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3’UTR: 3’ untranslated region

ABC: ATP binding cassette

ABC: ATP binding cassette

Ago2: Argonaute 2

AIC: Akaike's information criterion

AJ: Apple juice

APNP: Apple-derived nanoparticle

AUC: Area under the plasma curve

BCRP: Breast cancer resistance protein

BSP: Bromosulphophthalein

cRNA: Complementary RNA

CYP: Cytochrome P450

DEPC: Diethylpyrocarbonate

DHEAS: Dehydroepiandrosterone sulfate

DNA: Deoxyribonucleic acid

E,3S: Estrone-3-sulfate

FBS: Fetal bovine serum

FJ: Fruit juice

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
GFJ: Grapefruit juice

HEN1: Hua enhancer 1

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HMG-CoA: Hydroxymethylglutaryl-CoA

HPLC: High performance liquid chromatography
HRPT: Hypoxanthine-guanine phosphoribosyltransferase
Ku: Michaelis Menten constant

MBI: Mechanism-based inhibition

MBS: Modified Barth’s solution

MBS: Multiple Binding Sites

MDR: Multidrug resistance

MES: 2-morpholinoethanesulfonic acid, monohydrate



miRNA: microRNA

mRNA: Messenger RNA

NP: Nanoparticle

OATP: Organic anion transporting polypeptide
OJ: Orange juice

PBS: Phosphate buffered saline

P-gp: P-glycoprotein

PCR: Polymerase chain reaction

PEPT: Oligopeptide transporter

PGE,: Prostaglandin E,

gRT-PCR: Quantitative RT-PCR

RISC: RNA-induced silencing complex

RNA: Ribonucleic acid

S.D.: Standard deviation

S.E.M.: Standard error of mean

RT-PCR: Reverse transcription polymerase chain reaction
SDS: Sodium dodecyl sulfate

SLC: Solute carrier

SNP: Single nucleotide polymorphism

TRBP: tar-RNA-binding protein

Vimax: Maximum velocity
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KEHRL L COEHDIE» IS M AR 2 AR L =@M 2 5 7-bi T
W 323, AEFIBEREIC O W T RFAIRIL 2 A © 7 L RN G E 0% v, T2, B
WA EHHAINBGED L EMEINS 2, HAFERICOVTOERD Z L v, B
IC X 2ERIZ 2T IC DS, b BT A ERE IR S 2 b 1. 2 ofEH
BREVEEZ LN, NGO ERTER KT 2 ML REY LR OEOTIN 7 &
CICHEMAL Y OERINZIH S . 2 D70, BHEEDIC X > TMNE_ERAIEOBEAE 2
H X 2 HEME IR 40 1c#E 2 &, Bih S NE BRI o BEREFR AT 1< JUE IR
TneEZLND,

KEBEVILHEYICED ST, MWLERINC B WM BRI E ERE E LT, M
N % JE 3 2 MR R . BEAIA R LA R & A L 7RI IR, & 5 v (3 s
RICHBEI NS, Ek R EREERN ALY OER IS Jix v 0B TH 2, i
ERRKE S CEEICOESI A TE Y, —213 ATP DAk RO =4+ ¥ —%FIH L
TEY) &M M HEH 3 2 — X MReEhEEET o ATP binding cassette (ABC) iR T
HY. b DFMEELEE D 5 o IiF R REENEEET T H % solute carrier (SLC) i
FEERTH 5, Lo X5 ICHLENICIEEREO BRSBTS 5720, HLE 1K
MO XA ICEREERL T, 200 OEHEE %5 X I rIREE L F R T 2 LE L B
%, WLEMMcoOEY L REY) L OHAERICOWTE, 71—V Y2 —Z (fruit
juice: F) R 8% D i icie A L ZHEERAARER S hTw 3 (1, 2], hTd 7L —7
T N—Y ¥ 2 —R (grapefruit juice: GF]) 3%  DEY)OIBRNENEZ LB X5 2 &7
Wi TN TH 0 [3], HLEMRRIC IR 2 RYCHEEE CYP3A4 icxtd 2 HEERM %
AT2CLbERET L. TOFEIIKRE W, F] 28 Lot iliE% k2 HE T 28
G FEEY) OWINIE D BRI S Y Ef R RE (bioavailability: BA) D% 5] &
fod, /2, 20 XS Ak b oAU 238Y-F] MMEAERICREEREL, 20
HETHERECT 2L dAONT WD, HlZIFP-gp B E LTHIONS BRANK
HEWTEE talinolol 13 GFJ & offHIRFICIZ 7 v F CIRIMFEFRED LA, v P CIMETT
2L WHTEEND L[4,5], 2 OMAFEAOEZICH L Tid, GFJ D E R4 naringin
D P-gp iC0f 3 2 HEEMICHEEXRH D . Tl 2 LEERD GF] FiRE Tl e b
P-gp Z[HEL 2w & CHAI LT 2[6], —/7. & P TRINME N3 2 — K12k
AR DB G 23% 2 b, MIFRETlE, T X 5 2RI < fnkikicE H L 7=
e %D T 5 LA EO T3 1 LB LA I L CEREL T H % Eieh



DHEF K TR & Ek o6 3 2 FHE SRR (ICs) 2 B ic, FRIKIC B 2 HAEH D] RE
WEEFERL D, ZNIE, F] L% ORG BSEEEE IS L OGRS ic X 0 F
FAILTWR LHEELTWE720TH D,

LLEofER oftic, MFgeE < id, /M bR RR -3 S B A3 AL & ., /NI
W5 RN~ OIE OB Y IARICEF 535 OATP2BL o3 2 BEAICDO W
T % T o CT& 72, BIEE CTICHIAE(LAEP L LT E3S & DHEAS, #¥j& LT
HMG-CoA RIUIFHHFIECH e A2 I VvEREREH L L TiEINTWE[7], Th
¥ T, OATP2B1 RI7T 7V Hh Y 2 H = VIREEIIAE (Xenopus oocyte) % V> 72 #5T C,
F] & % i F] o5y 2 OATP2Bl OnEiGEX K T2 2 2R L TE 0, HE
TEH OB & L CHam R RRHE CmZ ., FilEEFHOFEE2 "B L T\ 5,
bbb, FJ % OATP2B1 % oocyte IC—ERHIIGETE L 7256, Z0% F] ZFRELC
b OATP2B1 & DK T3 Fifi 32 C & 2 L T3 ([8], D X 5 ZaFEfehidE (K
Tix GF] TiREEINT. Ty Irya—RADSAL v Y2 —2(O)) Ik R T
HprTlho, FRHEL IR 2BHEZEL T2 EEX LN, T ORMRMNRIGHE
T2 in vivo THEL 354, F] £7203 F] PERB 2L E B CFEL awn
Gl B v Th OATP2B1 Z 4 L 72 YW AME T LT 2 alREMEAZ Z b5, &
D & i, HEFEFEOEEMEICH I 2 HERES L I 2 56, HEEOEREMLIC S
2R L FRORE A BT 2 BT, 2 o FHEE A FHIICHIAT 2 C L EE T
Hb, TEUMREICENTDH in vitro REEE X O in vivo HBRIC X v, OATP2B1 ©
c.1457C>T o ZHE (OATP2B1*3/SLCO2B1c.1457C > T)IC X - T fexofenadine DIfil
HEEMET LA 2RT e bz, A] OHFHIC X - T b FBkD I KT 238
HINEZEEHELTWS[9,10], LA L. OATP2B1 b <34¥)-F] BItHEAEH 234
U 25AI1CE F I X o CTREEY ORIIT I T 32 2 LA FHEIN DA, KR
CIIMHAFR OREIZFEYNIC X Y KECERB([11], 2ofle LT, BRES R TR FJ
IZ & 0 fexofenadine T3 AUC 2K T 3% — /5 C.pravastatin Tl AUC 23Z1L L 72\,
ZOJEKRE LT, OATP2B1 ic 9 2 FHEED * 4 7 4 v 7 T 5 & | FJ /EZ k0 5
7 5 @B oG AL (Multiple Binding Sites: MBS) DFTEDSIRIBEI T 3
(Figure 1-1)[12], Z®7z%, OATP2B1 3HE K % DREDEWNIT X - THESRED
TER AR 2720, BEERICSHMERAA U 2 Het2AH 3,
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Figure 1-1 Possible model of multiple binding site on OATP2B1.

¥ 7. OATP2BI1 I HMG-CoA EItEERHEAIS talinolol 5D B ZAMEMNTHE,
fexofenadine ® X 5 7x Hi-fEHI3E SRR 2 HE L L T 2 [13]. 2 D79,
AR U 72 LB A 5L D X 5 Ttk (R R O it 14 BB OB PP i 72 1 < it
7l HMBRERNT L LTOERICH DR S, HYBEOLH % b 72 &b 3 Y M A
PEFNG O S8 — R bR AL . ESE S OB IEE A ICBI L Tl 2 RERFTH 2
3, Wk R MBI X 2 BB OZLE 2RI T 5 2 LT EERICE o THIER
HRELTIRAONDED TR AWPEEZT, ZD®, INE TYUPFRETIZ, B
i X BN EEREARETOFAEIC O WTHFE L T& . £ D —fil& LT, SN-38 DiHfL
EHBNEITICBES 3% OATP2B1 % A] TRHET % 2 L ic X - T, SN-38 @Ml 1L
EREE DRI X N3 Al REME AR LT\ 5 [14], SN-38 3HIBAIHA V) 2 7 7 VIR
(CPT-11) oiEHRH#YI < H v | HILERE CH 2RO THI & BB 13 2 R
HFICED b TW 513 ERIFRAZMEL 7 o T 5 [15, 16], HLERE X, SN-38
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DRFREN© 7 v 7 b v g & 2T 72, BT ERIC X o THLEERENICEIT L.
15 NAH R ER oK D B -glucuronidase (€ & o Tlifd & % 317 72 SN-38 23 IHALE Rl % {55
TR ETRIETEEEZLNT W3S, SN-38 D LEREDHIEE L L <. BN
HM L LPHEOMHP, BilaaHEZ HIE LA PEEOGSHEHR S L
T%72[17, 18], PiBAFIDEIERIED 720 D X & 72 3 HWY 513 E D QOL K F
ZHL 20, BRSO EES & FRRICHIA AR OEIEREREICT 53 5 % 613, &
T RN ZIHC X 202 S 5, Z D70, Y-S EEH O [k o
Hix o, PIBAFORIWERRLED X 5 ICHIERFBRLERY 5 5 2 L h b, HLEHK
xS 2 B ERET O fEIIZ, HENTAEREZMA T 2EZbND,

