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SAZA 5-aza-2'-deoxycytidine

A 83-01 3-(6-methyl-2-pyridinyl)-N-phenyl-4-(4-quinolinyl)-1H-
pyrazole-1-carbothioamide

ABC ATP binding cassette

AHR aryl hydrocarbon receptor

ALI air-liquid interface

AtoB apical to basal

ASI adult small intestine

BCRP breast cancer resistance protein

BSA bovine serum albumin

Bto A basal to apical

cAMP cyclic adenosine monophosphate

CAR constitutive androstane receptor

CES carboxylesterase

CHGA chromogranin A

conv. conventional

CYP cytochrome P450

c-MYC v-myc myelocytomatosis viral oncogene homolog

DAPI 4',6-diamidino-2-phenylindole

DCLK1 doublecortin like kinase 1

DMEM Dulbecco’s modified Eagle’s medium

DMEM/F12 DMEM mixed 1:1 with Ham’s F-12

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

DNMT DNA methyltransferase

EGF epidermal growth factor

ER efflux ratio

ERK extracellular signal-regulated kinase

Fa fraction absorbed

Fg fraction escaping gut-wall elimination

Fu fraction escaping hepatic elimination



FABP2 fatty acid binding protein 2

FBS fetal bovine serum

FDA Food and Drug Administration

FGF2 fibroblast growth factor 2

GLUT2 glucose transporter type 2

GLUTS glucose transporter type 5

GO Gene Ontology

GP2 glycoprotein 2

HBSS Hanks' balanced salt solution

HEPES hydroxyethyl piperazineethanesulfonic acid

hilOs human iPS cell-derived intestinal organoids
hiSIECs human iPS cell-derived small intestinal epithelial cells
HPRTI1 hypoxanthine phosphoribosyltransferase 1

iPS induced pluripotent stem

KLF4 Kruppel-like factor 4

KSR KnockOut Serum Replacement

LC-MS/MS liquid chromatography-tandem mass spectrometry
LCT lactase

LGRS leucine-rich repeat-containing G protein-coupled receptor 5
LL liquid-liquid

LYZ lysozyme

MEK mitogen-activated protein kinase kinase

MES 2-(N-morpholino)ethanesulfonic acid

MGAM maltase-glucoamylase

MUC2 mucin 2

NEAA non-essential amino acid

NPCILI1 Niemann-Pick C1-like protein 1

NR nuclear receptor

OCT3/4 octamer transcription factor-3/4

OLFM4 olfactomedin 4

P-gp P-glycoprotein

Papp apparent permeability coefficient



PBS (-) phosphate buffered saline without calcium, magnesium

PEPTI1 peptide transporter 1

Pyt scaling factor

PXR pregnane X receptor

RNA ribonucleic acid

RPMI Roswell Park Memorial Institute
RT-qPCR reverse transcription-quantitative PCR
SGLTI sodium-glucose cotransporter 1

SI sucrase-isomaltase

SLC solute carrier transporter

SOX2 sex determining region Y-box 2

TEER transepithelial electrical resistance
TGF-B transforming growth factor-beta

TPM transcripts per million

TREH trehalase

VIL1 villin 1

Y-27632 (1R,4r)-4-((R)-1-aminoethyl)-N-(pyridin-4-yl)-

cyclohexanecarboxamide

Z0-1 zonula occludens-1
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1. FFim

HILBEICR T2 KB 2FMT 5 Z L DEEMH

HALE T3 2 s B 4 IEAE ISR 5 2 & &, EFABRAJE ., FrIZHE 1 3B
BIIBWCTEHBETHD, BRAEDODANA LT XA TEVT 4 (Fora) 1T—MITLLT
DI THRIND,

Forar = Fo X F

Z I T, F T BERIGE, F i3 LE R, F TG EREERE T H
%, FRROKXOEDIITHEENRBET L7772 —=0R3 2DH5H 2 2% hHd
TEY (Fu Fo). 200 BICBWTHIEIEIER) R 252 1T D EHKL DS A 37~
ATV T 4 B2 LBOWEE OBEEENEHZ D, TR, HILE CoIEyEhE

DEAEPREAEDNAFTTRA TN T 4 2 KRELSEZDHHNTD 7L T2, fl

ZIE T ANARIENRT 7 a eid, IHEERNA AR T 7 m EcT
JBEDONY ERES S, /MED peptide transporter 1 (PEPT1) OIEEH & L7 Z &
T FRaRELEFITHS L2, o, ZJL—T 70— Y2 — XX HEED
cytochrome P450 (CYP) 3A4 #fHETHZ LT, 7=ua V72 8D CYP3A4 D
B O LEHHEER, J70bb F, Mg 5 2 L8 k<{mbhTwn
%3,

UL ED X912, HALEIZIR T 2 KB eI A FEBRASE IC W CIRFICEEE T
o0, BB T2 X EOERELRFHIRITIELLRVORIRTH H, £DT
D, ERIRFBREFE I 722 o TR CTEIESEME S O E BN ER B2 7 220
L2566 2T b, ZHUTHIEOIE 2 A MRS T D,

X Fy

BLR D FF AT 7 D R RE R

B FEBRIIAR 1 B 512 DO 3EY) D 2 8) 2 WAL R 5 2 L N TE HFHR T
Hb, L, b b EERENY L ORICITER CTE ARWEENMFET D 2 &0
LTI TND Y, Mz T, BHEEITHT 2B0OREY G, BiERE
HIRR 2 LB U CTE TS, BRINEES T 2013 4RI b BB TO B
FEBRPBEILINTWD Y, o KERMEIEMNF (FDA) ILIFDA I k% 2.0
2B W T EIE S OERRRRAT OB 2 /B L LieWigt e LTl 9, @i
FEERBE 1L ORI EIE LR OEBIZ BB K NI L O TV D, Ziub D H
2B B EBRAIED in vitro FHIIEN R D BTN S

HLE BT 2 EHRE ORI A2 5 O EIT/METH D, 2T, /MRS




BOWTHYBME 2 HIET 2 I, B/ MG EEORTHEETHD 7Y, o
T, {HLE BT 2 3B RE Z TN T 5 72O @ in vitro &7 /WIZ/ MG ERIZE B
LTHEEESND, £Z T, invitro TFT /L E LTETRTOENLDN, #fte b
NG ERAIRTH D, LL, 2o OMIEE &S D7 b TEMEEHERF L
72035 in vitro THETHZ ERREETH S 9, I 6, BIETNRINTWVWHIH
FEAE X RS R ATRE CIR RS 21T 0 720, MY OBLH BRI F i TX 720,
W e MANG BRI L LT, b MEREBRO Caco-2 Ml 5,
Caco-2 MIfRIZEEENEECTH Y . /MG LML OB EELZFET 5720, B
B D in vitro ET /L E LTI b TWS, Lo L. Caco-2 #ifidiL, CYP3A4
<> carboxylesterase 2 (CES2) DFEEMME 72 & 1010 [FER b NG ERME L I1X
WS ONOMERZRT I ERMOLNTEY, ROEKOHLEBEZ S <
M CX WG AN TREIND Z e n, EYEEFMAE L TR+ THD
EEZHND,

B 7B : b b AT ZREMER (PS) MM SK/NE

iPS HMifEiX. 4 FEFHDEIEF. octamer transcription factor-3/4 (OCT3/4), sex
determining region Y-box 2 (SOX2) . Kruppel-like factor 4 (KLF4) . v-myc
myelocytomatosis viral oncogene homolog (c-MYC) Z{AMIfZIZE AT 5 Z LIk
ST, WWH SN LT ZetEdfifln T 5 1219, iPS ML DR & 2 REE0.
FEINZE Py R AR DAk 2 7o fliflc b3 DB A A TH62 L THY, =
DOFFEZTEE T N iPS Mlan 6 | T EMAG FTRE D b RN & [R5 DR -
BEREA A L7ofifin) 21322 LN AEETHDH B X BND,

Vel & OPMRIGE MR RA VT ) A ROESEREAN Wa2 s L=, & FiPS
AR K& AV FT ) A4 K (human iPS cell-derived intestinal organoids, hilOs) @
ERLEDS. B b iPS MIRRIC BT 2 A & LTI T Spence 512 X - T
STz 9, ZH LA hilOs IZ DWW THR A e (ki s S Tn g 1617, —J5
hilOs @ & 9 7o it R-CHIZER ORI 2 & LB D X =l Tid7Z <, iPS #fl
fa s & BRI IBE FEGMAN 2wl TR 23 bl S Tn g 1820,
FFIZ, Kabeya 512 & » TiRsE & 4172 transforming growth factor (TGF)-B 52 2 A RH.
4|, DNA methyltransferase (DNMT) [H 3 4. mitogen-activated protein kinase
kinase (MEK) BHZE#I. cyclic adenosine monophosphate (cCAMP) 27" Lk AL Al
D 4 SORGFLEHZHEN L CTERT 5 & iPS Mla i kg R




(human iPS cell-derived small intestinal epithelial cells, hiSIECs) 1%, =22 | 7H)»Off
2t & iPS Ml DIBE M2 FRTE 5 ic, #AELIFFICTHN 1Y, L
L7726, Z ORI solute carrier family 5 member 1/sodium/glucose cotransporter
1 (SLC5A1/SGLT1) & W7o, /MEBIZEIT 2 WEBRBICEE L 5 2 58T D%
BMEW, E72, WO Py & invivo D FoFy & Z T 5 &, CYP3A4 DFE
E R DI ITFEBI AR O RELAND Z ENETH Y . YR E2=I1T 5
Y OFR TR AT ONITRIEEE AL TH DL Z EPNRE I TND 2D,

Z 2 TAMIGE TR, K0 AR/ BRI T O FE2 A % hiSIECs % B
I HZLEENIZ, Bk 4 SO TLEW % V72 hiSIECs OIERLED
Hg=y L’Db"dﬁﬁ%ﬁiﬁ/)f:o BRAE LT, ETES A0 O &K
Wb ZIT o7, WIT, BERIEORE L & L TR HE (air-liquid interface, ALI)
EERVEDOBAIZ DWW T 21T o7, £ LT b L7z 7= b2 L CER L
7= hiSIECs D FEWEREFAIBERE(Z DV TRl & 320 L 7=,



2. &S AL WERINBIE O &R b & AL 853 D) RAREE
2148

hiSIECs DAERED T4 | MEK FRLEHITdH 5 PD98059. TGF-B52 A A BH.E 4l
T & %  3-(6-methyl-2-  pyridinyl)-N-phenyl-4-(4-quinolinyl)-1H-pyrazole-1-
carbothioamide (A 83-01), DNMT [HEH|TH 5 5-aza-2'-deoxycytidine (SAZA).,
CAMP 7 F IEMALAITdH % forskolin @ 4 DDA FAL-E W Z i -+ % J71k
X, EWIERYEIMERABEE A AT A Z LRSS 2D, LarL, B R
ABIZ m BT DB O ORBLC, CYP3A4 O RE D 5 3R O T HIMEIX
IR E LTIV, Z O EMR OO, KRETIXE b iPS Mg Windy £ %
TG BRI OZEFHEE T v ha L OW R 2R AT,

FTEH LWL, SERED B THRM L TH 21850 LA ok
Th D, BHRD 4 [K71E, JI2 PDIS059, A 83-01, SAZA OFLAAKDOE RS
S, ED forskolin DUINN X HIT/MEERET H L\ ) BEN RSN
20, Pt~ T, forskolin 2353k 7" 1k 2 UIZHLAGA 47z ETOD PD98059, A 83-
01, SAZA ORENEIZOWTHIRIEMFES LTV e, £, Zhb 20kt
FPHERS EWV ) FIEIXINE TR STV, & 2 T AKFE TIEPDI8059,
A83-01, SAZA IZDOW T, £ 6 DOA MRS L ORI O Z 5 A% hiSIECs O /EHR
(ZED XD ITHES DI,

