7 4 FffllcEk 2 L %R
L9, COWETII, A KEXDA 7204 FEABIEKTE 2 L5 Kt ahr
FEiR i M © & % EZSPHERE 7' L — F 23 & v, BEE MG & RN HE A v
JAFZEREE S EICHIIL Tz, i-10 ZRYBIRENTIEIC v 3 72012 i3, B o X
SN ZIGEANT ) A PR 2 0E B H 5,
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i-10 @ 2D K58 Tl, 3D KEERRC I3 S e h o 72 CYP3A4 B T ORI HEE S
72725 (Fig.6) . HWRINEIEIIRE I s o7 (Fig.7) . AW TIE, WALH /4 F
DFFEZ KT 2 -0 A[HER IR O &2 — L7z 7-0, EEMlED Y — 74 v 27 %{To T
Kl % 2D K5 L 72, Zhicxi L <, e b iPSHilgmskA 72 4 FicE& T s B
DHZIER LT 2D EEZITH 2 & T, ZDMEIHERDOMEMEZ R L 72 eiTiE 72823
DEET %0 RIFFEOFER L RO REZ DO TEET L L, -0 TV TERDEE %
i3 % & & 2 b T 2 BRI O AL, i-10 % 3EYEh BRI 3~ 2 BRc I3HL Y
RS BDED D 5 2 EPRBI NI, T I, bl L 728k 1726 CfEH X 7z K5t o AR
SRITCHEAE & 2 T BCOTHICE R > TH V. 2 RICHEEB I X h -5 358 E
B ARG D KA L% HERF 9 2 DICRAI R 7 Wt3A 13 & Twind - 7z, RFFETIE.
Wnt3A # & Tl oA 3 Kook L 2 XothEEOMT I L C\wi-72o, IBEME
DL DAL IZ, 2 RITHERICE M2 & Wit3A 72 EOIRER T2 RE T2 2 & TER X
N25b Lk, 5%, 2 XTEBRICE T 2B LEMaD Y — 7 1 v 7 L o i
BI2X D, -0 Z X DA E &, b-10 LT 5 2 & HETL 72\,

t b iPS Mgtk D IHE R (PS-ELC) DHEMR % (E8Lld 2 Hikid, —MAIC 2
D2, 02, SRIORFTDI S BANLH I A4 F T4 %4 L7- ELC DERITH v |
bHVEDIE, AAHT /A FEANETFICe b iPS #llds 5 ELC ZEHENMMLEE27ETH
% 13141619 KIFFFECIE b-10 & DILERICE N A &\ 272728, Spence b 2 AFAFE L 72 HiIE O
FiExR G2, Bir 2 SR A CILL, 8 RSO N TH A 5 ITE,
AN A FENE R TR TEEAEZ IPS-ELC 2B S LT\ 3 BUIBL 55 =9 K
5 Mg 2D B5#E L 72 b-10 L iR 3 C L s HfEE B,

RNA-seq fEHTIC X V| i-10 I IZ AP MAE NI E T 5 & L 2R X L7z,
Loffet (%, & F ZREMEMUL b FE L 2R 2R oA A/ 4 F&pLE ¢ 5 7 m b
INEHREL T3 B, 7. Holloway o %, ZReMEMINED & I N B % K52 s A v
HI)AFPOFBICKII L2 L2 LT3 8, 2N DOMEIL, i-10 230 iMmg
WEIEZ R CZ 2 A[REMEZR L TH D, SEDREREZEMIT T2, b-10 XD D i-10
D J7 M B E OB RO BE A E W1k, BFHEMEER R o N X 51T i-10
LEREETH 5729, b-10 XV D i-10 O3 MEF L OEER LIV S KHFEL TW 5720
tEZLND,

AFFROFERIT, P L dESBOANLT 4 FOoLiFEETIE, i-10 XY 3 b10 D
i B3 EEENREEHICHICE L T 2 8 2R LT b, Lo L, IREM Kz 2 720
ITix. & b iPS MifEA & ELC CHEA N/ 4 F~D i LFEEEOWRRBITMA T, W& D
FNTT I A R Rl O FEE RS 2 B ERH B, —J7 T, SRIOMKE T, #Eis
MEFRZRM A 72 b-10 & i-10 Z LT O LAEHTE Cuir\nizo, HERH CREROITSE %
7oL CliFEOERY X VIHEN T 22 L DEETH D, 7. RUFFEOFEICL Y | b-
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10 & i-10 DELS ZFEmT 2D Tlda . BYBIEME. BAMEE otiEE, FEMEe
MIEZMEE D7 X =2 O HZ LICHE L 725852 2 8Y)IGEINT 3 720 O
BDIRBICOEDBE I EHFH>T WS,
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BoE EEEL e b iPSHMIfREERBEE A AT 4 ¥ OFESE & % OYERERHT

BB ooMiticE T ERBRBEAAL T 4 F XY iPSHIlEdRIGEALF 4 F
DHEREVRATNTE L . Z DRI & L CRALGEMAE GRIBHIAE) 226 Ak 7 A4 F %
SL7oiEeE LN, D0, mikEER e b iPS HIfEHRIEE A LA 2 4 F R ER
T 2ICiE, iPS MiEA O X Y AL ZIBE EEMIIEE LEE T 2 e AL EX b
776

b b iPS AT & I E R ARE % (L FEE S 2 TG IE AR 2 FL I A IKfTb L TE D |
URELZGDL { OMRETTe b iPS MRHSRIGE L EAIE 11121416182649-51 o Jy V5538
FEDBAF TN TE 72, BIELIIEE Oz I T v 3 0L EIc s »Th, e b iPSHllig
2> b BERER 72 8 L ECRRAARE (ELC) ZfF#in[ECcd 2 ¥, LA L., BfEDO 7 1 F a2 Tlk
ELC ~DMUeFEICK 1 » H %223 % b, /HLiAE#R O ELC 1T RIC X 2 HERE A T]
BEChot, 2070, KEERRA 7 ) —= v /R R D70 ICRE»r O KBDOBGE EK
Rzt 32 2 L IAWEECcH 5 & &b o, (PRI NABGE LMo 2 v bic X
STRELERIADFHEL INTE T,

— /T, ELC O Z 95 L7EIZALHA /4 FMELic X Y %ART % 2 A[REHED3E 2 b 7z,
ELC 22O AN /7 A4 F B L Z e LEMICEE T, RINICOE 2 0(LiFE
WIMFEAME I NG T T, AT 4 FEHRELE 75 2 L cREDBLE FEMIE%
AR ICHG T 2 2 EBAREIC IR B, T 72, ANH /7 4 FEEPHSHRMEIC X LE L7255
BRTHL-0, ELC LY vy FREZEMEMT 22 &, LU 3 RCHEEICL VIGE K
~DL - ML S N B 2 L WISz, EER e L iPSHIlE S E AT A
FEBZT2RAIINT T OLRINTE 12260, L L, Wi 5E o riEki
fel s & B BRI~ Db - KA RS 2 HICTAA T/ 4 FLEfT-oTE Y, AT
JAFELTREMCEETS Z L ICERIFEI T Ad o 72,

Affgecid, & b iPS fligHsk D ELC & T, LERICHE - HERFRTE S W e s
ANH A4 F (ELC-org) DEAFERATZ, F72. BE LK ORE R ZRYBEHT O 72 ©
DEFEABFA~DICHEE 2 % LHEITH 2 LERH - 72729, ELC-org 2> & HiJFE (ELC-
org-mono) DYEHLYG A7z, Z DFER, ELC-org 35 X U8 ELC-org-mono DFAFEICEIN L 72,
ELC-org-mono (&, #AERE L 7z v M HIARUINGBHIAZIC PSS % CYP3A4 iM% /R L 7272 1) T
72 <. P-gp. BCRP, PEPT1 &L o7 FH LY+ 7 v AR -2 —DiEES R L 72, BRI
W kT, FYMREITEEE O S E 2 ELC-org-mono DOERLIC 12, HEREEE ICH WV 3 5%
HOFFEC A AR TH Y, A7 4 FEHITBEREEE ICA & Th o7z, ELC-org ¥
X U ELC-org-mono D 3£V EhREEER~ DB M % Rl 3~ 2 720, B4 T 21T o720 Z D
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fi s, ELC-org-mono (FIRTEDGE €T VORR % FAR L, il CHBME O &Iy EIRE 7
v f Rt 3 2 L s N,
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PHR & P

t b iPSHifEDREE

AWgECcld, & b iPS fifEkk YOW & X e CfERL L 72 b-iPS #llfE % Vs 72 5253,
t b iPS MiiEkk Tic 12 JCRB £ A3 v 7 (JCRB:JCRB1331) 72> b gt & /-, EERICIZFIC
YOW k% 7225, AR CRIF L7z 7' 0 b a v ol 2 /R 3720, — 30 LR Tt
DOAMAEE D A7z, & b iPSAAEMRIX. 0.1 u g/lcm?iMatrix-511 (Nippi) % & Tr StemFit AKO2N
Behbh (Ajinomoto) THiE L 72,

b FIRVDERIRE (BRESEREE)