DL b INGEEARC BT T BERIC O W TR 728, s idnwind HBaflE%
BEL W5, BAHEMUNOBT & L TlE, St John's wort H1IC & F 415 hyperforin
I X % P-gp ORBEFELME TN TV B 2[19], wIFd BRHRPICETN KD T
SRREESTH Y. BEIERAOH 72 = JRER B CERRT OBERICIIE > T ialy,
IR FIC 2 T 2 v N VR KBREDO &I T EE T 525, HILEE
JPEN pH SefF LI LIRS IC X 2 REMEDOMER L. @ TR X 2 REEEED 72 ©
B TR DESN RERIZERB S L Tw vy, 2RICH LIEE, KO 7Ea T2 M
w337 k1 (NP) BRYCEFZHICHEES 5 2 &y T 5(20, 21], NP
IRERE TR S Nz Ry 7 VG C©H D IR S L2 o b B i sk NP 23
HICERRBE IS EST 2 2 EAME I N TV 5([20], BEHEENP I, =27V Y — AL
BICNEO X » VT e LTHRET 2 L E 2 bNTE Y NEYOMBITICES T 2
ATREME DS H 5, F 7. WLEBEHENERE D O NEVIBREI N TV 5720, ZEHDN
EyRAENE, UEX Y, BRHENPICEHT 3 2 & C, BAIDESFED I X 3
BAMHE TR R . 2L ERRFOMIIC S 232 LffI g, I oI, M
VIR NP otz d 52 Z &b, b MIHLERREIC KIS HERE D TR Ic X 3
SR A AL 0F F o0 WTRETE 12 BBR R < | /NISHE RIS 0 3 2 B E O 7= el % 1218
T& %D LFFTE % (Figure 1-2),
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Figure 1-2 Possible mechanism of food effect for intestinal transporter.

AIFZE TR, NGRS IC KIE T B o R ol % Hig L. OATP2B1 i
N3 5 EmEH ORBEER ZFIHT 2 2 L 2 HIW L L T, OAPT2B1 D FEAERTMi % 1T -
oo HBETIE, BWMFHORZMZ AL T 2, WXKOREEZI O 2ICT 2720
OATP2B1 #i& [ ic MBS 2MFHET b %Ak 3 5 72®, OATP2Bl #3567 X/
W HSHRHRIG PRI PSSR B 2 ST L 72, FEREAEALICBAG L S 2 7 1 IREICEH
L. OATP2B1 © 7 3 / B Bik% Fv» T, OATP2B1 2B OikiEED F 4 7 4 v 7
fiat PR E S M DRI IC X - T, FREEOREERMAGEALICOWTEEL 72, KED
fEF L 0. Ei3SIcx LT low affinity site X UF high affinity site @ 7z 2 FE S SEBL
DMFAE L. pravastatin, rosuvastatin, sulfasalazine DFEAENAL L Ei3S affinity site & UT
WHFRZR L2 L2 b, RIUHMETMZN L ClnXE I T b a[REtks d 5 —77 T,
fexofenadine 2 U* PGE, DG GHRALIE Ei3S & 13 & 2 5GHNM TH 5 LH#EH X 7z,
L 72235 T, OATP2B1 L OEBEE AT O /e B EH o BB 55 2 K+
THLZEBHL LR o7z, H_BETHMALLHEFMNIITNOESTHITH Y,
INETHEERIC TS RAERA B AHE PP RRBEOX %Klofﬁﬁéﬂfm

205, BT OESFHRSTORBHAINTE 2, Lo T, B8R R
7



s DOBER % HIIC, @2 NE T 2 BiHk NP 23Xk o bRe % SR 3 2 2> & WGk
L7ze DA Z25EULL 72 APNP [H5323, Caco-2 Mifidic I 3 #iikikd mRNA F
HEDKTEZ/RL7Z, 512, OATP2Bl icxf L CTld, & v 87 EFEEE KO E3S B
DIAKLBDWA DO, REREIICE CERL Y 2 28 2 AL 72, B8R,
APNP 2/ L =NEYTH b mn TR BIRE & 7o T b L F 2, HUETIE, JHR
B4y DEGE & VERBET OffiH % B & L7z, APNP 25 OATP2B1 3'UTR %/ L THH
K F%2/R3Z &2 5, microRNA(miRNA) % JRIRRSr & #EH] L OATP2B1 o F3RHilfl
B854 % apple miRNA DOREZHIGL 72, % DHfEHE. FE D apple miRNA 23
OATP2B1 o FIRHIMNICREE § 2 2 L 2R 41, APNP %41 L 7z apple miRNA 73 ii%
ROFBHANCFHES LT3 R S Nz,

AW X Y. OATP2B1 kic MBS OFFEHR & 41, EEAR DS S 23 B IEH O
BEZEICEEGT 2/l 2 2o, BRMMEFAOREB 2GS 2R CH 2 Het»
Hiizic R I N7z, 72 kiR Ic 3 2 S EH O FHER BT & L <, BdhHsk NP
%L 72 miRNA OBG2300 6 5 & e o 72, Zhid, WWHEES T2 bBETFIE
M B 5.3 2 BRI AN O 2 3R 3 2 /5 R T b . BmIERBR 7 ot
RERRT LR TH 5, 5tk BRI S S E MBI FUE 3 & A o FHlli<.
NP 12 & £ 5 miRNA DO @531 o OBEFRIC X o T REERILICEE D w72 el
IC X BT PEFBEICICHI NS 2 3 ifF I L2,
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Figure 1-3 Possible mechanism for diversity of food effect.



TE 7 3I/BEREICERL T OATP2BI iIZ¥51) 3 Multiple Binding Sites D SZ3E

OATP2B1 (M L b BNl B F6 B 3~ 2 kA< b v . HH 2 ML EE R D
LN ~DE Y IARICEHFE T2 EE2ZLNT 5, L2 L, b+ ZEEHEC Caco-2
i & v o3 7 FHBRTE® OATP2B1 JHHE OFEERR O fE 52> & OATP2B1 D FIRJFTE
IEEIREMCH % & FRT 23D H Y [22]. YO HAERINLIEY)-FI MHAMEH
17 % OATP2Bl OFHICDOWTHEEEN 2 RTd H 5, BEE CicNRM L&Y E LT
Ei3S % DHEAS. ##1& L Tl HMG-CoA RITEEFEHEH CH i v A & I v¥Ep &HRE
ELTHE SN TW3[7], OATP2B1 @ SNP %2 F[H L 7z in vitro #Bfi 3 X OE PR ER 2>
5. OATP2B1 DYV DHLEWIN~DBIG2RB XN T W5, SiFFEE T, in vitro
AERIC B 5 OATP2B1*3 OFHIC X % OATP2B1 OWEMEET [9]. & S icid, FRARHER
IZ 3B % OATP2B1 DILE 3EY) fexofenadine ® AUC 28 AJ HFFH T CHEZFICK T LA &
ZRLTED [10]. YD HLER~D OATP2B]1 D5 % 218 L T\» 3, Fexofenadine
DA oY) D HHl & LT, celiprolol %° montelukast (3> TH, OATP2B1 @ single
nucleotide polymorphism (SNP)% H 3 % t b TIMHIRE D % 3 AUC DK T 2T N
THY[23, 24]. FEYDOMLEWIN~D OATP2B1 DG AMEIC R Y 22 H B, —T7.
fexofenadine |% FJ O RIFHEHUIC X © AUC 23K T3 3 [10, 25]. In vitro iBRIC B\ T
FJ 7% OATP2B1 DGR T 2" 2 & 2 F[EJ 5 & [8, 10]. FJ T X % fexofenadine DK
KT i1 OATP2B1 OHtGHELR—HTH B L FEZ b D,

L2L., HizkL 7 FJ HYRIL DK T 1Z, 4T D OATP2B1 HE #HW) <t
BT N BRTIE R, FY-FI BIMHAER o ¢ BREEICE T 5 GFI DfEH]
ICE H 3 % & fexofenadine, celiprolol IZBE & 37, aliskiren < talinolol IZ2\>C % [FIERIC,
GFJ fFHIRFIC B W T Coae & AUC DB E R T 2GS LT 5[4, 26, — /7. [FERIC
OATP2B1 #E CT&H U 7223 &, pravastatin <° glibenclamide 12> Tlt, GFJ] OffH FicH
WTEZNZEIN Coax & AUC ICHE 2213389 51327, 28] GFJ & OATP2B1 @ HEHE 32
VI O EAF N I3 ER A EDBFTET 5. GFIEF @ OATP2B1 BLEKIE M IC DWW T
FEAITIIIA S 2210 78 o Td W a0 03, BF9eE < ld, HE R < GFI AR %R
5JRKA & LT, OATP2B1 [T FJ EZ WD H7e 52 MBS DFEEZIRIB L T 5[12], NIA
HAL AV Y OWRINZH 5 OATP2BI I35 \> T, MBS OIFE IR BMIEH ORI
TERFLFEZOND 2D FEYPIS NRMALEY O FHPRINIC 351 2 EFE D HERE D
7291 H MBS DIFEXIAMEIC T 2 B ERH 5, T, EYGRIC, RNELBHEHIR
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X 2HFED QOL K FDEREICO72235 Z & A5, OATP2B b B & HE A 1o 4
5 EE 2 BHEICEHIE S 2 2 &I A lEHE =5, L2 L, OATP2B1 Ld MBS @
T7EIX. OATP2B1 %A L 72 &BHHED ¥ 4 7 4 v 7 LBk FE D b ORI
RonTns
BIE. OATP2B1 £ MBS I 2 Tld, E;3S Dfiiiik i 2\ T FHEFEASZ 1 S OF pH &
ZWED R 5 Z &b, Bi3S IO L C Rt o IWE R GEAL (Bi3S high affinity site)
T OB M 0 BB A &350 L (Ei3S low affinity site) DIFEZRE L T\W3[12], % 7=,
progesterone (% OATP2B1 % /i L 7z E|3S <> DHEAS D#ikiEth % L7 X & 2 gl & L
Tf# < 23, Bromosulphophthalein (BSP)+ atorvastatin. glibenclamide | X3~ % Bk 4
CIZFZEED 75 < | progesterone JEZZ 1 D 7z 2 FUEAE AT O FEAEREEE T LTV 5[29],
IO OMEEIZ 2T, BEERRESEREE S 2 WITHEEIREIC X > TRRZ A2
MBS DFEZRE LT3, —J7 P-gp ICBWTIE, it Ok lik it ofifhric X 3
TR IC AN Z.[30]. photo affinity labeling 1C & Y DV 7 v FEAEALFEEZ RE T 5
Z L %[31]. site-directed mutagenesis IC & U Bik{k LR 2 (ED T I/ B HE HinX
WCHER 52352 B220bFInTnws, 5, WL OATP & FHTH 3
OATPIB1 % OATPIB3 DWW Cld, EARREICN T2 7 I/ BRIRE D& T T
TW3Z L 6[33, 34, TNLEEAORE LICE T AN THS
oxmml@%*?%ﬁﬁ%%#é?i/@%g@ﬁﬁabf 9 FBHKW 10 FHDJE
HE A4 v oMy — TICHFFES 5 C498 & C557 DT 7 = v A BYKRIX(Figure 2-
1D(MWB1% L 72 E\3S OnEiEE# KT X2 2 MEDH 5[35], £72. e AF Y
v R FRRIICERT3 5 diethylpyrocarbonate (DEPC) ¥NANIKEIC Ei3S Wik 238435 2 &
°[36]. OATP2B1 D {AH#E D Filll A & H579 O FE ik~ DGR I N Tw5 Z
L5 h ., OATP2Bl OREELRXICHE VT R F Y V5T 2 A[REERE W EE 2 b
N3, —JiT, R607T DT 7 = vERKIX E3S Okt % BHEICK T X2 2ME21H
D37 e RAFY v ERIBRICHIBEICT 2 7 EE2F T 28EEET I 7B TH D, OATP2BI
D Ei3S ik pH KEFWHICEG L CwdoTlranwreEz2onD, BLEXD,
OATP2B1 %Y 3 57 I / BEOMEZIIC X 5 E3S kGt 0 &L 82 &, OATP2BI
DALARRGE T O FEAE TR OHEM A VIRE L 72 5, Z D72, OATP2B1 D Z{AHH#iE
LicsiF 5 MBS OFEGEIC X - T, TPl 13 B ETA0RR M2 S HAEFERO
THNCIGHTE 3 LHARFTE 3, L7225> T, OATP2BI1 D E,3S Dkt it+2 7
I BRI OFE D b OATP2B1 L ® E3S high affinity site & E;3S high affinity site ®
FlEZ K VIAMEICOR T LR TE 5,7 T T NOME D OATP2BI A & L TE3S
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AL CE Y., hoiE{LEYITN T 2 5220355l & LT\ 7avy, OATP2B1 D RE
ko4 2 B ER I EREFENE 2R+ 2 L 25, OATP2B1 HEMIC BT 254
A7 DRERME % 23 2 2 & T, BRI IS T EMER O LD —K & 7 % Al RENEAS
H 5,