ALI K538 1%, KM & A OB TRl 2558 32 HIETH 0 | MERERR D
Ml Z R84 2 5L LA HnbnTng 229, IBaic s\ T
X~V AGHIIRESROGE A NVT ) A4 ROERICHEA L, RIS L2 s S+
TeHENH D 2, LarL, hiSIECs OFERUZ ALI 858 2@ L 7o S 1TR 7218
<, ZOHMPEFIARHTH S, £Z T, b FiPSHIIEN /MG BRI~ LD
WARIT ALI 85388 A A A Te 2 & B EDIREIZDRNB D E D MTON T, M
FEITIR ST,



2.2 EBRIGIE
221 RAEEB I UHI

bt b iPS M (Windy) 13t MG VEISHESERIIL MRC-5 20 RIS S AU720K T
oY ENLREERME Y 2 — 58T (Tokyo, Japan) OfFHEMGAE L LY Z
it 5 /=72y 72, Matrigel matrix growth factor reduced |3 Corning (Corning, NY,
USA) £ Y. human adult small intestine total RNA (5 donors, lot = C409285) (&
BioChain Institute (Newark, CA, USA) X ¥ | dimethyl sulfoxide (DMSO), Accutase 33
£ O ammonium formate solution | Nacalai Tesque (Kyoto, Japan) £ ¥ . Roswell
Park Memorial Institute (RPMI) + GlutaMax medium, N2 supplement, B27 serum free
supplement, bovine serum albumin (BSA), GlutaMax, Hanks' balanced salt solution
(calcium, magnesium, no phenol red) (HBSS), BCA Protein Assay Kit, KnockOut Serum
Replacement (KSR) I3 & U HepExtend (& Life Technologies (Carlsbad, CA, USA) &
W . 4-(2-hydroxyethyl)-1-piperazinecthanesulfonic acid (HEPES) buffer . 2-
mercaptoethanol 3 K T diclofenac (& Merck (Burlington, MA, USA) LV, /L1
F ¥ —A % — I (ThinCert, 0.4um pore size, translucent, 24well plates) |% Greiner
Bio-One (Kremsmiinster, Austria) J ¥ . phosphate buffered saline without calcium,
magnesium (PBS (-)) (& TaKaRa Bio (Shiga, Japan) & ¥ | fetal bovine serum (FBS) X
Nichirei Biosciences (Tokyo, Japan) £ ¥ | fibroblast growth factor 2 (FGF2), activin A
F & O epidermal growth factor (EGF) (& PeproTech (Cranbury, NJ, USA)X ¥ | A 83-
01 /X AdoQ BioScience (Irvine, CA, USA) KL ¥ . (S)-mephenytoin (£ Enzo Life
Sciences (Farmingdale, NY, USA) X ¥ . (IR,4r)-4-((R)-1- Aminoethyl)-N-(pyridin-4-
yl)-cyclohexanecarboxamide (Y-27632) I% Focus Biomolecules (Plymouth Meeting,
PA, USA) X V. KAPA SYBR Fast qPCR Kit ABI Prism ¥ Kapa Biosystems
(Wilmington, MA, USA) X ¥, 1:1 mixture of Dulbecco’s modified Eagle’s medium
and Ham’s nutrient mixture F-12 (DMEM/F12), forskolin, PD98059, SAZA ., midazolam,
mitomycin C, ultrapure water, methanol 33 X O} acetonitrile (£ FUJIFILM Wako Pure
Chemical Industries (Osaka, Japan) £ ¥ . MEM non-essential amino acid (NEAA), L-
glutamine 33 & U" penicillin-streptomycin mixed solution (& Biological Industries (Beit
Haemek, Israel) X ¥ |4'-hydroxydiclofenac 33 &X UF 4’-hydroxymephenytoin (% Sumika
Chemical Analysis Service, Ltd. (Osaka, Japan) X ¥ | 1’-hydroxymidazolam |3 Cayman
Chemical (Ann Arbor, MI, USA) X ¥ . RNeasy Mini Kit 3 X O QIAshredder X
QIAGEN (Valencia, CA, USA) X ¥ . ReverTra Ace gPCR RT Master Mix with gDNA



Remover [ TOYOBO (Osaka, Japan) X WIEA L7z, £ DOMORIZIT T~ THiflk
DFFRE T ITALFHO S DE W,

222 & b iPS MR OB

t b iPS HHAZIX 20% KSR, 1% NEAA., 2 mM L-glutamine, 0.1 mM 2-
mercaptoethanol, 5ng/mLFGF2 % & DMEM/F12 % HI\ T, mitomycin C ZLER|Z
£ 0 ARIEL Lo~ U A BRAFRRAE SRR EChREEE Uz, BEHiRHAIT BTV, 34
HRIC MRS R 21T o 72, & b iPS /NG LGl ~D 53 ki, & & iPS
RADNEERT 4 v v 2128 L, Raofban=—0 5D 5FIE03H) 70%I2 78 - T2
RINBERMR LT,

2.2.3 & b iPS MR D & /NG LR HERE ~ D431k

t K iPS #ifaiE. 0.5% FBS. 100 units/mL penicillin G, 100 pg/mL streptomycin
sulfate, 100 ng/mL activin A % & ¢ RPMI + GlutaMax medium C 48 R[5 1% .
2% FBS. 100 units/mL penicillin G, 100 pg/mL streptomycin sulfate, 100 ng/mL activin
A % &7 RPMI + GlutaMax medium T 24 FFfi]E5#% 25 Z & THRZEIC /ML &
72. & D1% . 2% FBS. 1% GlutaMax, 100 units/mL penicillin G, 100 ug/mL streptomycin
sulfate, 250 ng/mL FGF2 % & &> DMEM/F12 (54 #HaEs ) < 96 B4
5 Z L CIHESMIRIC b S YT, ESAIEA 10 uM Y-27632 &N 2 7o
ERMEIEEL HEC 1 B A > = X— |k L72%%, Accutase Z HHWCTRIBEL ., H 50U
> DMEM/F12 T 30 {52471 L 7= Matrigel matrix growth factor reduced T=—7
AT LI b= NERITEAINTF v —A % — F RICHERE L7, fRfE L7
HIfEZ 10 pM Y-27632 Z & de/pfbisiT 1 HES# L, £ D% 30 uM forskolin %
e bBE i © 18 HREEE®R L7z, S 512, Figure 13 BL NS IZRT L 91T,
20 pM PD98059, 0.5 uM A 83-01, 5 uM 5AZA ORI E . ALL E5#% = Z N2 NAT
7poTm, 7B, b EE T 2% FBS. 2% N2 supplement, 1% B27 serum free supplement,
1% HepExtend, 1% NEAA. 1% GlutaMax, 100 units/mL penicillin G, 100 pg/mL
streptomycin sulfate 33 & OY 20 ng/mL EGF % & ¢ DMEM/F-12 Th 5,

2.2.4 RNA i1 33 L OY, reverse transcription-quantitative PCR (RT-qPCR)
RNeasy Mini Kit & QIAshredder D B FIZHEV MO RNA il L 7=,
FhH L 72 RNA %, ReverTra Ace gPCR RT Master Mix with gDNA Remover % f V>,



BRI 25 > T cDNA ~#i#iz5 L7, RT-gPCR (X, KAPA SYBR Fast gPCR
Kit ABI Prism & LightCycler 96 System (Roche, Basel, Switzerland) % H\»T1T7-
2o R L7 T4 ~—OH M%) % Table 1 12779, qPCR isiE, 95C T 3
min D7 LA UFax—T g IR L, 95C T 10sec, 60°C T 20sec, 72°C
T lsec ® 3 A7 v 7% 40 [Bl#Y K L7, RT-qPCR DO#ERIE, hypoxanthine
phosphoribosyltransferase 1 (HPRT1) Z /"7 A ¥ — " J#E {1 & L T, delta-
delta-Ct {RIZ X W HH L7,

Table 1. Primer sequences used for RT-qPCR.

r?aergi Sense 5' — 3’ Antisense 5' — 3'
ABCB1 CCCATCATTGCAATAGCAGG TGTTCAAACTTCTGCTCCTGA
ABCG2 AGATGGGTTTCCAAGCGTTCAT CCAGTCCCAGTACGACTGTGACA

CES2 CTGGGGAGTCTTGTCCATGT GGAAGGGAAGGTCATGTTGA

CHGA TCCGACACACTTTCCAAGCC TTCTGCTGATGTGCCCTCTC
CYP2C9 GACATGAACAACCCTCAGGACTTT TGCTTGTCGTCTCTGTCCCA

CYP2C19 GAACACCAAGAATCGATGGACA TCAGCAGGAGAAGGAGAGCATA
CYP3A4 CTGTGTGTTTCCAAGAGAAGTTAC TGCATCAATTTCCTCCTGCAG

DCLK1 TAGCACAGCAGCTGGAGTTT GAGTTGAGTTCGGGAGGAGC

FABP2 TTGGAAGGTAGACCGGAGTG AGGTCCCCCTGAGTTCAGTT
GP2 CAATGTGCCTACCCACTGGA AGCACGGACTCAACAGACAG
HPRT1 CTTTGCTTTCCTTGGTCAGG TCAAGGGCATATCCTACAACA
LGR5 TGCTCTTCACCAACTGCATC CTCAGGCTCACCAGATCCTC
LyZ TCAATAGCCGCTACTGGTGT AATGCCTTGTGGATCACGGA

MUC2 AGAAGGCACCGTATATGACGAC CAGCGTTACAGACACACTGCTC

OLFM4 CCAGCTGGAGGTGGAGATAAGA CCACACCACCATGACCACAG
S GGTAAGGAGAAACCGGGAAG GCACGTCGACCTATGGAAAT
SLC5A1 CAACATCGCCTATCCAACCT TAAACAACCTTCCGGCAATC
SLC15A1 CACCTCCTTGAAGAAGATGGCA GGGAAGACTGGAAGAGTTTTATCG
VIL1 AGCCAGATCACTGCTGAGGT TGGACAGGTGTTCCTCCTTC

225 & ERESIES (TEER) [HEOHIE

TEER f#!%. EVOM3 (WPI, Sarasota, FL, USA) % A\, Bl AEIC0E > THI
B L7z, ALLESZE O well 121X, - (liquid-liquid, LL) 553 @ well & [A& D5
{bEsihz A > — FNICERIN L 72 ICHIE 21T/ > T2,



2.2.6 EW R BB RTEHERABR

hiSIECs Z 5395 B/ I /VTF v —A ¥ — b %, basal {75 RBRIEA R H
L72WE 93T 7 4 )V KB T2 12-well plate @ well BICE@E L, A > —h
W% 10 mM HEPES % & ¢ HBSS (HBSS-HEPES) (Z42#2 L. 37°C T 20 min
T v Fax—ag L, £O%, A — FN% 5uMdiclofenac, 50 pM
(S)-mephenytoin, 5 pM midazolam % 7% 7¢ HBSS-HEPES (ZEH#L L, 37°CT6 h A
V¥ aR—varll, ArFa—va ko REREY L E LT
I¥ L. liquid chromatography-tandem mass spectrometry (LC-MS/MS) % H\W\TE &
L7c. SIS M 2 M3 2 72 012, 3BR 1% D hiSIECs DR & o /37 B
% TaKaRa BCA Protein Assay Kit % VT, B AEICEWVVER LT,

227 LC-MS/MS IZ L 2R#HDOEE

TEW A BTG MR C15 S a7z 13F 30 pL 1IZxf L, EBEEYED 10 ng/mL
niflumic acid % 7 ¢ acetonitrile 90 uL Z /1 2., & 512 50% acetonitrile 6 uL & J&F0
L7z, =D, 1,000 x g, 4°C, 5 min Tix.L» L7z _L{E % FastRemover for protein
(GL Sciences, Tokyo, Japan) T L, LC-MS/MS 2 & DA 7=, LC-
MS/MS ¥ A7 AIZIE QTRAP 6500 (AB SCIEX, Framingham, MA, USA) 8 X
Nexera XR (Shimadzu, Kyoto, Japan) ZfEH L. liquid chromatography 7 7 AIZ1%
ACQUITY UPLC BEH C18 column (1.7 pm, 2.1 x 50 mm) (Waters Corporation, Milford,
MA, USA) % 40°CTHEM L7, BEFEIZIX 10 mM ammonium formate % 7 ¢¢
ultrapure water (A) & acetonitrile (B) ZfE/H L. ¥#E 0.4 mL/min & L7c, F8)
FHOD gradient (XLA FIZ/RT 454 & L7z: 0-0.01 min 2% B, 0.01-3.50 min 2%—-100%
B. 3.50—4.00 min 100% B, 4.00—4.10 min 100%—2% B, 4.10-5.50 min 2% B, Mass
spectrometry # & 1L LL FIZ /R § 5 & L 72 positive ion mode, 550°C TIS
temperature, 5500 V ion spray voltage, 30 psi curtain gas, 12 psi collision gas, 65 psi
nebulizing gas, 70 psi TIS gas, £7c. LG Z & OFEMZRHIESAFIL Table 2 (127
7



Table 2. Multiple reaction monitoring conditions for LC-MS/MS.