HEEE Nz e PUMUNGHIE (2 b5 CHIMG005, 20 ik SB o [R5 H#) 12 Discovery
Life Sciences L2 HEEA L 7z, fRRERZR ICHE ZEFH 2. 2 ofE@#YE%Z UPLC-MS/MS
THHTL. CYP3A4, CYP2D6, CYP2C9, CYP2C19 &M% MIE L 7=,

t b iPS #ifE s & BE LR RMIE (ELC) ~0srLEFE
b b iPS Mg b 5 FEARMIIE 2 LA E S 2 720D 7 v b aid fh7e b Ok O
HICHEDE, HTOBIEZMA ¥ BHICHHAT 2 & BERBHAOFED-0I1C, &
M iPS #ifEA: & 7 HEIMUFEE L TR L 250 % | S bEs b © 10 HFEEE L 72,
Ao LREH & (X, 10% KnockOut Serum Replacement (KSR; Thermo Fisher Scientific) . 1%
non-essential amino acid solution (NEAA; Thermo Fisher Scientific) . P/S. 0.5xB27 supplement
minus vitamin A, 1xGlutaMAX supplement 7% Jill 2 7= DMEM high-glucose 55#hiC . 2uM SB431542
(SB ; FUJIFILM Wako Pure Chemical) . 3nM LY2090314 (LY ; MedChem Express) . 100nM
1a,25-dihydroxyvitamin D3 (VD3 ; Cayman Chemical) . 3 X U 50ng/mL @ epidermal growth
factor (EGF ; R&D Systems) ZHML72bDTH 3, Dk, BEmEMEEZ > v 7 ren
I fAEE L . Matrigel =@ — b L 72 fifasssHA v 39—+ 24 v 2 7L — b, fLEE 0.4um, PET
Membrane, Corning) % 721396 7 =/ 7'L — } (Thermo Fisher Scientific) (C 5.0x10° {&l/well
DEEICT 2 X5 IIFEHEL 72, /Mo RO EEEED 7291, $HE L 2 MAgi: 3uM
PD0325901 (PD ; FUJIFILM Wako Pure Chemical 1-3£) % il L 7z & (bhzHh< 10 HIEES
BEINT, ORI GERMLE IMM) LEFT S (Tabled) , ZoiEfECEA T
7= i RaRRAAE 2 ELC & ER L 7.

33



Table 4. & RBLEEH (IMM) DEEHIFERR

Name final conc.
Dulbecco’s Modified Eagle’s Medium (High Glucose) (Basal medium)
GlutaMAX 1mM
penicillin/streptomycin 1%
MEM NEAA 1%
B-27 Supplement 0.5x
KnockOut Serum Replacement 10%
EGF 50 ng/ml
SB431542 2 uM
1a,25-dihydroxyvitamin D3 100 nM
LY2090314 3nM
PD0325901 3 uM

ELC Hi3RIBEA V47 4 ¥ (ELC-org) ORI & K5E

WA EANH 7 A FIZELC 22 b8 L7z, SMEEFEIC X VFRILZELC Z ¥Ry T 4 v 7
THIZL., PBS TRE L7214~ U7 (Coming) THEE L 7z, KIT. % DBREE 25-40
ul %24 7 = 7L —+ (Thermo Fisher Scientific) D%V = L DOHFIITEEA L F— L%
X7z, = P YTV F—L47% 37°CT 10 pEEA I &, LATOWE “ ChFIni4r s
J A FREEREH (OCM) % 400pu L/ = A filZ 7z, OCM IC&E N5 Wnt3a IC2 W T
Wnt3a % %E L CHRIRT 2 HEK293 Mo a v 74 v aF v AT 4 v Lk %,

CDANK A FEMFET -0, Bz 2 Howescffa L, filfaix 18 ic1:4
225 18 TR L 72,

ELC-org Hi3EHi/EE (ELC-org-mono) D{EHL

ELC-org ik D Hifg iz, LARTORE 2 1t - TIERIL 72, fliHICEBHd % &, ELC-org
VIR NMCHEEL, ~ b S va— b LA ERAA v E2E % T T
L — MIC.5.0 X 105{fl/well DFEEIC7e 2 X 5 ISR L 72, 2 o B & 15 VbR (IMM)
T3~7 HIMEE L 72,

gRT-PCR

Total RNA (¥ ISOGEN (Nippon Gene) ZHWCHEEL 7z, "Y' 74 7avita—iLe
LT, /M&E® total RNA % Total RNA-Human Adult Normal Tissue 5 Donor Pool: Small
Intestine (Biochain) 72> 5157z, % RNA @ 500 ng % >, Superscript VILO cDNA
Synthesis Kit (Thermo Fisher Scientific) % F\>C ¢cDNA Z &8k L 7z, gqRT-PCR (%, Fast
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SYBR Green Master Mix (Thermo Fisher Scientific) % Fi\>, StepOnePlus Real-Time PCR
System (Thermo Fisher Scientific) %\ Tfr-> 7, EEMLRTD Ct fHIZ. "V 2F—V
v 7 8In 1T d % glyceraldehyde 3-phosphate dehydrogenase (GAPDH)® Ct fid CIEMAL L
7z PCR 77 4 = —Fd4l]ix Table5 ICEC L 7=,

Table 5. qRT-PCR IZEH S 727 T A = — DS

Gene Symbol Primers (forward/reverse; 5° to 3°)
BCRP TGCAACATGTACTGGCGAAGA/TCTTCCACAAGCCCCAGG
CDX2 TCCGTGTACACCACTCGATATT/GGAACCTGTGCGAGTGGAT
CEs1 ACCCCTGAGGTTTACTCCACC/TGCACATAGGAGGGTACGAGG
CES2 CTAGGTCCGCTGCGATTTG/TGAGGTCCTGTAGACACATGG
CYP3A4 AAGTCGCCTCGAAGATACACA/AAGGAGAGAACACTGCTCGTG
DES GAGACCATCGCGGCTAAGAAC/GTGTAGGACTGGATCTGGTGT
EPCAM AATCGTCAATGCCAGTGTACTT/TCTCATCGCAGTCAGGATCATAA
GAPDH GGTGGTCTCCTCTGACTTCAACA/GTGGTCGTTGAGGGCAATG
LGR5 CTCCCAGGTCTGGTGTGTTG/GAGGTCTAGGTAGGAGGTGAAG
LYz GGCCAAATGGGAGAGTGGTTA/CCAGTAGCGGCTATTGATCTGAA
MDR1 GCCAAAGCCAAAATATCAGC/TTCCAATGTGTTCGGCATTA
MUC2 GAGGGCAGAACCCGAAACC/GGCGAAGTTGTAGTCGCAGAG
PEPT1 AATGTTCTGGGCCTTGTTTG/CATCTGATCGGGCTGAATTT
UGT1A1 CTGTCTCTGCCCACTGTATTCT/TCTGTGAAAAGGCAATGAGCAT
VIL1 AGCCAGATCACTGCTGAGGT/TGGACAGGTGTTCCTCCTTC
VIM AGTCCACTGAGTACCGGAGAC/CATTTCACGCATCTGGCGTTC
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# LR ESES (TEER) OHIE

HifRs M A4 % — b kD ELC-org-mono ® TEER 1. Millicell ERS-2 voltohmmeter with
STX01 Electrode (MERS00002; Merck) % F W CHIliE L 7z, ET7 — X%, K584 v ¥ — bom
REICHD W T QX em? 1T L 7z, JIE L 2 Yl 6 7 7 v 7 PiEE 2= L5 & EFEoD
TEER fli % 3k 72,