X o &
sl 5D

Figure 2-2-1 Predicted 12 Transmembrane Domain Model of OATP2B1
Predicted 12 transmembrane domain model of OATP2B1 was made using TopPred2

(http://mobyle.pasteur.fr/cgi-bin/portal.p).

% T, ¥ FE T3 OATP2BI kic MBS OfFfE#EMNIF 2 2 L #HE Lz, $7.

TR C/RE X 1T\ B E;3S high affinity site & E;3S low affinity site D fE7E % BAMEIC 35
7e®. B3S Wk ICHz & 2 7 3 7 RIREE D % BT, Ei3S high affinity site & E;3S low
affinity site ICB5.-3° 2 7 I / DR % 1T o 7z, Diethylpyrocarbonate( DEPC)IC X % E;3S
EDET 20, e AFVVRERENDOA IX Y —AEOFERKEVWEEZ, 4 14
—VEZT I VEICEBL 202 I v ~OERERERT 3 & & Lz, 72, R607
DT T = v EERRD E3S fk 2 BHE KT ¢ 5 2 L2537, OATP2B1 Eo4gt 2
FYv 6L 607 HEHDOT V¥ = v DEREZIER L | E3S WO ZE) 5> 5 E3S
high affinity site & Ei3S low affinity site ICBAG- 3§ 2 MMl 7 I 7Bz Ligh 2z & e L
72o #E\>T, E;3S high affinity site & E;3S low affinity site D f74E &2 E41 ) % 729, Ei3S
high affinity site & E;3S low affinity site ICB5-3 2 &7 I/ BOLEEKEZ 72 F 4 7
4 v 7 fENT. B XU OATP2B1 FHEAI IR EA D IEZ %2 Gl L 72, #it\v T, ftho
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OATP2BI1 FEE & AERAZ & E i3S high affinity site S OF E;3S low affinity site & @ BRI % 7R
F 728 Ei3S high affinity site 2 O* E13S low affinity site ICBH5-3 % 7 I / A RKICE
F 2 AIE Y O 28 B) O, BHE AR A 0 RS2 % BT L 72
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B KRBT
2-2-1 AX

Estrone sulfate ammonium salt [6,7-°H(N)]-: [°’H] E;3S (1687.2 GBg/mmol) (% PerkinElmer
Life and Analytical Sciences (MA, USA) & Y liE A L 7z, Prostaglandin E; [5, 6, 8, 11, 12, 14,
15-*H(N)] (6660 GBg/mmol) (% ParkinElmer Life and Analytical Sciences (MA, USA) X Y i
A L7, Pravastatin sodium 13/MRET.(BK) (Fukui, Japan) 1CF2fE L CTHW 72, fh k3
X% 1LZ 11 Sigma-Aldrich (MO, USA). Wako Pure Chemical (Osaka, Japan). Invitrogen Life
Technologies (MD, USA). Kanto Chemicals (Tokyo, Japan)3 X UF Nacalai tesque (Kyoto,
Japan) X W B AL 72,

2-2-2 EREY
T7YVAhYRAHFTTNE, Hb—SHAH 2 (Chiba,Japan) L VEEA L 72, EIOELY
WRUHEE X, SIORFEYERSIE (5F 833 9) Icito 7z,

2-2-3 OATP2Bl B XF I VRUTA¥ = vERKRKEYJ X I F DNA OfEH

OATP2B1 @ ¢DNA % #%& L. QuickChange II Site-Directed Mutagenesis Kit (Agilent
Technology) XU, ERAF Y VR IFALXIVIC, TAXF=VET 7= VICERXE LT
7 4 ~—%F\(Table 2-2-1), BEZEAL /=, BEEADEMIF, BVEVERIGO5 °C,
30sec). 7 =— 1 v ZRIEGG5°C. 1 min), fRKIG68°C. 10min) % 15 %4 7 {75
7o HWOZEEPEAINT VWS I % DNA ¥ — 2 T V% — (ABI PRISM TM 310
Genetic Analyzer, Applied Biosystems) (C X D ffEi2 L 72, DNA ¥ — 27 = v R (L BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) % {#if L 7z, HBIEALLASfDZE
Rz, ZEE AT % HIREEZE I X Y UIWi#:. wizard SV Gel and PCR Clean-up
System (Promega) % I\ >C DNA Wil ZF88 L 7, = . #4EAID OATP2B1 cDNA I
B AR 1< il RSB LR % 17 > € DNA WiH %53 L. T4 DNA ligase (Takara Bio) % i\
T2 7% & DNA Wi & ligation S 21T - 72,

Table 2-2-1 Primer sequences for Site-Directed Mutagenesis

Primer Sequence (5’ to 3°)
sense CGGCCAAGTGTGTTCCAAAACATCAAGCTGTTCG
antisense = CGAACAGCTTGATGTTTTGGAACACACTTGGCCG

H46Q
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sense GTTCGTTCTGTGCCAGAGCCTGCTGCAGCTG

H35Q antisense CAGCTGCAGCAGGCTCTGGCACAGAACGAAC
H113Q sense TTGGCAGCCGGGTGCAACGACCCCGAATGATTG
antisense CAATCATTCGGGGTCGTTGCACCCGGCTGCCAA
H1360 sc.anse CATGACTCTCCCGCAGTTCATCTCGGAGCC
antisense ~GGCTCCGAGATGAACTGCGGGAGAGTCATG
H1850 sense CACAGAAACCCAGCAGCTGAGTGTGGTGGG
antisense CCCACCACACTCAGCTGCTGGGTTTCTGTG
H219Q sc.anse CGATGACTTTGCCCAAAACAGCAACTCGCCCC
antisense GGGGCGAGTTGCTGTTTTGGGCAAAGTCATCG
H370Q sense CTGCAGACCCTACGCCAGCCCATCTTCCTG
antisense  CAGGAAGATGGGCTGGCGTAGGGTCTGCAG
H436Q sense GGTCAAGCGGCTCCAACTGGGCCCTGTGGG
antisense CCCACAGGGCCCAGTTGGAGCCGCTTGACC
H468Q sense GGCTGCTCCAGCCAGCAGATTGCGGGCATC
antisense GATGCCCGCAATCTGCTGGCTGGAGCAGCC
H475Q sense GCGGGCATCACACAGCAGACCAGTGCCCAC
antisense GTGGGCACTGGTCTGCTGTGTGATGCCCGC
H480Q sense CAGACCAGTGCCCAGCCTGGGCTGGAGCTG
antisense CAGCTCCAGCCCAGGCTGGGCACTGGTCTG
H517Q sense CATCACACCCTGCCAGGCAGGCTGCTCAAG
antisense CTTGAGCAGCCTGCCTGGCAGGGTGTGATG
H559Q sense CTCAACGTGCAGCCAGCTGGTGGTGCCCTTC
antisense GAAGGGCACCACCAGCTGGCTGCACGTTGAG
H579Q sense GCCTGTCTCACCCAGACACCCTCCTTCATG
antisense CATGAAGGAGGGTGTCTGGGTGAGACAGGC
H618Q sense CAGCCCCGTGATCCAGGGCAGCGCCATCG
antisense CGATGGCGCTGCCCTGGATCACGGGGCTG
H628Q sense CACCACCTGTGTGCAGTGGGCCCTGAGCTG
antisense CAGCTCAGGGCCCACTGCACACAGGTGGTG
RE0TA sense CCAGTTCATGTTCCTGGCGATTTTGGCCTGGATGC

antisense GCATCCAGGCCAAAATCGCCAGGAACATGAACTGG

Table 2-2-2 Primer sequences for DNA sequencing

Primer Sequence (5’ to 3°)

Seq primer 1 ACGCTCAACTTTGGCAGA
Seq primer 1.5 TCCAGGTGTGTTTCTGTG
Seq primer 2 GAGCTCCATCTCCACAG
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Seq primer 2.25 CAGCATCTGAGTGTGGTG

Seq primer 2.5 GCACCAAACCTGACTGTG
Seq primer 3 CATCTTCCTGCTGGTGG
Seq primer 4 GGCAGCCGATGAGCAGG
Seq primer 4.25 CTTTGCCTGCTGGGGATG
Seq primer 4.5 GTGGAATACATCACACCC
Seq primer 5 GCTGCCTCAGGACAGCC