Q1 mass | Q3 mass | DP EP | CE |CXP

Compounds lon mode (Da) (Da) VUEREVERVUERY)

4’-Hydroxydiclofenac Positive | 311.824 230 16 10 43 12

Metabolites | 4’-Hydroxymephenytoin | Positive 2351 150.1 51 10 29 8

1’-Hydroxymidazolam Positive | 342.107 203 81 10 35 12

Internal
standard

Niflumic acid Positive | 283.014 245 51 10 41 14

2.2.8 P-glycoprotein (P-gp) BETEHEHIE

P-gp DFE & LT, 10 uM digoxin &, FHFEFHI L LT 100 pM verapamil % ffi ]
L7z, Bz HBSS-HEPES (ZAZ# U, [LER|OLFE T £IZIZIFET, 37CT
20 min LA ¥ aX— 3 LT, FD%, receiver f]iZ HBSS-HEPES %,
donor {H1iZ 10 pM digoxin % & #¢ HBSS-HEPES (Z{&#a L, PHLERIOFEME T £721%
FEFET . 37°CT 60min A > F =2X— 3 > L7, 20, 40, 60 min Ff 11T receiver
BB 7Y o 72T LC-MS/MS Z AN TiER LT,

T OIOFRERIL (Papp) PHEHENTLL T ORUTE S E TR -T2,

_do 1

W g Ax Gy
Z 2T, dQ/dt IXHALIF Y 72 0 ISER LI b O B, AIXEAL I LT v —A
Y — FOEHEFE (0.336 cm?), Cold donor |DILEMIDHINRE TH 5,

Digoxin @ efflux ratio (ER) /%, basal to apical (B to A) J5[A](D Papyp % apical to
basal (A to B) J71A]D Py TERT Z &I Lo TR LT,

P

2.2.9 LC-MS/MS (Z X 5 digoxin D EE

P Y 7 LTz BiE 50 pLizxt L, PERMEARED 10 ng/mL niflumic acid %5
¢ acetonitrile & methanol @ 7:3 {EATANK 200 uL Z N2, S 51T 50% acetonitrile
Sul ERFfI L7z, £D%, 1,000x g, 4°C, 5min CTiE/l» L7z i % FastRemover
for protein Ty&iH L. LC-MS/MS IZ L D FEHTICH V2, LC-MS/MS & A7 AIZIX
QTRAP 6500 5 &L T8 Nexera XR #Zfili ] L. liquid chromatography % 7 A1
ACQUITY UPLC BEH C18 column (1.7 um, 2.1 x 50 mm) % 40°CCfEA L7-, &
BFEIZ 1T 0.02% formic acid % & T2 ultrapure water (A) 33 &2 Y 0.02% formic acid %



& de acetonitrile (B) Zff f L. Witi#IE 0.5 mL/min & L7z, BEIFHD gradient (LA
TSRS & L7z: 0-0.50 min 2% B, 0.50-3.00 min 2%-99% B, 3.00-5.00 min
99% B. 5.00-5.01 min 99%2% B, 5.01-6.00 min 2% B, Mass spectrometry | & |
PLUFIZ/R T 4:1F & L 7=: positive ion mode, 350°C TIS temperature, —4500 V ion spray
voltage. 20 psi curtain gas, 10 psi collision gas, 35 psinebulizing gas. 65 psi TIS gas,
£ ALEW T & OFMZLHIE SAFIE Table 3 1287,

Table 3. Multiple reaction monitoring conditions for LC-MS/MS.

Compounds lon mode Q1 mass | Q3 mass | DP EP CE CXP
(Da) (Da) M WMV W
Substrate Digoxin Negative 779.2 649.3 |-206.8| -10.0 | -46.5 | -10.0
Internal Niflumic acid Negative | 2810 | 2372 |-208|-11.0|-223|-238
standard
2.2.10 FEFARHT

HEFHTITIE, SPSS Statistics software version 25.0 (IBM, Chicago, IL, USA) %
2, 2 BELRER 121X Student’s t-test %, 2% B LLEG (2 1E Dunnett’s test % S5 L 72,

10



2.3 EBRER

2.3.1 PD98059 (MEK FHEA) D EhInEAR wEt
PD98059 % 734D 12 HRINT 20D biEICx LT, A% 8
HREL. 4 BRI, FERIMEW D L2223 E LIk 21772 > 7= (Figure 1), € DS

. PD98059 DI %45 < T 51223 T JIHE

B LM~ — 5 —T& 5 villin

1 (VIL1) &P 5 EEL CYP 70 - TH D CYP2C9, CYP3A4 DExT

S LT,

A
Day 0 3 7

18 22

IActivinAI FGF2 |

w

EGF, Forskolin
12-day PD98059 (Conv. protocol) —

EGF, Forskolin, A 83-01, 5AZA

PD98059

8-day PD98059 — PD98059 —-PD98059

4-day PD98059 —| PD98059 -PD98059

0-day PD98059 — -PD98059

S 100 VILA1 "

o - *k

= = e
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o

o

X

(0]
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Z 10
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©

o 1
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o

S100) e e L
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o
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()
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o
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©
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o
=]
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>

m

-
- o
- o o
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o
=
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& e Ay
A
A

12-day 8-day 4-day 0-day
PD98059 PD98059 PD98059 PD98059

CYP3A4
- ’—‘é‘—‘ ’_f_‘ %
A
12-day 8-day 4-day 0-day

PD98059 PD98059 F’D98059 PD98059

ASI

ASI

Figure 1. Investigation of PD98059 (MEK inhibitor) in the hiSIEC generation protocol.
(A) A schematic diagram of the hiSIEC generation protocols used in this experiment. (B-E)

RT-qPCR results. The mRNA expression levels are represented relative to the level in the adult

small intestine (ASI), which is set to 100. HPRT1 was used as a housekeeping gene. All data

are presented as the mean £ S.D. (n = 4, ASI: n = 1). Data are representative of several

independent experiments. Statistical significance levels compared with conv. protocol group:

*P <0.05; **P <0.01.
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2.3.2 A 83-01 (TGF-p AR EA) DHFINBARIMRET

A 83-01 Z4 b ¥ 12 ARSI 21EkD 3 biEIcx LT, WNA %% 8
HiW. 4 B, FERINE O LA E LIk 21772 o 72 (Figure 2), & O
R. A83-01 DU %24 < 3512240 TC, VIL1, CYP2C9, CYP3A4 (2%,
/WG BRI~ — 41— T & 5 sucrase—isomaltase (SI) DiE{x 1-FEELDOID D32
S,

A
Day 0 3 7 14 18 22 26
|Actvin Al FGF2 | EGF, Forskolin EGF, Forskolin, PD98059, 5AZA
12-day A 83-01 (Conv. protocol) — A 83-01
8-day A 83-01 — A 83-01 -A 83-01
4-day A 83-01 —»| A 83-01 —A 83-01
0-day A 83-01 — —A 83-01
B C
s VILA1 S Sl
3 1000 2 100
(0] (0]
1007 = ** ** 10
< - < »
5 z | Y
£ 10 £ 1 =
o () pay
2 2
© ko
& 12-day 8-day 4-day 0-day ASI &J 0.1 12-day  8-day 4-day 0-day ASI
A 83-01 A83-01 A83-01 A83-01 A 83-01 A83-01 A83-01 A83-01
D E
c CYP2C9 c CYP3A4
©1000 © 100
7] 7]
o o
Q‘ *% Q‘ 1 0
X x
o 100 o *% - )
< = i o < % 4 *%*
Z = z ! o e 2
€ 10 € x
14 o 0.1 A
> >
s T
& 12-day 8-day 4-day 0O-day ASI &) 0.01 12-day 8-day 4-day  0O-day ASI

A 83-01 A83-01 A83-01 A83-01 A 83-01 A83-01 A83-01 A83-01

Figure 2. Investigation of A 83-01 (TGF-B receptor inhibitor) in the hiSIEC generation
protocol. (A) A schematic diagram of the hiSIEC generation protocols used in this experiment.
(B-E) RT-qPCR results. The mRNA expression levels are represented relative to the level in
the ASI, which is set to 100. HPRT1 was used as a housekeeping gene. All data are presented
as the mean = S.D. (n = 4, ASI: n = 1). Data are representative of several independent
experiments. Statistical significance levels compared with conv. protocol group: *P <0.05; **P
<0.01.
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2.3.3 5AZA (DNMT FEEH) OFINBAEIARE

S5AZA Z btz 12 BRI 29ERD /M bIEICRT LT, WA %% 8 H
fil. 4 I, FERIME WS LR 2 E LR 21772 - 7= (Figure 3), & D&,
TIN5 L 7= B CR % LR~ — 1 — T 5 VILL & SI, ) EESR
T 5 CYP2CY & CYP3A4 DB FFEDERIEL YD m <, FFIZ 4-day SAZA
HTRHWIThbARICELS 2ole, —F, 5AZA 22 M LR WGAIZITEkR
1% & T CYP3A4 @%‘\éfﬁiﬁ TR SN0 T,

A
Day 0 3 7 14 18 22 26
Activin A} FGF2 EGF, Forskolin EGF, Forskolin, PD98059, A 83-01
12-day 5AZA (Conv. protocol) — 5AZA

8-daysazA—| __ saza _ JEELIYA
4-day 5AZA —| 5AZA -5AZA
0-day 5AZA — -5AZA

B C

c VIL1 5 Sl

21000 N 3 100

(] (%]

o * i *%* o

S . a

s 100{ = 3 a -

= Z 10

£ 10 :

o o T

g : e

& 12-day 8-day 4-day 0O-day ASI g“:) 12-day 8-day 4-day O-day ASI

5AZA 5AZA 5AZA 5AZA 5AZA 5AZA 5AZA 5AZA

D E

< CYP2C9 < CYP3A4

% 1000 % 100 .