BRMETFEME (TEM) RO

MRS ERA v — F ECEBLAZRY Y I, V) VEBRE 2% 7V 2 LT AT e BT
BEE L7z, BEEROBIETH S, Bk, G, BEUIR, Yt B8R MY
e e BRI CTIT - 72,

RIEHLGE

fHAE D L < 13 BA5YI R I 4% Paraformaldehyde Phosphate Buffer Solution (FUJIFILM Wako
Pure Chemical) Z7ML., EiRTI5 94 v F 2=+ T2 LICXVEELZ, RIC,
2% bovine serum albumin (Nacalai tesque) & 0.2vol% Triton X-100 (Merck) % & s PBS (7
Oy XV I Ny T y—) BRML, BRTI AT Ry X v % {To, D%k, K
& (Table6) Z&L7Hy v Iy 77 —%RMLTALCT—Hif vFax—1F L, &
ICZRYUA (Table7) 2&B7 vy v 7Ny 77 —%FMLCERT IR v Fax
— b L7, ZDKE, 4'6-diamidino-2-phenylindole (DAPI, Nacalai tesque) % Fi\» THxS b 17
o7z, BSE XL, B L — ¥ — EEBEME FV10i (Olympus) % w7z,

Table 6. o HERAE IV 72— LR

Name Host Company Catalog number
Anti-Cytochrome P450 3A4 antibody rabbit ~ abcam ab135813
Anti-Villin antibody rabbit  abcam ab130751
Anti-E Cadherin antibody rabbit  abcam ab40772
Anti-CDX2 antibody rabbit  abcam ab76541
Anti-Chromogranin A antibody mouse  abcam ab715
Anti-Lysozyme antibody mouse  abcam ab36362
Anti-MUC?2 antibody mouse  abcam ab118964

Villin Antibody mouse  Santa Cruz Biotechnology sc-58897
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Table 7. o R I W 72 ZRTUE

Catalog
Name Host Company
number

Donkey anti-mouse 1gG Secondary Antibody, . o
) donkey Thermo Fisher Scientific A-21203
Alexa Fluor 594 conjugate

Donkey anti-rabbit 1gG Secondary Antibody, ) o
] donkey Thermo Fisher Scientific A-21206
Alexa Fluor 488 conjugate

FACS fgtT

B v TN ORI E 2% X7 KL LT AT e KT 4C, 10 2MEE L. —XPiik,
TRPUARDNEIC OGS X 272, f#HTIZ MACSQuant Analyzer (Miltenyi Biotec) & Flowldo ¥ 7
k7 =7 (FlowJo LLC, http://mww.flowjo.com/) %\ T{T->72, T XTOPifA% Table8 i
L7z,

Table 8. FACS fBATIiC H W =5l

Catalogue o
Name Company Dilution
No.
CD326 (EpCAM)-APC, ] o
Miltenyi Biotec 130-091-254 1:50
human monoclonal
Anti-Villin antibody [SP145] abcam ab130751 1:50
Isotype Control Antibody, mouse o
Miltenyi Biotec 130-113-196 1:50

lgG1, APC

Donkey anti-rabbit 1gG Secondary
Antibody, Thermo Fisher Scientific A-21206 1:1000

Alexa Fluor 488 conjugate

CYP3A4 iEHERIE

CYP3A4 i%HtEDHIE 13 P450-Glo CYP3A4 Assay Kit (Promega) % i\ TfT - 72, CYP3A4
FEICIE Luciferin-lPA % A w7z, Fkix, v I 7 A —%— (Lumat LB 9507; Berthold
Technologies) # F\», A —Hh —DFERICH > THE L 720 K39 v 7LD X v X7 H %, Pierce
BCA Protein Assay Kit (Thermo Fisher Scientific) % F\», A =7 —DIgRICH > TERL 72,
Z0H, VB DRV HE TR IR LIEE% B L 72, CYP3A4 OFHE
Al L<,10uM 7 b2 = (FUJIFILM Wako Pure Chemical) % F/E & Hiciwmm L 7z,
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Carboxylesterase 2 (CES2) J&EHEHIE
fifgrEY 42— b ZMEULL, CES2 FEETH 2 10uM O fluorescein diacetate (FUJIFILM
Wako Pure Chemical) &4 v ¥ a2 ~_X—1+ L7z, CES2 OfHEH& LT, 1ImM @ loperamide
(FUJIFILM Wako Pure Chemical) % fifH L 7z,

P-gp (MDR1) B XU'BCRP @ } 5 v 2K — & —iEHHIE

P-gp (multidrug resistance 1; MDR1) &%, DART O S 1CHDW-CHIE L7z, i IcHt
BH$ 2% &, Mifasss 4 v 4 — b+ Lo ELC-org-mono 2. 1 uM 3H £ digoxin (Digoxin,
[BH(G)]-, PerkinElmer) ¥ 7z 1% 10uM @ Rhodamine123 (Sigma-Aldrich) % & % Hank's Balanced
Salt Solution (HBSS ; Thermo Fisher Scientific) #&#R& % il 2 T 90 774 v F 2 X — 1+ L7z,
vvFL—vavhvvZ— (MicroBeta2; PerkinElmer) ZHwWw<C, FF—fllno L v —on
— il ~ZFEiE L 72 °H fRak R E o B 2 MI5E L 7z, Rhodaminel23 D #{Yt s 7°F L%, TriStar LB
941 (Berthold Technologies) % F\>, 485 nm Dkt X N 535 nm ODFHT7 4 v &2 —%F»
THIE L 72, BCRPIEMDH A, FE & LT 10 uM 3H 423 estrone sulfate (Estrone 3-sulfate
ammonium salt, [6,7-3H(N)]-, ARC) % Fi\»7z, P-gp & & IX BCRP DfHEHA| & L T, 100uM ©
verapamil (FUJIFILM Wako Pure Chemical) ¥ X U8 100mM @ Ko143 (FUJIFILM Wako Pure
Chemical) % H\7z,

Papp & ER OEH
FIVAR=Z =T v A4ICBT D Papp 1Z. TRt - TR I N7,
Papp: SCr/StXVr /(AXCO)

“8C Ly — N—{llTCORRIEREE
. 5t AV F 2=y g VIR
-V, DLy — N —fllo kR
N DA v — T ORI
- Co D Pl coyEE

PEHiLE (efflux ratio: ER) X Fico XA W TEH L 72,
ER =PappBioa/ PappatoB
Puprws - JEUGHEM] (apical side: A) 2> & FEEMI (basolateral side: B) J7 A1 D Py
PupBroa  FRECHEH] 2> & TEIGHHEEI TS 7] D Pypp

PEPT1 Dl e X TE 14 D Al E

5u M @ 1C 153 Glycyl-sarcosine (Glycyl-sarcosine, [1-14C]-. ARC) % & r HBSS % ELC-
org-mono Tz, 37°CT 90 /[l A v Fax— b+ L7z, 2D, T0%A X /) =L ZMATY
~yF 4 v 7L, HENICERL 72 Glycyl-sarcosine Z i L, 2D EiFE#EINL 72, Li&
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kY v F L —v 3 vy v & — (MicroBeta2; PerkinElmer) % v CHllliE L 7z, PEPT1

iGMEIx. Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) ZH\WCv = b7z ) D%

v R CHIEM A ERL LR L 72, PEPT1 OFHEA] & LT, 1004 M @ glibenclamide
(FUJIFILM Wako Pure Chemical) % 7z,

UPLC-MS/MS f&#iTic X 5 CYP iE#EHIE

UPLC-MS/MS 73t % 17\ flifass A 4 v ¥ — + L ELC-org-mono IZ#1F % CYP3A4,
CYP2D6. CYP2C9. CYP2C19 ifitEzdi~7-, #HHE (£ S6) &L HBSS % ELC-org-
mono ® A fllCHIML 72, WEEFEE U<, WX T 23k e /NG PIRHMIRE (eRE
%) ZHWwiz, 37°CT60 A4 v Fa_—b L7z, Afllo LiEzy v 7 & LTlIL
720 Z 45 % UPLC-MS/IMS % F\> T, LAT ORGEY D 4il % 5 L 72 ¢ 1-hydroxy midazolam

(MDOH ; CYP3A4 D f#¥) . 6p-hydroxy testosterone (TSOH ; CYP3A4 o fUE#HIH) | 1-
hydroxy bufuralol (BFOH ; CYP2D6 O fXi##7) . 4-hydroxy diclofenac (DFOH ; CYP2C9 DX
#Y)) . F X U 4-hydroxy mephenytoin (MPOH ; CYP2C19 D fE##)) . UPLC 1 Acquity UPLC

