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ABT 1-aminobenzotriazole

ASBT apical sodium-dependent bile acid transporter

BCRP breast cancer resistance protein

BrdU bromodeoxyuridine

CLint intrinsic clearance

CNT concentrative nucleoside transporter

CYP cytochrome P450

CPR NADPH-cytochrome P450 reductase

DMEM Dulbecco’s modified Eagle’s medium

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

Eg intestinal extraction ratio in humans

EGF epidermal growth factor

ENT equilibrative nucleoside transporter

ER extraction ratio

ESI electrospray ionization

Fa fraction absorbed in humans

Fg intestinal availability in humans

Fh hepatic availability in humans

FBS fetal bovine serum

FD-4 fluorescein isothiocyanate-dextran with an average molecular
weight of 4000

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GFP green fluorescent protein

HAC human artificial chromosome

HBSS Hanks’ balanced salt solution

HIEC human small intestinal epithelial cell

IFABP intestinal fatty acid-binding protein

IS internal standard

iIPS induced pluripotent stem

LC-MS/MS liquid chromatography-tandem mass spectrometry

LGR5 leucine-rich repeat-containing G protein—coupled receptor 5

MCT1 monocarboxylate transporter 1

MRM multiple-reaction monitoring

MRP multidrug resistance protein



NADPH
OATP2B1
OCT1
Papp
P-gp
PAMPA
PEG
PPIA
RMSE
Sl
TEER
™
UGT

nicotinamide adenine dinucleotide phosphate
organic anion-transporting polypeptide 2B1
organic cation transporter 1

apparent permeability coefficient
P-glycoprotein

parallel artificial membrane permeability assay
polyethylene glycol

peptidylprolyl isomerase A

root mean square error

sucrase-isomaltase

transepithelial electrical resistance

transport medium
UDP-glucuronosyltransferase
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F—E Frm

RO DG, FREDLOFIEMEICEN TR ERIETHY, Ehr s
HIEERAE AR (ISR T D720 _ﬁi%/ﬂﬁﬁ ENDHEEHEDO—STHD. %
A&LG ENTIAN B ERIZELIFETHOLAAAATT XAV T 21%, H
{BEIZB T HWINE (Fa), WL ERzAlfe (enterocyte) WNIZE31T DA DlElEESR

(Fg), Mgz 2 DR (Fh) Offckainsd. bf:iﬁof, [ F& fi
L& OB AT MBI 2 EhEZ TRIT 2BRC1L, Zhblh
B R ONNRIZ 3817 2 FELEE R & BRI TR 5 2 & 75>$%T&;5

M DORGE WD A J1 = X W%, ZEEE & BB E I R EnD. F %
Bl ORI & LT, TEERRD 5 enterocyte MR 288 B L CHEARICFEIE
%P NARR S (transcellular route) &, enterocyte & enterocyte DICTEZEL S 415
HEAEREA (tight junction) DHEFLA I L T3~ 2 AR EIPRARES (paracellular route)
W5, Fe b7 U AR—=Z—=PET LEEEEICBNTE, XFF T
VAR —H **?%Zﬁf{ l\ 7 AR—H—, organic anion-transporting polypeptide

(OATP) L o7z, BFENIEN BRI~ & I A b T v AR— & —
&, P-glycoprotein (P gp) X breast cancer resistance protein (BCRP), multidrug
resistance protein (MRP) 2 &\ o 7=, fliap 5 5% V*JH’“/\@EHI’LFEFLJ < b
T U AR—=Z =0, EYOWIGEFEEHIET S Z L nmeshTng Y

b~ Fa ORI, BEEEORHn, ~7 A ﬂf’~§7—0)’f&ﬁbn¥1ﬂﬁ %, B b
FERR S AU ARk Tdh D Caco-2 MBS ENTE 72 29 Lo L b,
Caco-2 gl I A HSROMIIaE TH D 7= 0>, & b OIEH 72 invivo @ enterocyte
ICHEEL T, — 8D T AR—H —DOFEBENKE L Bl oTNHZ &R,
Caco-2 FMa S HIIERICIER IZIEE e X2 A N v 7 v a v BT HZ LD,
paracellular route % /i L 72 BB A FEF ITIR Y & W o 7228 5 Bt ST %
ZALH D invivo @ enterocyte & DOAEEEDFE IR, ML EW O Faz ik - TR L,
f R AL B O A R CR B M LA OB ENAN AT T2 I A Y — R LT
LEIZENHRESIND.

IEH 72 e b enterocyte 231U, ERLoT 2O 5 Z ERMIFEIND D
DD, HMREEFE O enterocyte 1T — RN ATRRETH S Z LIz, BEHEMEIC
ZLWZEbHHY O YiEREE enterocyte & U T ERMENE LAY 22 FEAM I A VN -
WEFRONTERY U, e Fa PRIET V& LCUSH LBIZHRE S Tn
. —0, IBE EROREESICHAE L CW D/ NMEE ML, &V HEbREE &
enterocyte ~DMLEEEZ AT H Z ENAMBNTEY ¥, BEELD I/ L—FIck
WTh, /NEEaE ST i ROMREERO v MG BRI (human small
intestinal epithelial cell, HIEC) #15#& L, au=—%HEET 5 2 & C, JERE#E
FIREZR HIEC MEHNT- 2 L 228G LT\ 5 1.



Z 2 TR SLORTY-TIE, /IMEEHII % enterocyte ~ & b S 72 HIEC O HL
JEEZ W Fadbii R 2 /5 L, oMz oW TEmT 5.

— 77, BERBICOWTIE, BEIZHELT 5 cytochrome P450 (CYP) 4 1F&
D9 L, K80%7 CYP3A4 &L ENTHY Y, F-EKLL DK 50%725 CYP3A4 (2
FoTRBEZITHZ b s ¥ CYP3AL MEEW D P& BN I T HULE

TEZHSTND EEZ LN TS, CYP3A4S 13 enterocyte DFIINIZ T HL L
TWbHZ Enb, BEICETA2RE 2 EE0ICTRIGT 2BRICIE, MiakodiE
R & AENIZEB T 2R OB EZHEEICHFHI T oL ERNHDH EBE X HNT
1/\5 1920)'

ot & BT e 2 BRI RHME L, HER 72T WIZ L > T Fg % Tl
T HEMER E LTI, Yang 573, invitro 3R X 0 5 SRS & AT 2 7 =
V—AIZE B CLig 25 CYP3A FEEIKD Fg 2 THITX 5 QeuET L &EiE L
Y P, AR, Nishimuta SIZATIEEK TH % parallel artificial membrane
permeability assay (PAMPA) DOZiEtE & TR OVNES 7 a Y — 2 bE 60T
CLint DfEZ FHNT, CYP3A FEHIKD A 72 57, UGT WHEHIEIZK T 5 Fg & Tl
THEHEZRE LTS P, £, EFEEMEOE O CYP3A AEHKICIRE LT,
NG 7Y —bEANWTE LN Clin®&5H Fg % THITE 5 SIAET /L
L S Tung 2,

29O LT ERMNRET NVEITR ST 7a—F & LT,CYP3A4 Bl LT
- B A0 B R A PO T R A B i S R BR (S 8 T DR R D, R & X
B O % RIFF ISR 2 HiE b STV 5D, BIfEE T2, CYP3A4 Bl &
NE L RN ENE BTV Caco-2 flinse, A X Xt~ 5? 0D " Jigh A R A
Td 5 MDCKII Al X 1% LLC-PK1 fifid & o 72, B RIEIZIL S Tn g
ERHIRRIS, 7T A PR 2200 A L ARy 7 =B % - CYP3A4
DOIREIFEHL, & 5N 1,25-dihydroxyvitamin-Ds2" % iV 7= CYP3A4 FHiE 2 L 1),
CYP3A4 FL/E 3K ol e L Jeg i i IRF L 2 35 1 2 AR 38 & BRI L 7= iR 234K
WMESINTND., Zhb o CYP3A4 #BL ERGMIRLIE, & HFEEE D CYP3A4 IEE
EETDHZENHRESNTUIND HOD, b b Fg O FHIMEZ M L7213k
PRENTHARY. 26 ORI T 5 RENEERA R+ Th 5 2 & %),
MDA L > TRENEMEDME T T2 2 & PO @E S nTsh, 2nbo
SRS CYP3A4 JEBIMIILZ Vo b MO EER TR ThO R0 > T —
K& L THZESNS.

—7, v N ATYK (human artificial chromosome, HAC) X7 % —[%, & A
N D 7 7 MZHEY IAFE T, AL L CHERF éﬂéi B =< )R X —T
HY, WRDOT T AI RRT X =7 (VAR Z— 2 LT, E#licbz
S TERENCHERBELEFE2RBTX L2 LNBED—2TH 5 39,



Z ZCARIMIL D% Y-TIE, CYP3A4 s 7 IZH1% T, nicotinamide adenine
dinucleotide phosphate (NADPH) 7% CYP3A4 ICE F & #E T 5,
NADPH-cytochrome P450 reductase (CPR) DiE{s¥ %, HAC N7 Z —%ZH\T
S L7 Caco-2 MIKLE FIVS,  bAeo BB IR L 7B M BTELTAT 7 1
WTHREZIT, BRIV THRTS.



B _E HIEC IZ& N5 /MNEEMD enterocyte ~D 43k O% DOIEEEFHT
2.1 F&S

BB RIS DTSR OV A 7 VIFIEFICREL, $H TIFFTTOM
JAMANZEDL &SN TWD. ZOFEFITIERZHFHAFIC BN TR O EER
TEZH S TWDON, B —>ThHD, /NS ch b, ks
AT RN 7z 2 HTHRE & HE DO RFT DM ~D b2 H+ 5 2 &5
nNTHEY, BELZIILD, ZOlFaHEICBW TR SN TN,

WBE IR WTIE, /ANl EEmERICRAEL TR Y, HHA# IR L2
N6, HMELOOMEM~EBEL, &EAIIZ enterocyte (Z531k L7212, #hEx
HHCCT AR b=y 2 &R L% T 5 %,

2010 4E(Z Suzuki H1F, O HIEC [Z/MEGEMERAEENTWDH 2 L, Z0
/NG NEFERE A A LT\ D 2k, £72, HIEMIZ enterocyte & e, K
DRIEDOMPNAME L2 Z &2 HE LTS M, Fx ORI V—7Th, [A
Uiz AL, HEZ1TO 2L THMMEOmWae =—Z2 BT 2 2 21Tk
LIz L EHRE LTS .

Caco-2 I I NTF ¥ —A ¥ — b ETK 3 MEEET S Z & T, MmikiR
STHEBEEZER L, TOEMBANIZIZA NP Y7 v a UM b B
Eh, TR T—BRONTTF LB R EOMLEERE L RBETHZL0n, b
FOGE ERAIROET IV E LT, FEYEEBFOSEIZT TR, REFOMN
EERE, FRaxpFIZBWTHHASIN WD, — T, B hOIEFZ in vivo
O enterocyte (2 HEE L C, CYP3A4 72 £ SRR 3% 3 <°, concentrative nucleoside
transporters (CNTs) 72 ED—E D kT v AR —F —DRBENENZ & 5,
paracellular route Z /i L 7= B ME S IER AR B9 L s =B B b TV S,
2O LeTeBEnNE = 2RI, BHERSTHL TR TUIW WS, X610
L ARt L LT, Caco-2 fifu2s b MGG AHSKROREK TH D Z L n2ET 5
n5.

Z ZCARETIE, HEEL 7 HIEC FIZHE £ 5/ kil 2 enterocyte (24316
IH 5 ET, IEF 72 enterocyte (2 K AFHWINGHEET VEABETHZ L, F
7o, WEEE LT T LV & Caco-2 fifld & OFSREmIZ I 2 FHM A ik 35 Z &
ZHEZ, fix OREEITo7-.

2.2 ERFGE
2.2.1 AER UMK

INGERIR A2 G e Z ENFE SN TWD, AALME (19 B DZERGHEDOT])
K23 D HIEC (ACBRI519) (% Cell Systems (Kirkland, WA) X v A L7= 9.
HMCHIEC #8538 L, Blfsn7can=—%29LKkEE L TEOLNZ HIEC &, K



MBS L T3 (BF) JR B fd F ) 0 ik 5. TAV /=, Caco-2 #ifid (HTB-37) 1% American
Type Culture Collection (Rockville, VA) X V[l A L 7-. Dulbecco’s modified Eagle’s
medium (DMEM), DMEM mixed 1:1 with Ham’s F-12 (DMEM/F12), 0.25%
trypsin-EDTA, Hanks’ balanced salt solution (HBSS), nonessential amino acids,
penicillin-streptomycin, GlutaMAX, PureLink RNA Mini Kit /3 Life Technologies

(Carlshad, CA) XL YA L7=. Bovine pituitary extract /% Kohjin Bio (Saitama,
Japan) X DA L7=. Fetal bovine serum (FBS) 3 SAFC Biosciences (Lenexa,
KS) X DA L7=. Recombinant human insulin, epidermal growth factor (EGF),
digoxin, mitoxantrone, verapamil A T® propranolol |3 Sigma-Aldrich (St. Louis,
MO) L Y [l A L 7=. Fibrillar collagen-coated 24-well inserts |3 BD Gentest (Woburn,
MA) X VEEAL7=. Twelve-well transwell membrane inserts % Corning (Corning,
NY) X YA L7=. Colorimetric bromodeoxyuridine (BrdU) cell proliferation assay
kit i% Millipore (Billerica, MA) X Vg A L7z. Cell Counting Kit-8 % Dojindo

(Kumamoto, Japan) J YA L7-. Human small intestinal total RNA (Hik & 7
2 /NG DFNLIZAB, mucosa LAS O KGR T g K& OV JE &2 & ¢e) 13 BioChain
Institute (Newark, CA) X Y i A L 7=. PrimeScript RT reagent kit |3 Takara (Shiga,
Japan) X Y A L7=. FAST SYBR Green Master Mix, TagMan fast universal PCR
master mix, TagMan Gene Expression Assay (& Applied Biosystems (Foster City, CA)
L DA L7=. QuantiGene Sample Processing Kit A2 TF QuantiGene Plex 2.0 Assay
Kit 1% Affymetrix (Santa Clara, CA) X V& A L7=. Polyethylene glycol (PEG)
200 X% Y PEG400 /% Wako Pure Chemical Industries (Osaka, Japan) £ Y l§A L7=.
PEG600 % U PEG1000 (% Nacalai Tesque (Kyoto, Japan) X Vg A L7-. Kol43
I Tocris Bioscience (Bristol, UK) J ¥ A L7-=. Fluvastatin {3 LKT Laboratories

(St.Paul, MN) X YA L. ZOMORIEKITE THROEERIK o~ K27
Z7M, ST L <Xk & V.

2.2.2 MR DEEE

HIEC IX, 10% FBS, 1% GlutaMAX, 10 mM dexamethasone, 1 mg/mL insulin,
20 ng/mL EGF, 50 mM 2-mercaptoethanol, 50 U/mL penicillin &% 50 pg/mL
streptomycin % &¢¢ DMEM/F-12 # T, XA 7 | a7 —/ o Ca— 3z
culture dishes (100 mm) | TE53% L7=. Caco-2 fifaiE, 10% FBS, 1% nonessential
amino acids, 1% GlutaMAX, 50 U/mL penicillin & O 50 pg/mL streptomycin % & ¢
DMEM (4.5 g/l glucose) % T, ks~ 5 2 = | (75em?) TH#&E LT-.
WA X 5% CO, / 95% air 5:1F F, COy A ¥ F 2 _X—H —HiIT37°C T THEL
72. 4~5 HEIZ HICE & U Caco-2 #fifid % 0.25% trypsin-EDTA (2 CHIBEL, 1:4
DR TR AT o 72, INVTF v —A P — MR T S B, HIEC (X



24-well fibrillar collagen-coated inserts [ 1x10° cells/well {Z T, Caco-2 i
12-well noncoated membrane inserts (= 6.3x10" cells/well |~ THEFE L 7=. HIEC |%
B, LiCoyEREEEH OB HIIZ 50 mg/mL bovine pituitary extract & ¥#A0 L 7=
AR A VT, 3 B EICER I ASHA 21T\, 8~9 HIf#IEE L7z, Caco-2 #ff
Faik, #EfEfE LA 1A, 2 8 BRI 2 B ERLOIR KRR L2 v
THHIAZ WA ATV, 18~20 HRE:#E Lo, #& LZESEPUE (TEER) I
Millicell-ERS (Millipore) % FVCHIE L7=.

2.2.3 MR HESERE D FEAT

AT N aF—rrTa—hEnz 96-well 7L — ~iZ, 5x10° cellsiwell D%
J£C HIEC 2 #&fE L, %o 48 Ki[#]#41Z colorimetric BrdU cell proliferation assay kit
Ze AR B A RE 2 ) L 7=, AIRESERE 2 s T E 2 7=, Cell
Counting Kit-8 & I\ NT, #&7d 48 RFfl % O A Mifa 2 e L7-. Mg sERe & O
BRI DTN, Fy PO B Fa— W ZHEo THEM L, 450 nm OO
fEh~A 27 a7 L — kU —%—(SpectraMax Gemini; Molecular Devices, Sunnyvale,
CA) ZHWTHIE L7=. DNA F~0 BrdU BV iART v A2k DWIEE %,
AHIREGE T v AKX DWSEETHIS Z & C, HMIuHEFEEE 2 #H1E L7-.

2.2.4 RNA fli kX OB it

HIEC }& O Caco-2 Mz /v F v —A ¥ — MM, T2 8 K20
H 552 L7=%#, PureLink RNA Mini Kit Z f\ T total RNA ZHiH L7=. 41bAi
® HIEC @ total RNA & LT, JERIFERIZ = 7bx MIEET D ETO total
RNA #[EfgICHIE L7z, &5 517 total RNA K OMEA L7= &~/ total RNA (5
RK—H13k) A5, PrimeScript RT reagent kit 2 FV>C cDNA Z 3%l L7=. RNA
FH M R B T, ENENHWEX Y MR 7 e s a— L iZit-> ¢
SEhE L7,

2.2.5 Real-time RT-PCR

L= 7 A ~—Hd%| } O TagMan Gene Expression Assay 1%, Z #1241 Table
1 O Table2 (2R L7z,

Intestinal fatty acid-binding protein (IFABP), apical sodium-dependent bile acid
transporter (ASBT), monocarboxylate transporter 1 (MCT1) } T" MRP3 @ mRNA
FELFEOWEIL, SYBR Green {£I1Z L V1T 572,25 ng @ total RNA 4 5D cDNA,
1xFAST SYBR Green Master Mix T} 0.2 mM primer pairs Z &4 L, 20 pL D&
KREEL2DH X HITdH0 ZHINLT-.

Leucine-rich repeat-containing G protein—coupled receptor 5 ( LGR5 ) ,



sucrase-isomaltase (SI), CNT1, CNT2, CNT3, equilibrative nucleoside transporter
(ENT) 1, ENT2, ENT3 X Ut glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
® mRNA FEHEOREIEX, TagMan probe {£IZ X V17572, 25ng @ total RNA 4
= cDNA, 1xTagMan fast universal PCR master mix & U* TagMan Gene Expression
Assay ZiRE L, 20 uL ORERE L 725 X 912 dH,0 23 L7z,

i, 7500 FAST ReaI-Tlme PCR system (Applied Biosystems) 7z Hv>, #JH#]
2% 95°C (2T 20 BT o 7o%%, BVEMEZR 95°C IZ T3P, 7T=—V v 7 Kk
MR RS %Z 60°C (2T 30 M, A 784012 TiTo72. WiEE= Y hr—
JL& LT GAPDH # v, 2B K 0 I RBLEZFH Lz, 7228, CtEn
BULERSTEHEE, ZTOBMGEFITIBLL T & flr L.