(2] [}

] ** [0)

: . 5

2 1001 e e <q() 10 +

Z zZ A

o 1

g 10 g 1 -

2 2 x

5 1 L 0.1

& 12-day 8-day 4-day O-day ASI § ~~ 12-day 8-day 4-day O-day ASI

5AZA 5AZA 5AZA 5AZA 5AZA 5AZA 5AZA 5AZA

Figure 3. Investigation of SAZA (DNMT inhibitor) in the hiSIEC generation protocol. (A)
A schematic diagram of the hiSIEC generation protocols used in this experiment. (B—E) RT-
qPCR results. The mRNA expression levels are represented relative to the level in the ASI,
which is set to 100. HPRT1 was used as a housekeeping gene. All data are presented as the
mean + S.D. (n = 3, ASI: n = 1). Data are representative of several independent experiments.
Statistical significance levels compared with conv. protocol group: *P < 0.05; **P < 0.01.
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2.3.4 ALI 5538 DR RERFE

t & iPS Ml & /NG BRI~ D IT kT % ALL 5B O REZ 57
D, BNV INTF v —A Y — FOE LRI b OMEEREL, A o — NN
DO Z R L9 HFIETALIESE (Figure4) OZIRICHOWTHET 21T~ 72,
BAREIZIE, AR 4 B O 5AZA #RINT 550tk s LT, ko
LLESER AT OBEE ALIES R 4 4.8, 12 BT D BED LB 21772 > 7= (Figure 5),
ZORER, SI. CYP2C9, CYP3A4 OB~ FFHLIL, 8 A AL E-E 2177272
HoRbE<, TRLL0EHRH @ BR) THLEMM (12 B#) TH2hRIETEEs
T 5 2 ENHER I NI,

Liquid-liquid culture Air-liquid interface culture
(LL culture) (ALI culture)
No medium
C O O O T OooOoooooon
2/

Figure 4. Schematic of ALI culture. In ALI culture, the cell culture insert cups contained no
medium. LL culture is a common cell culture method. Figures were created using
BioRender.com.
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Day 0 3 7 14 18 22 26
| | 5AzA_| |
|Activin Al FGF2 EGF, Forskolin | EGF, Forskolin, PD98059, A 83-01
LL — LL

4-day ALl —
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2 S 10 T
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2 2 a
© © r@ﬁ
& 1 LL LL  4-day 8-day 12-day ASI &’ 1 LL LL  4-day 8-day 12-day ASI
ALI ALI ALI ALI ALI ALI
12-day 12-day
5AZA 4-day 5AZA 5AZA 4-day 5AZA
D E
c CYP2C9 c CYP3A4
21000 2100
@ * * @
g e & g ~
3 1001 o ° 3
2 < 10 " =
o o v
g 10 €
[} [ *k
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5 s Lk
& 1 LL LL  4-day 8-day 12-day ASI &) 1 LL LL  4-day 8-day 12-day ASI
>3 ALl ALl ALl 73 ALl ALIT AL
-aay -aay
5AZA 4-day 5AZA 5AZA 4-day 5AZA

Figure 5. Investigation of ALI culture. (A) A schematic diagram of the hiSIEC generation
protocols used in this experiment. (B—E) RT-qPCR results. The mRNA expression levels are
represented relative to the level in the ASI, which is set to 100. HPRT1 was used as a
housekeeping gene. All data are presented as the mean + S.D. (n = 4, ASI: n = 1). Data are
representative of several independent experiments. Statistical significance levels compared
with LL + 4-day SAZA group: *P <0.05; **P < 0.01.
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2.3.5 novel hiSIECs O #{5F¥

ZZETORRND, SAZA OB Z 4 HFEICH O, 8 HIH D ALL & %
17725 J7ik GIrElE) TYESRL9 % hiSIECs (novel hiSIECs) 7%, TRk TIERIT %
% @ (conventional hiSIECs, conv. hiSIECs) £ ¥ & AAKD /NG BRI IE IZ TV i
IRFHRET 07 7 A NE BT D AR R éihf:o % Z C. novel hiSIECs ®
FREUZ DWW T S BIZFERICI R D729, KV R8s T O BUENT & ik
A FIEME, TEER fE. P-gp I&MEORHAM 21772 - 7‘:0

NG ERIFEER MR E ZE b0k T 52 OMEN O RER S D
(Figure 6A), %= 2 C, FMEOMIAD~— B —IZ O\, BIn T IBUENT 21772 -
7 (Figure 6B), ZO#ER, /NME LEMO~—0—& L THBILS fatty acid
binding protein 2 (FABP2) <°, If& #ffifld~ — 1 — T 5 olfactomedin 4 (OLFM4),
XF— M~ — 5 —? lysozyme (LYZ) DZEHLH novel hiSIECs (2B CTHIN L
Tz, X, IBESMd~—%5 —T#H % leucine rich repeat containing G
protein-coupled receptor 5 (LGRS) & W43 Wil fid =~ — 5 — @ chromogranin A
(CHGA) Di&Efn1-FHiIX novel hiSIECs [IZBWTIEK F LT 72, — 5, M~
— % —®@ mucin 2 (MUC2), M #lifid~—% —® glycoprotein 2 (GP2), % 7 ~Hlifig
~— 71— doublecortin like kinase 1 (DCLK1) DFEHUZIH & 072 B LITRRD H i
IR T, Eiz, HWEIRER OB 3 IUTE L TiE, CYP2C9 & CYP3A4 (Z
Iz, /B FEELT 2 KRS D CYP2C19, CES2 12 b HAME M 23580 B
7z (Figure 6C), & HIZ, FT AR —Z—@ ATP binding cassette subfamily B
member 1/P- glycoprotein (ABCB1/P-gp). ATP binding cassette subfamily G member
2/breast cancer resistance protein (ABCG2/BCRP), SLC5A1/SGLT1 OiEfs -7 EL b
novel hiSIECs (23T L Ty /= (Figure 6D),

IAZ | SR TEVE 2 AT L 72, 2 OfE R, CYP2CY, CYP2C19, CYP3A4/5
OFEMEIX, PEskik & il LTI L T /= (Figure 6E-G), Z OFERIT, &Ein+
BT OFER L —FK LT\ 5, KW T, TEER [EOHRIE & P-gp OHGETEMED
WIE %1772 > 7=, TEER fEIZ conv. hiSIECs (ZLEH LT, novel hiSIECs Tl3A &

(A& > 7= (Figure 6H), P-gp OiiikyE M IZ DUV TiX, 10 uM digoxin % ZE | 100
uM verapamil ZfHER & L TENZENEM L, #2172 > 72, £ D#EE. novel
hiSIECs (23815 % B to A J5 [ @ digoxin @ Py 1, conv. hiSIECs £ U & &V ME %
7~ L7z (Figure 61), & 72, [A] Papp I& verapamil DI L > T L7z Z £,
P-gp (2 X DESIEMEZ KB L TV D 2 EAVRIE S L7z, BtoA M@ digoxin O
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Conv. hiSIECs Novel hiSIECs

Figure 6. Characterization of novel hiSIECs. Conv. hiSIECs are cells cultured in LL + conv.
medium, novel hiSIECs are cells cultured in ALI + new medium. (A) Diagram of the small
intestinal epithelium. Genes in parentheses represent markers used in this study. Figure
was created using BioRender.com. (B—-D) RT-qPCR results. The mRNA expression levels are
represented relative to the level in the ASI, which is set to 100. HPRT1 was used as a
housekeeping gene. Data are presented as the mean + S.D. (n = 4, ASI: n = 1). (E-G) Drug
metabolizing activities in conv. hiSIECs and novel hiSIECs. CYP2C9, CYP2C19, and
CYP3A4/5 activities were examined by measuring the amounts of 4’-hydroxydiclofenac
(produced from 5 puM diclofenac), 4’-hydroxymehenytoin (produced from 50 pM (S)-
mephenytoin), and 1’-hydroxymidazolam (produced from 5 pM midazolam), respectively.
Data are presented as the mean + S.D. (n =4). (H) TEER values on differentiation day 26. The
TEER values of ALI-cultured cells were measured after adding the same amount of medium
on the apical side as in the LL group. Data are presented as mean + S.D. (n = 16). (I) P-gp
activity results. Cells were incubated with the transport buffer containing 10 uM digoxin at
37 °C for 60 min in the presence or absence of 100 uM verapamil, a P-gp inhibitor. Data are
presented as mean £ S.D. (n = 4). (B-I) Data are representative of several independent
experiments. Statistical significance levels compared with the conv. hiSIECs group: *P < 0.05;
**P <0.01.
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24 BE

ARFETIX, PD98059, A83-01, SAZA DU Ofcw#E L & . ALIL B2 O H
[ZOWTHR 21T o 7,

L DKEAZIZ PDI80S9 & A 83-01 & ZNEN b GERWNVZE 2 A, IR
IR OELRE A > T B~ — I — O REIEER OBR FRBLNE T L
7o (Figure 1, 2), M5/ b Bz #l e o #% K 57 {12 mitogen-activated protein kinase
kinase/extracellular signal-regulated kinase (MEK/ERK) 7 )V DO AREL DM T
HDHEDWENHY 0, £~ TGF-pIE L MIELHf A FEST IR DO —>ThHh
HZEBMBNTND 2, 2D O RLE & 12, PD98059 & A83-01 /% hiSIECs
Db a kA lAAENTL, ARIOFERNG, Ziub 2 Dl forskolin %
WM+ 278 ha O FTHERETHY ., HMEOET £ TEINLET 5Dk
WThdESZD,

S5AZA T b DORIEIT o EEE I B ERWZ & 2 A MEE T £ To 12 AR
IUHET 2 L0, 4 BREIOUINZE 7= 5 B IE LR~ — 5 — L SR
F OB HRBN G- 7= (Figure 3), SAZA X DNMT [LEHITH Y . =D DNA
(ZxF 3B i A F UALAE A pregnane X receptor (PXR) O FE HLHi|fHl &2 /> L T
CYP3A4 OFEBLE LA IE DL L ORENH D P, KB, SAZA 2N LTE5E
IZIE 1 BB LARWEAS LY § CYP3A4 OEEF-REBUTEWVVEB AR 5N 5,
LU, 12 HEWIMUET 2 L0 4 BREIOTEINZE D=7 CYP3A4 DAL T
FEBINENE WD DIXARWFSE THID TH LI LTz, ZOBH & LT, 5AZA I
HRFEEDEVMEE E LTH LN T NS Z &0nD 230 EHIROIRE
DOEREIR T Z2EE L TW D AN S 5, SAZA OFEHIM OEWINT H hiSIECs D
SHEIZIEt453 72 DNMT BHEZN R3S 5L 5 ATREME DS ARBFZERE R0 b T S,
S5AZA Do UIRERN R LD DR © /3T U AR L WA 4 A
BETHILLDEHLRIND,

SLDREART ALI RS ZEAN LT L Z A LL 5 T L7 b DI T SI
&R E OB T RINE £ -7 (Figure 5), 7t T, ALI 5% % hiSIECs
DI EARKES D ATREMEDNE X BV D, 7236, ALL H5#8 725 hiSIECs (Z# A b 2
DEEFIZ OV TIEA RIFETE LW RN, BEX 5N D — DO, Mgt
T OB OBGETH D, MHMIARIZEI L T, 552 A 7o Mifuis 28 245 O
DEEFRED, MIEAOBRRFEZMI-TIIIAR T+ Thd LT rMENHDH 3
3D, Fio, BB LT, IRBRERIE T CRBA VT ) A Raemibd 5 & Kk
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A OB 5 Z ENWEIN TS 3, ZofERIL, EERESMTIX
N5 AN DR UHERIHEAE SR E U . B8 LRI D b3 tERS 5 <72 %
TEERBLTWD ELEZDLND, IO EBEZD L ALIEFEO®EAIC L
S THIRNERTORIBICEHERE SN, BEMKENEX -2 L1I2XD,
hiSIECs D/ bAMERE S N-FREMENEZ 2 Db, — . S BT MR R
THO, FROBEFITERERRE L B2 0WHIE2FbH D, LovL, EENT
(Xinvitro & 720 | X TP O~NEZ B BV D EFERICIRIF DS HIIZIS KL
THHEENTWD, INEEEE R D & BEGEZ NS5 273 0T LHAE
KO/ ERAIE & NTBENTZEBREE TH 5 L IXE Wi,

SAZA O % b FiE D 4 B I D AL 2 %36 F L C/ERL L 72 hiSIECs
25, TERD hiSIECs £ 0 & AR/ NG ERMRI TV EE Z R > D & T L,
ARETIES HIZFEMRREEZ TR o T2,