(Waters, Milford, MA) % F\»Tfr\vy, MS/MS 1% Xevo TQ-S (Waters, Milford, MA) % FH\»
TiT o 72, LC 78X Acquity UPLCBEHC18 77 7 4, 1.7um, 2.1X50mm (Waters) % f\»
TA40°C T o 72, BEHIE, B A (0.1%FFEZEHEAK) LHEIEB (0.1% ¥/ 7 =1
N) o B TSIV NART e 7 7 ARG T, LOMUS DV TG L 72, F v 7
IR SUL % /1 7 LATTEA L 7o BREY QIR X, BARHEYVE ICHE - TR L 72 . Pierce
BCA Protein Assay Kit #fffHH LV = v BH7z ) D& v 7 HEETIERILL 72,

RNA-seq f@tT

v 7A@ RNA 13 ISOGENE (Nippon Gene) 7% FHuCTHHEL 72, RNA o 5B I
iX. BioAnalyzer (Agilent Technologies) & RNA 6000 nanochip (Agilent Technologies) % F\»,
F T D RNA ¥~ 7L 25 RNA integrity number (RIN) 7L ETH 2 2 & ZHEE L 72, RNA
=T v AHDZ 477 ) =%, TruSeq stranded mRNA sample prep kit (lllumina, San
Diego,CA) Z v, A —Hh—DHHFICH > TfT>72, 74 77V —IT MGIEasy Universal
Library Conversion Kit (App-A) ZH\WWCDNBSEQ HD 74 75V —icEH L 7o, v —7 v
+ v 713 DNBSEQ-G400RS 7' 7 v + 7 # — 2 (MGI, Shenzhen, China) % Fi\>, 2x100bp ~<
7TV FE—FT{To7%, RNASeq 7 — X IZ, V— FD 3 Khiid EKMEERES Ly —
FVYRTETRZ—=% Y IV T 50T Trimomatic Z WU L7z, U —FiZ
HISAT2Y # v Ttk P& /7 L ® GRCh38pl3 IC~ v ¥ v 7 L7z, HISAT2 o H ik
featureCounts® IZ AJJ L, S B EY) D ER % 1T - 72, DESeq2® %L C, v v v v 7 dh
72100 F) —FH70hDxFx Y vETAFOR—2BH7= VD777 Ay ML (FPKM) %2 &
HL7, 2D, integrated Differential Expression and Pathway analysis (iDEP 96) platform3®
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(http://bioinformatics.sdstate.edu/idep96/) # Tt — F < v 7% /ER L. k-means 7 7 & X
Yy 27l GO v ) vF XY MENTEIT> 72, IDEP.96 Tlt, DESeq2 Z W THHEDH
%8t (DEG) %[FIE L 7z, AHFZEICIH T 59 XTD RNA-seq 7 — £ 13, GEO IZT 7 %
v ¥ a v#S GSE240322 CTEHRLEI LT\ 5,

Y SERE A
AR D2 A%, CellTiter-Glo 3D Cell Viability Assay (Promega) % Fiv>, HifEP ATP
ZERT L L THHMIL 2, FBHEEIZ, v AFE—F~vA 70T -} Y —X—
(Berthold Technologies) #F\»C. 1 v = &7 Y 0.25 FHREIHIE L 7z,

ELC-org 2 b SEAEMIARREE R O 1E s X MR

ELC-org (%, HFRFRIK & Rtk FE Ty v e ricE CERELELL TRL Yy MIiC
L7z, Z# 5% STEM-CELLBANKER (ZENOGEN PHARMA) (/& L. -80°C T —Hfuifh
L 7214, -150°CC 2 BRI L 7=,

ERAE M R 5> H D ELC-org-mono DESL

HAEERTE L 72 ELC-org MU Z sl L, <~V v a— b Lzl Em A v 39—
I (24-well plate, 0.4 pm pore size, PET Membrane, Corning) ¥ 7213 96 7 = v 7L — } (Thermo
Fisher Scientific) (€ 5.0 X 10° {il/well DB EEIC 72 2 X 5 ICTEERRHE L 72, HEEERE 135 K
PeEEH (IMM) © 3~7 HREfT - 72,

CYP3A4 FHHEABR
ELC-org-mono % VD3 (-V) SN0 IE VL AMM) <5 HREERE L 72, £ D4,
CYP3A4 % FBIFHE S 2 6061 2 L THILH S 100 nM @ VD3 F721% 20 mM @ rifampicin
(RIF, FUJIFILM Wako Pure Chemical) < 2 HFRSLBEL 7=,
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S

t I iPS #ifEHCRRE LRV BEA LS 4 Yoz

b b iPS Ml R o IGE ML (ELC) 1d. MRt E ARICRiHE L 72 ik ofF8 L 72,
WMEINTOBHEEALS 7 4 FO% e + iPS Mgk o%GNIREME £ 72 3 5E
HTBRAH I 121725406263 25 S5 I NCT W B 2 &b, EFHEALN /4 F ORI EE
ELC DML Ziat L 7=, = 2 T b iPS il & 5% FE BRI %2 L8 2 5, 2
DDOMUBEEEOMALICOWT, ZNZENLOBEANT /A FERIZL, Z1Z 1 pre-
ELC-org (4 LEHEMAR 17 H) . ELC-org (5 {LEFEMAM 27 H) LEFE L 72 (Fig. 10A) .
FNFNDANA ) A4 P LEMEREETE -, HEEBESRD . HEMNBZAR L T
U ELC-org D525 pre-ELC-org & U b %4 XK E W2 & 2R S 17 (Fig. 10B) , &%
AN AR OBEIGTRIRL V%2 WE T 272012, qRT-PCR T 21T -7z, % DFER,
b b iPS flifEA b b X ¢ 7z ELC OFYIRHEER, FEV b 7 v AF—%— I ~—Hh—
DEMLTFRIELViZ, v NGO ZN LML Tz, $72, %t~ —7%— (caudal
type homeobox 2; CDX2) . WX _E B fifig~ — 7 — (villin; VIL1) . bR Hlifid~ — 7 — (epithelial
cell adhesion molecule; EpCAM) DEETFFHIEL ~VICBIL T, T ko7 ELC & 20D
FANH 7 A FEICTHERZEL D o 72, — 15 T, 3T (cytochrome P450 3A4; CYP3A4,
UDP-glycosyltransferase 1A1; UGT1ALl) DB TFIL L~ i, pre-ELC-org, ELC-org & 3
IC ELC XV EALICKD 5 72 F 7. MZERMINE~—2 — (vimentin 5 VIM) {558
LULiE, AEEIFR WD DD ELC-org X U pre-ELC-org ® /7 23K A > 7= (Fig. 10C) . 1
FNH I A ¥ OWENERE & F~7- & 2 A, pre-ELC-org (% 21 HFC 500 f%. ELC-org i 1200
N L 72 (Fig.11) , ELC-org D /7 25 W IHERE 2R L. BIEFRBIL ~ v b B %
i DEA DD T & b vz o T, AR ORI ELC-org & V72, % 72, ELC-org I,
flid & b iPS MliEtk D & 0L X 872 ELC 25 b [FkE D 7B CERIT % 72 (Fig. 12A) » & 5
IZ, ZNZND ELC-org ICBJ 2 BIRTFHELT v 7 7 A Vi, &ANMH 7 4 FIETRHERD
& %R L7 (Fig. 12B) o
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Figure 10
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Figure 10. Establishment of pre-ELC-org and ELC-org

(A) Diagram of the protocol for generating pre-ELC-org and ELC-org from human iPS cells.
(B) Phase-contrast images of pre-ELC-org and EC-org are shown. (C) The gene expression levels of
drug-metabolizing enzymes (CYP3A4, UGT1ALl), intestinal markers (CDX2, VIL, EPCAM) and a
mesenchymal cell marker (VIM) were examined in human iPS cells, ELCs, pre-ELC-org, ELC-org,
and the human small intestine by gRT-PCR. The GAPDH expression level was taken as 1.0. Data
represent the mean + S.D. (n = 3, biological replicates). Statistical significance was evaluated by one-
way ANOVA followed by Tukey’s post hoc test. Groups that do not share the same letter had

significantly different results (p < 0.05).
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Figure 11
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Figure 11. ELC-org had higher proliferative capacity than pre-ELC-org.