Table 1. Sequences of primers for mMRNA quantification

Gene Forward (5'-3") Reverse (5'-3")
IFABP ACAATCTAGCAGACGGAACT TTGGCTTCTACTCCTTCATA
ASBT TGGCCCCAAAAAGCAAA AACCGTTCGGCACCTGTAC
MCT1 CCGCGCATATAACGATATTT ATCCAACTGGACCTCCAA
MRP3 GTCCGCAGAATGGACTTGAT TCACCACTTGGGGATCATTT

Table 2. List of TagMan Gene Expression Assays used

Gene Assay ID
LGR5 Hs00173664_m1
Sl Hs00356112_m1
CNT1 Hs00984403_m1
CNT2 Hs00188407_m1
CNT3 Hs00910439_m1
ENT1 Hs01085704_g1
ENT2 Hs00155426_m1
ENT3 Hs00217911_m1
GAPDH Hs02758991 g1

226 v /VF 7Ly 7 A mRNA B EHIE
Organic cation transporter 1 (OCT1), organic anion-transporting peptide 2B1
(OATP2B1), P-gp, BCRP, MRP1, MRP2, CYP2C9, CYP2C19, CYP2D6, CYP3A4,
CYP3A5, UDP-gIucuronosyltransferase (UGT) 1A1, UGT1A3, UGT1A4, UGT1A6
N TYUGT2B7 D mRNA 8 & O W E 12 1% QuantiGene Plex 2.0 Assay Kit & v 7-.
HIEC K& Of Caco-2 fﬁﬂﬂfﬂ;}a‘fﬁﬂ/?‘ﬂ’ A Y— MR, 8 KU 20
H 2 L7=%, QuantiGene Sample Processing Kit % W CHlln 2 & fig L, oo
7"V Bio-Plex 200 suspension array system (Bio-Rad, Hercules, CA) % Hv Tl



E L7, WIEME = F r— L & LT hypoxanthine phosphoribosyltransferase z f\>,
FExPRS Bl 2 L L7z,

2.2.7 FHEEIE T HEMBEEE

HIEC Z W)V F ¥ —A % — MICHEME®E, 8 AMEELLE, 2%
paraformaldehyde 2 OY 2% glutaraldehyde % ¢ 0.1 M phosphate buffer (pH 7.4) %
FAWTHMZEE L, 4°C IZ2TA v FaX—F L7 512 2% glutaraldehyde
% ¢p 0.1 M phosphate buffer (pH 7.4) ZHW\\T4°CIZT—HiA > F=2X—F L
72. 0.1 M phosphate buffer {ZC 3[R Y > & U721, 2%DMNE{LA A I U L&
#r 0.1 M phosphate buffer Z iV T 4°C (2T 90 0o > F=_X— kL, HBETL
7z. 50~100%=~% / — /L& HWTRBIK Lic Y 7 fifisic o U, @Edof
% 2%FEER T T 2 L At YL L 7. iR AR T A £21%, JEM-1200 EX

(JEOL, Tokyo, Japan) ZHW\TiT-o7z.

2.2.8 Paracellular pore D %A XK ORIBRROHIE

HIEC & O" Caco-2 fllfd D L& Z 331F % paracellular pore DA X K& OV R =R

(e) ZMET 57, effusion-based theory (2 HSUW=LLTF D Eq. 1 % F 7= T
#1772 %),

RTe 1 1

"D T, oeel T Eal
Z T, Papp lTAMNT OREEFE RIS, RIIT AEL, TITMEHRE, » 1ZKOK,
Ji (37°C 124V T 0.6915 mPaxs), Na lZ7 A4 Rudf, 113 v > 7B (3.1 A)
O 3BE T 2B O 788 E L, 72, MEE (o) IS EBRED
FMmFEIZ KT %, paracellular pore DE D LR TER SN D. Eq. 1 LD,
paracellular pore Z 41 L 7z i J OEERREIE, ZRLEW O ro I BT 5
EEZBND. %Y, paracellular pore DA &N L CHE T D4 72 A XD
FBLEY D Papp TEZTNE L, FERNZ Papp 8%, FEENZEALEP O rs Dt %
7'ay b LTS b D ERER OB E 226, paracellular pore DR
HT&%. b, TORUFERZIMTL, FOILDEHIEIS (P =0) O
%, pore I L CHZEATRERIR KD FHETH Y, £ DOfEA pore DY A X
ERIELDZENTED.

FEEOHAE HWT, HIEC LT Caco-2 #fific Hig 5l ¥ 1) % paracellular pore @
PR N e ZHE T 572, paracellular route |2 X - THid 5 HE8 5 54TV
%, PEG OF Y I~ — (Table 3) (Z&\F WX A (apical {f]2> % basal f8]) ~
7D Papp 2 H7E L7z

Pap p



Table 3.  Molecular weights and radii of PEG oligomers

PEG oligomer  Molecular weight rs (A)
PEG104 194 4.13
PEG,zs 238 4.51
PEG,g, 282 4.87
PEG32 326 5.15
PEG37o 370 5.47
PEG414 414 5.78
PEG4sg 458 6.03
PEGs0; 502 6.27
PEGs4s 546 6.55
PEGsg 590 6.77
PEGe34 634 7.03
PEGe7s 678 7.24
PEG/2 722 7.45
PEGes 766 7.69
PEGg1o 810 7.89
PEGgsy 854 8.09
PEGgos 898 8.27

HBSS (Z 4.2 mM NaHCO3;, 20 mM glucose A TF 10 mM MES X% 10 mM HEPES
ERDEOTHINL, pH & 65 XX 74 \ZTHELI-H D%, FiZ 1 transport
medium (TM, pH6.5) XIiXTM (pH7.4) & L7-.

HIEC & U Caco-2 Mlifi & 1 /v F ¥ —A ¥ — MMIEEFER, ThZF8~9 H K
N 18~20 HMkEZE L=, HBlizREL, TM (pH7.4) T2@RY > A L7z, TM

(pH6.5) LO'TM (pH7.4) %, ZiZiu apical Il 2 O basal il > F ¥ > /3—(Z
WL, 37°C 2T 307 LA »F 2~— | L7 Donor flliE#E & L T, PEG200,
PEG400, PEG600 } UF PEG1000 %, #&JREE 100 uM & 725 K 51 TM (pH 6.5)
MR L CRAML L 7=, Acceptor fI7A#E & L C, HBSS (T 4.2 mM NaHCO3, 20 mM
glucose, 10 mM HEPES K (M 4.5% wiv 7 v T V7 2 &b X OIZIRINL,
pH % 7.4 1% L7 b @ %2 H 7oL ikl B 44 60, 120 K TV 240 434412, acceptor
MOF v X =06—F&D TM ZH 7TV 7 Lz, o7 uid 2 FED
methanol/acetonitrile (2 : 1, viv) Z¥HNL 7%, 10,000xg (2T 15 4rfii=0s L,
ki& % liquid chromatography-tandem mass spectrometry (LC-MS/MS) % Hu»C
2.2.10 BEIZR LT S RIS CRIE L7z, B S oAb & oFik & OfE % v
T Papp EZ R LTz, Pap EEOFHITIZLL T D Eq. 2 & JHV e,

dQ 1

app — ;. X

d AxCo

Eq. 2



Z 2T, dQ/dt [ZEATHEREIS 72 0 0 receiver 1EIJ/\0)@J@ =, AV T XY —A
Y—brDA T L OEKEFE, Cold donor HIlHE ﬁ:kb‘éflﬁ/\%@fﬁﬂf;ﬂ”& L
7:_.-

2.2.9 P-gp & O* BCRP D s RE MM

P-gp OIERERTA D 7= > DR HE & LT 10 uM digoxin %, BCRP OFERERF
72O OHEIE L LT 20 uM mitoxantrone & H VY, U7 (apical {225 basal
l~DF) K OWEMITE (basal A5 apical {Al-~0iZ5iE) R HM e i 05 35
ZAT > 72. P-gp X O BCRP OIERAYRAEH & LT, £ E4 10 uM D verapamil
K OV5 uM @D Kol43 % v iz,

e S FER 1%, 2.2.8 THOF{EA — A L TIT> 7. HIEC & T Caco-2
Mz VT v —A Y — MR, £ 2 8~9 H KT 18~20 HfAiE#E
L7=t%, HEHzREL, TM (pH 74) T2REIV AL, £ N TV AR—HF —
DILER X IXEHO % E& e TM (pH 7.4) %, apical {1 & O basal D F v > /%

IZHRINL, 37°CIZ T30 M7 LA % 2~— K L7=. Acceptor lld>F v >
—IZ, MEXOIEEO A 25T TM (pH 7.4) ZUINL 7%, donor i +
N IEEBE R R O EA T2 2T TM (pH 7.4) 23RN L Tkl 4
BAfA L7=. BH#ZA 30, 60 & TN 120 431412, acceptor IO F ¥ > /X —7 b —E & D
T™M ZY 7Y 7 LTz, %/7/1/ X 2 & methanol/acetonitrile (2 : 1, v/v)
ZUSIN U721, 10,000xg {ZC 15 syfd.0 L, EiE% LC-MS/MS % v T 2.2.10
IR LTe Sl ClllE L7z,

HEDOFESR, B SN bEYOFEREDEZ W T, 228 HD Eq. 212XV,
Pap TEZFH L=, F7=, PEIEG M OBIBERE E WILTT O Papp O % efflux
ratio & L7c.

2210 {LEWMRERE

LC-MS/IMS % H W7 {b. & ¥ i FE I & 121X, Waters Quattro Micro Mass
Spectrometer (Milford, MA) } O Waters Alliance 2795 HT (Milford, MA) % H
V7. MS/MS 73 #8713 electrospray ionization (ESI) N7 4 7E— RXIER T
47— RTAAbL, Table 4275 L7z multiple-reaction monitoring (MRM)
SN TA A 2 L=, Digoxin #EEHIE ONEMEREYE  (internal standard,
IS) & LT fluvastatin 2, ENLANDILEWORERIED IS & LT propranolol
Z .

PEG A U I~ —DRENEIZIL, 9 7 4 & LT XTerra MS C18 column (100
mm, 2.1 mm id., Waters) & MH\, 77 AREIT40°C & L. BEMEE LT,
AR (10 mM EFli2T =0 LKEEIKR) KOBIK (7 h=KVU L) ZH,
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FEZ 02 mUmin & L7z, 79V bRUEZLITIORT FRIMNOKIHEIL B
WO%%7~x7). 0min (2%), 2.5min (2%), 3.5min (95%), 4 min (95%), 4.1
min (2%), 85min (2%). A>T =7/ v a3 &(T10uL & L7k,

Digoxin & U" mitoxantrone O FEERIEIZIL, s34 H 7 4 & LT Cosmosil 5C18
AR-1l column (50 mm, 4.6 mmi.d., Nacalai Tesque) % H\>, 7 AJEFEIX 40°C
EL7c. BEMHE LT, AR (01% FEKEK KUBK (T2 h=HFU1L)
ZHWV, #i#%Z 0.2 mLmin & L7z, 7o V=y bEEE2LITFICRT FELNO
BB BIKDO%%<9). 0 min (2%), 1.5 min (95%), 4 min (95%), 4.1 min

(2%), 85min 2%). A > ¥ =273 a T 5uL & L1z,

TR TOLAEW O EAE O E HIZ 1% Waters QuanLynx software (Milford, MA)
RO LAY O, T REHPE L ORER O r* % Table 4 128 L7z,

Table 4.  Summary of ion transitions for the multiple-reaction monitoring
quantification, retention time, quantification range, and r? value

. Rett_antiion Quantification 2
Compound Mass transition time range r- value
(min)
PEG194 195.3>88.8 7.3 300 nM to 10 uM 0.9988
PEG,zs 239.3 >89.2 7.3 100 nM to 10uM 0.9958
PEG,g, 283.3>89.2 7.3 100 nM to 10uM 0.9953
PEG3 327.3>89.2 7.3 30 nM to 10puM 0.9932
PEG370 371.3>89.2 7.3 30 nM to 10puM 0.9947
PEG414 415.3 > 89.2 7.3 30 nM to 10puM 0.9935
PEGyss 459.3 > 89.2 7.3 30 nM to 10puM 0.9948
PEGs0; 503.3 > 89.2 7.3 30 nM to 10puM 0.9956
PEGs4s 547.3 > 89.2 7.3 30 nM to 10puM 0.9948
PEGsg 591.3 > 89.2 7.3 30 nM to 10puM 0.9966
PEGg34 635.3 > 89.2 7.3 30 nM to 10puM 0.9968
PEGe7s 679.3 >89.2 7.3 30 nM to 10puM 0.9958
PEG/2 723.3>89.2 7.3 30 nM to 10puM 0.9967
PEG¢s 767.3>89.2 7.3 30 nM to 10puM 0.9951
PEGs1o 811.3>89.2 7.3 30 nM to 10puM 0.9966
PEGgs4 855.3 > 89.2 7.3 30 nM to 10puM 0.9945
PEGgos 899.3 > 89.2 7.3 30 nM to 10puM 0.9975
Digoxin 779.1>649.2 53 3nM to 10pM 0.9992
Mitoxantrone 445.3 > 88.0 4.1 10 nM to 10uM 0.9988
Propranolol (IS) 260.2>116.1 7.6 - -
Fluvastatin (IS) 409.8 > 348.0 5.9 - -

11



2.3 R
2.3.1 /NIBE AR D#ER: &2 OF enterocyte ~D 431t

Figure 1 IZ7R 9 & 912, ZERTD HIEC (12817 %, /NEgiiiid o~ — 0 —8is
F T 5 LGR5¥D mMRNA FHl &% 8~25 M TIRIF—ETH Y, 7, &
B X 3B EDO LT RMEMIIE O o To. E7z, MO
fEkE & LT, BrdU @ DNA ~DHRVAH ATl LI L 2 5, 8~25 ik E T
DT, HEFEREICHIMEIIFE O b7 (Figure 2).

OLGRS5 before differentiation
OLGRS after differentiation

TN

Passage number

Figure 1. Effects of the passage number and differentiation on the relative expression
levels of LGR5

Data represent the mean = S.D. (n = 3), except for the data before differentiation.

10 1

Relative mRNA
expression
-

1.5 4
l T
c
RS
S 14
Q
S
o
£ 054
3
[J)
x
0 T T T
8 16 20 25

Passage number

Figure 2. Effect of the passage number on the relative cell proliferation activity

Data were represented as relative value to that at passage number 8. Data represent the mean + S.D.
(n=6).

RIZ, /MGG enterocyte ~D 3 bREZ FEAN 572, enterocyte D~
— I —E5TF T 5 IFABPP K S mRNA J8l &%, bR THIE L
7o, ZTORER, Sl ko TN O~—I —8xFORBLEIL, IFABP T 110
~650 fi%, SI T 20~110 {50 L, 24 o OEEAMEAIIH R Z HR T HHERF S
A7z (Figure 3).
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OIFABP before differentiation o IFABP after differentiation
Sl before differentiation m S| after differentiation

1000 - B

-

Relative mMRNA
expression
= o
- o o

o
-
|

25
Passage number

Figure 3. Effects of the passage number and differentiation on the relative expression
levels of IFABP and SI

Data represent the mean + S.D. (n = 3), except for the data before differentiation.

%72, /b D HIEC 2 Z@ R EFHEMBE CHE LI L 25, Figure 4A |TR
L7k o1z, MEEROMIEIZ L 2BEENFRD b, o, THREEMAZ S LI
JEK U7z Figure 4B T, 471k L7z enterocyte |Z4FH OHMIEE TH 5, WHKE
R N x 7T arBROLNTE.

Figure 4. Transmission electron microscopy of HIEC grown on culture insert
Arrowhead, tight junction: arrow, desmosome; MV, microvilli

2.3.2 HIEC B U Caco-2 HilREBROZE LR BRI E

HIEC Z I NVTF ¥ —A ¥ — MIERER, 2{bi@f2Iz381) 5 TEER Z &R
BIELIZEZA, BENOKS BEIZTT h— (989 Qxem?) (2L, Z DOfEIT
Caco-2 flAD#ERE% 20 HIZ331F % TEER (900 Qxem?®) XV HIEVMETH - 7=
(Figure 5).
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(A) HIEC monolayer (B) Caco-2 cells monolayer

120 4 1,000 -
& 100 E 800 |
S 80 1 X 1
a 1 c 600 -
E 60 - E |
w40 E 400 7
._ 4

20 200 1

0 T T T T T 1 0 T T T 1

0 2 4 6 8 10 12 0 5 10 15 20

Days in culture Days in culture

Figure 5. TEER values versus days in culture in HIEC and Caco-2 cells monolayers
TEER measurements were conducted in the culture medium. Data represent the mean + S.D. (n = 3)

KIZ, HIEC HEMED integrity (Zx1 T AR DOEELZ T 5729, HIEC %
HANTF % —A ¥ — MR, 8 HHIC TEER &L ICRIELZ. £D
FER, Figure 6 IR L7 L DI, #fE% 8 HEHIZBI 5 TEER HIXIZIF—ETH
Y, HIEC HBE IR 2 ER-EZ L IZIEREDHEBEAZTER T 5 Z & R X

ni-.

7 8 9 10 11 12 13 15 20 25
Passage number

2

g

2]

TEER (QXcm?2)

o

Figure 6. Effect of the passage number on TEER values in HIEC monolayers
TEER measurements were conducted in the culture medium on day 8 after seeding. Data represent
the mean = S.D. (n = 3).

2.3.3 HIEC K& U} Caco-2 MR B J@RIZ331F B paracellular pore D 4§44 (i
53AE#% D HIEC K UF Caco-2 M HfEMRIZIS1T 5, & PEG 4 ) I~—0D4F&
(194~898) & P, fEDFEBE % Figure 71278 L7z, i L7239 XT?D PEG AV
d<—IZBVT, Caco-2 MfRIZLE LT HIEC OEBE P, BE R LT &
D5, paracellular route Z 41 L 7=Z @M X 2AR)IZ HIEC BEEDO FREWZ &
VAN R g el
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Ppp Of PEG oligomers (x10¢ cm/s)

194 370 546 722 898
Molecular weight of PEG oligomers

Figure 7. The relationship between the permeability and MW of PEG oligomers in
monolayers.

Open and closed circles represent the mean values with SD of 3 independent experiments in HIEC
and Caco-2 cell monolayers, respectively.

F 72, Figure 8 |[Z-x9 X 912, HIEC }UF Caco-2 Al g EIC 51T 5, 4 PEG
FV I —D rs DWEL & Papp i (open circles and squares) O BRI 2 fHIEZ /R L
722 &b, HIEC XU Caco-2 MIfUHERIL, & HIZ 2 DDORLRD YA XDl
FL (small pores X TN large pores) Z#H T 5 Z LRIz, DFED, riOKE
WA Y F=—|d large pores DA %4 L Cizim L (open circles), rsdD/NSuA4Y
=~ —{% small pores & large pores D[l 5 %4 L CTiZim3 % (open squares) &7
b, £ZT, rsO/hSWNWF Y I~—ZBI1T 5, 2 50859 A4 XOMAL
2 & BFEiE A SyEE L CEMIE 5 72, curve stripping 247 7=, BAKBYIZIZ, large
pores D Zx % L7-1%i4 (open circles) & PEG A4 U I~ —0 ry D%k & Ol
(3R 2 oAME LT B 5 large pore 12 X HiFiE, h—# L (large pore
X O small pore) @i (open squares) 22572 1L 51 < Z & C, small pores O 7%
- L7-%i (closed squares) ZHiHiL7-.
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(A) HIEC monolayer (B) Caco-2 cells monolayer
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Figure 8. The relationship between permeability and the reciprocal radius of PEG
oligomers in HIEC (A) and Caco-2 cells (B) monolayer

Open squares represent the observed permeability through small and large pores, whereas open
circles only represent permeability through large pores. Closed squares represent the calculated
permeability through small pores. Porosity was calculated from the slope of the regression line (solid
line: large pores; dashed line: small pores) according to the effusion-based theory (Eq. 1). Pore size
was calculated by extrapolating the corresponding regression line to zero permeability.