2-2-4 _OATP2B1 cRNA &)

OATP2B1 @ cRNA &K % Zh3RINICIT 5 72 » ., 3> Kinflll % Hil RIS Nhe I CHLEE L EHH
R L72(37°C. 3-6 Fffil), OATP2B1 @ 5 KImfAlECH i B2 72 T7 RNA polymerase 1C
£ % cRNA AT Capping (. mCAP mRNA capping mMESSAGE mMACHINE Kit
(Ambion) %\ TiT»> 72, #7% DNA %[k < 729 1T DNase I LEE(37°C, 15 /)% 1T\,
phenol-chloroform-isoamylalcohol % U* chloroform i€ & 2 RNA flitif%. isopropanol & Uf
ammonium acetate % fIll 2. &0 IC X Wk & LT RNA Z R L 7z, 70% ethanol CTHEiF
. DNase/RNase-free water Ciaf# L 7=,

2-2-5  Oocyte DB R U cRNA DHFEA

T 7YY AN TN (Xenopus laevis) D TIEEZ FIE L T oocyte ZHX D HiL., ¥ v
v F TR Lad b OR2 buffer T 10 [FIFEH L 7z, %> T, 2 mg/mL collagenase A (Wako
Pure Chemical Industries) /A% 10mL HiC oocyte % fll . #&° 2 ICHEERIP & 272235 )
JO X B 72 (20-25 43, Ei). KISk, OR2 buffer T 10 [H[PEH L% MBS buffer T 5 [HIYE
3 % Z & T MBS buffer ICE L 7z, Oocyte % defolliculation buffer H1I1CF% L, BAMEH
Torvvey FxHOTEIEREZRV 72, Z D%, oocyte % gentamicin 50 pg/mL % & ¢5
MBS buffer ¢, 18°COEIRIEP THHE L 7z, cRNA AR IE 65°CT 5 7 HIEETE S &
Tete, ~A 7w vy Z—HClElE%ZFRZE L 72 oocyte IC cRNA % 50 nL 3
DF A L. gentamicin 50 pg/mL % & 8 MBS buffer 1 C, 18°COEFE N ICHHE L 7=,
FHE T3 1 HIC 2 [8] MBS buffer 2281, cRNA {EAD 5 3 HERICHY A RGAERICH
Wiz, XTHEE L C water % 50 nL 7 A L 7z oocyte & F > 7z,
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OR?2 buffer

Nacl 100 mM
MgCl, 1.0 mM
KCl 2.0 mM
HEPES 5.0 mM

adjusted to pH 7.4 with NaOH

MBS (modified Barth’s solution) buffer

NaCl 88 mM
KCl 1.0 mM
Ca(NO:3), 0.33 mM
CaCl, 0.41 mM
MgSO4 0.82 mM
NaHCOs 2.4 mM
HEPES (pH7.4) or MES (pH6.5) 10 mM

adjusted to pH7.4 or 6.5 with NaOH or HCI

Defolliculation buffer

NaCl 110 mM
EDTA 1.0 mM
HEPES 10 mM

adjusted to pH 7.4 with NaOH

2-2-7  Qocyte Z A\ 72 [*H| E13S XU *H] PGE; DE Y 3A 2Bk

cRNA £ A% 3 HIE55# L 72 oocyte ZidBRICH W 72, HL YD A BGRAER 1T 25°CICRXE L
72K BT - 72 . %At &Y % MBS buffer (pH 6.5)ICIAfi# X & [ R IC /K % F v T 25°C
DIERE LTz, & 55 L. 24 well plate 1iC 500 uL © MBS buffer (pH 6.5) % Iz, %
DHIC oocyte & AT 4RFED & FHELEY Z &L 500 uL DIEIR L iEfad 5 2 L TR
J& % BRtE U 7z o WVEHIREERIE @ 72 12 FAARIEIC FIE 20 uL Z 8RN L 72, —E IR,

17



JK#r L 72 MBS buffer C 3 [BI3E# L CTHU Y IAA G &5 1E & & 72, KISE 1R, oocyte %
HELHPICT 1.5mL F 2 — 71 L. 5% sodium dodecyl sulfate THIA(L L 7274, Clearsol-1
(Nacalai tesque) il 2. iKY v FL—v avhv v Z— (Aloka) CTHENEMEZ HIE L
7z

2-2-8 Oocyte %\ >7- fexofenadine, pravastatin, rosuvastatin X {f sulfasalazine ® HX
D A BB

cRNA 7EATR 3 HREESE L 7 oocyte ZilBRICEEM L 7z, HXU D A B3 ERIT 25°CICEXIE
L7k ETfro 72, &{L&Y % MBS buffer (pH6.5)ICIAMRE X ¢, FIRIC/KIBZ AT
25°COIEM L LTz & 55 L, 24 well plate 11T 500 uL @ MBS buffer (pH6.5) % il %
Z DHIT oocyte  ANTZIRRED &, 500 pL DY % EHAR L G+ 2 2 L THRIGE
kG L 720 WIHHRESHNE O 721, FMRERIC R3S % 20 L 8EHLL 72, — @R, K
# L 72 MBS buffer T 3 [BI%EH L TV IAR IS ZIFIEE 72, KIGFEIEZ, oocyte %
LT 1S5 mL F2—7IcB L, EOF 2— T HNOWEKREZ L~y P TR, KinL
7z methanol : 7K =7:3 ICFHEL L 727894 500 pL Z .00 F = — 7 NICHI 2 B85 K T oocyte
% 1 (M8808: Wakenyaku Co., Ltd.) L. 15000 rpm, 15 min, 4°C Ci.[» L 7z(CF15RX:
Hitachi Koki Co., Ltd.)e % D&, i 400 uL ##17- im0 F = — 7B L, — AL
JEAfE > A 7 s (Savant Speed Vac SPD 2010, Thermo.) % W TR 2 Z&F 3 &, HLEW
DOEENE CHRAM L LC-MS/MS FIHIIERRL & L 72,

2-2-9 LC-MS/MS EB&H

< fexofenadine >
LC condition
HPLC System: LC-20AD (Shimadzu, Kyoto, Japan)
Column: Mercury MS (10%4.0 mm, Luna Sum C18, Phenomenex, Torrance, CA)
Mobile Phase: (A) 0.1% formic acid, (B) acetonitrile
Gradient Program: (B) 5% (0 min) — (B) 5% (1.25 min) — (B) 95% (2.25 min) — (B) 95%
(4.35 min) — (B) 5% (4.51 min) — Stop (5.5 min)
Flow Rate: 0.3 mL/min
Equilibrate: 1.0 min
Injection Volume: 20 pL
Column Temperature: 40°C
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MS condition
MS Spectrometer: API 3200™ LC/MS/MS system (Applied Biosystems, Foster City, CA)
Polarity: Positive
m/z (Q1/Q3): 502.3/466.3
Ion Sourse: Turbo Spray
Curtain Gas (CUR): 10.0 psi
Collision Gas (CAD): 3 psi
IonSpray Voltage (IS): 5,500.0 V
Temperature (TEM): 700.0°C
Ion Sourse Gas1 (GS1): 40.0 psi
Ion Sourse Gas2 (GS2): 60.0 psi
Interface Heater (ihe): off

< Pravastatin >
LC condition
HPLC System: LC-20AD (Shimadzu, Kyoto, Japan)
Column: Mercury MS (10%4.0 mm, Luna Spum C18, Phenomenex, Torrance, CA)
Mobile Phase: (A) 12 mM ammonium acetate (pH 4.5), (B) methanol
Gradient Program: (B) 10% (0 min) — (B) 10% (1 min) — (B) 70% (2.0 min) — (B) 70%
(5.5 min) — (B) 10% (6.0 min) — Stop (7.0 min)
Flow Rate: 0.3 mL/min
Equilibrate: 0.5 min
Injection Volume: 20 pL
Column Temperature: 40°C
MS condition
MS Spectrometer: API 3200™ LC/MS/MS system (Applied Biosystems, Foster City, CA)
Polarity: Positive
m/z (Q1/Q3): 442.3/209.2
Ion Sourse: Turbo Spray
Curtain Gas (CUR): 15.0 psi
Collision Gas (CAD): 3 psi
IonSpray Voltage (IS): 5,500.0 V
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Temperature (TEM): 200.0°C
Ion Sourse Gasl (GS1): 70.0 psi
Ion Sourse Gas2 (GS2): 80.0 psi

Interface Heater (ihe): off

< rosuvastatin >

LC condition
HPLC System: LC-20AD (Shimadzu, Kyoto, Japan)
Column: Mercury MS (10%4.0 mm, Luna Sum C18, Phenomenex, Torrance, CA)
Mobile Phase: (A) 0.1% formic acid, (B) methanol
Gradient Program: (B) 5% (0 min) — (B) 5% (1.50 min) — (B) 80% (2.00 min) — (B) 80%
(5.50 min) — (B) 5% (6.00 min) —(B) 5% (7.00 min) — Stop (7.01 min)
Flow Rate: 0.3 mL/min
Equilibrate: 0.5 min
Injection Volume: 20 pL
Column Temperature: 40°C

MS condition
MS Spectrometer: API 3200™ LC/MS/MS system (Applied Biosystems, Foster City, CA)
Polarity: Positive
m/z (Q1/Q3): 482.1/258.3
Ion Sourse: Turbo Spray
Curtain Gas (CUR): 10.0 psi
Collision Gas (CAD): 3 psi
IonSpray Voltage (IS): 4,000.0 V
Temperature (TEM): 700.0°C
Ion Sourse Gas1 (GS1): 80.0 psi
Ion Sourse Gas2 (GS2): 70.0 psi
Interface Heater (ihe): off

< sulfasalazine >
LC condition

HPLC System: LC-20AD (Shimadzu, Kyoto, Japan)
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Column: Mercury MS (10%4.0 mm, Luna 5 pm C18, Phenomenex, Torrance, CA)
Mobile Phase: (A) SmM ammonium formate, (B) acetonitrile
Gradient Program: (B)10% (0 min) — (B)10% (1.50 min) — (B)75% (3.20 min) — (B)98%
(4.00 min) — (B)98% (5.50 min) —(B)5% (5.51 min) — Stop (6.50 min)
Flow Rate: 0.4 mL/min
Equilibrate: 0.5 min
Injection Volume: 30 pLb
Column Temperature: 40°C
MS condition
MS Spectrometer:
API 3200™ LC/MS/MS system (Applied Biosystems, Foster City, CA)
Polarity: Positive
m/z (Q1/Q3): 399.1/381.0
Ion Sourse: Turbo Spray
Curtain Gas (CUR): 10.0 psi
Collision Gas (CAD): 3 psi
IonSpray Voltage (IS): 4,500.0 V
Temperature (TEM): 600.0°C
Ion Sourse Gas1 (GS1): 30.0 psi
Ion Sourse Gas2 (GS2): 70.0 psi