/NG R B RERL T A AR 5 B ARECRINIZ FIZRE 59 2 RN R AE L
DUTIL, novel hiSIECs T FABP2, HEMRHIER, N7 o AR —F —DERT
FEBLM conv. hiSIECs L VW H L TV 7= (Figure 6B-D), F7=. FEFRIZ M
FERIEPE AN L T2 2 & (Figure 6E-G) 75, X 0 pEh U 7= Y b Rz i &
o TND Z EAUREENTZ, —J7, P-gp I[ZOWWTIE, B FRBUTHIIN R
572 H DD ER Id novel hiSIECs & conv. hiSIECs ClRIZ DfER & 72 > 7= (Figure
6D,1), Z DFEFREZFEMIZA D &, BtoA JIAID Py Id novel hiSIECs D J7 23 &\
EEZRLTNDHEDD, AtoB FFHD Py b novel hiSIECs THEN L 7= 2T %
DE IR ER DFEFR Lo TWND T ENRDND, AtoB FHHD Py DEALIND |
AR 2 WO IR BRI &2 A U 7= Bl R S 8 b LT B AT REME S
& 5, FZFE. novel hiSIECs Ti& TEER fE 723 conv. hiSIECs & D HIK< 72> TE D |
MR ATERC L TV AN 7 OWEENE(L L T D AIEENR TR I ATV D
(Figure 6H), 7&-> T, 4 [BlD ER OFEFR 5 P-gp OEgIEIEMEIZ L3 e v & i3
ETERNLDEE XD, 728, novel hiSIECs @ TEER f&7} conv. hiSIECs X ¥
HARWZ S LTIk, & M/ ERZO TEER A28 40-100 Q-cm2 THDH Z &
EEEE 2D &P X AERO/NMG EEOWEISE WS AREERE X b D,

/NG R R T D AR D 5 BRI E IR LM DWW TiX, RT-qPCR D
Bns, Rx—MMii~—0—To D LYZ O ENSWHRDO~—0—Th
% CHGA DR TRRD Hiv, o OHIIROFIEERIG OB "B I, —
I EbICBERRO~—— & LTHIBILD LGRS & OLFM4 O -8
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IE, ZNENEAD N EZ R L, FET LR E R T, ZOREIZONTIEL,
I E AR OFIE X 01X, BE SIS 2 AT N OE N Z 7R LT
L0 LitZe\, A ORGE ML, WBIROGERMIEIZ - ~T LGRS O&E
RRBINME <. OLFM4 OBEBFHBENE W ETL2HERH D 39, Lo T,
novel hiSIECs (2315 %5 LGRS O{EFEBLE OLFM4 O EFHBLT, & Eh 2 IHE®
MR OMERBIRL Y ERADLDIZESWEZ 2R LTV AREMENH 5,

Novel hiSIECs Ti&. CYP3A4 X° SGLT1 Di&Efn BN LA/ NMGIZIT-S &, 1t
KD hiSIECs £ U & RO/ MG ERAIRIZ T MEE & FF D RTBEMEDS R S ATz,
—Ji. CYP2C9 =° CYP2C19 72 ¥ —H OB FIZ DWW TUER A/ NG DO F B &% -
o> TEY, Zbidie LAEEKD/NG ERZBMHTE TORWAREMERH 5,
L2rL, AIZEIZH 1T 2 B REsBR O BRI 3% in vitro FFAGRICIE,
in vivo TACLBREZREST Z L R<ImETEomWEELERIND, Lo
Ty BANEOBEGFRIAZBZTWAZLELTLLT AT v MIRD L1
PR 59, HAJIZIS U T hiSIECs D EFEOMREZ METT 2 Z ENHEETHL D L
EZD,
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2.5 /N FE

AREE T, L0 RO/ ERALIZ T % 495 hiSIECs #BiR 32 =
& % HIIZ PD98059, A83-01, SAZA OWRMMIM OFciEfl & . ALI H528 D 12
OWNTHFEITR o7, #EFE LT, PD98059 & A83-01 [IfE3kim v 3Lz D
12 BRI 2 %ENH 505t L, SAZA 130D 4 HEOZRFML
FEARNTIEER < T FEMERER OB M L35 2 EBP LN ERol, &5
(2. SHEDORARIT ALL 5 2@+ 2 L2k v, kL0 LIS EE~—
— DL BL & S EHEBE D\ hiSIECs ZERIFTRECTH D Z L &R L,
fthDHEICH D e /G E T 5 & CYP3A4 Z X U &3 2 WSRO
EEIIAR T3 THL OO, X0 /NE~DiciE Lzt & iPS Hifakk 2 H
T 5 FEOREIRE TIE, NEED O T RGO E U in vitro RHIRIEELIZ D
N HEBZBND,
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3. F-hiSIEC™|{Z 31T 5 Fl (LB EIE DR R
31 HE

R CIE, & b iPS Mz /Mg ERAIIZ b3 D RIZ SAZA ZFRE ALI
BT 52 & T, L0 EMRFHEEED W) hiSIECs Z/FRA[geCThH 5 Z &
s LT, B L7 A NS B IRTE Z 4TV D hiSIECs (F-hiSIEC™) (X,
PD98059. A 83-01. 5AZA. forskolin ® 4 [K+¥ % i\ 7= hiSIECs {EfLiE D 4 2D
ZIIC, WS BPOHBEEZMx TERINZbDTHY 3D, BRZHik S
HETOMHAFELH D, b L, BIETRH LZHH S EEFEED F-hiSIEC™ (2
LA THIL, LV EEER e NG EEMIEE T VOBl 2t S 1T S
RD, £ IT, ABETIL, F#MEFHEEIED F-hiSIEC™MICH A2 E 5 Dk
AT D 2 L a2 BRIC, HEEEEETE THEFE L7 F-hiSIEC™ D FHEIC SV TEE
lz1T70 -7,
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3.2 RBRIGIE
3.2.1 IR L UM

F-hiSIEC™, seeding medium, culture medium (L& 7 A /L LS (Tokyo,
Japan) X ¥ ZHEHEV 72720 72, Matrigel matrix growth factor reduced (& Corning &
Y . human adult small intestine total RNA (5 donors, lot = C409285) (& BioChain
Institute &2 Y, DMSO ¥ X UF ammonium formate solution (X Nacalai Tesque £ ¥ |
BSA. lucifer yellow, Image-iT FX Signal Enhancer, HBSS 33 JX U8 BCA Protein Assay
Kit /X Life Technologies & ¥ . 2-(N-Morpholino)ethanesulfonic acid (MES) buffer,
HEPES buffer, Triton X-100, phenacetin, acetaminophen 33 £ O} diclofenac % Merck
£ ¥ | paraformaldehyde | X Electron Microscopy Sciences (Hatfield, PA) LV, &L
71 vF ¢ —A % — K (ThinCert, 0.4um pore size, translucent, 24-well plates) |%
Greiner Bio-One X ¥, PBS (-) % TaKaRaBio X ¥ . FBS (& Nichirei Biosciences &
V. (S)-mephenytoin | Enzo Life Sciences & ¥ . KAPA SYBR Fast qPCR Kit ABI
Prism |X Kapa Biosystems & ¥, DMEM/F12, midazolam, ultrapure water 33 X O}
acetonitrile (X FUJIFILM Wako Pure Chemical Industries & ¥ | 4'-hydroxydiclofenac
B L 4'-hydroxymephenytoin (& Sumika Chemical Analysis Service, Ltd. X ¥ | 1'-
hydroxymidazolam | Cayman Chemical £ ¥ , RNeasy Mini Kit, QIAshredder 5 X
" RNase-Free DNase Set X QIAGEN X ¥ | ReverTra Ace qPCR RT Master Mix with
gDNA Remover [X TOYOBO X Y . 4',6-Diamidino-2-phenylindole (DAPI) % Dojindo
(Kumamoto, Japan) X WIEA L7z, & DOMORIZIT TN THIROFHE E 721341
FRHObOE RN,

3.2.2 F-hiSIEC™®D 153§

F-hiSIEC™% | & & 7> U & DMEM/F12 T 30 (247 R L 7= Matrigel matrix growth
factorreduced T —7 4 > 7 LIz NVTF v —A % — MMIHEHE L., F-hiSIEC
seeding medium T 24 h 553# L 7=, Z D1%. F-hiSIEC culture medium (conv. medium)
F 1L 5AZA = E £72 newmedium T 10 R L7z, £5% 4 HEH S, ALI
BEREAT O well ITI3A ) — FNICER A AT ICEER 21778 o 7o, BEHE 2-
3AZ LI L, 37C, 5%C02/95% air THEFED 11 A #RA1T/2 072,
X% Figure 7 12~ L72,
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1 1
: 1 1 1 1 1 1 !
1Seeding Medium Medium Medium Medium Assay |
I change change change change :
. Seeding . . n
Medium L Conventional medium or New medium
medium

Condition LL culture LL culture or ALI culture

Figure 7. Experimental design of the F-hiSIEC™ culture. F-hiSIEC™ was seeded on cell
culture inserts using the F-hiSIEC seeding medium (day 0). From day 1, the cells were cultured
in the F-hiSIEC culture medium (conventional medium) or SAZA-free medium (new medium).
From day 4, the cells were cultured with or without medium on the apical side (LL culture and
ALI culture, respectively). The medium was subsequently changed every 2 or 3 days. Each
assessment was conducted on day 11.

3.2.3 RNA-Seq
RNeasy Mini Kit & QIAshredder, RNase-Free DNase Set O Bt B EIZHEW Y,

AR RNA Z it L7z, #H L7 RNA % Novogene Bioinformatics Technology
Co., Ltd. (Beijing, China) (Z T, paired-end Illumina sequencing (27T 5 Z &2 XD
fi#NT LT, 55727 — Z 22U T, RaNA-Seq (https://ranaseq.eu/index.php) % Fl]
ML, LTFICRTFIETHN Lz ¥, U — F% Homo sapiens genome assembly
GRCh38 # V77 L AT ) AL L T~vyEYZ L, edgeR (quasi-likelihood F-
test) |2 2 ¥ differential expression analysis % 3Zifi L 7=, % D 1% . probability (P) values
<0.05 72>> 1 <Log2 (transcripts per million (TPM) of novel hiSIECs/TPM of conv.
hiSIECs) Zii/= 4+ &z F2#HMHEH L. R Y7 b7 =7 (4.03) Z T Gene
Ontology (GO) enrichment analysis % 1772 © 7=, GO enrichment analysis (Z [%
clusterProfiler package (3.18.1) @ enrichGO function ZF|H L, L F OS5 & Liz:
keyType = “ENSEMBL”, OrgDb = org.Hs.eg.db, ont=“ALL”, pAdjustMethod = “BH”.
qvalueCutoft = 0.05,

3.2.4 RNA f#iH 3B L T8, RT-qPCR

224 LIRBRO FIEIZ X 0IT o7, LT 7 T4 ~— O IR % Table 4
(2T,
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Table 4. Primer sequences used for RT-qPCR.