Figure 8 (23517 %, large pores X i small pores DA% L7-%i &, PEG 4V
Av—0 rs D E OFEVFER (ZIENFERR L OER) O E R O A
Mo, TNENEM LT, MRFELOMALY A X% Table5 12~ L7z, £72, [A
BOTFEZHCTHEB S, e MEBIcBs T 2WmEE Poitliz. &
SN AIFLOHERIX HIEC HEME, Caco-2 MR HLUEM & O H & b Z2 5 D [H]
T, WM/ EIIRS LT, large pores 1d 9.3~14.3 A, small pores | 4.8~6.6 A
Td-o7=. —7J7, large pores } OF small pores (Z31F B [BFR=R ¢ 2B LTI, Caco-2
A L IR ez L C, HIEC g CamvMEn R S 7z, £7-, fite b2
JHIZHT 2 ¢ OMEE, large pores, small pores & %1 Caco-2 AR ELE B L v
t HIEC BB\ ME T - 72,
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Table 5. Pore radius and porosity (¢) in HIEC and Caco-2 cell monolayers and the
human jejunum

HIEC Caco-2 cell Human
monolayer monolayer jejunum 2

Radius (A)

Large pores 14.3 9.3 10.1

Small pores 4.8 5.4 6.6
Porosity (x10°®)

Large pores 44 4 89

Small pores 109 52 442

2 Values in the human jejunum were obtained from published data.*®

234 b7V AR—F —O mRNA FEBER|EI TN P-gp & U BCRP OFEREFH
6% @ HIEC K Of Caco-2 MildiciiT 5, FFD KT AR —%—@ mRNA
HELEE, b MBS A B E L L CHEI L7/ S % Figure 9 12T,
BELEZRNT VAR=F—0D 95, CNT2 2O\ TIE, 43{k1% @ HIEC K TUf Caco-2
MfICBNT, EBICCHEMN B LULETH 722 D, WmAEIZI VT CNT2
IZFEL L TR0 &I L72. OCT1, OATP2B1, MCT1, ENT1, ENT2, ENTS3,
P-gp, BCRP, MRP1, MRP2, MRP3(Z2W\Tl%, HIEC & Caco-2 fifaic 15
FHLEIDN 5 FUNTHY, FinodRBlEIdIe MG ETWRILL~ L
Tdh-o7=. —) T, CNTL ®FH & HIEC KX Caco-2 i T & Ik <, CNT3
DOF B EIT Caco-2 AANIZLLEE L C HIEC TREAMN 17T EEmWERTH o 7=,

mHIEC

1000 OCaco-2 cells
e g
CD;
28 100
© =
B:
i
5§ 10
2]
23
s E
X 3
o < 1
$2
0.1 b
— — [ — — [32] — N ™ Q. o - N ™
b O m k E E E E E 9 g o 4o Qo
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Figure 9. Relative mRNA expression levels of transporters in HIEC and Caco-2 cells
Expression levels were normalized to those of GAPDH or hypoxanthine phosphoribosyltransferase,
and are represented as relative values (%) to the human small intestine. Data represent the mean +

S.D.(n=3).

WIZ, 7ki% D HIEC K& U Caco-2 i HiJE iiZ 3 T mRNA L~ TODFE
BNRS B, P-gp XU BCRP IZ L ikt rE 2 #ER T 5728, ETNEND
FETH D, digoxin & T mitoxantrone 0% AR5 2 FF4f L 7=. Figure 10 (2R
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T L9512, HIEC &KTF Caco-2 Ml HJEEIZ I\ T, digoxin & TF mitoxantrone
@ efflux ratio |X 2 LEAZ/RLTZ. IMAT, TNENORERNRIAERTH D
verapamil 2 TV Kol143 i L7z & 2 A, efflux ratio [ZIK T L 7=.

(A) Bidirectional transport of digoxin (B) Bidirectional transport of mitoxantrone
18 4 efflux ratio=2.2 Dapical-to-basal 77 efflux ratio=38.2 Dapical-to-basal
16 1 T O basal-to-apical 6 T Obasal-to-apical

~ 14 —~

g 12 efflux ratio g 51

= =14 =

£ 10 § 41 flux rati

¢ g efflux ratio e efflux ratio

S =3.1 . = 3 7 =45

~ 6 efflux ratio - efflux ratio

5 =1.3 n_% 2 1 =

o 4 efflux ratio
2 1 A =1.2
0 . . . \ 0 — . . .—l_-r_| . —Tr— .

HIEC HIEC Caco-2  Caco-2 HIEC HIEC Caco-2  Caco-2
+ cells cells + cells cells

verapamil + Ko143 +
verapamil Ko143

Figure 10. Bidirectional permeability for digoxin and mitoxantrone across HIEC and
Caco-2 cell monolayers in the presence or absence of inhibitors

(A) Efflux transport of digoxin (a P-gp substrate) in the presence or absence of verapamil. (B) Efflux
transport of mitoxantrone (a BCRP substrate) in the presence or absence of Kol143. Data represent
the mean £ S.D. (n = 3).

2.3.5 EHEER D mRNA REHEHE

716 #% D HIEC J O Caco-2 Ml iJBEIC 35T 5, FEMEHEESR D mRNA FEL
a2, b MNMBICHT DM RBE S L TR LR % Figure 11 (2~ 7.
E LTSS D 5 6, HIEC I281F % UGT1A6 O¥sHLEIX, Caco-2 flifia
DHI 6 5 nr- 7273, CYP2C9, CYP2C19 K (X UGT2B7 (2D ClE, Caco-2
FaD BT 50 Em W EZ /R LTZ. £, IBE CORMMRBHIB O TEHE
TN 2RI LT\ D CYP3A4 D¥EBLEIE, HIEC & TN Caco-2 fifld & &1Z, E
NNEBD 6%LL T EARWFER TH - 7.
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=
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Figure 11. Relative mMRNA expression levels of drug-metabolizing enzymes in HIEC
and Caco-2 cells

Expression levels were normalized to those of GAPDH or hypoxanthine phosphoribosyltransferase,
and are represented as relative values (%) to the human small intestine. Data represent the mean +
S.D.(n=3).

2.4 B

ARF T, BB L 72 HIEC 2 H W 728l 2R WINGEE & 7 /L OREEE K O ORERE
S 24TV, S O EEMIZ LA 41T 5 Caco-2 #llfin & Dbl #1772 - 7.

43AERTD HIEC (2805, /NMNEEiiao~— 7 —#Ea+ThH5 LGREP D
MRNA FEHLEN, 8~ MR ETIFT—EThoT=Z &b, MREEVIRL T
ty, HIEC FIZ/MGEERIIE N HERF ST WA Z EDRIB I NIz, F 7, HfarEsHE
REDIEIETH D, BrdU @ DNA ~DT Y AL V&I L= & = 5, 8~25 fkft
FCOMT, HIEEIZER TEANIEED T, /NGO FTEIZ L > T HIEC
DOIFHEEDHERF S LTV D B2 BT,

WIZ, /NgGEHIEA S enterocyte ~D 3 LREZ FEM 35 72, enterocyte D~
— ) — 5T T 5 IFABPP K S mRNA FEELEICHOWT, MEDRT#% T
HE L. ZORE, HMblcL-o TN DO~—F—BEFORTEITHML,
Z OENIMERN IR I E BER T HHERF STV, £72, 0b% O HIEC %%
g PAMREE CHBIER LT- & 2 A, 40{k L 7= enterocyte (2R DS & 2 A L C
WD EPMERTE 2, ZNOOREE LY, HIECIZE N D /NG N H 9
% 53{bREIZ & o T, HIEC IX enterocyte ~/3 b5 Z &L 3R TE 7=,

b U7z HIEC BB R 2 FHli 9~ 5 72D, IV F v —A P — MR
O TEER Z#EFEAICHIE Lz & 2 A, EFIRIEICH T 5 TEER fEIE, 98.9 Qxem?
L7320, Caco-2 #ifE (900 Qxem?®) DFI953D 1 DIETH »7-. £7-Z D HIEC
® TEER fEI%, BEROfEH e MG ERICHT 5 TEER (%9 40 Qxem?) ¥
VMETH-7-Z &b, 553{b#% @ HIEC 1% in vivo & MG BRIV, L—X
TRHER AR L TS I ENH LN E o T,
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Z Dt b ERIZITV TEER OfED S, 43k L7- HIEC BB T, B S
NnNa5%2A4 x> 7 v a o paracellular pore OREVEDY, B M/NG ERIZITWD
EMHEREINTT., FZTZORBEIDLICKAET 5729, effusion-based
theory®*39% Fv 7= 5112 X v, paracellular pore O X} ONEIBR R 2 017E L 7-.
ZORER, /b L7= HIEC K (" Caco-2 Mifn HEMIZ1E, 2 FFED YA XD pore
DIFET D EMHL N ERY, Fi2, TNETHO pore DY A R2i%, b
? HIEC HJEN5, Caco-2 MBI L O & M2 okl Por <, W
M2 ZTRD o Te. —J7, FBRBIZOWTIE, 2k O HIEC KT
I Caco-2 MM @R & 0 bW Z R L, e 25 ¥k v ET
boTo. ¥rlZ, large pore TX Y MR/ NG00 v, 431k D HIEC HEEED
large pore | K % fIBR=R1%, Caco-2 MifdHIEIR DK 11 5 Th o7z, WEDHREIC
BT, large pore IXFEEHIIZ, small pore ITEMNZRIET D & W D GRS
ENTVD 9 ZOEFUCHE SN TERT L L, AN TIHREICREL T
WA /NEBESHL D~ — 1 —BIR T 5 LGRS DR BL & 43k #% D HIEC HifE e
THLHOIREMHREIN TN 0D, NMNERMEOMEE bIRFFLTWDH EH
Z B, ZOMEMN HIEC IZF1T % large pore O W RIBRRIZEH- LTV 5 AlHE
PERHERIND.

Sk D HIEC K OF Caco-2 Ml HEIRICE T 55/ T VAR =4 —D
MRNA FBLEZFI L7 & 25, < OBV IAZT N T v AR — 2 — KOk
BN T U AR—=Z— 22T, b D HIEC 1X Caco-2 Mt h/NG & v
B L~V &R LTz, —F, Caco-2 HIfEIZ 35T CNTs OFEBLEAME R,
WEOEEOWA & —B LIZFERTH 7228 >0, 453k D HIEC I8\ T,
CNT3 @ mRNA REL &) Caco-2 Ml LV m <, B MMBIZX D ITWERTH
> 7.

CYP3A4 ® mRNA FELE(Z DU TIE, Caco-2 fifid & [IERIZ, B h/NBIZ iR
L TIRWIH L~V TH D, iR TO Bz Fv 72 HIEC HERIZ X 2 15
ERHOFMITI R AIEE L & 2 biLTe.

CNT3 @ &L 912, Caco-2 fifaizkbiz LT, LV in vivo B h/INBIZITWVREEL &
EHEOBMGT HLIROLNIZH DD, CYP3AL 2L U &3 5 R
DT AR—=Z—TIL, KR E LT, invivo b b E OTEEENZRD BT,
ZORKE LT, SRV EEETIETIE, enterocyte ~Do bR AR+ Th -
TAREMENE 2 b5, lwao B K& N Kodama 513, t b induced pluripotent stem

(iPS) Mz HWT, WIREE O E iz #H LT, bk iPS HifuH sk
enterocyte % S {LFEHT 5 HEEZHREL TS B zofEodh T,
mitogen-activated protein kinase kinase FH 7 #l, DNA * F LAk [H 5 Al &k O
transforming growth factor-p FHLEAIZ N5 Z & T, enterocyte ~D 7L MEHE
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i, enterocyte D~ — B —BIE 17217 T/ <, CYP3A4 72 & DIPTSR S
NRXTFRIETUVAR=Z = EDO N U AR—Z—ORBEN LHTLH5Z L%
HE LTV B KIFEICB T, FEOFEEZ L, enterocyte ~D 5L
FHEOFMERETHI LT, SORHIEREIGENIIFEINS.

K$ BT, btk HIEC HiERIZ 1T 5 TEER fEI, M#RIC L2 E%

ZUF 7N ENHER CTE 2. L7235 ¢, transcellular route A2 O paracellular route
(X > TEET AN TIE, MREZEQTHRKEOFmAETH D &
Bzonsd. —J, EMEEHERES N7 AR —F —OFRBLEIZXT T 5 Al ik
ROZEBIIAHATHY, SORIMFADBDMETHA .

2.5 /NFE

HIEC HHCHERF S U /MG O A7 9~ 2 HEFERE X OV EREIZ K » T, RHIZ
iz > TEEWNEHFTEEZ: enterocyte WS RDMREL T 7. F/-, WELE
enterocyte 54 R OFER & LC, paracellular pore DR 7%, Caco-2 Hifd iz bk
LCE<, invivo B MNBIZ X D iTvWMETH S Z L, Caco-2 #ili & [E4REIZ efflux
transporter OFETEMENTRO 5D Z EBMER TE /2. AT, CNT3 ® mRNA
JEEL B Caco-2 Ml IZ bl L TRV ViR M H 72— C, CYP3A4 Z (I L0
& L= SR O mRNA ZE BT invivo B M/MBIZHEE L TIRWES R TH
STz,
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HB=F HIEC Z A\ =EWRIRDOTFHIET VO
31 W&

HEICRWT, HIEC IZE £ L/ MNaEsfilidz enterocyte (253 k & 72 UYL
MR A2 AESE L, Caco-2 Al & OFEREI CO I 21772 > 72,

ARETIE, £7, B _E THER SN0 % D HIEC DR R TH %, B I invivo
/MBI paracellular pore D REIFRER72 5 TNZ P-gp X° BCRP &\ o7 efflux
transporter & O8N CNT3 ORI, EEALEM OBELEIRIZE 57 2 I )& fREk
THZEEHAME L THRFZITo 72, BARAYIZIE, HIEC IZINX T, transcellular
route &1 L 72518 0 7 % B4 AT RE 72 PAMPAD 72 & TN transcellular route %41 L
7oz J O P-gp X° BCRP OFEREILFHMI FIRE Td £ 723, CNTs DOIFEHLAIEHF IZIX
<, paracellular route &1~ L 72 % M DMV 2 & 2350 5 41T U5 Caco-2 il 3689
ZHWT, ERENORKKIT L > TEi XidfE S D bEY oM % g
L, BET /IS DR ORI E —B T 20BN EREE LT,

EFEO in vitro BRI K o TR SN EEBTEDTRIE TH D Py fE1E, &
AL DOAIFE R BT BT VT, Hax HETHEHIN TS, BIZIE, P
B2 AW CTEMERNZRINED 7 T 2% 58T 52 & T, AlIFEMHEICKITL Y —
RALAM DRGEICICIE T 5 2 &0 %, SUHKIZ B o £ Y2 RSB O 7%
b4 B & L7z, Biopharmaceutics Classification System 23 H S CTW\5
OAD F 7, AEKOBIIBPSIC BV TIE, EEOIAWEED Pay fEH &I %
NERLAHT 95 2 & T, BRI LAY ORIRSCELRIAN AT T OT—2 & LTH
Hobins ®% % 5\0%, Caco-2 Ml MDCK M Z FV T H 4172 Papp
NE N FafEE T2 2 ENALNTNDZ EMnD 29 = oFBEEGRE AW
TFRafEZEEAICTHIL, b NOEYBERSCEMHAERZ THITHZ 212
EHENTWD Y., 22 TAREO - HS>HDHRE LT, enterocyte 1250k SH7-
HIEC Mg A4 F T2 MR O E 7 v OfF FAMEZ T 5729, Fix Ok
AElTo T, WIEREHEREDFREE L LC, EiLoWINMEY 7 255, WD
NERZAS T 72 & ONE Papp B & Fa fill & DOFABE M 2 3l L, Caco-2 flifidl & Ll 24T
otz

3.2 ERGIE
3.2.1 AE R UK
Fluorescein isothiocyanate—dextran with an average molecular weight of 4000
(FD-4), vinblastine, topotecan, atenolol, terbutaline, doxifluridine, sulfasalazine,
nadolol, pravastatin, sulpiride, etoposide, ranitidine, norfloxacin, cimetidine, indinavir,
hydrochlorothiazide, metformin, procainamide, timolol, metoprolol, antipyrine &
Y imipramine (% Sigma-Aldrich J v fig A L7-. Didanosine, pindolol, midazolam,
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methotrexate, carbamazepine, cephalexin } " mizoribine |X Wako Pure Chemical
Industries = Y i A L7-. Ribavirin }2 T acyclovir {3 Tokyo Kasei Kogyo (Tokyo,
Japan) J VA L7-. Famotidine | LKT Laboratories L Y i A L7-=. Imatinib (&
BioVision (Milpitas, CA) X 0 A L7-. PAMPA plate system (% BD Gentest J ¥
BEA L7z, Trifluridine IZRMBIE S TEICB W TER SN 02 L. 20
L ORIER OFIfIX 221 HIZR L O, & LIEmko&m®EEER 7 v~ ~ 7
Z7H, S, Fekan & Tz,

3.2.2 Mk DOE: &
HIEC &% U8 Caco-2 i DOEE381% 2.2.2 THIZ < L= HIEIZR/E - TTH 7=,

3.2.3 BB & O PAMPA ZiB MR 5k

a7t BT D, 43k HIEC B J L7z Py fi%, Caco-2
N BB 1T PAMPA A9 L72 Py & #5726, Table 6 128 L7cALEW D
WX 7 1A) (apical {81725 basal il ~miEiE) OfgiERERZ1T->72. (LEWE > b
A X HIEC } O Caco-2 #lifip BLJg Bl ONZ PAMPA % FHW-EEli 217\, {LEW
v F BIZ DWW TIE HIEC 2 O Caco-2 il fial B jg [l 2 F v 7= 5l 2 520 L 7=

Table 6. List of tested compounds

Compound

sats Tested compounds Tested membranes
FD-4, vinblastine, topotecan, didanosine, atenolol, HIEC monolayer,
A terbutaline, ribavirin, doxifluridine, pindolol, and Caco-2 cell monolayer,
midazolam and PAMPA

Sulfasalazine, acyclovir, methotrexate, nadolol, pravastatin,
sulpiride, famotidine, etoposide, ranitidine, norfloxacin,
B cimetidine, indinavir, hydrochlorothiazide, metformin,
digoxin, procainamide, timolol, propranolol, metoprolol,
antipyrine, imatinib, carbamazepine, and imipramine

HIEC monolayer and
Caco-2 cell monolayer

3.2.3.1 HIEC R (* Caco-2 i % F\ 7= i e ak Bk

T™M (pH6.5) KO'TM (pH7.4) 13 2.2.8 THIZ /R L= 5L TRl L 7=,

HIEC & O® Caco-2 flifiz H /v F ¥ —A ¥ — MIFEEE, ThEh 8~9 H &
N 18~20 HfEs#E L7-1%, iz L, TM (pH7.4) T2HU A L7z, TM

(pH6.5) N O'TM (pH 7.4) %, Z# €4 apical % T basal il D F ¥ > 73—
WL, 37°CIZ T30 07 LA v F=2~— |k L7. Donor ik & LT, &1t
AE TM (pH 6.5) 1ZiEfiE L CFRSL L 7=. Donor IR DALE D I IR E 1R,
didanosine, ribavirin } TF doxifluridine (&£ 100 uM & L, FD-4 [ 500 pg/mL & L7
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N, LI DOILEMIE 50 uM & L7=. Acceptor VAR & L C, HBSS (T 4.2 mM
NaHCOj3, 20 mM glucose, 10 mM HEPES & TN 4.5% wiv 7 > g7 /v 7 2 v &7z
HEDITHINL, pH % 74 1T L7 0 & Hv -, dkalBRba4h 30, 60 KO}
120 43412, acceptor DT ¥ o X—nbH—E&ED TM 2% 7V 7 LT,
Topotecan &% O FD-4 L)U’W)*f 7, 2 £%5 & methanol/acetonitrile (2: 1, v/v)
UM L7, 10,000xg (2T F'a'ﬁai;bb, FiE% LC-MS/MS % T 3.2.4
IR LT M Gl CTHIE L?’_ Topotecan (2B LTI, topotecan < 7 k
KR OB VR RIEDOREZ ERT D720, 2 1%%0) methanol/7% perchloric acid

(1:1, viv) ZIIL7=%, 10,000xg (2T 15 4oL, EiG% LC-MS/MS
Z AT 3.2.4 THIZ R LT 0 W S CTHIE L?’_ FD-4 (2B LTI, acceptor Ml
Fy L R=H TV T LI TM &, 8Ot~ A 7 1 7 L— | U — & — (SpectraMax
Gemini, Molecular Devices) % VT, Jibfdi & 490 nm J OV i & 520 nm %
‘iﬁﬂﬁﬁ‘é Zlizky Hﬂﬂu‘:

BHENTALEYOF R EDOME % VT Py fEZ HH L7z, Py fEO R HIZIE

2.2.8THD Eq. 2 & AW\ .