Interface Heater (ihe): off

2-2-10 7 — R fEHT

Oocyte ~DLEYIDELY iAAIEM: L, B A BRERIFEINIC oocyte ICHL D A E 1172
L&Y% RGP EVE RS CFR L TS 5 71 % uptake clearance (uL/15 min/oocyte) TR
L7, £72. OATP2BI1 %/ L 72FF 2L L. cRNA A oocyte IZF 1T 2 HLY AL &
2 BIKIEAN oocyte ICH 1T BHLD AL B ZJR LU 72H DL L7z, OATP2BI I X % H B #iik
O kinetic parameter HH . MULTI 7' 1 7" Z L[38]Z W CTLAT D 2 20X &0 1)
THEHL 7,

(1) V=Viax(1)xS/ (Km(1)+S
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2)  V=Vaax(1)XS/ (Kn(1)+S) + Vinax(2)xS/ (Km(2)+S)

. VIZEY JABEEE (pmol/15 min/oocyte) S I FIHAFLE IREE. Vi I$ERAHL D 1A
B, KnlZ I ATV ZARXA VT VER (W) 2K T, % affinity site DAF 5% 1%, Ei3S
high affinity site, E;3S low affinity site Z L Z LICH T 2V AL EHEZ BT L, &5
DRI T 2EGE LTEHL 7%,

OATP2Bl Db R F ¥V RUT N F = v ZRERDOI Y )AZ G, ¥R OATP2BI
ICHET MY ADEE 100%E LI2HDHETR Lz, £72. BV IARIEM N3 5 BHE
SRR MR AR R OFRETC i, FHEAS 2 WITIGERIPEFE T 2 0 BRE e L. BLD A&
WEE 100 % & LT, MxHEME TR L 72,

ETOHEBEEBE L, Student’s t-test Z > P<0.05 D & X ICHFHWICERELRELRD 5
&I L 720

2-2-11 _OATP2B1 O XK F il
OATP2B1 @ X ##& T #Hl1C 1% TopPred2 (http://mobyle.pasteur.fr/cgi-bin/portal.p) % F\»
726

2-2-12 OATP2B1 DI REEFHI

phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi) % FI\>T., OATP2B1 O3/ {AH
WY ZIT o 72, VRS FHIOT v 7L — F & L Tid glycerol-3-phosphate transporter
ZfEM L CHT 21T 2 72, OATP2B1 RICHFTET % L& 2 b5 cavity D THIIC (X phyre2
TYHl L 72 iR RE&E % 21T, g-site finder (http:/www.modelling.leeds.ac.uk/gsitefinder/) %
L 72,
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B EERR
2-3-1 _OATP2B1 %4t L 7z E;3S Wik D BB IR EEFBR

OATP2B1 3 oocyte % FHV> T, OATP2B1 %/~ L 7= E,3S #iiik DREMKFEIC X 2 %
Wr2> 5 MBS DR % HIICHRET 21T - 72,

Michaelis-Menten plot 7> 5. E,3S #fi% ic fIAIMEA D & N (Figure 2-3-1 A) . F 7=,
Eadie-HofStee plot 2* 5 E;3S ik iC 2\ T M2 8% & 4172 (Figure 2-3-1 B), OATP2BI
%4 L7z Bi3S ik % 2-2-10 O (1) & W T3 2 &, Ei3S high affinity site X O low
affinity site D Kn B3 % L2410 0.463 £0.091 pM K ¥ 51.4+8.33 pM, Vi fHIZZ NLE T
0.867 £ 0.166 pmol/15 min/oocyte X UF 19.8 £ 1.46 pmol/15 min/oocyte & B H X 7z, FH
TNz Kinw Viax DZEEZFMT 2720, BIRO ST L LB L 72 & £ A, Ei3S high
affinity site X O° low affinity site @ K fE1$ 0.10 pM J T8 29.9 uM [12] F 7213 0.55 uM %
410 pM [8] & ENT WD, 72, Vi fHIE 0.211 pmol/15 min/oocyte X T* 14.9
pmol/15 min/oocyte [12]. & % > I 4.32 pmol/15 min/oocyte X TF 49.5 pmol/15 min/oocyte
[8] EMEINTVE, AR TIHFOLNT Kn K Vi fl1F 205 2 D OHEHE & [H
FBETh D720, EEERL L CGEYITH 2 EHTL 72,

LI D #Et T, Ei3S high affinity site & E;3S low affinity site @ 3l i< V> 2 i S
FIRET 5729, Figure2-3-1 THROLN AT A =2 FHWT, & E3S EEEMICET
% E;3S high affinity site & E;3S low affinity site D 5K DB % 1T > 72, Ei3S Dk
13, FEEERE A 1 pM R Cilj affinity site DBF-5 3K O K/NEARR AL L, FEEER 0.1
uM LA T G high affinity site D2 5313 80%LA L. FE IR 20 uM LA L Tl low affinity
site DA G-HH 80%LA [ & 72 5 T & AR & L7z (Figure 2-3-2B), L 7223 > T, AR DGT
TlZ. Ei3S high affinity site D §F{fi % 0.005 uM. E;3S low affinity site D FFifi % 50 uM T
frocee L,
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Figure 2-3-1 Concentration dependence of OATP2B1-mediated uptake of E3S.

(A) Michaelis-Menten plot and (B) Eadie-Hofstee plot of E{3S uptake at concentrations of 0.005,
0.1, 1, 10, 50, 250 uM by Xenopus oocytes expressing OATP2B1, measured for 15 min at 25°C
and pH 6.5. Data are shown as means = S.E.M. (n = 9-10).
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Figure 2-3-2 Simulated contributions of high and low affinity sites to OATP2B1-mediated

E13S transport.

Transport of E;3S mediated by the high affinity (dotted line) and low affinity (solid line) sites on

OATP2B1 was simulated using the kinetic parameters obtained in figure 2-3-1. (A) Simulated
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Michaelis-Menten plot of E;3S transport mediated by high affinity (Vuig, dashed line) and low
affinity (Viow, solid line) sites on OATP2B1. (B) Simulated contributions of high affinity (dashed
line) and low affinity sites (solid line) to OATP2B1-mediated transport of E;3S. The contributions
of the high and low affinity sites to OATP2B1-mediated transport of E13S are presented as percent
of total velocity (V = Vhigh + Viow).

2-3-2 e RF Y VERER T VX = v FEE A E3S high affinity site X U E(3S low affinity
site I 5 % 3 E

OATP2BI1 % 41 L 72 E3S ik D % 4 7 4 7 Af@EHT 2> & | high affinity site 2 O low affinity
site DIFEDTER S N7225, THIC X Y OATP2B1 D EIC ¥ 7x 2 E3S Hidk i 2377
TET 2 AlREMEDSH 5, OAPT2B1 DGEMENTD > MBS DFFIEZ /R T 72912, OATP2BI
WS 27 I /8L E3S WXoBRMEERRIT s 2 HME L, £2 T,
OATP2Bl L7 I RIS HEEXRICEH 2 252 5 5 OATP2B1 Lick1F % E3S
high affinity site J O* E13S low affinity site DfF7E Z IR 3 % 729, OATP2Bl © 7 I J [
% FH T Ei3S Dkl %2 17 o 72,

b ZF YV BRRRICERI$ % DEPC IC X - T OATP2BI I X % E3S kMK g
5 Z L[36]. X OICIIVARERETHI2 D 579 FH D v X5 v OFnkiE M IC N 3 2 B 5
DHEINT VB Z EITHA[BR9]. ERAF P VYNDA I XY =7 o b v EhicE
53 22eh6, E3SHENIED pHIKFWHZEL T2 A[HEM: S & 2 515, DEPC OfF
M, e A F T VYNICHFET 24 IX YV —VEOERETFL T P F o hrR=11
T2ILT, RFVVEEHiIT LD, 4 IX Y - AEPEEIEEICH S T oG
FEZbND, 2T T I/ BEREODFELEMOLNICK 2HEL DRI TE-0,
DTEPFERECHZPET IV BIA LI v ERBEHRGEDOT I 7B LGERL -,
7oy 607 HFHOTAF =V DT 7 = VZERKIT E3S WX 2 BHEICKT I+ 2720, &
ook L, L7235 T, OATP2Bl Lov x5V v 16 f{ifix ZhZTho Lz
IVIC, M 60T /BHDOTAX = v %2 T 7= VICEBIL 7275 2 3 F%{ESL L 72 (Figure
2-3-2) . T HEFWT, E38S affinity sitt ODFEREICBIS T 57 I VBOBERD -,
E;3S ¥ 0.005 pM T8 50 uM 1T % E3S LY iA & % % #LZ 4 E;3S high affinity site
S O Ei3S low affinity site DFERE & & 2, BPAER OATP2B1( wild) DHgiAiETE & HLEHifi
Lize $72. 7 3/ BARGER OB 2D 2 Lo, FAERL L <, #EEiEtE
23 50%A FOKfEZ R L 2B EIcB W T AROT I RS EE X IGEE L 5 2
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7= & HIMT L 72,

H219Q-. H579Q-. H618Q-J% UF R607A-OATP2B1 O 4 fD OATP2B1 & Bk cipA#Y
& HBE LT E3S HUD A& 25 50% A T DIEAE% R L 72, H219Q-OATP2B1 Tl E13S 0.005
UM SN 50 pM IC B WD CHFAERT & BRI LT, 2T AL 42.2% 0 T8 48.2% D E Y A B B3
YU 7= (Figure 2-3-4), H579Q-OATP2B1 Tl E;3S0.005 uM & ¥ 50 uM IZ 5T, #2E
BB L CENTILSTA % KU 14.0 % ODHYIAAETH Y, E3S EiREICET 3
Ei3S #iiX 23 PHFE ICK T L 72 (Figure 2-3-3), 2D Z & 25, H579Q-OATP2B1 Tl E;3S
low affinity site DEMEINEREE KT LT3 & F 2 S5h/z, H618Q-OATP2B1 Tl
E;13S0.005 uM KO8 50 uM I BT, BPAERI L B L T 17.6% KU 85.8%DHLY AR T
H Y E3SIKIREICEH T 5 E3S WX BiE I T L7z (Figure2-3-3) . 2D Z &2 b,
H618Q-OATP2B1 Tl E3S high affinity site 2R CWEHEE T LCw3 2 FE 2 bh
720 FE72. R607TA-OATP2B1 Tl Ei3S 0.005 uM X ¥ 50 uM I BT, B4R & [l L
TENZEN 131%K T 878 %TH -7z (Figure 2-3-4) .