The growth curves of ELC-org and pre-ELC-org are shown. Cell growth was measured by the
CellTiter-Glo 3D Cell Viability Assay. Data acquisitions of each organoid were performed every 7
days (until day 21) after passage. Data are presented as means + S.D. (n = 3, biological replicate).
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Figure 12
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Figure 12. ELC-org were generated from other iPS cell lines.

(A) Phase-contrast images of ELC-org generated from other iPS cell lines (b-iPS and Tic) are shown.
(B) The gene expression levels of drug transporters (MDR1, BCRP, PEPT1), drug-metabolizing
enzymes (CYP3A4, UGT1A1, CES1, CES2), intestinal cell markers (CDX2, VIL, MUC2, LYZ, LGR5,
EPCAM) and a mesenchymal cell marker (VIM) were examined in ELC-org generated from various
iPS cell lines (YOW, b-iPS and Tic) and the human small intestine by gRT-PCR. The GAPDH
expression level was taken as 1.0. All data represent the mean + S.D. (n = 3, biological replicates).
Statistical significance was evaluated by one-way ANOVA followed by Tukey’s post hoc test. Groups
that do not share the same letter had significantly different results (p < 0.05).
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ESRE 7 ELC-org-mono /ESI D 72 ® DBl g D BREE

YBRETHT ~DIGH I3, IBEA AT 4 P& 2RO BIBHOIRETHEL, 24 b
Vv vavikBREIE 08D B, EHEOMIHTIE, v N ERBKROEEANVT A
Fay v 7w nick O LIRS 2 ¢ L CHEERESTEETH I L, AT A
N T 2 ROThE# 9 % 2 & T CYP3A4 DFEIL ~ v 100 fFLA RicEms 3 2 &
L7224, L7225 T, ELC-org 2> HAF8L L 7z BiEfE (ELC-org-mono) b [RIERIC A 77/
A P (OCM) % W CHEIER# 4 % 2 & C, CYP3A4 DEEFRIIL < idm b L
b MNBOREL RO L EZ bz, —/i T, ELC-org DJT & 72 o 7z ELCs 13 #f%
I E e R . (IMM) T L Tz, 2 e EE 3 % L. ELC-org-mono DH5EEIC
D IMM AN L T3 ko icBbni, 22T, £b 5 oRHIA ELC-org-mono D 5#E 1T
LT aERT 5720, &hEH©H5# L 7z ELC-org-mono IC 2\ T, FHELRTOH
BL <% gRT-PCR TH#l~7z, ZDfEHE, OCM THiE S 2 X Y IMM % H\»T ELC-org-
mono #5834 % &, CYP3A4 ¥ UGTIAL & o mBIR T ORBL BRI H L,
CYP3A4 I DWW Tl MMGOBETFRIL XL L Tz (Fig. 13A) o Z DfEHE 2
5. ELC-org Tld—KFfNICICD ELC IZH - 7z/NEDORE R~ K-> 7-db o, HERL L
BOB 735 CRE3E 95 2 L Tt ELC LA o2 R cE L 2 LRk I T,
¥ 72, BREEBESIEYT (TEER) B XU CYP3A4 iHED IMM THE L 2 508 R R L
7= (Fig. 13B 5 X UF 13C)

LEX Y A7 4 F{Ed 52 Lickh ELC ZMkRIC X VMRS cE 2720 Tl
KO ECHEEERZ A T % invitro R ZERICE 3 AR E N, * 2T, KEoET
iZ. IMM T ELC-org-mono % #%5# L 7=,

BRI L& LT, EEEMMA (RAS3E ;148 E) L7z ELC-org 22 5/FRIL T b,
ELC-org-mono DL T-FHIR S & — v iz—E oA % MR LT/ (Fig. 14A) ., 2D &
I3, ELC-org 25X 242 VIR L TREIEE L CHEENICLE L ZEERTH B 2 L 2Rk
LTw3,
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Figure 13
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Figure 13. Optimal medium for monolayer culture of ELC-org (ELC-org-mono)

(A) The gene expression levels of drug transporters (MDR1, BCRP, PEPT1), drug-metabolizing
enzymes (CYP3A4, UGT1A1, CES1, CES2), intestinal cell markers (CDX2, VIL, MUC2, LYZ, LGR5,
EPCAM) and a mesenchymal cell marker (VIM) were examined in ELC-org and ELC-org-mono cultured
with different media and in the human small intestine by qRT-PCR. The organoid culture medium (OCM)
was the same as the medium previously used for the organoid culture, while intestinal maturation medium
(IMM) was the same as the final medium previously used for the differentiation of ELCs differentiation
from human iPS cells. Details are shown in the Materials and Methods section. The GAPDH expression
level was taken as 1.0. (B) The TEER values in each cell monolayer cultured on cell culture inserts were
measured by Millicell-ERS2. (C) The CYP3A4 activity in each cell monolayer was examined by using
the P450-Glo CYP3A4 assay kit in the presence or absence of 10 UM ketoconazole (a CYP3A4
inhibitor). All data represent the mean + S.D. (n = 3, biological replicates). Statistical analyses were

performed using the unpaired two-tailed Student’s t-test (***p < 0.005).

46



Figure 14
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Figure 14. ELC-org maintained their function even after long-term culture

(A) The gene expression levels of drug transporters (MDR1, BCRP, PEPTL1), drug-metabolizing
enzymes (CYP3A4, UGT1A1), and intestinal cell markers (VIL, EPCAM) were examined by gRT-PCR
in each monolayer derived from ELC-org with 10, 20, and 53 successive passages and in the human
small intestine. The GAPDH expression level was taken as 1.0. Statistical significance was evaluated
by one-way ANOVA followed by Tukey’s post hoc test. Groups that do not share the same letter had
significantly different results (p < 0.05). (B) The CYP3A4 activity in the monolayer derived from
ELC-org with 51 successive passages was examined by using the P450-Glo CYP3A4 assay kit in the
presence or absence of 10 UM ketoconazole (a CYP3A4 inhibitor). Statistical analyses were performed
using the unpaired two-tailed Student’s t-test (***p < 0.005). (C) The permeabilities of Rhodamine123
(a P-gp substrate) in the monolayer derived from ELC-org with 52 successive passages were measured.
The efflux ratio (Papp & to A/Papp Ao 8) Of €ach group is shown above the bar. All data represent the mean

+ S.D. (n = 3, biological replicates).
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ELC-org-mono O & 7c BB HAR O 85T

e DREET CHE R R I B 1T 2 Fol 2 B 2B IR < % 7o, ko <L ERENEES X O3
Yy i M o S I ol 7 B AR 2 E 5 72, [A U HIC/E#ELL 72 ELC-org-mono %
WTHER BB CEB L 2%, W 2hDT v 24 %2{To7, 5. /NEDOHEER L
WCERE# S 2 F B R T ORIE % qRT-PCR Till~7-, ZOMER, £ B TORHL
S~V FHBEECOBEEHMBREL R OoONTHINL 722, 20Z{izbTrThHo7-

(Fig.15A) . TEER fHiZ, Y OREMAM < BYBREMITICHHATE 213 EEr - 72

(Fig.15B) , CYP3A4 ifitkid. HEK CoOBBIHE N R VIZ &G R 2 HA A H - 7253, 3
HH<Tb+icms - 7 (Fig.15C) . Rhodaminel23 #3EH & T2 P-gp D F 7 V AR — X —
WE. BEOWIH G5 HH) of%i 7THH) XY bEs o7 (Fig.lsD) . AED
R E 2. AR OREC 13 BE RS 7 H H © ELC-org-mono % i\ CREYMREHEERIE
%, gL 3 H H D ELC-org-mono % v T 3Rk in vk % 3 L 7=,
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Figure 15. Optimal monolayer culture period for ELC-org-mono