3.2.3.2 PAMPA ZEi@E MR8

PAMPA iR I A2 % » MCIRf(T O 7 v b a— 2> THEM L7z,
Donor lfE#R & LC, pH 6.5 [IZFHHE L 7= PBS |2, bW 2 L Tl L 7.
Donor AR DAV &Y DO FRFEIR L, 3.2.3.1 TH|IZ/R L7z, HIEC K O Caco-2 i
Z Tl ak B & Rl — DT & L7z, Acceptor A & LC, pH 7.4 2% L
72 PBS Wz, 37°CITTA »FaX—h L, FEaBREAL D 240 731212,
donor {8l }2 OY acceptor | D F ¥ > N—n b —E®D PBS V7V 7 Lz,
‘/7"/1/&2( 2 1% & methanol/acetonitrile (2 : 1, viv) &I L7-%, 10,000xg (Z

syfiE L L, Eif%E LC-MSIMS % T 3.2.4 THIZ /R L7234 il

iE 1,71.

B Sk E W D FE i EOME 2 N T Papp A FLH L7z, P IEDFH I
LIFO Eq. 3 2 .

Paop = _In(l_CA X Vo +Va )+ Ax [i"'i)xt Eq. 3
CD XVD +CA XVA VD VA

Z 2T, Cp XN CalTZ4LZ 41 donor il K2 O acceptor fI| D F v > N—IZ55 1T 505
R OIL AR, Vp KON ValXZLZ 4 donor 1 Kz OF acceptor (AR D%
B, AlZwell DFHER (03cm?) &L, tidAf rFa— g UL LT,

324 (L EHEERIE
LC-MS/MS % WAL &M ENIEI2IE, 2.2.10 IR LI-es 2 A L7-.
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MS/MS Z3HTIZ ESI R YT 4 78— FXUIR AT 4 7E— R TA A kL, Table
7 2R L7 MRM S{EIZTA A 2Rt L7-. Atenolol, nadolol, propranolol,
metoprolol & £ & @ IS & L T antipyrine %, pravastatin, etoposide,
hydrochlorothiazide, digoxin #& | IS & L T fluvastatin %, ranitidine, cimetidine
JEERIED IS & LT midazolam %, didanosine & HIE D 1S & LT cephalexin
%, terbutaline J2EHIE D IS & LT procainamide %, ribavirin J2EHIED IS &
L T mizoribine %, doxifluridine £ EEHIE D IS & L T trifluridine %, procainamide
BEERIED IS & LT terbutaline & VY, TALSDILEWOREERIED IS & L
C propranolol z fHuv 7=,

Vinblastine, topotecan, atenolol, terbutaline, pindolol, midazolam, methotrexate,
nadolol, pravastatin, ranitidine, etoposide, cimetidine, indinavir, hydrochlorothiazide,
digoxin, propranolol, metoprolol, antipyrine, imatinib, carbamazepine % UF imipramine
DOIEFEREIZIE, 9 H Z 2 & LT Cosmosil 5C18 AR-11 column (50 mm, 4.6 mm
i.d., Nacalai Tesque) % FV>7=. Didanosine, ribavirin, doxifluridine, acyclovir,
norfloxacin, metformin, procainamide } OF timolol O FERIEIZI1L, 0T 7 L L
L T Capcellpak C18 AQ column (150 mm, 4.6 mmi.d., Shiseido, Tokyo, Japan)
% V7=, Sulfasalazine, sulpiride } Of famotidine OEERITEIZIL, 0T 7 AL L
L C X-bridge C18 column (100 mm, 4.6 mmi.d., Waters) & 7=. T LHiEE
¥ 40°C & L 7z. Vinblastine, topotecan, didanosine, terbutaline, ribavirin, doxifluridine,
pindolol, midazolam, sulfasalazine, acyclovir, methotrexate, pravastatin, etoposide,
norfloxacin, indinavir, hydrochlorothiazide, metformin, digoxin, timolol, propranolol,
metoprolol, antipyrine, imatinib, carbamazepine & " imipramine OHIE 21X, B
#HE LT, AR (0.1% FIKER) MOB#K (7t h=KrU)L) ZHW, it
W& 02mb/min & L7z, 7Yy FEBEEZLLTNITRT (FEINNOEEIL B K
D%Z7R~9). 0min (2%), 1.5min (95%), 4 min (95%), 4.1 min (2%), 8.5 min

(2%) . Atenolol, nadolol, sulpiride, famotidine, ranitidine, cimetidine & OY
procainamide DOHIEIZIL, BEMALE LT, AR (10 mM FEHET €= LKA
) KOBIK (A& —n) RV, jiE%Z 0.2mbmin & L7z, 77 Vx |
A LT IOR T (I OBUENE B D% % 7597) . 0 min(5%) , 1.5 min (80%) ,
3 min (80%), 3.1 min (5%), 8.5min (5%). 1 > =2 v 3 &[T 5uL & L7,

T _TOLE WO EEE DB H 21T Waters QuanLynx software % iV 7=, &1k
B ORFERER, & BRI OO r* 4 Table 7 125 L7z
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Table 7.

Summary of ion transitions for the multiple-reaction monitoring
quantification, retention time, quantification range, and r? value

. Rete_zntiion Quantification 2
Compound Mass transition time range r- value
(min)
Vinblastine 811.3>224.1 4.4 1nMto 3 uM 0.9993
Topotecan 422.0>171.0 4.1 1nMto 3 uM 0.9991
Didanosine 237.1>137.0 5.6 3nMto 10 uM 0.9986
Atenolol 267.2>145.0 4.1 3nMto 3 uM 0.9942
Terbutaline 226.2 > 152.0 57 3nMto 3 uM 0.9949
Ribavirin 245.0>112.9 54 3nMto 10 uM 0.9941
Doxifluridine 245.0>171.0 55 30nMto30uM  0.9985
Pindolol 249.2>116.0 4.1 10nMto10uM  0.9963
Midazolam 326.0 > 222.7 4.4 3nMto3uM 0.9996
Sulfasalazine 398.9 > 381.0 54 1nMto 3 uM 0.9994
Acyclovir 226.0 > 152.0 4.6 10nMto 3 uM 0.9960
Methotrexate 455.3 > 308.1 4.1 1nMto 3 uM 0.9985
Nadolol 188.8 > 143.9 4.4 3nMto 3 uM 0.9995
Pravastatin 423.1>320.9 4.7 1nMto 3 uM 0.9774
Sulpiride 342.1>112.0 4.8 1nMto 3 uM 0.9995
Famotidine 337.8>189.0 4.9 1nMto 3 uM 0.9888
Etoposide 587.0 > 380.9 4.8 3nMto 10 uM 0.9998
Ranitidine 315.1>176.0 5.2 1nMto 3 uM 0.9949
Norfloxacin 320.1>301.8 5.6 10 nM to 10 uM 0.9984
Cimetidine 253.0>94.9 52 10nMto 3 uM 0.9993
Indinavir 614.2 > 421.1 4.4 10 nM to 10 uM 0.9922
Hydrochlorothiazide 295.8 > 268.7 4.1 10nMto 3 uM 0.9969
Metformin 129.7 >59.7 2.2 30 nM to 10 uM 0.9992
Digoxin 779.1>649.2 54 10 nM to 3 uM 0.9994
Procainamide 236.2 > 163.0 5.8 10nMto 3 uM 0.9995
Timolol 317.1>261.1 5.6 3nMto 3 uM 0.9997
Propranolol 260.2 > 116.1 4.3 3nMto3uM 0.9945
Metoprolol 268.2 > 116.1 4.2 3nMto3uM 0.9883
Antipyrine 188.8 > 143.9 4.4 10 nM to 10 uM 0.9918
Imatinib 494.1 > 393.9 4.3 10 nM to 10 uM 0.9964
Carbamazepine 237.0>194.0 4.8 10nMto10uM  0.9994
Imipramine 281.0>85.9 5.0 10nMto 10 uM  0.9989
Cephalexin (IS) 347.8> 158 5.6 - -
Fluvastatin (1S) 409.8 > 348.0 5.9 - -
Trifluridine (IS) 294.9 > 252 5.6 - -
Mizoribine (IS) 258.2>126.1 5.3 - -
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3.2.5 HIEC K& Ut Caco-2 MR B BIRIZ 31T D Papp fEKX O Fa fEDHH B D 3 Af

fbE¥t >y s B D 23LEMD Papp LV | FafE & OHBEMEE, LI T Eqé
Z W TIERIE /> 3RS TR L 7=,

Fa=100x[l—exp(—axPy,)]  Eq.4

ZIT,aldAr =V 7Ty s =L L. IEEEER AT XLfit (IDBS,
Guilford, UK) ZMH\W\7=. ZZTHWEE b Fafiix, ORGSR O O #%
HRIZEBT DREAAR KL O O R PR &, @FFIRN 5 K O 0 G-
BB T DRENERDORP PRI R, @R NG #ZIZHBIT D IRP~OREME
R OMR#E OPEER, @O E5%ICB1T 5 1 - Eh~DORELIEYEIR, O
AR G- J ONF A #5121 36 1T D AT iR BEHERS e SR LAR IR et &
B L/7-FaxFg LV, Fgx 1l E L CHEETLHEREICL>TROBN
72 SCHRIE 4394992 0 SEfil & FA 7=

HIEC &% Of Caco-2 M B I 331T B Papp L & & b Fafil & OFHBE DR % 3F
i 570, RERK (Pl 2%HH Lz

3.2.6 BTN

HE ST Pap fEE & b FafE & OMHBENNS, 325D EQ. 412XV ELILE
EFE AR E T TFRIS D FafEDORE 233 5729, LLFO Eq. 5 ZHW
T root mean square error (RMSE) ZH&HH L 7.

AMSE = \/ " (observed Fa — predicted Fa)’
n

Eq. 5

2T, niEEMl LisfbE L Lz,

AT, HIEC & TUF Caco-2 M L ENRIZ 31T D Pap i & B I Fa i & OINENZAH
BAMEA R 5729, LLTFD Eq. 6 #HWT, AT~ OIEMAHBEEE (p)
R

p=1-(63d?)/(n*°~n)  Eq.6

ZIZT, dIFBILEMITE T D Pypfil B b FafEDIEM.OZEE L, n (XFHl L
ALBWE L Uiz, pl3-1~+1 DEZ LV, p DIEN+L L7225 L&, Py HOIIE
e b b FaEDNENIZ 52272 EOFIREATED B, Wi#E ONAN A 5EEIC—Ed
HTZ EEEWTD.

3.2.7 WU 7 T R D4y EERE DR

bty b B D 2ILEMDT — 2 2 VT, WIEZ T 2 D53 ¥ERE % 7
Lo, WditE 7 7 A DS IEAET ESRINE (Fa > 80%), FFREEOWINME (40%
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< Fa<80%), WU (Fa<40%) &L, 325IHD Eq. 412X V507 Eq
HHAR D DR S D% 2 T AR DB RITIT 5 Payp OFETH £ 1% RIS
7'y b 3N EME R R U T WM 7 T R 53D IEFR % confusion matrix

GRETH)) IFE L, 7 7 A5HD sensitivity (&), precision CF5E) K&K
accuracy (IEAfEE) % HIEC HifgfE & Caco-2 fifd gD Ceik L7=. Z Z T,
sinsitivity IZEEEORINM:Z T 2% 1E L 3 TE72HIA, precision Xl <4
TRINE Y Z AMERED 7 T A L —F L7-#E|4, accuracy 133 _XTD Y 7 A %8
UTIELL pHHTEEE L Lz,

3.3 fER
3.3.1 HIEC K& Ut Caco-2 #ifa B g NS PAMPA 12361} 5 @M

HIEC } O Caco-2 il i B il 0N PAMPA @ik OfE R, 156 n7-4%
EEMD Popp BN OV + Fa iz Table 8 (233 1%, 72, #ALAMDOILIL A
=LK T AR—Z —DIEMEIZ O TH R LTz,

2k & LT, paracellular route %3 2 {b& Il LC, transcellular route
PHET AW, ESNTWSDE b FafEnyE <, fHlE T vIcE b 5,
FHHLTzinvitro D Py lE b mWMEM 2R Lz, 72, (k&Y FAKRUB &
12, paracellular route %3 5T X TOEMID Popp fEIZ, HIEC HiJENE >
Caco-2 fiffd HE B (>PAMPA) ODJIETH ~7=—J, transcellular route % %3 5
LB D Papp EIZIBNTIE, B2 ZITFRBD bR o7

&%t > b AIZEBT 5 efflux transporter J5E T & 5 vinblastine X (" topotecan
(2D T HIEC HER K O Caco-2 Ml B IR Fhis L T, PAMPA TEv Py
BERLE. fbEMEY N AICBIAEBR N7 VAR —4—HETHD
didanosine, ribavirin & O} doxifluridine 1Z->\ T3, Caco-2 il B Je s & T PAMPA
(ZHHE LT, HIEC HEMRIZIUW TR Pagp A 7R L 72,
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Table 8.  Pap, values across cell monolayers (HIEC and Caco-2 cells) and PAMPA

Compound Compounds Fa Papp (X 10 cm/sec)® Pathway for absorpti_o_n/ Ref "
sets (%) HIEC Caco-2 cells PAMPA transporter susceptibility

FD-4 0 0.56+0.01 0.035+0.009 0.0046 +0.0017 Paracellular 5)

Vinblastine 25 26+0.1  0.57+0.02 41+0.8 Transcellular/P-gp %)

Topotecan 30 0.78+0.14 0.35%0.06 15+£01 Transcellular/BCRP 4

Didanosine 42 0.62+0.12 0.11+0.02 0.11 +0.01 Nucleoside transporters %

A Atenolol 50 0.68+0.09 0.34+0.05  0.022+0.005 Paracellular )
Terbutaline 62 0.70+0.05 0.069 +0.006 0.014 +0.001 Paracellular 51)

Ribavirin 85 4.1+0.3 0.092+0.003 0.030+0.002 Nucleoside transporters
Doxifluridine 90 4.7+0.6 0.20 £ 0.03 0.14 £ 0.03 Nucleoside transporters

55)
56)

Pindolol 90 7.9+0.7 3.6+0.3 22+0.1 Transcellular >
Midazolam 100 30+3 170+ 7 40+ 4 Transcellular %)
Sulfasalazine 13 0.40+0.04 0.029 +0.000 N/A Transcellular/BCRP, MRP2 49
Acyclovir 18 0.77+0.05 0.11+0.03 N/A Paracellular 5051
Methotrexate 20 0.51+0.06 0.094 +0.019 N/A Transcellular/BCRP, MRP2 49
Nadolol 33 0.82+0.26 0.30+0.04 N/A Paracellular #9.50)
Pravastatin 34 0.98+0.08 0.11+0.01 N/A Paracellular/OATP2B1 49)
Sulpiride 36 0.89+0.07 0.17 +0.02 N/A Paracellular 50)
Famotidine 38 0.98+0.03 0.31+0.03 N/A Paracellular/P-gp 5D
Etoposide 50 19+0.2  0.41+0.04 N/A Transcellular/P-gp )
Ranitidine 50 0.89+0.13 0.31+0.02 N/A Paracellular/P-gp 49)
Norfloxacin 56 25+0.1  0.17+0.03 N/A Paracellular/BCRP 449)
Cimetidine 62 1.4+09  0.29+0.03 N/A Paracellular/P-gp, BCRP %%V
Indinavir 63 5605 4303 N/A Transcellular/P-gp K
Hy&ﬂg‘;ﬂgro 67 33+0.7 017+004 N/A Paracellular )
Metformin 71 3.0+0.7  0.24+0.02 N/A Paracellular 4950
Digoxin 75 3502  0.96+0.03 N/A Transcellular/P-gp 449)
Procainamide 85 5.9+0.3 3.0+0.3 N/A Transcellular 51
Timolol 90 13+1 85+0.4 N/A Transcellular 49)
Propranolol 93 22 +2 41 +3 N/A Transcellular 89.49)
Metoprolol 95 16 2 22+1 N/A Transcellular 49)
Antipyrine 97 3342 44 +0 N/A Transcellular 51)
Imatinib 98 20 +1 16+1 N/A Transcellular/BCRP, P-gp ~ *?
Carbamazepin 100 62 +2 110+0 N/A Transcellular 49)
Imipramine 100 26 1 48+1 N/A Transcellular 49)

* P,pp Values represent the mean + S.D. (n = 3).
b\When Fa values were obtained from >1 reference, the mean values were used.

3.3.2 Papp TR O Fa fE DA M QNI 27 5 R DAY FERE D Lelk

HIEC & Uf Caco-2 Ml B ENIZ I 1T 5, {bEWE v & B D 23 (LA D Papp fE
KOt k Faflié DENZFNOFEN A, Eq4 2 AW TR/ RIEIC TR
Briiz. =055, Figure 12 (-7 R EIER S DAL, [BlREIRRIZ T D&
B (PP ) 1% HIEC B8 < 0.92, Caco-2 Ml HifEIET 0.78 Th - 7.
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(A) HIEC monolayer (B) Caco-2 cell monolayer
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Figure 12. Relationships between Fa and P, values of 23 drugs in HIEC and Caco-2
cell monolayers.

The shaded areas represent poorly absorbed (Fa <40%). intermediately absorbed (40%-80%). and
highly absorbed (>80%) drugs after their oral administration to humans. Open and closed symbols
represent drugs absorbed mainly through paracellular and transcellular routes, respectively. Triangles
and circles represent the substrates and nonsubstrates of efflux transporters, respectively. The 2
curves represent the best fit to Eq. 4 with the following scaling factors: @ = 400100 for the HIEC
monolayer: a = 2645980 for the Caco-2 cell monolayer. Each point represents the mean of 3
independent experiments.

&KIZ, HIEC K U* Caco-2 MR @IV T, k&t~ b B D 23{LEHD
P ER O b FafE & ORI CIRAZFHBIA#T 2 £ L, MEBEBE#H TAE T <
DINELIABEIREL (p) 2B LT-. Z DR, Figure 13 (2777 X 9 12, HIEC (0.97)
X Caco-2 i@ (0.89) XV HE\EWp Z/RL, F7z, Caco-2 MEIZBWTRD S
NI PTUEDZ < 53, paracellular route 241 L TiZiE 9 % Al (open symbols) T
»Holz.
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(A) HIEC monolayer (B) Caco-2 cell monolayer
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Figure 13. Rank correlation analysis between rank orders of Fa for 23 paracellularly
and transcellularly absorbed drugs and their P,p, values in HIEC and Caco-2 cells.

Open and closed symbols denote drugs that permeate through paracellular and transcellular route,
respectively. Triangles and circles represent the substrates and nonsubstrates of efflux transporters,
respectively. Spearman rank coefficients (p) were calculated by Eq. 6.