r?aenQE Sense 5' — 3’ Antisense 5’ — 3’
ABCGS8 GCAGCTGGCTCAGTTCAAG CACATCTAGCAAGGAGGCTCT
AHR GCACGAGAGGCTCAGGTTATCA GTGCATTAGACTGGACCCAAGTC
APOA1 ACTGTGTACGTGGATGTGCT GCTTGCTGAAGGTGGAGGT
APOA4 CAGCCAGCTGAGCAACAATG CGTAAGTGTTCACTTCTCCAAGTT
ASAH?2 GGCATCCTCACCAGGCTATAC CCTGAATGAGTGTGAGTGCCA
NR1I3 TGATCAGCTGCAAGAGGAGA TGGATGTGCTGGATTTGGTA
CD36 GCCAGTTGGAGACCTGCTT ACTTGAATGTTGCTGCTGTTCA
CES2 CTGGGGAGTCTTGTCCATGT GGAAGGGAAGGTCATGTTGA
CHGA TCCGACACACTTTCCAAGCC TTCTGCTGATGTGCCCTCTC
CYP1A1 CCTCTTTGGAGCTGGGTTTG GCTGTGGGGGATGGTGAA
CYP1A2 AGTGTCCAGCTCCTTCTGGAT CTTTGACAAGAACAGTGTCCG
CYP2C9 GACATGAACAACCCTCAGGACTTT TGCTTGTCGTCTCTGTCCCA
CYP2C19 GAACACCAAGAATCGATGGACA TCAGCAGGAGAAGGAGAGCATA
CYP3A4 CTGTGTGTTTCCAAGAGAAGTTAC TGCATCAATTTCCTCCTGCAG
ENPP7 GTGAAGGCACGCTACATGAC ACCTTGCTGGTGGTGTTGT
FABP2 TTGGAAGGTAGACCGGAGTG AGGTCCCCCTGAGTTCAGTT
GP2 CAATGTGCCTACCCACTGGA AGCACGGACTCAACAGACAG
HPRT1 CTTTGCTTTCCTTGGTCAGG TCAAGGGCATATCCTACAACA
LCT CTGCAGGCCTCAACAAGTCT GGAAGCAACTCCTCTGTCTGC
LGR5 TGCTCTTCACCAACTGCATC CTCAGGCTCACCAGATCCTC
LYZ TCAATAGCCGCTACTGGTGT AATGCCTTGTGGATCACGGA
MGAM GGCATGATATGAATTGGAAGACCTG GGTGCGGTAAGTGATGGCT
MUC2 AGAAGGCACCGTATATGACGAC CAGCGTTACAGACACACTGCTC
NPC1L1 CTCCTGCTTGGCTTCTTCCA CCACCTCGAAGTAGCGGTTC
NR1I2 AGGATGGCAGTGTCTGGAAC AGGGAGATCTGGTCCTCGAT
S/ GGTAAGGAGAAACCGGGAAG GCACGTCGACCTATGGAAAT
SLC2A2 AGAAGCATCGAGTGAGCAGAA GCCAACTCCAATGGTTGCATA
SLC2A5 CGTTGCTGTGGTCTGTAACC TTAAGATCGCAGGCACGATAGAA
SLC5A1 CAACATCGCCTATCCAACCT TAAACAACCTTCCGGCAATC
TREH ATTCAGTCACAGTCACAGCCA TGGCATGTCCACAAACTGCT
VIL1 AGCCAGATCACTGCTGAGGT TGGACAGGTGTTCCTCCTTC
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3.2.5 TEER fEDHIE
225 ERIBRD FIEIZ L VT o T,

3.2.6 Lucifer yellow B2 B35k

Apical DO EEH1IE 10 mM MES 3 L T8 0.45 w/v% D-glucose % & 7 pH 28 6.5 12
725 X AR L7~ HBSS (HBSS-MES) (ZA3#4 L, basal ] DE:HIEL 10 mM
HEPES 35 £ T 0.45 w/v% D-glucose % & 7 pH 728 7.4 1272 5 & 5 1ZFH%E L 7= HBSS

(HBSS-HEPES) |Z48# LT 20min 'L A ' F 2_X—3 3 » L7z, £ D14, apical
il Z 125 uM lucifer yellow % & &> HBSS-MES (Z. basal il 2 HBSS-HEPES | {&#4
T5Z L CTHIERER A BIAA L=, Apical M2 5 13%EABRBHASEL 4 (C. basal {H
2> 6 X FRER B 46 60, 90, 120 min Rf A f*f 7 ) Y7L, BRERIZBW T
7Y 7 LI-& & A& D HBSS-HEPES % basal llcHifE L=, o7V 7
L7722 & 405 lucifer yellow D%, Nivo 3S (Perkin Elmer, Waltham, MA)
ZHAVT, YR 430nm, HOEHEE 535nm O CTERE LT, Pap DHEH
1% 2.2.8 @ digoxin DIGHE L [FEO TEIC L VTR -T2,

3.2.7 R E SRR

#lic % 4% paraformaldehyde (Z 15 min 29 Z &2 X U [EE L7=#%. 0.1% Triton
X-100 {2 10 min 23 Z &2 X 0 REEAP L7z, &IZ, Image-iT FX Signal
Enhancer {Z 30 min & L72%%. 5% FBS {220 min g3 Z L2k 7 mryF o 7L
BLL 72, %\ T, ZO-1 (Life Technologies #33-9100) &% 7= % E-cadherin (BD
Transduction Laboratories #610181) O —¥kHiik L 5% FBS ® 1:100 IR EHKIZIR L\
4CT—WeA > F=2X—hrL7, ¥H, anti-mouse _KHFLIK (Life Technologies
#A11001) & 5% FBS @ 1:200 {EA#KIZIR L, =R FT60min A > F =2~X— K L
2o E D%, 0.2 ug/mLDAPI %5 T PBS (-) I Smin iz T Z &2 K-> Tlfiakk%
PettLic, BV AINTF ¥ —A P — hOEEZGIVFNTAT A KT R EIZiE
% . SlowFade™ Diamond Antifade Mountant Z i N L, W/ 3— 0T A &5 =
IR TVLART =R E Uiz, HRIEORHICIE 3 195 PBS (-) I L2 W%
17720, Flo, —IRPURD A % 22— S DS OBAIEITER T TiT7e o7z, Bl
IZ. all-in-one fluorescence microscope BZ-X800 (Keyence, Osaka, Japan) (2 X D {772

-7,
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3.2.8 W RHBERTE MR L OEZ @A

Apical DO EEH1IE 10 mM MES 3 L T) 0.45 w/v% D-glucose % & 7 pH 28 6.5 12
725 X AR L7~ HBSS (HBSS-MES) (ZA3#4 L, basal | OE:HIE 10 mM
HEPES 35 £ T 0.45 w/v% D-glucose % & 7 pH 728 7.4 1272 5 & 5 IZFH%E L 7= HBSS
(HBSS-HEPES) (Z&#L T 60min 'L A »FaX— 3 Lz, £D%, apical
fH] % 50 uM phenacetin, 5 uM diclofenac, 50 pM (S)-mephenytoin, 5 uM midazolam,
0.75% DMSO %% ¢e HBSS-MES (150 pL) (2. basal {|% 0.75% DMSO % & e
HBSS-HEPES (600 pL) [ZEH#9 25 Z & Tk % Bi46 L7z, 60 min #£1Z apical {Hl
BELO basal WISV 7V 7L, EPIZEENDLEWEEL LC-MS/MS (12
X0 EE L7z, fREHEMEIE 60 min #% O apical 3 KO8 basal il HH 25 £ 45
ma ARt L CTHEI L7z, £7-. estimated F,fE (X Michiba & 2325 L 7= J71E 3912
WE % M2 7= RN OREY) & metabolitenerceiuan N TR TX 2 & TH D &)
ELRE) UFORICE W EH L,

SUbStTate(Basolateral)

F =
‘g .
SubStrate(Basolateral) + Metabollte(Apical+1ntercellular+Basolateral)

SubStrate(Basolateral)

- SubStrate(Basolateral) + MetabOIite(Apical+Basolateral)

3.2.9 LC-MS/MS (2 L 2t 2 mDEE

FEMEHIERTE M L OBEE AR TH o7z 70 30 uL iZxf L, NEB
FEXED 10 ng/mL niflumic acid % & 72 acetonitrile 90 pL Z/x. & 512 50%
acetonitrile 6 uL E{RFIL72, ZD%. 1,000 x g, 4°C, 5 min Tl L7- EiF%E
FastRemover for protein T L, LC-MS/MS (2 &L D fi#HTIZ V=, LC-MS/MS &
AT AZIE QTRAP 6500 5 J UOF Nexera XR Zf#H L. liquid chromatography % =
2Z1% ACQUITY UPLC BEH C18 column (1.7 pm, 2.1 x 50 mm) % 40°C Cflif L
7=, BEIFEIZIX 10 mM ammonium formate % 7 ¢ ultrapure water (A) & acetonitrile
(B) ZfiH L., WiHiX 0.4mL/min & L7z, fAERIERFOBENFE O gradient 314
TR T 44 & L72:0-0.01 min 2% B, 0.01-3.50 min 2%-100% B, 3.50-4.00 min
100% B, 4.00-4.10 min 100%—2% B, 4.10-5.50 min 2% B, £7-. FEHY (RL
BAR) BERFOBEFE D gradient 1TLL FIZRTSAEE L72: 0-0.01 min 2% B,
0.01-3.50 min 2%-100% B, 3.50-4.00 min 100% B, 4.00—4.01 min 100%—-2% B,
4.01-5.50 min 2% B, Mass spectrometry Il E XL FIZ R34 & L 72: positive ion
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mode, 550°C TIS temperature, 5500 V ion spray voltage, 30 psi curtain gas, 12 psi
collision gas, 65 psi nebulizing gas. 70 psi TIS gas, F7=. LAWY T & OFEH 72
TESAFIT Table 5 12777,

Table 5. Multiple reaction monitoring conditions for LC-MS/MS.

Compounds lon mode Q1mass |[Q3mass | DP | EP | CE | CXP
(Da) (Da) M [ MM | V)
Phenacetin Positive | 180.075 110 41 10 29 12
Diclofenac Positive | 296.188 214 111 | 10 25 14
Substrates
(S)-Mephenytoin Positive | 219.046 133.9 66 10 37 16
Midazolam Positive | 326.188 2911 41 10 21 10
Acetaminophen Positive 1521 110 51 10 23 12
4'-Hydroxydiclofenac Positive | 311.824 230 16 10 43 12
Metabolites
4'-Hydroxymephenytoin | Positive 2351 1501 51 10 29 8
1’-Hydroxymidazolam Positive | 342.107 203 81 10 35 12
Internal Niflumic acid Positive | 283.014 | 245 | 51 | 10 | 41 | 14
standard
3.2.10 HEEHFAT

FEFHTIZ1E. SPSS Statistics software version 25.0 Z V7=, 2 BEEL#EZIZ X
Student’s -test 2. 2% L2 1X Dunnett’s test 2 i L7~
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3.3 RERAER
3.3.1 F-hiSIEC™(Z %3~ % new medium & ALI 552 D2 R

F-hiSIEC™ 3, Rt B35 2 AT oR 1% &5 fii © 1 AR R0 Z 1
KV bEET E¥ D, £ 2T, F-hiSIEC™ZE W T b LRI SAZA ZBRV
7= new medium & ALI B3 21772 > 72858122\, BITEO Windy #EO5A &
[FAE DRI EN R S5 0 et 21T > 7= (Figure 7). & O . F-hiSIEC™ T, new
medium & ALI ¥ A MAGDOED ZLICLD | IBE LEMil~— 7 —Th 5
VIL1 /Mg EEGHifd~ — 7 —Tdb 5 FABP2, SI. EMUHIEE#R D CYP2CY,
CYP2C19, CYP3A4, CES2, /3% — Mild~—H—D LYZ, Mg~ —A—0
GP2 Di&fa T FELOIMAFR® B 37z (Figure 8), —J7. conv. medium & %
FALIEZEZ N L THERTIEUCH ORI b gino T, £z,
LL 558 &M D £ % new medium ZEM T2 &, £ < OGEHE~—I —DE(R
FREUC ERMEMDB SN2, ALL 158 L HAG DTG a L5 L LR
MBI hS ol

RT-qgPCR OFEFRA 5, new medium & ALI 555 & {745 O TIER L 72 novel
hiSIECs 23E7ECIESRL L 7= conv. hiSIECs L 0 AR D /NG R RARIZ T\ B s

TRET 07 7 A NVEAT DA R S L7z, % Z T, novel hiSIECs DFF
A IZEEMICIR R 27280, TARANT CTlZd 5 2% RNA-Seq & K 2 BIERY 0B
TRBURNT %2 FhE L 7=, GO enrichment fi#HT D #E %, novel hiSIECs TlX conv.
hiSIECs (ZEEXTHRE, 2 VAT m—/b, FFE & W o T RER ORI 595
BIR T ORI E £ > TV D AREMENSRIER S L7z (Figure 9), DGR %517
KFHEOWIUZRE 57 5 8a D3 Bl% RT-gPCR IZ X VAl L7z & = A, RNA-
Seq CHIHIMMHER SNTCEBETFICNMAT, I VATE— /L EN T UV AR—F —
T# % Niemann-Pick Cl-like protein 1 (NPCI1L1) <° ¥/ fiEl#%5% C&H 5 maltase-
glucoamylase (MGAM), lactase (LCT), trehalase (TREH), 27 /L 2—Z& [ 7 AR
— # — T & % solute carrier family 2 member 2/glucose transporter type 2
(SLC2A2/GLUT2) ., solute carrier family 2 member 5/glucose transporter type 5
(SLC2AS5/GLUTS) Oi#fa 138l EH LT\ D Z &2k &7z (Figure 10A-
M), & B2, BNZEEROBLE T REZILICONTHHR LI EZ A, CYPs &
HREHIE LTV D EERENZRIRTH 5 aryl hydrocarbon receptor (AHR),
nuclear receptor subfamily 1 group I member 3/constitutive androstane receptor

(NRII3/CAR). nuclear receptor subfamily 1 group I member 2/pregnane X receptor
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(NR1I2/PXR) L\ 341 % novel hiSIECs THELAS EH L T 72 (Figure 10N-P),

A vt B Fagp2 c
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Figure 8. Effects of SAZA removal from the culture medium and ALI culture. The mRNA
expression levels were analyzed by RT-qPCR. The mRNA expression levels are represented
relative to the level in the ASI, which is set to 100. HPRT1 was used as a housekeeping gene.
All data are presented as the mean + S.D. (n =3, ASI: n = 1). Data are representative of several
independent experiments. Statistical significance levels compared with the LL + conv. medium
group: *P < 0.05; **P < 0.01.