(A) The gene expression levels of drug transporters (MDR1, BCRP, PEPT1), drug-metabolizing
enzymes (CYP3A4, UGT1A1l, CES1, CES2) and intestinal cell markers (CDX2, VIL, MUC2, LYZ,
LGR5, EPCAM) were examined by gqRT-PCR in ELC-org-mono cultured for different culture
periods and in the human small intestine. The GAPDH expression level was taken as 1.0. (B) The
TEER values in each cell monolayer were measured by Millicell-ERS2. (C) The CYP3A4 activity in
each cell monolayer was examined by using the P450-Glo CYP3A4 assay kit in the presence or
absence of 10 uM ketoconazole (a CYP3A4 inhibitor). (D) The permeabilities of Rhodaminel123 (a
P-gp substrate) in each cell monolayer were measured. The efflux ratio (Papp B to A/Papp A to B)
of each group is shown above the bar. All data represent the mean £ S.D. (n = 3, biological
replicates). Statistical significance was evaluated by one-way ANOVA followed by Tukey’s post
hoc test. Groups that do not share the same letter had significantly different results (p < 0.05).
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RHIZ X L7z ELC-org 132D/ 2GR B L Tv iz
ELC-org & ELC-org-mono IZ2W T invitro & F/NBET VL L COFREZ TNz, 5,
SRESFINEHT 2 1T - 72 (Fig. 16A 3 X TN 16B) . (AHZAEBAMERIC X 2 Bl%<lx. ELC-org iZ
KA S 2> CHIBEE 253 (19 10pm) BRIR D FERE %78 L. ELC-org-mono 13 FIEE F Rz filig
RO TH o 72, E@MEFHEMEE (TEM) 1< X 3 8l%Clk. ELC-org ¥ X ' ELC-org-
mono DMfifE 1z 2 Z B —DMfEfE2 572 Y . KT (Fig. 16B : F SR VEH) & % 4
bYx vy a viig (Fig 16B : Bk VREH) MRS Nz, MEICS WV Tt ELC-
org-mono D /5728 ELC-org X W #ELEL o Tz, o ofEiR2 5, ELC-org (3Hi)E
Bt 3% & & CHEEMICHAAT 5 2 L RB I Tz,

f¢\» T ELC-org & ELC-org-mono IZ 5 ) 24 753 1D & v o3 7L~ )L TOFRB & G~
oo BRIERICHED 2 LEMIEOEIG 2R T 570, LEME~—5—TH % EpCAM
LI E AR~ — A —TH 3 Villin ZEER L L7z FACS T 21T o7z, Z OFEH., ELC-
org ® EpCAM [ PEMIREEE X 100%., Villin [ PEMIREEE 12 85% % 2 T 7= (Fig.16C) . Z
DT Lo, ELC-org ZKkA 7o SEYBHRERTI B 3 2 BX. LGl O A Y —F 4 v 75 5
L0 BEENAETH 2 Z L BRI N, FARICE~— A —DGEMIEE % ELC-org-
mono THEFA L 7245 5H. ELC-org-mono T® EpCAM [GHEMIIE 1T 100% TH - 7228, Villin
GRS 1 77% & ELC-org X U HIERWEIETH o7, KL LRSS, ELC-org & ELC-
org-mono 1t & i EEMIIEDO A TR I NTE Y, 2o K2 IIRIN EEMidch s 2 &
HBIRB X 7,

b MNMBETR SN S FEACHIE O 2 RS 2 7200, REERE LT o7, %
DFER, ELC-org 35 X TN ELC-org-mono i (%, W - EZMifE (VIL) . i (CHGA) |
FLUF— MM (LYZ) & EN T3 2 L 2T I 7= (Fig.16D 3 X U8 16E) ., ELC-
org-mono TIIMAIAE (MUC2) DfefE bl & 7= (Fig.l6E) . LAE X b, ELC-org-mono
Tt MNGICHEE S 2 BRGNS X O etz S TEERTH 5 T L ARBI N,
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Figure 16
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Figure 16. Differences in morphological and protein expression between ELC-org and ELC-org-
mono

(A) Phase-contrast images of ELC-org and ELC-org-mono are shown. (B) TEM images of ELC-
org and ELC-org-mono are shown. Microvilli (black arrows) and tight junctions (black arrowheads)
are indicated. (C) Percentages of EpCAM- and Villin-positive cells in ELC-org and ELC-org-
mono were measured by FACS analysis. Negative control (blue) and stained cells (red) are
represented.(D) The protein expressions of VIL, CHGA, ECAD and LYZ in ELC-org were
characterized by immunostaining. (E) The protein expressions of CYP3A4, VIL, CHGA, ECAD,
LYZ, CDX2 and MUC?2 in ELC-org-mono were characterized by immunostaining.
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ELC-org-mono D 3Y8hEERE S

ELC-org-mono D3RYIBHRERE # TR 2 701, B4 I /iiECZ DREREZ FHEI L 72, D
FEE. WS 2272 CYP3A4 iEME (Fig. 17A) *° CES2 i (Fig. 17B) & \» o 7= 4R BHE M.
B XU P-gp &t (Fig.17C) . BCRP #&M: (Fig. 17D) . PEPT1#EM: (Fig. 17E) & \»o 723K
PigRiE R I, 2N E N IZHEANIC X s THEI NS 2 BRI N, 56
IZ, ELC-org-mono @ CYP3A4 i1+ X O P-gp vhtkiZ. ELC-org % 50 [ LA EAKR L < b
Fan<Twz (Fig. 14B XU 14C) , LU ED#HE 25, ELC-org-mono |3 3WH 3
HEDMITICH 2 DI+ EEZHE L T3 2 & RRBI N,

CYP3A4 FHE LY AR 25 R FTFE R AN =X LTH S, £ T ELC-0rg-
mono 2 CYP3A4 FFEREZ RFF L T3 28 S & MEt L7z, LA Lass s, HEBREIC
w728 s (IMM) 12133 Cic CYP3A4 DFEYE T 5 vitamin D3 (VD3)
6061 34 F N T\ 72728, ELC-org-mono % VD3 AN D IMM (-V) T 5 HREEE#E L 7214,
IMM 7213 VD3 IO IMM (< rifampicin (RIF) %701 E 72 (38700 (IMM/-V, +RIF/-
RIF) LT 2 HfE# L 7= (Fig. 18A) . % D%, ELC-org-mono IC 351 % CYP3A4 DEIK
THREL 3, RIFHEIMICX > THS 221 B L 72 (Fig.18B) , %7z, ELC-org-mono %
VD3 Z&T IMM T 57 HREBSEB L2770 T, CYP3A4 OB TR L ~ide b/h
B D Z < L RIF RIS X o CEEBEFHRHL ~IZE 6 R L7 (Fig. 18C) « —/i.
MDR1 & UGT1ALl DEETFHRIAL L RIFICL > CFE I N2 Z L BER I 228, fth
DBIETDORIL <~ I VD3 & RIF DERIGZEAEZ T Rh -7 (Fig. 18C) ., Zh b
DFEH D B, ELC-org-mono (X CYP3A4 DFFEREZRFFL T\ 2 2 L AURB I A7z,

KIT, ELC-org % Ml LIAA7F L 72 MR 2> O BEE 2 B A TR C X 20089 %
P72, ZDEE ELC-org % > v 7 R iC £ CREEEL . BRI CRE L CHIIe SRR
& L7, 2% 2 HH-150°C CHFERE L 7212, MR L CHEEEA v ¥ — b+ RICIERE L 2 o
HE & 72, DR, BAS ISR EiE 2 O /E8L L /- HE i % F-ELC-org-mono & MEFRS %, qRT-
PCR f#tir D #5 5. F-ELC-org-mono DOE(RT-FI 7' v 7 7 4 MICHFERFEIC X 2 BR8N R
b o7 (Fig. 19A) . & 51T, F-ELC-org-mono (X143 72 CYP3A4 i&ifE & P-gp iM%
AL (Fig. 19B 8 XU C) | Z DIHH I BAS R % 4% T\ 72 Wl © ELC-org-mono (Fig. 14D
FLUFig.18A) LARED L DTHo7-, TDT &it, ELC-org % ML ERE T D IR HE Tl
ERFET 52 & T, WO THIEREN 72 ELC-org-mono ZFHICZ 2 2 L ZRBL TV 5,

¥ 7z, ELC-org-mono D#f# CYP O HEMNHLELZ LC-MSIMS Tt L 72, % DFR. L
BOTR & L CHEEIRIE S Tz e M/NBHIARHIAE o Rl E % o JR B8 1T 5 L T & [Alkk o fig
W %17 > 72 Fig.20) ., % DfE5%., ELC-org-mono @ CYP3A4 ifE, CYP2D6 &M, CYP2C9
. e FOIRUNGIE O 2 E oGtk & R TH 572, —77 T ELC-org-mono @
CYP2C19 i&Et: i3 v FWIRVNGHIIE X 0 b &2 o 72, BLE X b, ELC-org-mono @ 34 {H#H#E
e MNEERBELCTWB Z AR I N,
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Figure 17
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Figure 17. Drug-metabolizing activities and drug transport activities in ELC-org-mono