RIZ, HIEC KO Caco-2 #iifa B ez k51 F 2 W It - 7X®/\*E Lz >
7o, 23 b G W 2 W UM, F R EE D WU i&(MEE%élIE 77X/\*EL Figure
12 DK 7 T AZBIT 5, ELL 7T A58 U (a7 27y hEnk)

ILEME KL R > T Z A5 LT (fEHTE nu% Z7ay hahl) bE
W% 5> b L, YER L 7= confusion matrix % Figure 14 (27~ L7=. FPELEE D
WD 7 2 R MR INAPE D 7 Z 228 Tik, sensitivity K& OY precision (3
Caco-2 Mifid LV & HIEC DA EVMEZ R LTz, — AT, @mBtEn s 7 2|2
FUTIE, HIEC & Caco-2 fifaix & $ 12, @\ sensitivity K& O precision %7~ L 7-.
ZNHORER, accuracy & LCiX, Caco-2 fifd (74%) X v & HIEC (91%) »°
EVMEZ R L.
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(A) HIEC

Predicted class
High |[Intermediate| Poor [ Actualtotal  Sensitivity
— High 8 0 0 8 100%
g % Intermediate 1 6 1 8 75%
Poor 0 0 7 7 100%
Predicted total 9 6 8 23
Precision| 89% 100% 88% Accuracy: 91%
(B) Caco-2 cells
Predicted class
High |Intermediate| Poor [ Actualtotal  Sensitivity
High 8 0 0 8 100%
g ,(_% Intermediate 2 4 2 8 50%
Poor 0 2 5 7 71%
Predicted total 10 6 7 23
Precision 80 67% 71% Accuracy: 74%

Figure 14. Confusion matrices of classification into highly (Fa: 80%-100%),
mtermediately (Fa: 40%-80%), and poorly (Fa: 0%-40%) absorbed drugs based on Py,
values determined in HIEC and Caco-2 cell monolayers

3.3.3 Paracellular route %41 U T3 % KRN BT 2 BRIE D FHIHE i

Figure 13 |Z331) 2 NELZAHBEIAEATIZ T, Caco-2 QB EHE Tl paracellular
route 241 L CEET 2 EANDEREMRD O RBET 2EmPRBObNI=—FH T,
HIEC BHERICBWTIZZ 5 LMD b 2oz Z L b, HIEC HfE
fEClX, paracellular route %41 L T 7 5 3EA| O WL O F RIS EE 23 & VO FTRE
HENREZ BN, ZORREEEZBRHNT 5720, {8t v b B D 5 b5, paracellular
route Z41 L CiZiE 9 5 10 b EW A L, Eq4 2 AW CIERIER/N ZF]IEICTT
BT L7=. ZOREE, Figure 15 (R REIFEHBRIE LN, BEREHRIZBIT S
71X HIEC /@& T 0.73, Caco-2 MIMIHIEMRET 0.11 TH-7=.
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(A) HIEC monolayer (B) Caco-2 cell monolayer
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Figure 15. The relationship between Fa and P,p, values of 10 paracellularly absorbed
drugs in HIEC and Caco-2 cell monolayers

Triangles and circles represent the substrates and nonsubstrates of efflux transporters, respectively.
The 2 curves represent the best fit to Eq. 4 with the following scaling factors: a = 449376 for the
HIEC monolayer; a = 2924730 for the Caco-2 cell monolayer. Each point represents the mean of 3
independent experiments.

KIZ, paracellular route 241 L T T 5, ZivH D 10{LEWITISIT B [E1F
# (Figure 15) &, BIE SNz P, fEND, & b FafEZFHIL, EHO Fafl
WD FPHRIEEZFEE L7 & Z A, Figure 16 (2733 X 912, Caco-2 M ELE
il (RMSE=16.9) (ZH# L T, HIEC HJEEE (RMSE=9.40) O J5 3@\ TRl
EERLT.
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(A) HIEC monolayer (B) Caco-2 cell monolayer
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Figure 16. Correlation between the observed and predicted Fa by HIEC and Caco-2
cell monolayers

The predicted Fa values were obtained from the corresponding best-fitted Eq. 4 with the following
parameters: a = 449376, r? = 0.73 for the HIEC monolayer; a = 2924730, r® = 0.11 for the Caco-2
cell monolayer. The precision of P4y, for the prediction of observed Fa was compared between HIEC
and Caco-2 cell monolayers using the RMSE according to Eq. 5. Triangles and circles represent the
substrates and nonsubstrates of efflux transporters, respectively. Each point represents the mean of
predictions from 3 independent experiments.

3.4 BE

ARETIX, £7, /b D HIEC, Caco-2 fildds LU PAMPA % W T, FIZ
transcellular route (= J > TWLIX X 41 5 3E54, paracellular route (2 & > TINS5
$HI, P-gp =° BCRP & - 7= efflux transporter O & 72 % 3% L OV CNTs @
HE L 22 B IAND Py A FLH LT,

ZORER, EFE 3 OV DOET /L TH M rfBE 72 transcellular route (2 & -
THET DHHFN D Popp 1L, ETFT AETIRERERETCH-7=. —FH T,
paracellular route {Z & > Tzt 9~ 2 FHN D Py fEIE, HIEC HiJE [ > Caco-2 #ifi
HiJE 5 >PAMPA DJIE & 72V, PAMPA 12 N TH) 72 IFE IR T % 7281 paracellular
route 23MFIEL72W\N2 &, F72, Caco-2 Afa B g TiX HIEC BRI b L T
paracellular pore DR IMENE WS ETHONTMR & —ET D58 T
HoTz.

Nz T, efflux transporter FEEH D Papy 73, HIEC X° Caco-2 el Hi/g i tb
i LT, PAMPA TEiro72Z &b, M B EIRIZ 3T, efflux transporter
MNHERE L TR Y, EIEOWIN S M OEmELEHRL WD EBERIND.

Fio, BT AR—F —HEIKIZEB VT, HIEC HEEE)Y Caco-2 Hifia
B RS PAMPA IZHE L TR Py fEZ /R LT, iR R T 0V AR —2 —Td 5%
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CNTs /X & | enterocyte @ apical /i, ENTSs (% basolateral {2 EL LT\ 5 Z &
PEREENLTWS ) BiE LT AR—F—DEE LR 0ED, T AFIRRH
TANVAIEE WS TR T Fu 71X, — SRR MKW 728, transcellular
route |Z X DPEHEEMEIFIRNEBEZONTEY, ZNOOEBNT v AR —X—
NZEDORIUZHF G L TNDHEDEEZ RTINS PO Lo, /e o
HIEC HiEBIZ W TR b T v AR — 2 — BN E W P T2 7R L7 2 &1,
B TEICB W TERYD H L7 CNT3 @ mRNA 8B &S Caco-2 #ife L v &<, &
NMNBZE RN E WS TF—H ZEF T HERTHY, £z, 553kt D HIEC H
JERZBWT, B N T v AR — X —IT K B FEE IO W5 [ Ok % e
DIERTHDHEBEADND. —FT, 5k d HIEC Rt MEEIZBIT 2 &k
NTUVAR—=Z =3 FRDE T LV TOREBLE, 725 NI/ b#% D HIEC
BT 2K FROMBANO RTEIZHA LTI R > TNz, 5% S bk
LRI N MELEEZEZ D,

L7eoT, HLETRD b2z D HIEC DFstE & —E L7z, (kEMmD
BB EMEDET NV TOBEWRRD LN L LD, 26 0{k%k O HIEC @
KN EERIAEAE Y OBEZRICFHF S L TWD b0 EELEI T,

WIZ, 23 LB D Papp TEDOPNERE R A T, PappfEiE B b FafEOFHRIMEZR
O NTWINE Y T ZADAFHREIZ DWW T, 43k O HIEC B & Caco-2 Al Hi
JElEE & ORI T 21T/ o 7z

Eq4 LDV TEA RHIR~D 7 4 v T 4 T ZFMLTEEZ A, EHLHD
AR ERIZB W TS, BA72MEEMENRO bNTh, RERBILSE®Z D
HIEC HEMD 723 @fi %~ L7= (HIEC, 0.92 ; Caco-2 ffifiil, 0.78). 7=, Payp
fEE & b FafEDNENFHRE Z2 it L 7R R, A7 ~ o DNENAFHRERE p 1%, 7o
{bt% @ HIEC (0.97) ™73 Caco-2 #ife (0.89) LV b EVMEARL, ¥7z, Caco-2
I B W TEEERIEAR D B ALK D% < 78, paracellular route Z /1 L C &
THHEANTH -T2, ZOREFEIE, k%O HIEC HEKS in vivo & MNGIZEL
2 L"C, Caco-2 #llfia HiE 5235 1) % paracellular pore DR ME &V 5
BEOHMRLEESTIOMETHoT.

=51, kAWt > b B 225, paracellular route |2 K> TINS5 10 {bA
Wzt UC, Pyl & & b Fafli & ORI Z BT L7 & 2 A, 0k D HIEC
S O8N Caco-2 M DR ELABITENE N, 0.73 L TV0.11 L7200, WMz
HAABEMEDE VN L W BARE L 72> 7=, Nz T, Figure 15 T 6 7= BT dh#R %
AT, ZhbofbEor b Fafiz THI LR, 21k D HIEC © RMSE
2% Caco-2 MIfIZ bl L TIRVWME CTH o722 & b, 0 kt% @ HIEC g 1T
% paracellular route DR & —E T HERTHDL EZEZ DILD.

—RBE9IZ, I paracellular route (2 X - TRIL S B EHHF D Fa ldmm< 202
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ERESNTED D, EEE, kAW E Yy FB® 55, paracellular route |2 & - T
W S35 AT, WIS HRERE~RRIE DR Th o 7= WIUES T 2
DIYFRBIZOWTIE, ERINMALE Y O3 FEREIE, WAR R CRRE 22 221358 0
IR o To—0, FREOWINMER X MR &Y O/ 5EREIE, b
% HIEC BLEM D J5 75 Caco-2 MIfRELENRE LV & @iV sensitivity MUY precision
%7~ L7z, Figure 12 @ Caco-2 Ma BB DR RIZIH N T, Ao T T AL
7= 6 kAW, A{bAMHFIC paracellular route |2 J - TR S5 AN TH -
7=—7J5, HIEC HJ&EKiZ 35\ T i paracellular route (2 & > TN & 5 3K % 74
ST FZAGHEULINT 1L LEMDHTH -T2 LD, FRREE ~ RIS
FDOFEREIZ I 1T D HIEC HLEEOEENMEIZ DU T by, paracellular pore o [EIfR 3
DENERTH D EBEIND.

AREIZBWTE, 19 50 A Ak D HIEC %43k & W7o Ml B M 4 A
W= Fa Pl T /UIZ DWW CRME 24T - 72, Nasrallah S1%, BEVEHSED/INEG R
AU BRI E ENTWD 2 &, ARUFIE L RIERIC, MIRLEESRSC enterocyte
~D53E, P-gp DEEEIEENHR TEX -2 LE2RE LTS Y. AHFEIZHB
THESE L7223k #% @ HIEC BB E<° Nasrallarh © D€ 7 V1%, K —HKOBERR
BHREMFEL WD EEZLNDZ LD, T U AR—Z —RY TS
R EOBBR TN L HERESCHEAEDHEEELE Wo Tz R —OE RE KB L
TWAHHEEENEBEZ OGNS, £72, b L R T —OFIBLEROGELR EIZLD
HEBEOENHKML TWDOTHIUE, BRI T2 Z 5 K10 E
LI CX D AEEMENH D EEBEXOND T D, SHZOWIETIIMD K —
H3 D HIEC Z W= T TF MERICOWT H R 2 REENH 5725 9.

3.5 /iR

BOEICBW RO LN b O HIEC OFHETH S, B b in vivo /MEIZ
1T paracellular pore MR ER72 5 TNZ P-gp X° BCRP & Vo 7z efflux transporter
M OYCNT3 O3B, 73k D HIEC RIS\ T, ERROEERREKIC L > T
I DA DOIFEEBIZ T LT Z BB LT T,

bt D HIEC HJE R Z VT b7z 23 FEDOIEFI D Py fEIE, FIFEHIO b
N Fafif & s ABME A 2~ L, transcellular route <° paracellular route (2 & - Ciifd
T 5K, P-gp =° BCRP &\ o 7= efflux transporter D FVEH D b ~ Fafi%, BE
2D Caco-2 M HEME L 0V AGE L TRITE 5 Z LR SN, £72, Pap
5 & Fafif & ONEN TRIES, WY Z 2D FEEIZHB VT, Caco-2 iz
LT, 2t HIEC ITBN M AR LT-.
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P& CYP3A4-CPR-HAC/Caco-2 cells % iV = BB H O FHIE T N O
A i
4.1 ¥EE

FEYOHIBREIZBWT, EELFH 2R LTV FIERTOREHICONT
X, B MFIZ7r Yy —2at MR Z HW-FE A O in vitro 5A5R 12 X > Thbig
ARSI L PHITE 5 2 ENLHEE SN TR Y 29 QKO BERE) & A
7)== 7R E L GHEiSND Z EN—RNL > TWnD. —FHT, R
IZHIEEEI R K E < FH LTV ABERBICOWTIE, Halre b PRI
VRIS ST B A8 21238400 st 3R  HRSE ST FIRIIFE LRV, £
Z CAETIE, CYP3A4 5 1 L N CPR i&/s 1% & A L 7= Caco-2 fifd &2 v 7z,
5 AR O B EM R (I DWW TR &2 1T - 72,

AEFIHTIE, £9°, HAC X7 ¥ —|Z X - T CYP3A4 Eis+ M O CPR &fn+
%38 A\ L 7= CYP3A4-CPR-HAC/Caco-2 i & iV T, & OBERERNT 21772 - 7=,

Caco-2 fRIZ VT v —A L — NMCRERER., 9 3 BHARGE LIS
R BRI T 2 0N~ THDH. £ T, £9 CYP3A4-CPR-HAC/Caco-2
Mz I vTF v —A o — bk =T 25 AL L72BED CPR &Y CYP3A4 FEL
DFRIRFEEAY % FEAM L 7=,

F7-, BEERO CYP3A4 FEL R AMIAIZ BT, Mk X 5 CYP3A4 358
DIE FERGNHE T 5 24852 CYP3Ad VB & 2 b o s Rt o ¥
Tl LT, BMM, RENICEHATEL Z LEIMNAOEHETHDL EE X
bbb, A CYP3A4-CPR-HAC/Caco-2 Mz BT 5, MRk b
CYP3A4 BB~ B2z M+T 5720, BHoOMMREIZE W T
CYP3A4-CPR-HAC/Caco-2 Ml DR T % — b &8 L, CYP3A4 jiF % 54l L
7.

Mz T, BRI 5 FgfElZiX, enterocyte N CTORFZEEM T2 TlidZe <,
BOEBIE S HET L L EZLNTNDZ LG 929 HPko Caco-2 #ila Kk Y
CYP3A4-CPR-HAC/Caco-2 el Hifg i 2 -\ T, TEER HIE M O FE CYP3A4 K
B EEIEN: A2 3541 L, CYP3A4-CPR-HAC i AIZ X 2 g1~ 5285 % 514
L.

AREE%N-TlE, CYP3A4-CPR-HAC/Caco-2 B @I 2 VT, & MBS
DO TR ZEIT, BT IVOFHNI 21T - 72. CYP3A4 Z& L AM o L % 2 F N 7= 18
SR IC BT AR O M/ ST A —% & LT, Cummins 52X - CTHiH =R

(extraction ratio, ER) 2#EE I TS . Zd/F A —% %, apical {5 v
23 —|Z CYP3A4 JEIA R L C—ERR ORI E R 21772\, £ 0
FIZHIIENIC A > 7o fbBEICx T 5, AR LTEREmED & L TESR,
UTFOEqQ7ICEVEHINS.
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Z metabOI ite(donor+receiver+intrace|lular)
+Z metabOIite(donor + receiver + intracellular)

ER =
parent

Eq. 7
(reciver +intracellular)
ZZT, Y metabOlite(donor+receiver+intracellular)@iiﬁ%/{%gﬁﬁiﬁsﬁ%@TH#W—% 5, T
D= 7N— }\ A }\ W@{ﬁ%ﬁﬂ%@{ffﬁ% k L/: parent(receiver+intracellular) 0i$ﬁ%/ﬁ§§ﬁi§
BRAS TRRICHRIT D Ly — " —F ¢ U= R ORI O R LE DR E L L.
Eq. 712HBWT, AR L7eREMWELRF T 2120%, RS Z2 Vi E &0
WL D . AN TRHE L7z CYP3A4 IO I, AR 5 A3 T
SNTWRWHEAIGF(EL, Flodi, AIEEOYERE I I TR
DER I TN W —ANEW, £ 2 TR D A TR AR5 DR
1%k & LT, P450 [HEHITdH 5 1-aminobenzotriazole (ABT) % W= HikIc kv,
ER OB HEITo7-. EMICEONTZERMEL, & F FgfE bR, BHER
#r% (Eg, Eg=1-Fg) & OHEEMZ7HE L, CYP3A4-CPR-HAC/Caco-2 #ifa o
BERETHET L E L ToOR A% W TRHRET L.

4.2 EBRFIE
4.2.1 RAIE K Uik

b MR K O HepG2 Mifd L v 7 m—=27L7- CYP3A4 Bl KO
CPR EinfZate7 7 A I ML, KBS T BF) FEERSEL X 5TE
/2. CrefloxP 3 AT L% FAWT, CYP3A4 & s &% O CPR i#&fs¥ % CHO #iiu
ND HAC N7 Z — |2 AN L7, SuIMEZRilafl & 1412 89, CYP3A4-CPR-HAC
A7 B —7% Caco-2 M2 A LAESE L 7= CYP3A4-CPR-HAC/Caco-2 cells 1, &
BUR R F B F R e R OF A BEZRHEZER L 0 ik 5 TR -

HEPES & O" sodium pyruvate /& Life Technologies & v f# A L 7=. Blasticidin S I&
Kaken Pharmaceutical (Tokyo, Japan) X VA L7=. 24-multiwell inserts  TF
NADPH-generation system (& Corning J ¥ li A L 7=. BCA protein assay kit /% Thermo
Fisher Scientific (Waltham, MA) X Yl A L 7=. Protease inhibitor cocktail,
cytochrome c, simvastatine, nicardipine, felodipine, cyclosporin, sildenafil, terfenadine,
nifedipine, repaglinide, quinidine, 1"-hydroxymidazolam, dehydronifedipine,
1"-hydroxyalprazolam, carbamazepine epoxide }2 T8 ABT | Sigma-Aldrich X ¥ A
L 7=. Nisoldipine, triazolam } UX trazodone |3 Wako Pure Chemical Industries & ¥
I A L 7=. Tacrolimus /% Cayman Chemical (Ann Arbor, MI) X v i A L 7=. Cisapride
!X Tocris Bioscience X Y [ A L 7=. Dehydronisoldipine, dehydronicardipine,
dehydrofelodipine, 4-hydroxymidazolam, 3-hydroxyquinidine X TX elacridar (3 Toronto
Research Chemicals (Toronto, Canada) & ¥ £ A L 7=. Terfenadine alcohol metabolite
!X Ultrafine Chemicals (Manchester, UK) & » i A L 7=. Fexofenadine & OY
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azacyclonol X Tokyo Kasei Kogyo J£ » i A L 7z . 1'-hydroxytriazolam ,
4-hydroxytriazolam }2 T} 4-hydroxyalprazolam | Biomol (Hamburg, Germany) X<
DIEA LTz, ZOMORKIT 221 IR L2b D, & L ITHRO @Rk s
n~ 77 7H, oM, Rk a W

4.2.2 KR DEEE
BIFED Caco-2 #lifidix, 10% FBS, 1% nonessential amino acids, 1% GlutaMAX,

50 U/mL penicillin X OY 50 pg/mL streptomycin % & ¢¢ DMEM (4.5 g/l glucose) %
T, filasssH 7 5 22 (75 ecm?) TR L7=. CYP3A4-CPR-HAC/Caco-2
HMAEIE, 2 pg/mL blasticidin S Z ¥ L 7= EREoss i 2 W C, MifasigH 7 7 A
2 (75cm?) ETEEE L7z, MR 5% CO, / 95% air 5/ F, COpA & =X
— X2 —HT37°CICTEE L. ar 7y MIERET SR A 0.25%
trypsin-EDTA (2 CHIBE L, 1:3 ORI TR ZIT o7, IV TF v —A U —
NIRRT 5 B8, 24-multiwell inserts F1Z 2.5x10% cells/well (2 THERE L, #5FE
% LM 1], 2 3 H LA 2 BBz #2517 - 7=. TEER (% Millicell-ERS

(Millipore) % HWCHIE L7z,

4.2.3 RNA i & QPR B Rt
HEED Caco-2 #llf & O CYP3A4-CPR-HAC/Caco-2 #lifans & @ total RNA fifiH
K OHE B S X % cDNA 3813 2.2.4 THIZ R LT FIEICHE> TERLT-.