')
0.’. GPRp D

S r8eees

| com |

Figure 2-3-3 Predicted 12 transmembrane domain model of OATP2B1.
Predicted 12 transmembrane domain model of OATP2B1 was made using TopPred2

(http://mobyle.pasteur.fr/cgi-bin/portal.p).
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Figure 2-3-4 Effect of histidine or arginine on high and low affinity sites of E{3S on
OATP2BI1.

Uptake of E13S mediated by high and low affinity sites on OATP2B1 by Xenopus oocytes
expressing OATP2B1 wild and mutants was measured for 15 min at 25°C. Uptake of E13S
mediated by high and low affinity sites was estimated at substrate concentrations of 0.005 uM
(opened columns) and 50 uM (closed columns), respectively. OATP2B1-mediated uptake was
determined by subtracting the uptake by water-injected oocytes from that by OATP2B1 cRNA-
injected oocyte. Uptake activity was expressed as % of wild, compared with oocyte expressing

OATP2B1 wild. Data are presented as means = S.E.M. (n = 7-10).

2-3-3 _H579Q-, H618Q- UF H579Q/H618Q-OATP2B1 % Fi\ 7z E,3S ik D i Bk ik
H579Q- %< U* H618Q-OATP2B1 13 % #LZ 4L E3S i K DMK IC 351 2 LD 3A &
WA BIEE TH D, H579 1 Ei3S low affinity site DHEEE~DEI 523, H618 (% E3S high
affinity site DFEFE~ DAL 2SRB X Nz, % T T, H579 KU H618 7% Ei3S DILEFEA
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IG5 2 28R, Me RF Y v ERRD E3SEXICHE T2 KafER D Vi il % 7
AT L ORI L 72, £ 72, H579 & H618 25, % %1 E3S low affinity site & E;3S
high affinity site DFEREICH L CHEGARKEVWEF L, ZO_DD7T I/ BOEERKT
» % H579Q/H618Q-OATP2B1 7' 7 A I F % {FH#LL 7z, H579Q/H618Q-OATP2B1 IZ D>
TiZ. Ei3S O low affinity site & high affinity site DEEFEIX T 2 #AF L T, H579Q-.
H618Q-/% UX H579Q/H618Q-OATP2B1 ® 3 5@ OATP2B1 ZEEAKIZ DO WT, Kl
Vinax 18 % T AERILLE 32 720 Ei3S ORERTFERER % 1T - 72,

TR IEER B O K5 5. H579Q-OATP2BI1 151 % E3S BV A& X, E3S 50 pM X
250 uM TXTHRAE (water Z7EA L 7z oocyte) & HLER L CTHEZRIEMAEE I ind -
72 % 7=, Eadie-Hofstee plot fi##T C I3 AP 13 #H%2 X 213 (Figure 2-3-6). H579Q-OATP2B1
D E3S WiEICN T2 Kn e Vi fHIZZ N Z4 0.180 = 0.028 uM, 0.345 £ 0.033
pmol/15 min/oocyte & HH X 1, B4R D E,3S high affinity site D K & U Vi 8 & A
FLEE D353 & 3177 (Table 2-3-1), H618Q-OATP2B1 I &1} % E3S HUY iAAIE Eadie-
Hofstee plot f#HTIC X » “AHPEDEIZ & 41, Ei3S high affinity site ® K flH & O Vi il 13
0.149 £ 0.227 uM JZT* 0.0402 £ 0.0402 pmol/15 min/oocyte, E;3S low affinity site D Ky,
ER Y Vi fE1Z 91.1 * 16.4 pM X T* 60.0 = 7.34 pmol/15 min/oocyte & HH & 7z
(Figure 2-3-4, Table 2-3-1), H618Q-OATP2B1 ® E;3S HX Y iA&IC F1F % E,;3S high affinity
site DEFG-H (3 E3S 0.005 uM IZ BT 284% & HH X, Z DEF 533 E3S KT
iR d 2 2 & 205, H618Q TIXEIT E3S low affinity site % Ei3S ik B 5 L T
%L #F 2 bz, H579Q/H618Q IC X % E3S HU Y iA# 1% Eadie-Hofstee plot fEEATIC & b —
A BIZR X 1, H579Q/H618Q @ E,;3S high affinity site D K, fE (% 0.808 £ 0.519 uM.
Vinax 1 0.380 = 0.239 pmol/15 min/oocyte & BH X 1. E;3S low affinity site D K, fifi 1%
312 &= 243 uM. Vi {1 30.9 = 16.8 pmol/15 minfoocyte & HH & N/=Z &, L7zA»
T, BpAAY & Bl L T H579Q/H618Q-OATP2B1 @ E, 38 ik ifth DK T 28R E 1. Ei3S
low affinity site ~® H519 @45, E,3S high affinity site ~® H618 DEJ5- 23R X N7z
(Figure 2-3-5. Table 2-3-1),
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Figure 2-3-5
OATP2B1 wild and mutants.

V (pmol/15 min/oocyte)

Concentration dependence of OATP2B1-mediated transport of E3S by

Eadie-Hofstee plot of E;3S uptake by Xenopus oocytes expressing OATP2B1 wild and mutants

at various concentrations (0.005, 0.1, 1, 10, 50, 250 uM for OATP2B1 wild and H618Q-
OATP2BI1. 0.005, 0.01, 0.1, 1, 10, 50, 250 uM for H579Q- and H579Q/H618Q-OATP2B1) for
15 min at 25 °C and pH 6.5. OATP2B1-mediated uptake was determined by subtracting the
uptake by water-injected oocytes from that by OATP2B1 cRNA-injected oocyte. O: OATP2B1
wild. A: H579Q. [I: H618Q. <>: H579Q/H618Q. Data are presented as means = S.E.M. (n =

5-10).

Table 2-3-1 Kinetic parameters on E;3S uptake by OATP2B1 wild and mutants.

High affinity site Low affinity site
K Vmax Vmax/ Km K V. Vmax/ Km
(“]\;r; m(il:r)l‘/j:‘)‘i)l/tse) misll%«géjte) (“]\IS (pmol/15 r?ii;(oocyte) mi;%ﬁ}:;te)
: 0.463 0.867 51.4 19.8
Wlld +0.0914 +0.166 1'87 +8.33 +1.46 0'385
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H579Q 0.180 0.345 1.91 — - —

+0.0282 +0.0335

HG10 0189 0002 02 9L @0 06
H579Q/H618Q 0.808 0.380 0.471 312 309 0.0987

+0.519 +0.239 +£243 +16.8

—: Uptake was too low to evaluate.

Data are shown as means £ S.D. (n=5-10)

2-3-4  H579Q- X ' H618Q-OATP2B1 @ E;3S HEiXi& i XN 3 % naringin K F
progesterone D 5%

BERFERBR O R2 & . H579Q-J UF H618-OATP2B1 3 % #1.Z 41 E3S low affinity
site & E;3S high affinity site DFERESE T LT3 & &z bhiz, % T, OATP2Bl @
Ei3S ikiC B 2k Rk & L. BHEAI M OMEER 0 &2 % H579Q- K UF H618Q-
OATP2B1 122 CLHRERM L 7z, Ei3S high affinity site & low affinity site % [X 5|3 5 7z
% . affinity site IC & > CEF 27 21L& TH 5. GFJ O FERKS) naringin & AT 1
A FHRNVE Y TH S progesterone % FH\ > THEFFIE % 51l L 7z, Naringin (3 low affinity
site. DIGEPEICFZE T, high affinity site DIGEPHEHE % /R 3 —77 T, progesterone & (low
affinity site D7EVERHE %7~ L. high affinity site DG HRE R R 3

E;3S0.005 uM 125\ T, H579Q-OATP2B1 @ E,;3S HY D 3A %4 13 naringin T77E F TIK T
L . progesterone 17-7E I CHEMBEHEE X 7= Z L 55, H579Q-OATP2B1 CTHEREL T\ %
FEAE AL I B ET o Ei3S high affinity site & FIEROFHEEZBE T2 Ex b
(Figure 2-3-5) . 7z, H618Q-OATP2B1 % /L 7z E3S HU D iAAITHARE L 7z 455 & #7x
Y . naringin f£7E T CKT L. progesterone f#7E [ T LA L 72 Z & 2> 5. Ei3S low affinity
site ERELZMEHEEET S LEZ LN (Figure 2-3-5) o
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Figure 2-3-6 [Effect of naringin and progesterone on E;3S uptake by OATP2B1 wild and
mutants.

Uptake of E13S (0.005 uM) mediated by Xenopus oocytes expressing OATP2B1 wild (A), H579Q
(B), or H618Q (C) was measured for 15 min at 25 °C without naringin and progesterone or with
naringin (1000 uM) or progesterone (100 uM). OATP2B1-mediated uptake was determined by
subtracting the uptake by water-injected oocytes from that by OATP2B1 cRNA-injected oocyte.
Data are presented as means = S.E.M. (n = 7-8). * indicates a significant difference from the

control by Student’s t-test (p < 0.05).

3-3-5 OATP2B1 # 4 L 7z fexofenadine, pravastatin, rosuvastatin, sulfasalazine, PGE,
EHEICI 9 5 naringin DFSE

OATP2B1 LiC 31T %, Ei3S LA O HE#EGENL & Ei3S affinity site & DEARIE A R
3 %728, E;3S low affinity site D ICHE 4 3, high affinity site DIEHEAE 2R3
& & naringin JXZ % F > T E3S affinity site DlfiiE il L ik 22 & & L7z, ftb
D OATP2B1 F#H'E#EY) L L T fexofenadine, pravastatin, rosuvastatin, sulfasalazine & %
PGE, % i#R L 7z Fexofenadine (3, FRHTHRICIH T OATP2BI*3 ZH ¥ 5k Mk 5
AUC DK T 2> 5. FYWILIC OATP2B1 #3532 REWAGEETH 2, 7.
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fexofenadine 13 GFJ fifFIFIC AUC DK T 2578 & 11T\ % 23[25].

GFJ IZ £ 5 AUC DR T 235 I e 2 L 2 H[27].