Drug-metabolizing activities and drug transport activities were examined in ELC-org-mono. The
CYP3A4 (A) and CES2 (B) activities were measured. (C) The permeabilities of 3H-labeled digoxin
(substrate for P-gp) in ELC-org-mono with or without 100 uM verapamil (P-gp inhibitor) were
measured. The efflux ratio (Papp & to A/Papp A 1o 8) Of each group is shown above the bar. (D) The
permeabilities of H-labeled estrone sulfate (substrate for BCRP) with or without 100 uM Ko0143
(BCRP inhibitor) were measured. The efflux ratio (Papp 8 to A/Papp A to 8) OF each group is shown above
the bar. (E) The PEPTL activity was measured by evaluating the amount of 4C-labeled Glycyl
sarcosine (substrate for PEPT1) uptake into the cells with or without 100 pM glibenclamide (PEPT1
inhibitor). All data represent the mean £ S.D. (n = 3, biological replicates). Statistical analyses were
performed using the unpaired two-tailed Student’s t-test (*p < 0.05, ***p < 0.005).
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Figure 18
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Figure 18. CYP3A4 induction in ELC-org-mono

ELC-org-mono were cultured with intestinal maturation medium with/without VD3 or RIF (-V or
IMM, respectively). (A) Diagram of the protocol for CYP3A4 induction. (B) The gene expression
level of CYP3A4 was examined in ELC-org-mono with or without RIF by gRT-PCR. The
expression level in ELC-org-mono without RIF was taken as 1.0. Statistical analyses were
performed using the unpaired two-tailed Student’s t-test (*p < 0.05, ***p < 0.005). (C) The gene
expression levels of drug transporters (MDR1, BCRP, PEPT1), drug-metabolizing enzymes
(CYP3A4, UGT1AL) and intestinal cell markers (CDX2, VIL) were examined in ELC-org-mono
with or without RIF and the human small intestine by gqRT-PCR. The GAPDH expression level was
taken as 1.0. Groups that do not share the same letter had significantly different results (p < 0.05).
All data represent the mean + S.D. (n = 3, biological replicates). Statistical analyses were performed
using the unpaired two-tailed Student’s t-test (*p < 0.05, **p < 0.01, ***p < 0.005). N.S. means

“Not Significant”.
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Figure 19
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Figure 19. ELC-org can form functional monolayers from cryopreserved cell suspensions
ELC-org were dissociated into single cells and cryopreserved for 2 weeks. Then, cryopreserved
ELC-org cell suspensions were thawed, seeded directly onto cell culture inserts, and cultured for 3 to

7 days (F-ELC-org-mono). (A) The gene expression levels of drug transporters (MDR1, BCRP,
PEPTLY), drug-metabolizing enzymes (CYP3A4, UGT1Al, CES1, CES2), intestinal cell markers
(CDX2, VIL, MUC2, LYZ, LGR5, EPCAM) and a mesenchymal cell marker (VIM) were examined in
F-ELC-org-mono by gRT-PCR. As a control, the gene expression levels in ELC-org-mono without
cryopreservation and in the human small intestine were examined. The GAPDH expression level was
taken as 1.0. (B) The CYP3A4 activity in F-ELC-org-mono was examined by using the P450-Glo
CYP3A4 assay kit in the presence or absence of 10 uM ketoconazole (a CYP3A4 inhibitor). (C) The
permeabilities of Rhodaminel123 (substrate for P-gp) in F-ELC-org-mono were measured. The efflux
ratio (Papp & 10 A/Papp A 10 8) Of €ach group is shown above the bar. All data represent the mean + S.D.
(n =3, biological replicates). Statistical analyses were performed using the unpaired two-tailed

Student’s t-test (*p < 0.05, **p < 0.01, ***p < 0.005). N.S. means “Not Significant”.
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Figure 20
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Figure 20. Comparison of drug-metabolizing activities of various CYPs between ELC-org-
mono and primary cryopreserved human small intestinal cells

Drug-metabolizing activities of CYP3A4, CYP2D6, CYP2C9, and CYP2C19 between ELC-org-
mono and primary cryopreserved human small intestinal cells were examined by quantifying the
metabolites of each substrate (MDOH, TSOH, BFOH, DFOH and MPOH) by UPLC-MS/MS
analysis. In the case of CYP3A4, midazolam and testosterone were used as substrates. Drug-
metabolizing activities in primary cryopreserved human small intestinal cells were measured just
after the cells were thawed. All data represent the mean = S.D. (n = 3, biological replicates).
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ELC. ELC-org. ELC-org-mono ® RNA-seq 4T

& IC. ELC, ELC-org. ELC-org-mono % X b Fflic b3 2 2o ic, KiEv—7 v
— % 72 RNA-seq gt 217 - 7z (Fig.21) . K-means 7 7 A X Y v 7ic kb &4 v 7
MIClRDEFDKE D 572 2000 Ein 1% 4 2D 27 7 A X —ic43 37 (Fig. 21A) . ELC %
5 ELC-org % #% T ELC-org-mono ICE 2 ¥ CTICRBAN LF L -8 lB2 &L 7 72X —A
CDOWTZ VY v F XV MEFTEITO, pESR/ND 14HEZ ) 2+ 7 v 7 L7z (Fig.21B) .
7 7 AX—ATlE, HLICEE S 25 T#F (“Digestion”. “Digestive system process”) & X
#H 7 a2 BE S 285 (“Small molecule metabolic process”, “Monocarboxylic acid

metabolic process”. “Lipid metabolic process”. “Terpenoid metabolic process”. “Steroid metabolic
process”, “Oxoacid metabolic process”) 23[FE iz, THHD I &5 5, ELC 2> ELC-org
% . ELC-org 7> 5 ELC-org-mono % {F# 3 2 @2 T, /MMhe L CoOMRER M EL TwoZzZ
BRI NI,

A% 72 ELC-org-mono IZ 5 1J 2 B TR, JTD ELC 226 ED X 5 2k % L H
ZRFlICI~ 2 7z0ic, [FE W= RBEER T (DEGs) icxfL Tz v U v F 4 v il
%#1T- 72, ELC & ELC-org-mono D] CHIAR & { ZAL L 7z EmF%[FE L. volcano plot
T L7z (Fig. 21C) ., 578 {175 ELC 2> & ELC-org-mono THI EH L (R - HE(x
T) . 1692 #5125 ELC 7> 5 ELC-org-mono THIME T L7z (RIETEET) & 250
RENTZ, TNENDEIETICOWT, pESR/ND 10EHEZY 2+ 7 v 7 L7 (Fig.21D &
KU 21E) . B EAEETFCIR. 0B 10 EIEFRHE T~ TRE 7 o2 2B L 7
H DTH -7 (“Small molecule metabolic process”. “Oxoacid metabolic process”, “Organic acid
metabolic process”. “Lipid metabolic process”. “Monocarboxylic acid metabolic process” .
“Carboxylic acid metabolic process”. “Fatty acid metabolic process”. “Cellular lipid metabolic
process”. “Alcohol metabolic process”. “Organic hydroxy compound metabolic process”) o T @
Z L5, ELC-org-mono Tl ELC & L CTREHFEDSTTHE L T W d Z L 2R E Tz, —
T, REUKTEEF ik, BEERMEBICRE T 2 #8{517#F (“Nervous system development”,
“Mesenchyme development”, “Muscle structure development”, “Generation of neurons”) 725 [F|iE
XNz, TDT EiF, ELC-org-mono 25 ELC D CIRIE L T\ 7= [MEE A 2 ik T % <
W3 T EERKEL TV,

LI E D RNA-seq Dt 25, ELC-org-mono 13 ELC & 387y, MERMEEZE LRV
FbRE 7 DRI TSR S T w B 2 e RS T,

59



Figure 21
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Figure 21. Comprehensive gene expression analysis in ELCs, ELC-org and ELC-org-mono

(A) The top 2000 most variable genes across all samples were visualized by heatmap and k-means
clustering. Gene expression variation was calculated by Z-score, with magenta indicating an increase
in expression compared to the mean across all samples, and green indicating a decrease in expression.
(B) Enriched bubble chart of the top 14 GO pathways of enriched cluster A. The y-axis is the enriched
pathway, and the x-axis is the -log 10 adjusted P-value. The bubble size represents the gene number.
(C) A volcano plot comparing gene expression levels in the ELC-org-mono with those in the ELCs.
(D) Enriched bubble chart of the top 10 up-regulated GO pathways of DEGs between the ELCs vs
ELC-org-mono groups. The y-axis is the enriched pathway, and the x-axis is -log 10 adjusted P-value.
The bubble size represents the gene number.
(E) Enriched bubble chart of the top 10 down-regulated GO pathways of DEGs between the ELCs vs
ELC-org-mono groups. The y-axis is the enriched pathway, and the x-axis is -log 10 adjusted P-value.
The bubble size represents the gen number.