4.2.4 Real-time RT-PCR

CYP3A4, CPR & U\ peptidylprolyl isomerase A (PPIA)? mRNA F 5 & DT,
SYBR Green {EIZ X V1T o7z, Bl 2.2.5 HHIZR L2 S C e » THEME L7z,
R L7277 A ~—RBdHlE, Table9Z/xL7z.

PNIEPE= > hr— L& LT PPIA Z vy, 278%CEIC k MBI R HH L

7z,
Table 9. Sequences of primers for mMRNA quantification
Gene Forward (5'-3") Reverse (5'-3")
CYP3A4 CTGTGTGTTTCCAAGAGAAGTTAC TGCATCAATTTCCTCCTGCAG
CPR ATGTTCGTGCGCAAGTCCCAGTTC GCAGCCGTAGTACAGCAGCGTCTC
PPIA ATGCTGGACCCAACACAAAT TCTTTCACTTTGCCAAACACC

425 CPR {EH K N CYP3A4 T & A RENEM: DA
HNF v —AF—h EOfIAE A>T L T LGV L, 1% protease
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inhibitor cocktail Z 1 2 72 RE % — k3> 77— (10 mM Tris-HCI, 10 mM KCI
KON15mM MgCl,, pH7.4) 2K ETI100uL Nz 7=, Yu—7F v 7Rlop v =
r—2%HWT, K ETMaZmEL, REYR— Maif L.

AR E R — MZEIT H CPR OFEILIEMEIL, cytochrome ¢ Di% JLi M 2 H
ETDHZ LK VEMEL7=. 50 uM cytochrome ¢ &2 8 1 mM KCN % & ¢¢ 50 mM
potassium phosphate buffer (pH 7.4) 160 pL |2, AT Y 3R — k% 10 uL 2N
L7z, 507 VA % a~_—hk L71%, 10mM @ NADPH % 10 pL ¥ L T
JEBRIG L, 37°C I2TA v FaX— K L7225, 550 nm (2817 2t E % 30
FOAIZIE L=, & IcM o cytochrome ¢ D /LIRSEAE S LT, 0.021 pM™ em™
Z My, CPR DiEeiftha B L7z,

CYP3A4 fREHEM I, AR 7 CYP3A4 S CTH 5 midazolam @ 1-/KEE{LiE
PEORIEIZ LV FMEL7=. 3 mM MgCl, % %e 0.1 M potassium phosphate buffer

(pH 7.4) |2, midazolam K OFIA T X — F 22N 0.2 uM KT 0.2 mg
proteinfmL & 725 X HICiRML7=. 5 7LV A vF 2X— K L7,
NADPH-generation system Z i#sJ1 L TR Z B4A L, 37°C 12T, 0, 10, 30 77fH
A Fa_— kL7, 2 fFED methanol:acetonitrile (2:1, viv) Z UL TR
B %5 1k S+, 1RG0 BE (15 min, 10000xg) L BiEZE1S7-. kL
7= 1"-hydroxy midazolam (% LC-MS/MS % FAVNT 4.2.7 THIZ/R L7 0 Hr S Tl
iE L7z, midazolam @ 1-/KER{bLIISDEA 7 U7 7 A (Clin) 1%, 1-hydroxy
midazolam D EREE & midazolam OPEE D SR L.

MR Y R— FDZ )7 JEEEIX, BCA protein assay kit 2 T, o1
HETNTIVvEAZ X —RE L THIE L.

4.2.6 Bk RH PR

Wi s/ fCaFABR 1%, CYP3A4-CPR-HAC/Caco-2 iR B A V7=, BRI 5 1]

(apical ff1]2> & basal ffil-~DiZEitE) OMEHI R EFRERZ I 1T 5 CYP3A FE D
Rz 5 Z Lick viT-7z.

TM (pH6.5) KT TM (pH7.4) 13 2.2.8 THIZ/R L= 5L Tl L7-.

BIEE D Caco-2 #lli Kz O° CYP3A4-CPR-HAC/Caco-2 it & #&FE L 7= v F v —
AP — b, BEAEREL, TM (pH7.4) T2E U A L7, TM (pH 6.5)
K& OXNTM (pH 7.4) %, Z 42 #u apical Il &% OF basal fll>F ¢ > X—IZiRIN L, 37°C
IZ T304 7 LA > 2_— bk L7=. Donor flliaik & L <, M4 % Table
10 IR THIBE L 72D K DI TM (pH6.5) (2R L Ciifl L7=. Acceptor {fI7A
L& LT, HBSS IZ 4.2 mM NaHCO3, 20 mM glucose, 10 mM HEPES & X 4.5% wiv
UVIMETNT IR DXL, pH & T4 IR L D& V-,
i 5 AR ERER O B4R > © Table 10 1278 REH O #2312, acceptor DT >3
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=N —ERO TM 2927V 7 Ui, EtCERBROM, v v 7 &2k
FTo720, 70 o JEEIE, acceptor MliZdEH L 7= 3A &A%, donor fHiC
WL 72 AN B D 200N &2 DR ZxE L. V7 nid 2 fFED
methanol/acetonitrile (2 : 1, viv) Z¥HII L7, 10,000Xg (2T 15 4rfffa L,
E¥E % LC-MS/MS Z VT 4.2.7 BHIZR LI o SRS THRIE L7z, EXTSR &
L72AbEW B O OB D4 Bl Table 11 1277 L7=. 7235, CYP3A4 X P-gp
ZIHET CORBROEMIFICIL, LA o FaX—2 g 0 ROERMCHRER T
FH 7= apical X% OF basal il OIEIZ, L ZEHOEEAIE LT, 1 mM ABT X
IZ 0.5 uM elacridar Z ¥ L 7=.

Sulpiride, procainamide, propranolol % digoxin Z 72 B EABRIC L 0 156
Mo B O Z FVNT Papp AR L7z, Papp EORHHITIX 2.2.8 THOD Eq. 2
sz LAY

Table 10. Assay conditions of 18 tested compounds
Donor concentration  Incubation time

Test compounds

(HM) (min)
Sulpiride 50 120
Procainamide 50 120
Propranolol 50 60
Digoxin 5 120
Nisoldipine 1 45
Simvastatin 3 90
Tacrolimus 3 240
Nicardipine 1 45
Felodipine 1 60
Cyclosporin 1 180
Sildenafil 3 45
Terfenadine 1 60
Cisapride 3 45
Midazolam 3 30
Triazolam 3 30
Nifedipine 3 45
Trazodone 3 45
Repaglinide 1 30
Quinidine 10 180
Alprazolam 3 45
Carbamazepine 3 30
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Table 11.

List of measured parent compounds and their metabolites

Measured parent

Measured metabolites

Descriptions of parent compounds

compounds
Digoxin - Non-CYP3A4 substrate, P-gp substrate

Nisoldipine Dehydronisoldipine CYP3A4 substrate
Simvastatin - CYP3A4 substrate
Tacrolimus - CYP3A4 and P-gp substrate
Nicardipine Dehydronicardipine CYP3A4 and P-gp substrate
Felodipine Dehydrofelodipine CYP3A4 substrate
Cyclosporin - CYP3A4 and P-gp substrate
Sildenafil - CYP3A4 and P-gp substrate

Terfenadine alcohol,

Terfenadine .
fexofenadine, and azacyclonol

CYP3A4 and P-gp substrate

Cisapride - CYP3A4 substrate
. 1"-Hydroxymidazolam and
Midazolam 4-hydroxymidazolam CYP3A4 substrate
. 1"-Hydroxytriazolam and
Triazolam A-hydroxytriazolam CYP3A4 substrate
Nifedipine Dehydronifedipine CYP3A4 substrate
Trazodone - CYP3A4 substrate
Repaglinide - CYP3A4 substrate
Quinidine 3-Hydroxyquinidine CYP3A4 and P-gp substrate
1"-Hydroxyalprazolam and
Alprazolam A-hydroxyalprazolam CYP3A4 substrate
Carbamazepine Carbamazepine epoxide CYP3A4 substrate

4.2.7 {LEWMRERE

LC-MS/MS % W\ 7= AL S FEE I 1T, 2.2.10 THIZ /R L= Ms 2 A L7-.
MS/IMS ZATIZ ESI R T 4 78— RXUIA AT T 4 7F— RTA A1k L, Table
12 127 L7z MRM S&RIZTA A > 2k L7=. Digoxin, tacrolimus Ji# % H|E D
IS & L T fluvastatin %, procainamide &} & @ IS & L T terbutaline %, propranolol
TEEEHIED IS & LT antipyrine Z VY, TSN DILAEMOIEERIED IS & L
C propranolol % fHv 7=,

SMr 717 25 & L C Cosmosil 5C18 AR-II column (50 mm, 4.6 mm i.d., Nacalai
Tesque) Z V>, 7 HIEE X 40°C & L 7=. Tacrolimus, quinidine K& O°
3-hydroxyquinidine A+ DAL G ORIEIZIL, BEFEE LT, AR (0.1% XEEK
WiR) MO'B#KR (7 r=hKU) ZHW, WEEZ 0.2mLmin & L. 77
T NRIEEDLRIORT (FEIMNOBIEIL B D% % 7~77). 0 min (2%), 1.5 min

(95%), 4 min (95%), 4.1 min (2%), 8.5 min (2%). Tacrolimus, quinidine X
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O 3-hydroxyquinidine OHIEIZIL, BEIFEE LT, A (10mMFHET =1
LK) MOBR (A& /—) #HW, W% 02mUmin & L7z, 77
TV MR ZLLTITRT (FEIMN OEEIL B #K D% % 7~77) . 0 min (5%), 1.5 min
(80%), 3 min (80%), 3.1min (5%), 85min (5%). A>T =7 v a &lL5
pL & L7z,
T _XT OB DO PR EEE O F H 21T Waters QuanLynx software Z V=, &1k
EYOLRFGR, E BFPH &K OB &R O r’ 5% Table 12 128 L7z,

Table 12. Summary of ion transitions for the multiple-reaction monitoring
quantification, retention time, quantification range, and r? value

.. Retgntiion Quantification 2

Compound Mass transition time range r° value
(min)

Sulpiride 342.1>112.0 4.8 1nMto 3 uM 0.9999
Procainamide 236.2 > 163.0 5.6 10 nM to 3 uM 0.9994
Propranolol 260.2 > 116.1 4.4 10 nM to 10 uM 0.9986
Digoxin 779.1>649.2 53 1nM to 10 uM 0.9996
Nisoldipine 389.2 > 315.0 54 0.3 nM to 3uM 0.9999
Dehydronisoldipine 387.2>331.0 54 0.3nMto 3 uM 1.0000
Simvastatin 419.4 > 285.2 5.8 1nMtoluM 0.9993
Tacrolimus 821.2>768.1 6.7 30nMto 3 uM 0.9989
Nicardipine 480.0 > 314.9 4.4 1nMtoluM 0.9973
Dehydronicardipine 477.9>90.9 4.4 1nMto 0.3 uM 0.9969
Felodipine 384.2 >338.0 55 1nMto 3 uM 0.9961
Dehydrofelodipine 382.2>354.0 55 0.3nMto 3 uM 0.9997
Cyclosporin 1202.5>1184.8 57 10nM to 3 uM 0.9952
Sildenafil 4749 >57.7 4.4 10 nM to 10 uM 0.9985
Terfenadine 472.3>436.6 4.6 10nM to 3 uM 0.9991
Terfenadine alcohol 488.4 > 452.3 4.5 0.1nM1t00.1 uM 0.9987
Fexofenadine 502.1 > 466.2 4.5 0.3nMto 3 uM 0.9996
Azacyclonol 268.2 > 250.2 4.4 0.1nM1t00.1 uM 0.9988
Cisapride 466.3 > 184.0 4.4 10 nM to 3 uM 0.9800
Midazolam 326.0 > 222.7 51 3nMto 10 uM 0.9998
1"-Hydroxymidazolam  341.9 > 323.9 51 1nMtoluM 0.9999
4-Hydroxymidazolam 342.0>324.9 5.0 0.3nMto 10 uM 1.0000
Triazolam 342.4 > 307.8 4.9 0.3nMto3uM 0.9950
1"-Hydroxytriazolam 359.1>176.1 4.8 0.3nMto 3 uM 0.9951
4-Hydroxytriazolam 359.1>314.0 4.7 0.3nMto 3 uM 0.9953
Nifedipine 347.2>315.1 5.0 0.3nMto 3 uM 1.0000
Dehydronifedipine 345.3>284.1 5.0 0.3nM to 3 uM 0.9999
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Table 12.  Summary of ion transitions for the multiple-reaction monitoring
quantification, retention time, quantification range, and r? value (continued)

Retentiion e
Compound Mass transition time Quantification r* value
(min) range
Trazodone 372.3>176.1 4.3 1nMto 10 uM 0.9931
Repaglinide 453.1 > 230.1 4.9 3nMto 10 uM 0.9990
Quinidine 325.2>307.0 51 10nMto30 uM  0.9995
3-Hydroxyquinidine 341.3>172.2 4.7 1nMto 0.1uM 0.9988
Alprazolam 308.5>204.9 49 0.3nMto 10 uM  0.9993
1"-Hydroxyalprazolam  325.2 > 297.1 4.8 0.3nMto 10 uM  0.9995
4-Hydroxyalprazolam 325.2 > 280.1 4.7 0.3nMto 10 uM  0.9997
Carbamazepine 237.0>194.0 4.8 30 nM to 3 uM 0.9994
Carbamazepine epoxide  252.9 >179.9 4.6 0.3nMto 3 uM 0.9919
Terbutaline (IS) 226.2 > 152.0 4.9 - -
Antipyrine (IS) 188.8 > 143.9 4.5 - -
Fluvastatin (1S) 409.8 > 348.0 5.3 - -

4.2.8 RO FEH

I ER 1L, 41 HITR LT EQ. 7 ICE>» TR L. (BEM N AT TE
o T2 ENE, BliEE LT, PAS0 BHFAITH 5 ABT Z W TLLTIIRT 5k
ZHWTER Z#RHMH L7, 1mMABT ODYfIﬁJH Z £ - T, CYP3A4-CPR-HAC/Caco-2
AIZ X% CYP3A4 REHEMEIZERICE SN Z L2 5 (data not shown),
ABT FEAFAE T R OMFAE TSR T 23L& O EI T E N ZEN LT D Eq. 8
MNEQ.9 &E725.
parent gnitialy = Parent onor) + Parent greceiver + intraceltutar) + Y, Metabolite gonor + receiver + intraceliutary EQJ- 8

parent(initial) = ParentAsT-+, (donor) +parentABT+,(reciever+intracel|ular) Eq.9

Z 2T, parentgnitayt L EHERERBH A (235 1T 5 donor v o N— N O RZEA L
R L L, parentononl XERE/ BRI THHZ I T 5 donor -+ o R—NDARZE
fbARfE L L, parentieceiver + intracetiutan | FHIE/ R TRFIZI51T 5 receiver F v
Y= KON O RZER DR & & LTz, £72, parentagts dononid ABT 7775 T
O M RBR AL TR 1T D donor F ¥ o N—HNDREIKE L L,
parentagT+ (receiver + intracellular) 1% ABT 1775 T Ok AR TIRFIZI8 1T 5 receiver
F ¥ =R UOHIRN O REILIR DK E L L=, Eq.8 XV Eq. 9 IZBW T, ABT
DI L > T, REEOZENEEZZ T RWERET D L, parentgonon X
W parentpgts @dononlLF L <725 & EX N H T2, Eq. 8 X TVEQ. 972 H R D Eq. 10
DNEIND.
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Z I'netabOIite(donor + receiver + intracellular) = parentABT+, (receiver + intracellular) — parent(receiver + intracellular)
Eq. 10
Eq. 10 # Eq. 7 IZARAT 5 &, mEMICLLT O Eq. 11 B E 6N 5.

ER = parentABT+, (receiver + intracellular) — parent(receiver + intracellular)

Eq. 11

parent asT+, (receiver + intracellular)
RIS N AT TE 2Dy 7= CYP3AL B IZHBWTIL, ABT 1#(E T K OFESE
TEF COfsHRRZ 3 L, Eq. 11 W CER ZHH L7-.

Eq.7 XX Eq. 11 AW TC, 17 fid CYP3A4 FRE D ERfEZHH L, Bon
7 ERfEE, ERIRICEITHE N Fg OHEEN ORI Eg & OHBIMEZ G L
2. ZZTHWEE b Fg DfElE, OCYP3A4 FRE K 2% 1 5. K OFrIRIN ¢ 5-
%I T D MAE R EEHERS K OSSR LR IR R RN S EHH S v FaxFg X
Y, Fa D#EMZ FWT, WX Fa% 1 &E L TR SV E, QE @ CYP3A
DIHEHETHEEINTWA T L—FT)—2 TV 2 — 2|2 L HEIRAEEAE AR
BR D s B B & T2 SCRRE 20 0 P & F O -

4.2.9 WEEHRRMT
IEEM O EIE, IMP9.0.2® (SAS Institute Inc.) % VN T— AL E 4 B HT#
\Z Dunnett iR EEITH-7-. BEAKHEITS%E LT,

4.3 HER
4.3.1 CYP3A4-CPR-HAC/Caco-2 Mz 81T 5 CPR Kk} CYP3A4 DRHK OE
M DTt
HAC R ¥ — Il SN E B rORBEL#H 2T =4 —T 5710,

CYP3A4-CPR-HAC/Caco-2 fiflda 1 /v F ¥ —A ¥ — NIHERE% 8, 156 KN 21
HHIZ, HAC X7 % — EIZ#5# S 7= green fluorescent protein (GFP) (12 & %
A O BAEE A WV CEIZR L7z (Figure 17). HOGHRFEILRISAICEEM L, 5
flif% 21 H BIZBWTRIZIET X TOMIE Cae R’ Bl Sz,

Figure 17. Culture time-dependent GFP expression in the CYP3A4-CPR-HAC/Caco-2
cells

Fluorescent microphotographs of CYP3A4-CPR-HAC/Caco-2 cells on the culture insert. Exposure
time was 1 sec, and bars represent 500 pum.
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IZ, CYP3A4-CPR-HAC/Caco-2 flifdiz317 %5 CPR &KUY CYP3A4 &1 D
MRNA FH &% VT v —A % — ML 9, 16 LT 23 HEICHIE L7z

(Figure 18). CYP3A4 ® mRNA ZBi &% 23 H H £ TFcrIIc EF L7223, CPR
DORBLEIT 16 H H E TITIZIFERICE L.

10 -
OCPR
8 1 mcyp3a4

4_
2_
o [ Ml ,
9 16 23

Post seeding day

Figure 18. Culture time-dependent mMRNA expression levels of CPR and CYP3A4 in
the CYP3A4-CPR-HAC/Caco-2 cells

Expression levels were normalized to those of PPIA, and are represented as relative values to those
on day 9. The data shown represent the mean = S.D. (n = 3).

Relative mRNA
expression

CPR LN CYP3A4 DFEBL EH % 4 L3 LYV THEHT 572, HiflddE
VAR — MZBIT D CPR DELIEME LY CYP3A4 DARHITEMEZ 27 fi L 7=.
CYP3A4-CPR-HAC/Caco-2 HERL DAL & o /X7 BIZANTF v —A P — NI
ffit% 12 HH £ TIZ77 h—IZEZE L7 (Figure 19 (A)). Figure 19 (B) 2 O}(C)IZ
AR DIE, CPRIEMEIL 25 H H &£ THRiferIIC - L, 25 H BIZH1F % cytochrome
¢ iz JtiE ML 80.3 £ 9.2 nmol/min/mg protein T& > 7-=—7 T, midazolam @ 1'-
KAV B D Cling 1%, 16 HHIZZZ h—IZ# L, £ OfEIX 0.0189 + 0.0017
mL/min/mg protein Td > 7. —J7 T, BHRD Caco-2 MifcdiZF51F 5 CPR 1EME LY
midazolam 1°-7KEg1t. CLint 13 41E 41, 40.2 + 2.9 nmol/min/mg protein X OF 0.0005
mL/min/mg protein T > 7=.
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Figure 19. Culture time-dependent total cellular protein contents and activities of CPR
and CYP3A4 in the CYP3A4-CPR-HAC/Caco-2 cells

(A) Total cellular protein contents in the homogenates of the parental Caco-2 (open circle) and the
CYP3A4-CPR-HAC/Caco-2 cells (closed circle). (B) and (C) CPR activity and CL;y for midazolam
1'-hydroxylation, respectively, in the homogenates of the parental Caco-2 (open circle) and the
CYP3A4-CPR-HAC/Caco-2 cells (closed circle).