IC. rosuvastatin (Z. in vitro

% HLY A

BHEBALTH b | pravastatin (3 naringin FEKAZ
73 fexofenadine & 135 7x % ffi &

HokEs

sulfasalazine & rosuvastatin % AUC @ FRE2#HE I T3

ARy hEy

Ei3S ¢RIBRICHIREEYE CH B L \vwo Z L b EkDHE

TERL 72,
AR E Wk
sulfasalazine D HL Y

I3 % naringin O FHE

fexofenadine ¢ ' PGE; % naringin (C

A, E), #ILHEE
sulfasalazine |3 nairngin /&
I naringin FERZ MO FLE

ZHoIE A
ﬂ:/\4
= Q] Vg

R % T L 7245 5L, pravastatin, rosuvastatin,
A AL naringin 1E T T4 L 7z (Firuge 2-3-6 B, C, D)
C X2V ALK 23ISR X L 7x 2> o 7 (Figure 2-3-6
I3 % naringin @ fHE
A7 % /i L Clifiik X 41, fexofenadine 2 Uf PGE,
Pz /L Clik S5 & L AR E N7,

[8].

WKCEHLZZ, 6
AUBRICE 1T 5 OATP2B1*3 DILTERHIC BT, Ei3S iICH 1)
AB DA L 1T H Y 2 b 3[7]. OATP2BI*3 #H 3T 5t b IC
Z D7, E3S &ITHE
B TH B T & HARFL T, rosuvastatin & sulfasalazine %4 L 7z, PGE, I3,
B AL T H 2 mlRETE & BT

—7J7C. pravastatin (%
fexofenadine |3 naringin J&X3Z 144
Mz TH B & PR X 4L, pravastatin
AL TH B ARt HIEIR L 72, £ 72, Ei3S L REKS
GROL 23 ¥ 7 B AJREME 3 B 5 FE & L T, sulfasalazine X Uf rosuvastatin |

DL YN pravastatin, rosuvastatain MR
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Figure 2-3-7 Inhibitory effect of naringin on fexofenadine, pravastatin, rosuvastatin,

sulfasalazine, and PGE; transport mediated by OATP2B]1.

Transport of (A) fexofenadine (1 uM) , (B) pravastatin (1 uM) , (C) rosuvastatin (1 uM) , (D)

sulfasalazine (1 uM), and (E) PGE: (3 nM) mediated by Xenopus oocytes expressing OATP2B1
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was measured at 25°C in the absence or presence of naringin (1000 uM). Uptake of fexofenadine,
rosuvastatin, and sulfasalazine was measured for 120 min. Uptake of pravastatin was measured
for 180 min. Uptake of PGE, was measured for 30 min. OATP2B1-mediated uptake was
determined by subtracting the uptake by water-injected oocytes from that by OATP2B1 cRNA-
injected oocyte. Data are presented as means + S.EM. (n = 7-8). * indicates a significant

difference from the control by Student’s t-test (p < 0.05).

2-3-6  OATP2B1 #41 L 7= fexofenadine, pravastatin, rosuvastatin, sulfasalazine, PGE,
B I3 5 progesterone DS EE

HEE RSN % naringin DHFANR D O, FEE OFEGEAL T naringin &2 M3
725 Z DG DT 78 o 72, naringin & [FIERIC, Ei3S high affinity site % i1 L. Ei3S
low affinity site ZPHE 3% Z & 237~ & 4172 progesterone (Figure 2-3-7) 23 &3 E Wik 1C 5-
Z BB D b E3S A B & S EE R A AL o Hod i 2 BRET L 72,

ZORER, WINOHEEITIH T D progesterone 100 uM IC X 2 HERHLD AR DK
fLirBR s T, FHEBAMIIIESS L B 2 EARE I NI (Figure 2-3-7),

A B C D E
0.04 0.14 [ 35 ¢ 1 035
012 | 3 03 | J_
[ 0.8 |
273003 22 o1 L 22 = 232 o 0 [
s 3 = = U = 3 25 il NI =Y o 5 025
2% 22 ) Lt =28 =8
> 8 =2 008 =2 | S22 | B E2 .51
o g = £ 0 g5 27 ) 22 =5 "
5 E 0.02 ZE 5 E | SE < E
£Eg 2 & 0.06 g8 15 S =8 | Ca 015
2= S z= = 204 3
£2 E2 z2 | =2 E
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Figure 2-3-8 Effect of progesterone on fexofenadine, pravastatin, rosuvastatin, sulfasalazine,
and PGE:; transport mediated by OATP2B1.

Transport of (A) fexofenadine (1 uM), (B) pravastatin (1 pM), (C) rosuvastatin (1 uM), (D)
sulfasalazine (1 uM), and (E) PGE: (3 nM) mediated by Xenopus oocytes expressing OATP2B1
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was measured at 25°C in the absence or presence of progesterone (100 uM). Uptake of
fexofenadine, rosuvastatin, and sulfasalazine was measured for 120 min. Uptake of pravastatin
was measured for 180 min. Uptake of PGE, was measured for 30 min. OATP2B1-mediated
uptake was determined by subtracting the uptake by water-injected oocytes from that by
OATP2B1 cRNA-injected oocyte. Data are presented as means + S.E.M. (n = 7-8). * indicates a

significant difference from the control by Student’s t-test (p < 0.05).

2-3-7 H5790-. H618Q-, R607A-OATP2B1 & OATP2B1 £ &A% /) L 7= fexofenadine,

pravastatin, rosuvastatin, sulfasalazine, ¥ X UX PGE,#iiX

OATP2B1 %4 L 72 & B E Wik IC X9~ % naringin &2 & OF progesterone &2 PE 2> &
fexofenadine, pravastatin, rosuvastatin, sulfasalazine JX Of PGE; I3\ 3413 E3S L %72 5
BEEMAHMEzNM L Ctand tFEzx b, 22T, E3S DXz 3¢5
OATP2B1 DZEEADEEEEHIERICH 2 2508 5 Ei3S AL & FEEE GO
TR L IC BT 2 RERIBEMR 2 HEHI L 720 E3S WA MIcBEG 35 2 LRI N
H579-OATP2B1 [ UF H618-OATP2B1, 7% & UNIC E;3S Hiiik % BHE IC{K T & 72 R607-
OATP2B1 H3&EFHEAIC G Z B2 KT 5720, KRKIC X 2 KEHWY AA %
AR RGN & U 2 i B o El G TR L 7z,

22 Bk % o R BB ik % BTN L 7252, fexofenadine U PGE; 12351 % FEEHX

D IAB T H579Q-OATP2B1 IC B\ T, AR & Ui L CTZ L2 4L 147%. 138%DHL D 3A
APEIE X L, H618Q-OATP2B1 TiIZNZ 1 121%. 97%DHL Y ;AR TH b | kb
DIETR>AoNZD o7, L7z, E3S DL EHE ICK T3 % R607A-OATP2BI IZF
T, fexofenadine & PGE, DXV AR IE, ZNLH 285% & 453%TH h | EkiHTED
KT %/~ L7 (Firure 2-3-8 A, E) , —77C. pravastatin, rosuvastatin JZ ' sulfasalazine IC
DWW iE, H579Q-OATP2B1 X UF H618Q-OATP2BI IC 35\ CTH D IARK T 23 E S 7z
(Firuge 2-3-8 B, C, D) . % 7z, R607A-OATP2B1 {C 3 \>»T pravastatin, rosuvastatin,
sulfasalazine DHX Y 3AH (T, Z N2 EFATY & HE L T 0.233%, 5.79%. 7.57% T® Y,
fexofenadine. ° PGE, & H~_ THEIEES K E WA L 72,

LA XY, Ei3S DEHEIEMEZ KT X & 2 ZE{K T fexofeandine X U PGE,; D ik & L
#X L C pravastatin, rosuvastatin, sulfasalazine DFEAME T L7z Z & 25 pravastatin,
rosuvastatin, sulfasalazine D & GRAL 2% fexofeandine X U PGE, D #ié & HLlE L T Ei3S #

HEOL & R R OREE FIERE L CTIEEEL Twd 2 &Ml iz,
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Figure 2-3-9 Effect of histidine and arginine on OATP2B1-mediated transport of
fexofenadine, pravastatin, rosuvastatin, sulfasalazine, and PGE,.

Transport of (A) fexofenadine (1 uM), (B) pravastatin (1 uM), (C) rosuvastatin (1 uM), (D)
sulfasalazine (1 uM), and (E) PGE: (3 nM) mediated by Xenopus oocytes expressing OATP2B1
wild, H579Q, H618Q, or R607A was measured at 25°C. Uptake of fexofenadine, rosuvastatin,
and sulfasalazine was measured for 120 min. Uptake of pravastatin was measured for 180 min.
Uptake of PGE, was measured for 30 min. OATP2B1-mediated uptake was determined by
subtracting the uptake by water-injected oocytes from that by OATP2B1 cRNA-injected oocyte.
Uptake activity was expressed as % of wild, compared with oocyte expressing OATP2B1 wild.
Data are presented as means = S.E.M. (n = 7-10). * indicates a significant difference from wild

by Student’s t-test (p < 0.05).
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2-3-8 OATP2B1 DiikiE R F 3l

TopPred2 (http://mobyle.pasteur.fr/cgi-bin/portal.p) % F\>T, OATP2B1 D 37 {&HEiE & OF
H579. H618 XU R607 DHEZ FHIL 72, FHIL 72 A AGE ICHFAES % cavity (X,

HiEGHfro THICERTH 2 LE 2 LN DL 720, TopPred2 CTIEHL L 72 2 A& T I
% FL1C | g-site finder (http://www.modelling.leeds.ac.uk/gsitefinder/) % Fi\>C OATP2BI LI
T 5 & PRI S cavity % H#EH] L 7z(Figure 2-3-9),

OATP2B1 D7 AkEE % Tl L 72855, H579 (3 cavity 2 & cavity 8 2B 3 C576
S cavity 2 & cavity 10 ZJEZEK S % T580 & . H618 I cavity 7 Z T3 % L654 & | R607
I cavity 2 Z K3 % F603.1606 f2 U8 1608 & 3 A LA o JEEEICA7iE 3 5 & H#EH X 7z,
IKFAEAD 28 A TIROIBMM T L 2 FE 22 L 3ALUNICH 37 3 7 BEFEIER 1<
HAERDAEL 2 A[RetEd3H 5, L 72535 T, H579Q-OATP2B1 Tl cavity 2, 8 XU 10 %
e T 27 3 7 BERIE~DHAERANZ L, H618Q-OATP2B1 Tl cavity 7 Z R
27 3 ) BEREA~DOMHEERANPZELT % 2 & T, % NF N E3S low affinity site X OF Ei3S
high affinity site DIGEHEZIET T2 AJREMEDRE S TE 5, £72. R60TA DZTHE (T
Ei3S Dk ZIITHE I /-2 b, cavity2 ZIBT 2 7 3/ BE~DMHEIERANZE
LU 7- A5, EEEHERICTFIE T 2 OATP2BI HE DA I 2 L 2528 U 72 Al REME 28
5,

L 2> L. OATP2B1 D Z{AMGE T HI DGR DK X 25[HE TH %, OATP2B1 D 3 K&
YR B BRI, RS RT S T h LT v kR 2 S T OB & LRI 3
VERD 2, SHOME T, OATP 0 FHOAMEE FHZ1T 5 BIcHvwL 5
glycerol-3-phosphate transporter Z H 4% & L T L T\» % 23[39], Z DX {Rk & OATP2B1
X7 2 BBMFEMED 15%FEETH Y. OATP2BI DI AEEABE R FHIHETE S
3. Figure 2-3-9 IC BT MM K HIRaS Y — 7 DR E Z R T i, X
VX7 EDOVAERHE TR D% <13 X MRAESFRERNT IC X o TITbh Tw 23— T, &
B SR IEIS I (NMR E) LB FHRETIC X 2 T T b T 2 BB & 7R ICH £ -
T\ 5[40,41], Z D720, X G MEGEHET B E N5, Ex v I EOiE %155
e REMIcREEcH Z, 2DRNE LT, HE v HoBRLEORMEIC X 5K
EHSANEETDH B 2 Lo, WA v 2 HOBKIERE 2D 70 72 D i L 8B 5 T x
WZ EREITOND, S5k, OATP2Bl Z&ED L X v 3 7 E O ARG Tl O R
Db, 2 Vo8 2 OBBERRNT 2 B & L 72 & v o8 7 8 D f AL D F 8 A3 HA T
INb,
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Extracellular

Cavity 7

Cavity 8

Intracellular | Cavity 10

Figure 2-3-10 Predicted three-dimensional model of OATP2BI1.