31



A Novel hiSIECs > Conv. hiSIECs

lipid digestion
intestinal absorption

digestion

intestinal cholesterol absorption 1

intestinal lipid absorption
terpenoid metabolic process
regulation of intestinal absorption
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lipid digestion
KCNQ1
si ASAH2

Figure 9. Comprehensive evaluation of gene expression in hiSIECs using RNA-Seq. GO
enrichment analysis results from the RNA-Seq data. (A) bar plot. (B) cnet plot. Genes under

analysis were selected by P values < 0.05 and 1 < Log2 (TPM of novel protocol group/TPM

of control group). n = 1 and confirmed the reproducibility of the results (B) using RT-qPCR.
Conv. hiSIECs are cells cultured in LL + conv. medium, novel hiSIECs are cells cultured in

ALI + new medium.
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Figure 10. RT-qPCR analysis of genes involved in nutrient absorption in hiSIECs. The
mRNA expression levels in hiSIECs were analyzed by RT-qPCR. The mRNA expression levels
are represented relative to the level in the ASI, which is set to 100. HPRT1 was used as a
housekeeping gene. All data are presented as the mean + S.D. (n = 4, ASI: n = 1). Data are
representative of several independent experiments. Statistical significance levels compared
with the conv. hiSIECs group: **P < 0.01. Conv. hiSIECs are cells cultured in LL + conv.
medium, novel hiSIECs are cells cultured in ALI + new medium.
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3.3.2 [BE /N Y 7 HERERHAE

IS I, EIT tightjunction THREIZHKEA L7 —@OME LMl E 20 k
O LF VI K o TSN EMTURSCHIE #R L EDNERN~NMRAT L5 Z
EEBBE SN THEBEDMi I > TV D, ZORGE /N Tid, YOI K
LN A HHIRT 2HEEZ A L TRV ., /NMEICHEIT 23 Y DO FEiE I L ORI A
AT 2720 @ in vitro FEMRICIX, WYY THEENER S b, £ 2T,
novel hiSIECs 2358 /S U 7 ZJERL L TV 270 E 9 ORI #1772 > 7=,

LU DIZ, BENY T OF 70N EFR TH D tight junction DIFREE 2 FEH 35
728, TEER fEZ#IE L7 (Figure 11A), ZO#ER, new medium 2 L 7=8E 1%
TEER fEME < 72 2B 23R S 41, novel hiSIECs (33L& TR AT 264 +2.72
Q-cm? Z 7R L7z, TEER ﬂ_@n%%ﬁx 5)1%%/*‘ U 7 BERE DRGHE D FTREMEA et S 4
7272, lucifer yellow % 7= a5 2 320 L 7=, Lucifer yellow |3/ 1
FAaIF & A EFE Ly & &, tight junction DFEHIC AV B 415 404D gt
R OAE R TEEREO#E R & )X LT, il &1 % novel hiSIECs ¢ J7 2% conv. hiSIECs
L0 LARWRER & 22 o 72 (Figure 11B), F 72, BOFEERBR O RN SR H
L7z lucifer yellow @ Pup, (x 1076 cm/s) 1, conv. hiSIECs T 0.33 + 0.07, novel
hiSIECs C 0.20 = 0.04 T&% - 7= (Figure 11C), & B2, BEANY T2k 5 4
YN DI A PEE R EIZ LD AT R, sV & Z AN
HAL5H 75 tight junction protein Td % ZO-1 & adherens junction protein Td % E-
cadherin O HLHERL S U7z (Figure 11D),
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Figure 11. Evaluation of the intestinal epithelial barrier composed of hiSIECs. (A) TEER
values during culture on the cell culture insert. The TEER values of ALI-cultured cells were
measured after adding the same amount of medium on the apical side as in the LL group. The
data are presented as mean + S.D. (n = 3). (B, C) Lucifer yellow membrane permeation test
results and Payp values. The data are presented as mean + S.D. (n = 4). Statistical significance
levels compared with the conv. hiSIECs group: *P < 0.05. (D) Immunofluorescence staining
results. Scale bar, 50 um. (A—D) Data are representative of several independent experiments.
Conv. hiSIECs are cells cultured in LL + conv. medium, novel hiSIECs are cells cultured in
ALI + new medium.
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3.3.3 W RBHBERTE R L OEZ @A

Novel hiSIECs i% conv. hiSIECs & g U C/MBIZIIT 2 F 872 CYP O&EIs T
BN EH L TWHZ e, MM EERELTHS NN THEREZAELTNDZ
ENTTETITRBENT, £2 T, EMREE CYP OEEY 2L LvF
¥ —A U — A (apical fll) (ZIRINL, —EFRFM#IZ apical {3 LY, basal {H
(I ET DAbBE W E A E T D 715 TIMYAREBEFRTE M L O E R 2 5
i U, KBRS RE ORI 21772 o 72,

7. apical il & basal NCAF/ET DB OREZTIND Z LI X0 B
FIEMEZ G L 72, & OFEE. novel hiSIECs @ CYP2C9. CYP2C19, CYP3A4/5
TEMEIX conv. hiSIECs IZHEARTENEIL 8.7 fi5. 6.7 5. 2.2 fFmhr> 7= (Figure
12A—C), —J7. novel hiSIECs ® CYP1A1/2 &I conv. hiSIECs D#J 1/10 T&H >
7= (Figure 12D), U5 OFAIE. RNA-Seq 35 & TN RT-qPCR DfHF & & —F L
7o (Figure 13), 7od5, (REIEEFRIEMEDOIEMEL DO T2 OIZHIE Lz well H72 0 Dk
& 737 513 novel hiSIECs T conv. hiSIECs D] 2.1 {15 7>> 7= (Table 6),

AT, apical MNZAEET DA & | basal MIZAFELET D AR LIRS L O
DEEZHANT, \LEMD F A2 HEFE L7 (Table 7), HEF 21X, Michiba & 2342
RULTEA N EZN AT BN ORBIMENEE TE 5 LELT) b
ZHAWZ, ZORER, diclofenac @ estimated F, % conv. hiSIECs T 0.98. novel
hiSIECs T 0.68 Td > 7=, F 7=, midazolam DHEE F,{E I3 conv. hiSIECs T 0.94,
novel hiSIECs T 0.74 T&h > 7-,
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Figure 12. Drug metabolizing enzyme activities of hiSIECs. Drug metabolizing activities of
CYP2C9 (A), CYP2C19 (B), CYP3A4/5 (C), and CYP1A1/2 (D) in conv. hiSIECs and novel
hiSIECs. This experiment was performed using F-hiSIEC™. CYP2C9, CYP2C19, CYP3A4/5,
and CYP1A1/2 activities were examined by measuring the amounts of 4’-hydroxydiclofenac
(produced from 5 puM diclofenac), 4’-hydroxymehenytoin (produced from 50 pM (S)-
mephenytoin), 1’-hydroxymidazolam (produced from 5 M midazolam), and acetaminophen
(produced from 50 pM phenacetin), respectively. The values in the figure are the sum of the
metabolites present in the apical and basal chambers, and all data are presented as the mean +
S.D. (n = 4). Data are representative of several independent experiments. Statistical
significance levels compared with the conv. hiSIECs group: **P < 0.01. Conv. hiSIECs are
cells cultured in LL + conv. medium, novel hiSIECs are cells cultured in ALI + new medium.

Table 6. Total protein contents of hiSIECs.

Group mg protein/well

Conv. hiSIECs 0.0607 = 0.004

Novel hiSIECs 0.130 = 0.004
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Figure 13. Gene expression changes of drug metabolizing enzymes. RNA-Seq data were
calculated from TPM values (n = 1); RT-qPCR data were calculated from mean Cq values
normalized to HPRT1 (r = 3). RT-qPCR results are representative of several independent
experiments.

Table 7. Estimation of F; values in hiSIECs. Estimation of F; values of phenacetin (50 uM),
diclofenac (5 uM), (S)-mephenytoin (50 pM), and midazolam (5 uM) in conv. hiSIECs and
novel hiSIECs. "We calculated the F, values based on the estimation equation proposed by
Michiba et al. *”, with a slight modification. All data are presented as mean + S.D. (n = 4). Data
are representative of several independent experiments. *Varma et al. *”. Conv. hiSIECs are cells
cultured in LL + conv. medium, novel hiSIECs are cells cultured in ALI + new medium.

i Substrate; /Co  Metabolitey /Cyq . a In vivo human
Substrate Metabolite Enzyme Group (WLhiwell) (HL/hhwell) Estimated Fg Fy value®
Conv. hiSIECs 68.5 + 3.24 0.588 + 0.0265 0.991 + 0.0006
Phenacetin Acetaminophen CYP1A1/2
Novel hiSIECs 68.2 + 4.47 0.121 = 0.0137 0.998 + 0.00009
Conv. hiSIECs 80.1 =+ 2.77 1.59 + 0.108 0.981 + 0.001
Diclofenac 4"-Hydroxydiclofenac CYP2C9 0.64
Novel hiSIECs 61.8 + 2.55 293 + 1.74 0.679 = 0.006
Conv. hiSIECs 69.9 + 3.06 0.0536 + 0.00616 0.999 + 0.00007
(S)-Mephenytoin  4-Hydroxymephenytoin  CYP2C19
Novel hiSIECs 70.6 + 3.77 0.779 + 0.0506 0.989 + 0.0007
Conv. hiSIECs 411 + 1.80 2.58 + 0.165 0.941 + 0.003
Midazolam 1-Hydroxymidazolam  CYP3A4/5 0.55
Novel hiSIECs 35.7 = 2.77 12.3 + 0.646 0.743 + 0.006
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3.4 %