The data shown represent the mean + S.D. (n = 3).

4.3.2 CYP3A4-CPR-HAC/Caco-2 #ifaIz 13 5 CYP3A4 RFHEM: DR D
TE P REATh

CYP3A4-CPR-HAC/Caco-2 Mz 38 T, CYP3A4 IEMEDMIC L B L EME%E
P 5 7=, 22~35 f#f > CYP3A4-CPR-HAC/Caco-2 fifiz 1 /v F v —A o
P MIEERE L, 22~25 HZITHIfRARE U 32— &A% L C, midazolam @ 1'-
JKERAY CLing Z2 7ML 7=. Z D& R, Figure 20 (278 L7= X 912, #ERIZ L > T Clin
EDOZAVIZ IR ZE 1 1LER 0 S 10T, CYP3AL RHNEVED AL & 228 L CHERS
ShbZEpRaEni-.

0.025 -
0020 { T T

0.015 l L

0.010 A

(mL/min/mg protein)

0.005 A

Midazolam 1'-hydroxylation CL;,

0.000

22 27 30 31 34 35
passage number

Figure 20. Stability of metabolic activity during serial passages in the
CYP3A4-CPR-HAC/Caco-2 cells
The CLiy values for midazolam 1°-hydroxylation were determined in the homogenate of the

CYP3A4-CPR-HAC/Caco-2 cells. Data represent the mean + S.D. (n = 3-4).
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4.3.3 CYP3A4-CPR-HAC/Caco-2 #if 7 B )JEE DR

Bk Caco-2 #lli K& O CYP3A4-CPR-HAC/Caco-2 HIfIZ I Vv F % — A v —
NMCHERERS, HBEATEA L, 13~14 H HIZ TEER OfEITHI 300~400 Qxcm?
D77 h—IZEIZE L= (Figure 21). 77 h—IZH8E L7-1% O TEER fHIE, BlkE
? Caco-2 HIfIZLE#: L C, CYP3A4-CPR-HAC/Caco-2 #llfiil TR WER TH
S 7e. AREREFIONT CPR KON CYP3A4 iEMEDHIEREH (Figure 19) X 1,
VIBEDRBRIZ T N CHERET 22~25 A HICEfi+T 52 & & Lz,

500 -
400 A
300 H

200 A

TEER (Q Xcm?)

100 A

0 5 10 15 20 25
Post seeding day

Figure 21. Culture time-dependent TEER values in the parental Caco-2 (open circle)
and the CYP3A4-CPR-HAC/Caco-2 cells (closed circle)
TEER measurements were conducted in the culture medium. The data shown represent the mean +

S.D. (n=3).

BIkk D Caco-2 #llil & CYP3A4-CPR-HAC/Caco-2 il HE s BT B LAWY
DFEFE M Z X ST 5728, CYP3A4 OIE L7257 3 FEHDILAY

(sulpiride, procainamide % O* propranolol) @ Py, Z#I7E L 7. Table 13 (2777 &
I, 3BT 2 Pap EIT, B Caco-2 i & CYP3A4-CPR-HAC/Caco-2
MO TIZIERISECTH o722 LD, Caco-2 FliaHERFIZI T 5 integrity <°
{bEWOEFEEM L, CYP3A4-CPR-HAC X7 X —DE AT L » T & AL EE
BT EBz b,

Table 13. The permeability of non-CYP3A4 substrates across the parental Caco-2 and
the CYP3A4-CPR-HAC/Caco-2 cell monolayers

Papp (x10°® cmi/sec)
CYP3A4-CPR-HAC/Caco-2

Parental Caco-2 cells

cells
Sulpiride 0.17 +0.03 0.24 £0.02
Procainamide 1.1+£0.1 1.7+0.0
Propranolol 17+0 271

Data represent the mean £ S.D. (n = 3).
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4.3.4 CYP3A4-CPR-HAC/Caco-2 cells & v 7= CYP3A4 %’E%@?ﬁaﬁ:@@%tﬂ
RAIESL D AFRARETH 7 CYP3A49%E BV TIE, P450 BHLERIT

&% ABT 23, FHAMEEAI O R AR DG BE 2 52N E W RED S &,
Eq. 111XV ERZHMTHZ & &L LT H%H@ BW LAY DO % HilRR L
TW5 P-gp OFEFRFMIL, CYP3A4 OREFRFHMEE A—N"—F v 7552 &
WNIES BN TND Z &5 %8 ABT 73 P-gp 1T & DS HERE 1T L2 2 &
9 52 & & Lic. P-gp BRE Th 505 CYP3A4L FH Tld72 v digoxin z W
T, digoxin @ CYP3A4-CPR-HAC/Caco-2 #lifidz/r L7=ZiatEicx LT, 1 mM
ABT N8 H 2 )G ERaT Lo, TORER, Figure 22 1R L= X 51T,
P-gp FLEAITd % 0.5 uM elacridar (3 digoxin OWLIL 5[] D Py Il % A EAZEE N S
H72b DD, 1 mM ABT 1L digoxin D Py, EICH B2 b & 52 einode. 2O
RN, ImMMABT (X P-gp ZfHE L7222 &, £/, fHMi{b&Y D P-gp &'E
PEIZBEH B9, Eq 1l ZHWTEREAZHHTE S E 2 b,

0.8 1~
0.7 A
0.6 A
0.5 A
0.4 A
0.3 A
0.2 A
0.1 A
0.0

Digoxin P, (x10¢ cm/sec)

vehicle 1 mMABT 0.5 uM Elacridar

Figure 22. Effect of 1 mM ABT on the P-gp activity in the
CYP3A4-CPR-HAC/Caco-2 cell monolayers

The P4, values for apical-to-basal direction across the CYP3A4-CPR-HAC/Caco-2 cells in the
absence or presence of | mM ABT and 0.5 puM elacridar. Data represent the mean + S.D. (n = 3-4).

* denotes p < 0.05 versus vehicle (one-way analysis of variance followed by Dunnett’s test).

K12, CYP3A4-CPR-HAC/Caco-2 #ific 2 72 5 & AR 00 T I 2 Rl 9~ 5 72
¥, Table 14 (2759 17 fD CYP3A4 JLE R 25k a4 & L TR L. 171k
AW, 7 1bE % (simvastatin, tacrolimus, cyclosporin, sildenafil, cisapride, trazodone
O repaglinide) (B W TIIHPMEM N AT TE o772, ABT F1EF
F OFEFAE T Dt 2 5566 L, Eq. 11 Z W T EREZH I L 7.
1 mM ABT OHINT X > T CYP3A4 IEVENSERICIHEFE SN D Z L%, CYP3A4
2 & o TIEF T S uF 0 nisoldipine, nicardipine, felodipine ) UF midazolam
Z W THEMREERBR AT R o T2 BRIZ, T X Toar/— A v Mz TR
B DA T BN L2 X D #EEE L7- (data not shown) . REHHEE & 23
AFARETH - 7250 D 10 {LEMITHOWTIE, Table 11 (R L7z R#M D AR
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B2MEL, Eq7 2HWTERMEAEH M L.

Table 14 (27”9 XL 512, B S7=4% CYP3A4 JEIKD ER fEIL, trazodone,
alprazolam K OF carbamazepine @ 0 7>&, simvastatin @ 0.66 £ TOE % & > 7-.
S 512, Figure 2312”7 L 912, & N FgfEO#HMEM R b EgiE &,
invitro X ¥ #5072 ER i & ORI RAF2FBIBR AR bz (P =0.84).

Table 14. Predictions of intestinal metabolism and permeability for 17 compounds
Observed Human

Compounds Substrate for Fg® Eg” in vitro ER®
Nisoldipine CYP3A4 0.11 0.89 0.65+0.01
Simvastatin CYP3A4 0.11 0.89 0.66 °
Tacrolimus CYP3A4, P-gp 0.14 0.86 0.44°
Nicardipine CYP3A4, P-gp 0.33 0.67 0.45+0.04
Felodipine CYP3A4 0.36 0.64 0.32£0.03
Cyclosporin CYP3A4, P-gp 0.44 0.56 0.19°
Sildenafil CYP3A4, P-gp 0.54 0.46 0.12°
Terfenadine CYP3A4, P-gp 0.55 0.45 0.14 £ 0.02
Cisapride CYP3A4 0.57 0.44 0.17°
Midazolam CYP3A4 0.62 0.38 0.26 £ 0.01
Triazolam CYP3A4 0.79 0.22 0.05 £ 0.00
Nifedipine CYP3A4 0.81 0.19 0.19£0.03
Trazodone CYP3A4 0.83 0.17 0%
Repaglinide CYP3A4 0.89 0.11 0.10°
Quinidine CYP3A4, P-gp 0.90 0.10 0.02 £ 0.00
Alprazolam CYP3A4 0.94 0.06 0.00 = 0.00
Carbamazepine CYP3A4 1.00 0.00 0.00 + 0.00

2 Observed Fg values were obtained from published data “**®. When Fg values were obtained
from multiple references, the mean values were used.

b Eg values were calculated as follows: human Eg = 1 — observed Fg

¢ Data represent the mean (+ S.D., n = 3).

? Due to unavailability of authentic metabolites, ER values were calculated using Eq. 11.

® The calculated value was less than zero.
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Figure 23. Comparisons of in vitro ER values obtained from the
CYP3A4-CPR-HAC/Caco-2 cells and in vivo Eg calculated from reported Fg in humans
Closed and open circles represent the ER values calculated with Eq. 7 and 11, respectively. The solid,
dotted, and dashed lines represent the linear regression line, 95% confidence interval, and 95%
prediction interval, respectively. Error bars represent the S.D. (n = 3).

4.4 EE

AR E TIX, CYP3A4-CPR-HAC/Caco-2 #lHificl 2 F W 7= i ik /AR A BRI L v
CYP3A EHIKD EREZHH L, 6472 ERfEL & | Eg i & OMIC BAF7eHH
BERILR (P = 0.84) BBHHZLEZHLMITLE. LER-T, CYP3A KB L7
LFHALEM DO EREEZHE T2 L2k, 22 THELABFERZHWT,
bt NEQELAONFgEEZRE LS PHITES B2 6.

CYP3A4-CPR-HAC/Caco-2 il & v S L7z fifla A& — MTkIT 5,
CYP3A4 DIEME A RRFHIICEG L7z & 2 A, midazolam @ 1-7KE&{t CLin | X #EFE
% 22 HHIZ 0.020 mL/min/mg protein O KiE%A & ~7=. Lin 5%, & FZEi
mucosa D 7R E Y F— bk & T, midazolam GEEEEE, 8 uM) @ 1-/KER{K CLin
ZME L, 148 pmol/min/mg protein L5 LTV *, Zd CLiy fEIZ 0.019
mL/min/mg protein & fFFtH &4 5. F72, Schmiedlin-Ren &%, b b "f5l5 &
OZEGHRE ¥ 3% — MZEBIT 5 midazolam @ 1-KE&{k CLin &, T4 3.83 KON
3.67 mL/min/g of mucosa & #H& LT % ). Z oo T, + &% ? mucosa

BiF5 CYP3A &1 9.2 pmol/mg protein Az T} 0.89 nmol/g of mucosa T - 7=
Z <‘: F 72225 mucosa (2511 D CYP3A & &1X 8.4 pmol/mg protein }2 Tr 0.91
nmol/g of mucosa “G&;o =z 2: ME|EINTEBY, ZNLDOENG, +iEE&k
2215 mucosa (21T D & X7 JREENE, 96.7 J2 T 108.3 mg protein/g of mucosa

aJr Ihb. LLZ’PO“C Schmiedlin-Ren & 235 L7z, + BN OO

mucosa (Z331F %5 midazolam @ 1-7KEE{k CLin 1ZZ4Z41, 0.040 KU 0.034
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mL/min/mg protein & FFEFE I 5. 2405 D Clinn DHFHEMERNOELT 5 &,
AHFFEIZI T CYP3A4-CPR-HAC/Caco-2 flifad A€ r— MZ LV E LT
midazolam @ 1'-/KE&{t. CLiy P f (0.020 mL/min/mg protein) (%, invivo ® & k/)
B EIRIERIENICCE W EE LN D, EFE, Figure 23 IZ/R L 7=,
CYP3A4-CPR-HAC/Caco-2 #fic L % ERfE &, in vivo @ Eg filfl & DIEIFERRE D
fHE (127) 25, L LV b LT MICREWVERTH 72 Z LIFARBE L —&KT 5.

—JiC, CYP3A4-CPR-HAC/Caco-2 ffifidlL, ZiLE TICHEEERE STV,
CYP3A4 81 Caco-2 Mifd L ¥ b & CYP3A4 IEMEZH L TWAH EEx bs.
Fisher & 1% 1,25-dihydroxyvitamin-D3 {Z & > T CYP3A4 % #%3E L 7= Caco-2 i %
FWT, basal 7 > X—DOEHIZ 4% wiv O & MILET VT I V&I Z 72541
T, AL ETE L 3 uM @ midazolam % apical F v >/ N—|ZHAN L CREM F ot
HREITR->TEY, TOFEO EREN 0.052 Tho7=Z L2HiLT\5 ",
ABFFEC B TIE, basal F v o N—DEHIZIT 45% wiv O U fiET VT I v
FWRMLTCBY, RBRELEMFCZLPOoOMESITHDI L OO,
CYP3A4-CPR-HAC/Caco-2 flilalz 38 Tid 0.26 + 0.01 ® ER fEAFHNTE Y,
Fisher o237 L7= CYP3A4 #5E Caco-2 fifll L v L EmWEMEEZHF LT\ D L HE
LZEND. £ Brimer bliE, 77 ) UANANRT Z—ZH\T CYP3A4 B LT
CPR %3 A L 7= Caco-2 #lid% 35 mm DT « v ¥ = TH:FE L, 4 uM @ midazolam
RN, 4 B OA ¥ a2 X—2 3 ik o T, 63~101 pmol @
1"-hydroxymidazolam 23458 L7= 2 & 285 LT\ 5 ). midazolam o 1'-/KEE{E
FOGH 4 K ETHIEThoTo e IRET DL, LELDOEREOEND,
1'-hydroxymidazolam /£ R#EE 1, 0.29~0.46 pmol/30 min/0.33 cm? & FEHE &
5. E£72, Cummins 51, sodium butyrate & 12-O-tetradecanoylphorbol-13-acetate
ZIRINT 5 Z & T, CYP3A4 E A Caco-2 i3 T CYP3A4 BHLEN X H|Z
WS Z EaMELTERY, ZoHET T 3uM @ midazolam % apical F v
VR —ZEI L =B, 1'-hydroxymidazolam o /E & 13 19 pmol/30 min/0.33 cm?
CEEBEEINS Y. —HTABZIZHENT, 3 uM @ midazolam % apical F v
R—ZHRIN L 727% @ 1"-hydroxymidazolam A= &%, 27 + 1 pmol/30 min/0.33 cm?
Thole. TNLDOHBEREZ TICELRET LH L, KMzt TH LN
CYP3A4-CPR-HAC/Caco-2 Az & 2 @& L, BEfFD CYP3A4 FEHi Caco-2
ML HE<, F2ZOE CYP3AS JEHEIZ L » TREMWZ L v it Lo
b EZ26BN5Z M5, CYP3A4-CPR-HAC/Caco-2 fifinz A% Z & T,
KU EREEICBEREOMINAIREE Db D LB LS.

T, Y —wA_T F—% HUWTHEE S fu7z CYP3A4 %88l Caco-2 #llfi T
1X, 5 MR 22 LTk - T CYP3AL IEMEDHKT 20%IZ F TR N L72 Z & 23l
EhTn5g 29 FEfIco e Y —~L_Y % —% BT, LLC-PKL HIHIC
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CYP3A4 & CPR % #3838l & 7= Brimer H OMEHICBNT S, BIRAH/EME O
LT, 15 fKRIC L > T CYP3A4A FEHOWABBOSNTWVD P 295 L=
CYP3A4 BT OWMHELDWIEH A L2 7 ORKITIAHTH D,
CYP3A4-CPR-HAC/Caco-2 HIiEIZ N Tlik, CYP3A4 HIME IR TE IR D B
ol Z b, CYPIA EROGERHOTRET VE LT, KRN E
EWNCEERRECHY, A7V —= v 7HlBREICLARHTHI EEZOND.

45 /NFE

AWFFE T, HAC X7 % —(Z X - T CYP3A4 s+ K& ) CPR BEIsF 2V E A X
A7, CYP3A4-CPR-HAC/Caco-2 ffifid & F\ T, YD RGE RO & &7 Tl
T IVOREEE & H IS 21T - 72. CYP3A4-CPR-HAC/Caco-2 filiiiZ B3\ T,
AAEAEARIZ LD CYP3A4 RENEMEOKR THEANIIRD b o te. Fio,
CYP3A4-CPR-HAC/Caco-2 #lifu D HiJg i 2 -\ T 5 L7z CYP3A4 FEEFE D ER
e, B MEgQMENE MBI LZZ E205, CYP3A4 1T L » TR S4B Bl
FB T 2 ERHFEZRBELS FHITE S EE LN,
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AWFIEIC BT L7z, & ICRB T 2 I L ORE o E 'R T RICEE %

MET I ALY THEHTAZLICED, BWAAETTA T T 4 %
RTBERBEMEEYERBIRT S 2 &, £, Ot MANENREZ E &I T
THZENAREE 2D, EEMLBBOKSDEROR EICHRTA2HDEEZ 5.

54



PEE

ARUFFEDOBATICES L, EABMEHEREEEEE, LB, F7ARm Lo
KR ZH Y £ LIz&4 i BTSSR RFERE PRl RS E 0 8 fk R
HHR R DHEEE L ET.

A SLOVERICHTZ Y, HH, #8205 £ Lea B RERF b
HERTER BRI, BRI R, WFHEERICTR EHEL £

ARWFIEDOBATICER L, BH 725 HIE L HifE 2 0 £ Liza b EiisLRT:
REFRE  HPEWER WA E  aREFERERICE LR L BT £

AFFEDFATIZHT= 0, CYP3AL-CPR-HAC X7 ¥ — %31, F-HI872 45
BB EZBY E LIRS AR T 2 — DR
%, ARFRFPE EFRUIER & A REMHE, PR EH, RRY B
BARTPEE 2 — FAMNMS AR ZIRE A CTHILBP L BT ET.

RWFHATOME % 5 2 TIE, 2 SIS LBBNEBY £ Lk
SR TSR EBRETIETTR  TRERAM L0 SEH 08 2%
LT

AWFFEDZATICER L, RS, M) 2% 0600 £ L7z RIES G TRA=
O RHILERSR=E R EERE L, (SREMEHEER AR R TR < R L
£

ARWFFEICBE L, f&AaIIhE & BRWET 2 85 0 £ L 7o KRB ah TR
o SEYERENTTERT O ERFNGAE L2132 C o &9 2 [FFFEAT O AR IZTR < B
BLET.

B2, W E LTS NEFRITON O REGE L £7.

55



51 FASCHR

1.

10.

11.

Sugano, K., Kansy, M., Artursson, P., Avdeef, A., Bendels, S., Di, L., Ecker, G.F,,

Faller, B., Fischer, H., Gerebtzoff, G., Lennernaes, H., and Senner, F.
Coexistence of passive and carrier-mediated processes in drug transport. Nat.
Rev. Drug Discov. 2010;9:597-614.