61



EE

AWgeo Bt v b iPS MR kInE FEAMAE (ELC) 268 A4/ 4 F (ELC-
org) &% DHiENE (ELC-org-mono) #* {E#ld 2 2 & <, AIZERFZE I ATRE 2 Ei%RE 2
EEEMEAREMRCE 2B R TIILTH B, DR, ELC 2 HEEERM
fa% & % i RN S HE 2R ELC-org #3723 % & & 1CZh L .ELC-org 2> & =ik%AE 72 ELC-
org-mono # EHl 3 2 720 OREIEZHFK L7z, 2DOA LT 4 P2 bEHl&E /- ELC-org-
mono (%, Jt& 7o 7z ELC ®° ELC-org I B F 2B TR 7 e 7740 X0 b lADE T
INGIC BT 2 BIEFRIAT 0 7 7 A VICHBIL Tz, o0, HiRAF L7z IRV
M & 125 o SRYRHHEE & . BISEIFZCICHE L - 38WlkRE# B L Tz, X 5, 14EDLE
DEMEBEHDBEEBGTORBRILEL T 0., SR EME 2 sS4 v — T
FOEBEREET S LIS,

FeDFE—FETH b IiPSHIlEL LIBEA AT /A FEBIOLL 7225, /MG & L CoEEIRS
BRI L 72 ELC-org & D X % 22 IT{K2> o 72, B—FTld, & b iPS Mg 5 N IRIEMIAE IC
LU 720 (OALEREHART 7 H) TAAF A FEREBLL 7225, ZH1id McCracken & D
WEICH W Tz 39, KifFgETid, b b iPS MliEA ELC 374 b b L 72 58 LA
RISt (O EFFEIAR 27 H) LR cAny /2 4 FaFRFT 32T Aviy
4 FREE L BB O Z N E NI RBE R 55 © ELC-org ORFERZHETE 2, 0 X
0T, AN A FPEEEORIRIEY. 37 b b B EGR oML O FEE L. EFRE R E A
NI AV BLOZORFREOFERICELR TH - 72,

AWFETIE. T v A OFEFICIS U TR 2 &M <85 L 72 ELC-org-mono Z fEH L
oo WEEMAM ZMET L 2246558 (Fig. 15) . HEVRENEE 2 RS 254103 7 HH I, Y
KGR RS 235413 3 HHIC ELC-org-mono Zf#ifl L7z, L #>L. ELC-org-mono (X
JE L 3-7 HHOHPH 1457 CYP3A4 iGitke P-gp iGitEZ /R L Tz, L7223 T,
ELC-org-mono (% 3~7 H D &AM THNIT, o TH A RIEYBEERERIC ST, [ L
F5#E M o ELC-org-mono % F \» TEEYAEREE: & 22k intE 2 MGt 3 2 2 & b A[RETH
5 EHEH X Tz,

AWTFE CIE X 7z ELC-org 13, DAFFE 277 — 77 121725264984 A3 DI FTICE#R & L 7z & b iPS
HIEHRDIGE ALK ) 4 F XD L 22D TENTWS, FH—IC, ELC-org OEHL,
Tbb ELC DA/ A4 PMLICFI BB 2 03 L Lis v, ZTHE TOWETIE, AV
A VYOI ERAICT /NS RMMNMO B 25k 7L - 2HWTALA 2 4 FEAE
BTz 29 —J5 Kiff5Ed ELC-org 1X, ELC 2=y 7 4 v 7 ClthfbL, =+ V7
MCHDAL &) v v TR SNz, & 5T, ELC-org (3 HEE % FRI3 2 R
CHHE EEMIED Y —F 4 v 7R B L Lz, b M iPSHIfEHCROEE ALV A 7 4 Ficid
BRI &G TN TV 2 720 564 D2 DG T I EHEE 58 L R MIAE o g s &
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R4 2%, MIEERMIEZ Y —F 4 v 2ZIc X o THREL Tz 128, BlowRs cld, BE
R EKHINE 2> o B A 777 4 P 2F8 5 2 BRICE LRz Yy —7 4 v 755 2 & T,
MERMILZ EE RWBEEA AN 7 A4 F2FRL Tz 8, R K0F5E CfFf x #1172 ELC-org IX
W BRI D B2 DRERE N T W 5720, BERDO X 51TV —T 4 v 7L v o 72 JEE e i
3L dMERMIEE & R RN R BERZFRl 32 2 b8 Cc& 7z, fHfEICH)E
2 AFRC & AR R T, IRBIL VAT ~DICHICHFTH %,

FACS fEFTICDOWT, SF—EHECEH L7z & b iPS Mifafd ki E A v 4 7 4 FTld, EpCAM
AR 1 56% CTH o 72 2, —J7 T, 7T — X TR L T ARW»AS, RIFFFECER L 72 pre-
ELC-org @ EpCAM [P 1% ELC-org & [FIfk 100% T - 7z, % Bl O FET T I, pre-ELC-
org Z{F8 3 2 720 O LEFEIA 2 T ¢, F—-E oML D 10 HED 5 72, 18- T,
b b iPS MiAE A b BT R % & % n WIBE EEAMIIE & S UEE S 2 1 d. sl X iz ek
B7a baricmMza<, —EOUFEHR S SHE L 5 L Bbhs, XL T, ELC-org-
mono @ Villin B EMIIE= 11X, ELC-org D Zh X Y L T\w7= (Fig. 16C) . T DAL,
H-EToor MERBKRGE AL 4 FD FACS T Co iR hTe Y, HEFEE
THA B~ D MEHE & 21, R 2 7o o LA A32E U 72 5 5 WX E B A (Villin [51)
DY L7-bDEEZHN5, FEEE ELC-org-mono Tl PI4ridiia, <4 — e,
MHIIE 72 & DL A s o TR X Tk Y (Fig. 16E) . CORMEE L T3,

AHFFE Tl ELC-org 20 & it%AE 7 B IH (ELC-org-mono) % {EHLY 2 7= o i 7o B il
RRE L7z, HERESEICHENT 2%, v & iPS Mgl b ELC Z/FR3 2 RICH W 2
55 L B b ic & 2 a2 5 2 & T, ELC-org-mono (3% b EE YR #MEELETH S
CYP3A4 DEWIEEZEY IR L7z (Fig.13C) . 3% 6 AAH 7 4 FE#EEH (OCM) (i
FNH A ORGEEOHMERFICEE AR T TH DL Wit BEITN T DI LT, BEK
ALEH (IMM) 1232 A E TN TRz, BHllEOEE I 2 b, HEB A
XOE FRICHbL 726 e Ezx b b, $72, SEIIMEHFEICHEHL Tz IMM O
MRz 2D F R L 7223, Foli 7 g ER O M IC O W T OMENITE Tz,
ELC-org-mono D& & L CoMaEZ X bicim L& ¢ 2 o, RO AR 27 ) —=
v EELEITD) C LD EETH B,

ELC-org-mono iC 3 1J % P-gp i&itEix, i@EOE 17192 1 0w zm L. BERT
DAMBKIGE AN FT /4 FHREEEC Caco-2 Ml 24 P L FRETH -7 (Fig.
17C) ., KEERERSF (FDA) OH A4 X v ZTld, HHIBAFE D W I BT, A
it &% MDR1 (P-gp) XU BCRP O & L CiHlid 3 2 & kdbnTWn3

(https://www.fda.gov/drugs/guidance-compliance-regulatory-information/guidances-drugs) . ELC-
org-mono (% P-gp & BCRP DIli /7 D&% L Tk v . FDA OB % il 72 36 FH 72 il % <
HbHLE XD,

AR TIZ, v b iPSMIEH kD ELC 225 A H 7 4 FEFERIC K V) StRE R g 77 v
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