AT TIE, FRMMEFEYLE CTH#E L7z F-hiSIEC™ (2 OW TRl 21T 72 > 7=,
ZDOfEFR. F-hiSIECTMOEER BN TS SAZA &3 £72\0 new medium %
ALl 5% 2T 5 & BE LR~ —0 — 3 ISR OB BN
L7- (Figure8), X > T, AIHETREI% L7#HlEIX F-hiSIEC™MICxf L TH AR T
bHEEZBIND, £T=, conv. hiSIECs & novel hiSIECs {Z-DV T, & 5(Z RNA-
Seq IZ X D AFE R BB T RELOBEWNZ IR LT, SEKBRAEE S n=1ThoiH -
DRI AE R TIEH D25, GO enrichment fENTDFERIEE ., =2 L AT 1 —/1,
PEE L W T REBROWIUICEAE T 2B FORBLA M L L TWD Z & DR
iU (Figure 9). RT-qPCR (I TENZ FATT DA R2G B2 (Figure 10A-M),
KA BRI O FEE RO —D>Th 5720, Z OFERIE novel hiSIECs 73
conv. hiSIECs LY b & NMEMAR/NG ERZ XS HEBTE TWAAIEEREZRIE L T
WH, SHIZ, _@z@{m hiSIECs DR EZ e LTV D ATREME S & 5, /NG
R, MR DRREE D ZRAET D/ MBS DR B b hE E
U ?ﬁfﬁ%@T%MP%L%ﬁ’\& 2T A4 RLTWLIZ 2N THb - R ES | feik
IZHE BRSO AT 5 P, 207D, /MM BRI ORRMEIL, #E O JERRE
I & THEREI TR R D | FRITRBERIIZ B G- 5 K113, #MEBERH XL D bETE
HTEVZIHBEILTND EEND #9), Ch%%ﬁ*iié & . novel hiSIECs
IZ conv. hiSIECs & ¥ H#EETEFRMEIK O /NG ER IV EE 2835 K 951
ol bBEZIBND,

New medium THEf# L7 hiSIECs |X. conv. medium TH;E L72H D L 0 K
TEER %7~ L7z (Figure 11A), L 7> L. lucifer yellow % V7= 5 sl Tl
novel hiSIECs {233 T conv. hiSIECs & ¥ H KV Pypp 27~ L 72 (Figure 11B, C)O
Z OFEFDS | novel hiSIECs XK\ TEER % /~7" % D D tight junction (ZAKHE
DECTWDLDITTIERNWZ EDRHALNTH L, EEDE A, & MG ERO
TEER fHiL 40-100 Q-cm* TH D & DOWENH Y 33 ZHUIF conv. hiSIECs &
Y novel hiSIECs D5 IZITVME & 72> T\ 5, 723, TEER fE & lucifer yellow
D IFEFEFRER OFE R F & L2 JRIKIZ DWW TES R L TV RV 23, conv.
hiSIECs & novel hiSIECs Tl fd[A] R D& OB AL L, FIE &4
U=t D EE 2%, TEER fEIT tight junction TRE DA A KT 5 H D TiHAR <,
IR e D o 2 P o e s oD B SR 6 B - % 49, Ji> T, 24U D tight junction
FREELASR DEEAINZ L - T TEER fEITAR T 27~ L7z & DD | lucifer yellow D Zi# 13
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tight junction |Z L D H[R & 52 1T 7= D TlX7e Wi EHEER T 5, EFE. novel hiSIECs
IZBWTH ZO-1 & E-cadherin DI BLA G d Y012 L V0 MRS S 4L, tight
junction X adherens junction DZEKAN R S 4172 (Figure 11D), 7272 L., BN O
W DDA THEIEDIHWER I D BIEL S vz, T UiE. novel hiSIECs 23347
I m ORI DR SN TR Y, MilRREOEm I N AR — Lo TWnaH T
DTHDHEEZEZTND

RT-gPCR D#EHL, novel hiSIECs i£ CYP2C9, CYP2C19, CYP3A4 % &8l L
T\ (Flgure 8D-F), FEFRIZ, novel hiSIECs @ CYP2C9, CYP2C19, CYP3A4/5
DIEMEIX. conv. hiSIECs £ ¥ & &2 > 7= (Figure 12A-C), EHNZAHKD CAR I
L OVPXR X CYP2CY9, CYP2C19, CYP3A4 OFRELZHIET 5 Z &N LT
% 4D, CAR & PXR OB FHELNZ TS & WTL D novel hiSIECs (235
VW C conv. hiSIECs & ¥ & &4 > 7= (Figure 100, P), k- T, T b DM
B35 DFEHHINIT 1L CAR & PXR OHMAE L L TWA AREMEDN S 5,

—HMBETIRIZEAEREL L2V & S5 CYPLAL2 OfEMEIE novel hiSIECs
T L7z (Figure 12D), Z 2151, RNA-Seq B L N, RT-qPCR DfEFR & 1 —F
L7z (Figure 13), AMFFETIZOMt e F/NG BRI Z AV T & 3 EMEE 2 H
PELLES T & 72U 2%, PD98059, A83-01, SAZA, forskolin % A\ CTE#RL L 7= hiSIECs
® CYP1A12 {EMEIZHIRE MG BRI L D b EVEZ <3 2 & s S
TH Y 2D, novel hiSIECs DIGHBERTIEM: 7' v 7 7 A A3 & Mg ERGHIIEIZ T
SWERREENRE Z 5N D,

PD98059. A 83-01, S5AZA. forskolin % F\T/E#L L 7= hiSIECs (2B L Tix
LT o=

F, (x Fj) = 1 — e Pssr*Papp (P scaling factor)

ZHAWT, BRIER T 2B D Py & invivo O F, & & L3 5 & Caco-2 i
Fa L0 bEWHERMEZ R T 2 E R HEIN TS 2D, LaL, CYP3A4/51CLY
Rt 22 2B L ik, ESROMBIfERN S K& b v [
RPERENTWD, JRIKE LT, REIKD £ F basal ]~ & Fili3 2 HIE 53
WV, T20D Py OIENENZ ENB X LTS, £ 2 C, midazolam D i,

T DEEE 7 VT T o A &R T % & conv. hiSIECs T 41+1.8 uL/h/well novel
hiSIECs T 36 +2.8 uL/h/well & JBAMEAIT R 72 b DO 60728 13780 6
A7/~ 7= (Table 7), —J7. Michiba &%, BOEE 7 VT T R & Fp-Fy OFAE
HRME A D F B SN D AREME 2B L, Fo 2 THIT 572008 LWl
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PIEELTND 9, 22C, ZoXNEHEMEL L, MENICERT 2REMmEDR
R TXHETHD EMNE LT ETestimated Fo fEZFH L7z (Table7), % Dk
. diclofenac & midazolam {22V T novel hiSIECs ®D %725 B H & 417~ estimated
Fffii%. conv. hiSIECs MR CHH SN XL W HIK< | invivo O FEDHEIC
W37z, CYP2CY 38 LT CYP3A4 (X, /MBIZEIT 5 CYP DRI 95% & 5 =
END D TIVD O TFTRINIEMEICAT 25 &3 4UE, novel hiSIECs (& FIMEIZEH
7% CYP 1T SN2 Y OB REFHIICAEH TH L Z L NEXBND 2L,
ARIFZEIZ I3 1T D estimated Fy DR IE, MENRHDENBEH T 2BRETH S
&, HENRHE O CYP 5 REICL Y BRI B s 2 & R
N AR STV NWZ b L no 2% < OFIENPFIEL TW5D, £72. conv.
hiSIECs & novel hiSIECs DfUHIFERTEEZ KT 5 &, X"V BEEHTZV D
B RTE O (LR (Figure 12) ER# 27 VT 7 o ADZALFE (Table 7) 1K
T BRpoTWD, ZHUT well B2 DX LRI EENRRE > TnDZ Ll
[N 9~% (Table 6), > T, ;27 VT T ADEMNSHEH LTV 5 estimated F
D7ENE. EFE conv. hiSIECs & novel hiSIECs DI GHE I DFEZE KM L T\ 5
EWVD LD, HL ETHIROBE I chip & LTOMREEZRTLOLE
ZHRENE LR, S BIZ, AR L7 estimated Fy D5 H 71X
BRI OALA T T & Wiz sd | BIFEIZ hiSIECs S 512 dHh 72 - Tl
RETRBERIMDOICEDD Fo 2 EO LI TRT D0 EE5%E 2 TR 6%
W, ZRHDZ END, Fy OTHPEICOWTIE, K0 EEMARmE 217> T <
VERSDLEDEZZ D,
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3.5 /M E

ARFE T, TIKEI TS hiSIECs TH % F-hiSIEC™IZ %} L, SAZA & £ 72
VN new medium & ALl ¥:#EA AT 52 & T, #illobiFEykECcH# L7 F-
hiSIEC™ 12 b H 2 & 5 kratd 2 2 L # BIIC, B basscorss L
F-hiSIEC™ DFHEIZ SOW TR 21772 o 7c. £ DGR, novel hiSIECs 13/ D
TE KSR TH D CYP2CY9, CYP3A4, CES2 7¢ ¥ O s -3 B2 M |k
L7z, £, /NBEOFETEREEED — D Th 5 R ERWIUCEI G- 5 8n 1 DFBL
LM L7z, X512, novel hiSIECs I ZO-1 & E-cadherin % 38819 % & [RIFFIC,
lucifer yellow O 2 K< Mz, +3725E Y THREEZ A L T\ D 2 &R
EN7=, MMZ T, novel hiSIECs (% CYP2C9, CYP2C19., CYP3A4 O & EMEA
RLTz2, CYP LIAADIEMESS Fy THIPEIZOWTILE 572 DHF3ENMLETH D03,
novel hiSIECs (& & 0 KD/ MG ERMBIEWVFEEZ G T 520D LB HND
(Figure 14),
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Figure 14. Graphical abstract of this study. Created with BioRender.com.
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4. BIE

AAFFETIL, SAZA ZHER LV EHMORINICE D AL #5842 mHT 5 2
& T, WM HENEM 2 A 5 hiSIECs ZEfd 5 Z Lkt Lz, £72. %
DO HLCFHEL TIER U7 hiSIECs 1%, CES2 RO #EHEWIIZ DL AR 1 DiE
BrREIELM ELTEY, X0 MERNME RISV hiSIECs & 725 TV
HHDEFZZBIND, CYP UANDIENESR Fo THIEIZOWTIZ S B 722 D HF2E05 4%
BCTH DN, AL TE S 72 hiSIECs 1%, OB A 1T U & 2 M bE K
MENEEIFFE DR BICKEL FET LD EEZOND, AR THELNZMA
WA, HILEIEMBEIEFRICIER ST 2 L2 ]I 5,
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AWFFEDOZEATICER U, #ARHZRE 28, ML Y | F 72 ARG SO
A2 THE £ L7c4 BT RFERFBRE AR BRI T 0B kRS Hix.,
BRBIGE WBRICRER DB AR LET,

AAFFEOBATICER U, KB OEIRE & #2150 £ L4 R KRFER
FEER AR R 0B SORE BIRIGE~L R 2HEZR L ET,

R SNERRIZ T2V | FlEx ORISR E L EKB 2150 £ Lz, &b REifisz
RFRFBEIEA RSB REFIE =00 Bk R 2d%. 4 BRI KPR
AR L X2 T MY —H A o R BEA FEfE Hdg, O NCA
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ARIFFROFATICEE L, AR E & ZHA%2BY £ L4 ERTNLKRFER
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7

AIFFEDOZATIZER L, RNA-Seq ([CBIT A 1S, MBS 20 £ L4 2
TSR FRFPPESE A TR R R BB AT 200 B AR BhEICE <AL L BT
7

AWFFEOEATICER U, Bl 7 DS A2 B S 20 £ U7z, Bifng 14
TIZESHILR L BT £,

AW ZITTDICHI=0 ., B b iPS #ifnzd JHEHTEE & LZEN KRB ER
et o 2 —wigep P ESeE il IS [l KL% il 50
fE it B EHEL R 50N, ML EICFE A CTEILE L R E T,

AW 2 BT DICH TV  F-hiSIECTME Z DR A2 TG THE L E L7
A IV DR ARICHEA THEALE L BIF £,

ARAFFEDO—EBIL, B FHAIR R TR 25T 2 ~—2a VR R 72K
F7xu—vy TRAREE TRV ERIS N HOTT, Z 2GR L TUEHOE
ARLET,

KRFFEEDFNIM IO EMELHZ TS0, REREFZHIEEE
WE L7e, BIBALERISER R 802 KHEE A CTHEILER L B ET,

BBIZ, IR B HT-TonhE L E ZH 2 W L4 HER
SRR BRI SRR R IR0 B 72 & QNS IR R R R B e v &
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