Artursson, P. and Karlsson, J. Correlation between oral drug absorption in
humans and apparent drug permeability coefficients in human intestinal
epithelial (Caco-2) cells. Biochem. Biophys. Res. Commun. 1991;175:880-85.
Hidalgo, 1.J., Raub, T.J., and Borchardt, R.T. Characterization of the human
colon carcinoma cell line (Caco-2) as a model system for intestinal epithelial
permeability. Gastroenterology 1989;96:736-49.

Lin, X., Skolnik, S., Chen, X., and Wang, J. Attenuation of intestinal absorption
by major efflux transporters: quantitative tools and strategies using a Caco-2
model. Drug Metab. Dispos. 2011;39:265-74.

Ward, J.L. and Tse, C.M. Nucleoside transport in human colonic epithelial cell
lines: evidence for two Na+-independent transport systems in T84 and Caco-2
cells. Biochim. Biophys. Acta 1999;1419:15-22.

Bourgine, J., Billaut-Laden, 1., Happillon, M., Lo-Guidice, J.M., Maunoury, V.,
Imbenotte, M., and Broly, F. Gene expression profiling of systems involved in
the metabolism and the disposition of xenobiotics: comparison between human
intestinal biopsy samples and colon cell lines. Drug Metab. Dispos.
2012;40:694-705.

Larregieu, C.A. and Benet, L.Z. Drug discovery and regulatory considerations
for improving in silico and in vitro predictions that use Caco-2 as a surrogate for
human intestinal permeability measurements. AAPS J 2013;15:483-97.
Lennernas, H., Palm, K., Fagerholm, U., and Artursson, P. Comparison between
active and passive drug transport in human intestinal epithelial (caco-2) cells in
vitro and human jejunum in vivo. Int. J. Pharm. 1996;127:103-07.

Saitoh, R., Sugano, K., Takata, N., Tachibana, T., Higashida, A., Nabuchi, Y.,
and Aso, Y. Correction of permeability with pore radius of tight junctions in
Caco-2 monolayers improves the prediction of the dose fraction of hydrophilic
drugs absorbed by humans. Pharm. Res. 2004;21:749-55.

Aldhous, M.C., Shmakov, A.N., Bode, J., and Ghosh, S. Characterization of
conditions for the primary culture of human small intestinal epithelial cells. Clin.
Exp. Immunol. 2001;125:32-40.

Li, A.P.,, Loretz, C., Yang, Q., and Doshi, U. Isolation and cryopreservation of

56



12.

13.

14.

15.

16.

17.

18.

19.

20.

enterocytes for metabolism and uptake studies. 20th North American
International Society for the Study of Xenobiotics Meeting, Orlando, Florida,
USA, Octobar 2015.

Glaeser, H., Drescher, S., van der Kuip, H., Behrens, C., Geick, A., Burk, O.,
Dent, J., Somogyi, A., Von Richter, O., Griese, E.U., Eichelbaum, M., and
Fromm, M.F. Shed human enterocytes as a tool for the study of expression and
function of intestinal drug-metabolizing enzymes and transporters. Clin.
Pharmacol. Ther. 2002;71:131-40.

von Richter, O., Burk, O., Fromm, M.F., Thon, K.P., Eichelbaum, M., and
Kivisto, K.T. Cytochrome P450 3A4 and P-glycoprotein expression in human
small intestinal enterocytes and hepatocytes: a comparative analysis in paired
tissue specimens. Clin. Pharmacol. Ther. 2004;75:172-83.

Suzuki, A., Sekiya, S., Gunshima, E., Fujii, S., and Taniguchi, H. EGF signaling
activates proliferation and blocks apoptosis of mouse and human intestinal
stem/progenitor cells in long-term monolayer cell culture. Lab. Invest.
2010;90:1425-36.

Jung, P., Sato, T., Merlos-Suarez, A., Barriga, F.M., Iglesias, M., Rossell, D.,
Auer, H., Gallardo, M., Blasco, M.A., Sancho, E., Clevers, H., and Batlle, E.
Isolation and in vitro expansion of human colonic stem cells. Nat. Med.
2011;17:1225-7.

Takenaka, T., Harada, N., Kuze, J., Chiba, M., Iwao, T., and Matsunaga, T.
Human small intestinal epithelial cells differentiated from adult intestinal stem
cells as a novel system for predicting oral drug absorption in humans. Drug
Metab. Dispos. 2014;42:1947-54.

Paine, M.F., Hart, H.L., Ludington, S.S., Haining, R.L., Rettie, A.E., and Zeldin,
D.C. The human intestinal cytochrome P450 "pie". Drug Metab. Dispos.
2006;34:880-6.

Guengerich, F.P. Cytochrome P-450 3A4: regulation and role in drug
metabolism. Annu. Rev. Pharmacol. Toxicol. 1999;39:1-17.

Ito, K., Kusuhara, H., and Sugiyama, Y. Effects of Intestinal CYP3A4 and
P-Glycoprotein on Oral Drug Absorption—Theoretical Approach. Pharm. Res.
1999;16:225-31.

de Vries, M.H., Hofman, G.A., Koster, A.S., and Noordhoek, J. Absorption and
presystemic glucuronidation of 1-naphthol in the vasculary fluorocarbon
emulsion perfused rat small intestine: the influence of the luminal flow rate and
intraluminal binding. Naunyn-Schmiedeberg's Arch. Pharmacol.

57



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

1989;340:583-7.

Yang, J., Jamei, M., Yeo, K.R., Tucker, G.T., and Rostami-Hodjegan, A.
Prediction of intestinal first-pass drug metabolism. Curr. Drug Metab.
2007;8:676-84.

Nishimuta, H., Sato, K., Yabuki, M., and Komuro, S. Prediction of the intestinal
first-pass metabolism of CYP3A and UGT substrates in humans from in vitro
data. Drug Metab. Pharmacokinet. 2011;26:592-601.

Kadono, K., Akabane, T., Tabata, K., Gato, K., Terashita, S., and Teramura, T.
Quantitative prediction of intestinal metabolism in humans from a simplified
intestinal availability model and empirical scaling factor. Drug Metab. Dispos.
2010;38:1230-7.

Crespi, C.L., Penman, B.W., and Hu, M. Development of Caco-2 cells
expressing high levels of cDNA-derived cytochrome P4503A4. Pharm. Res.
1996;13:1635-41.

Brimer, C., Dalton, J.T., Zhu, Z., Schuetz, J., Yasuda, K., Vanin, E., Relling,
M.V, Lu, Y., and Schuetz, E.G. Creation of polarized cells coexpressing
CYP3A4, NADPH cytochrome P450 reductase and MDR1/P-glycoprotein.
Pharm. Res. 2000;17:803-10.

Kataoka, M., Terashima, Y., Mizuno, K., Masaoka, Y., Sakuma, S., Yokoi, T.,
and Yamashita, S. Establishment of MDCKII Cell Monolayer with Metabolic
Activity by CYP3A4 Transduced with Recombinant Adenovirus. Drug Metab.
Pharmacokinet. 2013:125-31.

Schmiedlin-Ren, P., Thummel, K.E., Fisher, J.M., Paine, M.F., Lown, K.S., and
Watkins, P.B. Expression of enzymatically active CYP3A4 by Caco-2 cells
grown on extracellular matrix-coated permeable supports in the presence of
lalpha,25-dihydroxyvitamin D3. Mol. Pharmacol. 1997;51:741-54.

Fisher, J.M., Wrighton, S.A., Watkins, P.B., Schmiedlin-Ren, P., Calamia, J.C.,
Shen, D.D., Kunze, K.L., and Thummel, K.E. First-pass midazolam metabolism
catalyzed by lalpha,25-dihydroxy vitamin D3-modified Caco-2 cell monolayers.
J. Pharmacol. Exp. Ther. 1999;289:1134-42.

Hu, M., Li, Y., Davitt, C.M., Huang, S.M., Thummel, K., Penman, B.W., and
Crespi, C.L. Transport and metabolic characterization of Caco-2 cells expressing
CYP3A4 and CYP3A4 plus oxidoreductase. Pharm. Res. 1999;16:1352-9.
Kazuki, Y., Hoshiya, H., Takiguchi, M., Abe, S., lida, Y., Osaki, M., Katoh, M.,
Hiratsuka, M., Shirayoshi, Y., Hiramatsu, K., Ueno, E., Kajitani, N., Yoshino, T.,
Kazuki, K., Ishihara, C., Takehara, S., Tsuji, S., Ejima, F., Toyoda, A., Sakaki, Y.,

58



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Larionov, V., Kouprina, N., and Oshimura, M. Refined human artificial
chromosome vectors for gene therapy and animal transgenesis. Gene Ther.
2011;18:384-93.

Kazuki, Y. and Oshimura, M. Human Artificial Chromosomes for Gene Delivery
and the Development of Animal Models. Mol. Ther. 2011;19:1591-601.

Yeung, T.M., Chia, L.A., Kosinski, C.M., and Kuo, C.J. Regulation of
self-renewal and differentiation by the intestinal stem cell niche. Cell. Mol. Life
Sci. 2011;68:2513-23.

Linnankoski, J., Makela, J., Palmgren, J., Mauriala, T., Vedin, C., Ungell, A.L.,
Lazorova, L., Artursson, P., Urtti, A., and Yliperttula, M. Paracellular porosity
and pore size of the human intestinal epithelium in tissue and cell culture models.
J. Pharm. Sci. 2010;99:2166-75.

Toropainen, E., Ranta, V.P., Vellonen, K.S., Palmgren, J., Talvitie, A., Laavola,
M., Suhonen, P., Hamalainen, K.M., Auriola, S., and Urtti, A. Paracellular and
passive transcellular permeability in immortalized human corneal epithelial cell
culture model. Eur. J. Pharm. Sci. 2003;20:99-106.

Mari H&méldinen, K., Kontturi, K., Auriola, S., Lasse, M., and Urtti, A.
Estimation of pore size and pore density of biomembranes from permeability
measurements of polyethylene glycols using an effusion-like approach. J.
Control. Release 1997;49:97-104.

Barker, N. and Clevers, H. Leucine-rich repeat-containing G-protein-coupled
receptors as markers of adult stem cells. Gastroenterology 2010;138:1681-96.
Porstmann, T., Ternynck, T., and Avrameas, S. Quantitation of
5-bromo-2-deoxyuridine incorporation into DNA: an enzyme immunoassay for
the assessment of the lymphoid cell proliferative response. J. Immunol. Methods
1985;82:169-79.

Levy, E., Menard, D., Delvin, E., Montoudis, A., Beaulieu, J.F., Mailhot, G.,
Dube, N., Sinnett, D., Seidman, E., and Bendayan, M. Localization, function and
regulation of the two intestinal fatty acid-binding protein types. Histochem. Cell
Biol. 2009;132:351-67.

Sjoberg, A., Lutz, M., Tannergren, C., Wingolf, C., Borde, A., and Ungell, A.L.
Comprehensive study on regional human intestinal permeability and prediction
of fraction absorbed of drugs using the Ussing chamber technique. Eur. J. Pharm.
Sci. 2013;48:166-80.

Sdderholm, J.D., Olaison, G., Kald, A., Tagesson, C., and Sjodahl, R. Absorption
profiles for polyethylene glycols after regional jejunal perfusion and oral load in

59



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

healthy humans. Dig. Dis. Sci. 1997;42:853-57.

Fihn, B.M., Sjoqvist, A., and Jodal, M. Permeability of the rat small intestinal
epithelium along the villus-crypt axis: effects of glucose transport.
Gastroenterology 2000;119:1029-36.

Hollander, D. The intestinal permeability barrier: a hypothesis as to its
regulation and involvement in Crohn's disease. Scand. J. Gastroenterol.
1992;27:721-26.

Iwao, T., Kodama, N., Kondo, Y., Kabeya, T., Nakamura, K., Horikawa, T.,
Niwa, T., Kurose, K., and Matsunaga, T. Generation of enterocyte-like cells with
pharmacokinetic functions from human induced pluripotent stem cells using
small-molecule compounds. Drug Metab. Dispos. 2015;43:603-10.

Kodama, N., Iwao, T., Kabeya, T., Horikawa, T., Niwa, T., Kondo, Y., Nakamura,
K., and Matsunaga, T. Inhibition of mitogen-activated protein kinase kinase,
DNA methyltransferase, and transforming growth factor-beta promotes
differentiation of human induced pluripotent stem cells into enterocytes. Drug
Metab. Pharmacokinet. 2016;31:193-200.

Matsson, P., Bergstrom, C.A., Nagahara, N., Tavelin, S., Norinder, U., and
Artursson, P. Exploring the role of different drug transport routes in permeability
screening. J. Med. Chem. 2005;48:604-13.

Guidance for Industry: Waiver of In Vivo Bioavailability and Bioequivalence
Studies for Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System.
http://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugs-gen/documents/d
ocument/ucm070246.pdf.

Amidon, G.L., Lennernas, H., Shah, V.P., and Crison, J.R. A theoretical basis for
a biopharmaceutic drug classification: the correlation of in vitro drug product
dissolution and in vivo bioavailability. Pharm. Res. 1995;12:413-20.

Irvine, J.D., Takahashi, L., Lockhart, K., Cheong, J., Tolan, J.W., Selick, H.E.,
and Grove, J.R. MDCK (Madin-Darby canine kidney) cells: A tool for
membrane permeability screening. J. Pharm. Sci. 1999;88:28-33.

Skolnik, S., Lin, X., Wang, J., Chen, X.H., He, T., and Zhang, B. Towards
prediction of in vivo intestinal absorption using a 96-well Caco-2 assay. J.
Pharm. Sci. 2010;99:3246-65.

Tavelin, S., Taipalensuu, J., Soderberg, L., Morrison, R., Chong, S., and
Artursson, P. Prediction of the oral absorption of low-permeability drugs using
small intestine-like 2/4/A1 cell monolayers. Pharm. Res. 2003;20:397-405.

60



51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Sugano, K., Takata, N., Machida, M., Saitoh, K., and Terada, K. Prediction of
passive intestinal absorption using bio-mimetic artificial membrane permeation
assay and the paracellular pathway model. Int. J. Pharm. 2002;241:241-51.
Klopman, G., Stefan, L.R., and Saiakhov, R.D. ADME evaluation. 2. A
computer model for the prediction of intestinal absorption in humans. Eur. J.
Pharm. Sci. 2002;17:253-63.

Takenaka, T., Harada, N., Kuze, J., Chiba, M., Iwao, T., and Matsunaga, T.
Application of a Human Intestinal Epithelial Cell Monolayer to the Prediction of
Oral Drug Absorption in Humans as a Superior Alternative to the Caco-2 Cell
Monolayer. J. Pharm. Sci. 2016;105:915-24.

Yamashita, S., Furubayashi, T., Kataoka, M., Sakane, T., Sezaki, H., and Tokuda,
H. Optimized conditions for prediction of intestinal drug permeability using
Caco-2 cells. Eur. J. Pharm. Sci. 2000;10:195-204.

Dixit, N.M. and Perelson, A.S. The metabolism, pharmacokinetics and
mechanisms of antiviral activity of ribavirin against hepatitis C virus. Cell. Mol.
Life Sci. 2006;63:832-42.

Varma, M.V., Obach, R.S., Rotter, C., Miller, H.R., Chang, G., Steyn, S.J.,
El-Kattan, A., and Troutman, M.D. Physicochemical space for optimum oral
bioavailability: contribution of human intestinal absorption and first-pass
elimination. J. Med. Chem. 2010;53:1098-108.

Young, J.D., Yao, S.Y., Baldwin, J.M., Cass, C.E., and Baldwin, S.A. The human
concentrative and equilibrative nucleoside transporter families, SLC28 and
SLC29. Mol. Aspects Med. 2013;34:529-47.

Okayama, T., Yoshisue, K., Kuwata, K., Komuro, M., Ohta, S., and Nagayama,
S. Involvement of concentrative nucleoside transporter 1 in intestinal absorption
of trifluorothymidine, a novel antitumor nucleoside, in rats. J. Pharmacol. Exp.
Ther. 2012;340:457-62.

Ishida, K., Fukao, M., Watanabe, H., Taguchi, M., Miyawaki, T., Matsukura, H.,
Uemura, O., Zhang, Z., Unadkat, J.D., and Hashimoto, Y. Effect of Salt Intake
on Bioavailability of Mizoribine in Healthy Japanese Males. Drug Metab.
Pharmacokinet. 2013;28:75-80.

Endres, C.J., Moss, A.M., Govindarajan, R., Choi, D.S., and Unadkat, J.D. The
role of nucleoside transporters in the erythrocyte disposition and oral absorption
of ribavirin in the wild-type and equilibrative nucleoside transporter 1-/- mice. J.
Pharmacol. Exp. Ther. 2009;331:287-96.

Nasrallah, R., Nguyen, T., Kusari, A., Burgee, K., and Gonzalez, R. Human

61



62.

63.

64.

65.

66.

67.

68.

69.

70.

prenatal small intestine cells as a valuable source of stem cells and epithelial
cells: phenotypic and functional characterization. Cell & Tissue Transplantation
& Therapy 2014;6:1.

Houston, J.B. and Carlile, D.J. Prediction of hepatic clearance from microsomes,
hepatocytes, and liver slices. Drug Metab. Rev. 1997;29:891-922.

Iwatsubo, T., Hirota, N., Ooie, T., Suzuki, H., Shimada, N., Chiba, K., Ishizaki,
T., Green, C.E., Tyson, C.A., and Sugiyama, Y. Prediction of in vivo drug
metabolism in the human liver from in vitro metabolism data. Pharmacol. Ther.
1997;73:147-71.

Kato, M., Chiba, K., Hisaka, A., Ishigami, M., Kayama, M., Mizuno, N., Nagata,
Y., Takakuwa, S., Tsukamoto, Y., Ueda, K., Kusuhara, H., Ito, K., and Sugiyama,
Y. The intestinal first-pass metabolism of substrates of CYP3A4 and
P-glycoprotein-quantitative analysis based on information from the literature.
Drug Metab. Pharmacokinet. 2003;18:365-72.

Gertz, M., Houston, J.B., and Galetin, A. Physiologically Based
Pharmacokinetic Modeling of Intestinal First-Pass Metabolism of CYP3A
Substrates with  High Intestinal Extraction. Drug Metab. Dispos.
2011;39:1633-42.

Gertz, M., Harrison, A., Houston, J.B., and Galetin, A. Prediction of human
intestinal first-pass metabolism of 25 CYP3A substrates from in vitro clearance
and permeability data. Drug Metab. Dispos. 2010;38:1147-58.

Cummins, C.L., Jacobsen, W.,  Christians, U., and Benet, L.Z
CYP3A4-transfected Caco-2 cells as a tool for understanding biochemical
absorption barriers: studies with sirolimus and midazolam. J. Pharmacol. Exp.
Ther. 2004;308:143-55.

Wacher, V.J., Wu, C.Y., and Benet, L.Z. Overlapping substrate specificities and
tissue distribution of cytochrome P450 3A and P-glycoprotein: implications for
drug delivery and activity in cancer chemotherapy. Mol. Carcinog.
1995;13:129-34.

Lin, Y.S., Dowling, A.L., Quigley, S.D., Farin, FM., Zhang, J., Lamba, J.,
Schuetz, E.G., and Thummel, K.E. Co-regulation of CYP3A4 and CYP3A5 and
contribution to hepatic and intestinal midazolam metabolism. Mol. Pharmacol.
2002;62:162-72.

Fisher, J.M., Wrighton, S.A., Calamia, J.C., Shen, D.D., Kunze, K.L., and
Thummel, K.E. Midazolam metabolism by modified Caco-2 monolayers: effects
of extracellular protein binding. J. Pharmacol. Exp. Ther. 1999;289:1143-50.

62



71.

Cummins, C.L., Mangravite, L.M., and Benet, L.Z. Characterizing the
expression of CYP3A4 and efflux transporters (P-gp, MRP1, and MRP2) in
CYP3A4-transfected Caco-2 cells after induction with sodium butyrate and the
phorbol ester  12-O-tetradecanoylphorbol-13-acetate. Pharm. Res.
2001;18:1102-9.

63