Predicted Three-dimensional model of OATP2Bl was made wusing phyre2
(http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi) based on the glycerol-3-phosphate
transporter. The three residues, H579, R607, and H618 are shown in this model. Based on this
model, the cavities were predicted using g-site finder

(http://www.modelling.leeds.ac.uk/qgsitefinder/).
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FEufi EE

AKETIE OATP2Bl oI EE G A ERIFE T 5 T L 2R T T & 2 HIY
&L, 7 37 MEHRIEAY OATP2BI HE A IC 5 2 258 A et L 72,

¥ 9. OATP2BI1 %4 L 7z Ei3S WX ICE B O E A 2552 &, kUfZh
ZNOIEFEETNOL % 532 E3S IBE 2 HET 5 72, Ei3S ORI EAM %17
577, Ei3S DEERFERB OSSR, OATP2B1 @ E,3S Bk i< i3 “MMEsBR xh, =
D K Vi PRI I N2 2 &2 5 EBSHHEICOWT o0 EH &M OB S
BEZ oIz, £7-, E3SIKIRERCH G 3 2 i GERAL % high affinity site, =ik T
TF5-9 2AEEEML % low affinity site & L C, E3S iR & affinity site D 5-HR 2 HH L
72o Ei3S affinity site DFF5-HK M A & 72 29 L LT, Ei3S high affinity site o i I
FT 0.005 uM.  E;3S low affinity site i FFIIC 50 pM Z Vw2 2 & & L7z,

OATP2B1 Dffiti LI MBS 23F1ET 2 AlREME A D 2 2 LA b, 7 3 7 WL A3 B E
RICH 2 0B i 2720, 73V BARKEZH TR Lz, e XF Vv OLHE
23 Bi3S HkIc G 2 22 2 et L 724558, H219Q-, H519Q-% UF H618Q-OATP2B1 I
DWW, BRI L [ L C E3S B IAA LU T IC{K T L7z, H219Q-OATP2B1
E3S KIRE R O EREICE T 5, EWkiGEDK N AFEE TH - 72729, Ei3S #iti
i1 TlZ72 < oocyte ICH 1T %5 OATP2BI1 FEHE Z D X & 2 Z & X Ei3S DAL I
B Z0[REME DS #E 2 b b, H579Q-0ATP2B1 (% E3S (KB ICE T 3H D AR DK T
WA, Ei3S miRESMFTIR X VBEAFERIN D ARMET 2RI Nz, T HIT, E3S low
affinity site DEEREK T 23 2 5 115 H579Q-OATP2B1 I &5 1F % Eadie-Hofstee plot fi##T 1%
—MEER L, B E N7 Ko fll. Vi {13 E(3S high affinity site ({3 WETH - 72, —
77T, H618Q-OATP2BI1 % Ei3S EiRESRM X 0 DAKIRESRMFICE W T, X W BEERINY
ABALT 2R S NTz, & DT, REREEER O fENT RS R 2> & B Ei3S low affinity site &
[EFRRE D K. Vi AT Y . Ei3S high affinity site DEEEEAE T LT3 £ 2 bh
%, H579 @ E;3S low affinity site ~D B 5., I *IC H618 D E,;3S high affinity site ~ D
5% XV RET 5729, H579 KU H618 DWwIhd 7R I vIcERI T
H579Q/H618Q-OATP2B1 % H\» 7= R EE MK fA M3l % 1T - 72 H579Q/H618Q-OATP2B1 T
I E13S high affinity site 5 O° E13S low affinity site D G HAK T 2357R1% & 41, H579 I U H618
23 E3S DIEFEST~DBE SR E -, U LEoEt X v, H579 XX H618 3%
NZ 3 Ei3S low affinity site 2 O° E;3S high affinity site DiEMEICBI S 32 2 &R I
720

H579Q-J% UF H618Q-OATP2B1 THEAE L T\» % L& 2 5415 E3S high affinity site X X
E.3S low affinity site Dk % Bp AR & LWBRET 3 2 720, &AL EIKD naringin J&5Z
4 S O progesterone &S24 % FEAMl L 72, H579Q-OATP2BI1 T3 E;3S HiiiX 2% naringin CFH
FE X M, progesterone TIEME X 1172 Z & 2> 5, H579Q-OATP2B1 I 5 1F % E;3S high affinity
site [FHFAER L FIROMEE TH % & E 2 57z, H618Q-OATP2BI1 (% E3S #ii% A% naringin
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IZ X o TR S 9, progesterone THHE X2 Z & 2MAFF L THRET 21T o7z, Lo L.
MFF L T E 7 Y, H618Q-OATP2B1 @ E;3S HY Y jA A (E naringin 7#7E F THA L.
progesterone F£7E [ C_L5 L 72, H618Q D E;3S low affinity site 237428 & E,3S low affinity
site & $70 2 HEIRBZ AR L 72E% & LT, Ei3S high affinity site & E,3S low affinity
site 25 OATP2B1 L CiifE L Tk Y, H618 DA A E\3S low affinity site DBk ic i
B RITL7ZA[ReEE 2 5 b, %72, R607TA-OATP2BI (% E;3S0.005 uM X U8 50 uM
IZB VT, B AARFEIZEERD 10 %A FITK T L TWw3 & 25, highaffinity site /X
O low affinity site DIEHEZIZIETHEL T2 L EZ 55, R60TA-OATP2B1 I F 1) %
E3S WX DB KT &, R607 2 EE@HEIHO T RICHFEST 22 L 2E 2 5 &, ik
TR DB WAL OTZIC R607 235 L TWwb 2 e BEZ NG,

BT i OATP2B1 JLE & E3S OIREFAEL & OBIfRIEZAMEIC ST 2 2 & %
Hi & LT, fexofenadine, pravastatin, rosuvastatin, sulfasalazine X U* PGE, @ik IC %}
3 % naringin X ¥ progesterone &XZPEICH 2 OATP2B1 LD 7 I/ BRI DT B3 HE
WX IC 52 28 R T L 72,

¥ 9. BEEEE OERIEEIA 2 FE T 5 720 FEEEHIHXICN 95 naringin /&%
4 S O progesterone &34 D £ 2> b Al L 72, Naringin |3 OATP2B1 @ pitavastatin #ii%
J% UF E38S high affinity site % fH3 L | talinolol i J2 UF E3S low affinity site % FHE L 7z 1>
TERHEINTEY [12,42,43]. naringin BZ I FILE OGN 2 RET 5720
CHRATH 3 EE 2 b7z, SFEHEXICH T 2 naringin FLERDE 2 #5T L 724558,
pravastatin, rosuvastatin ¢ O sulfasalazine D#ii% |3 naringin TPRHE X 41, fexofenadine
* PGE, #ii3% 1% naringin CRHE I N ad o7z, L7228-> T, b DFE I naringin X
ZED R 5 BT Z N L 2L Th 5 LEZ HbS, Lo L, E3Shighaffinity
site 3 naringin JX3Z M CTH Y . Ei3S low affinity site (I naringin JEFEZHETH 2 2 L2 b
naringin B> © 7210 T Ei3S HER AT & #5E 0 FE RS G235 7x 5 2>,
Wi T & 7n\y, % 2 TXRIT, Ei3S high affinity site Z i ME{L L. Ei3S low affinity site % [
FHT 5 Z LRI Nz progesterone & VT, FHEFEAIAL & Ei3S fiaHAz o4
P2 ET L 72, Progesterone 23 FE WL ICH 2 BB ARG L 2R, wIihofE
2B W T DA ERENEIEER) I L Ok R E SR T T Nk o 7z, S EE R I
3 % naringin X O progesterone A2 & 2 % &, OATP2B1 LiCid E3S & 7 2 7
FEOTALEEAEAET 5 T L Rk I Tz,

% ZCRIT, OATP2B1 L@ E38 #5 & HZ & A ARG A E AL Ok ik b ic 1 2 Mk
EAfR % Ei3S DX 2K T X & 5 3 DA BRI S E Wk 1 5 2 5 55280 b HEH]
L 7z, OATP2B1 D& ik % W 72T D F5 5, pravastatin, rosuvastatin, sulfasalazine O
I Y 3A %41 H579Q-OATP2B1 % U H618Q-OATP2B1 T/ L. R607A-OATP2B1 Tk
D3 L AKT U 7z Z 584K % F W 72 85T O A 55> & | pravastatin, rosuvastatin, sulfasalazine
1Z Ei3S L HEFEATMI AR 5 b DD, Wnkfk L cEEB AL Twb & E
Z bbb, —JiT. fexofenadine M U* PGE; IZ R607A THiiX DA A H b7z d DD,
H579Q & X H618Q Tiiiiik D/ 3% X 3 | fexofenadine X U PGE, f5 & 3617 1 Ei3S
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FE AL & (X H 7 2 AL ISR S 2 03 HEM] & 7z (Figure 2-4-1)

Tyt Progesterone
R607A H579Q H818Q Naringin —gyriiaon innibition  +++ ; Strong

EH +44 + +4++ +4++ 4 - (< 10 % of control or > 190 % of control)
++ : Intermediate

E, 4+ +i+ " " i (10~50% of control)
Fex ++ - - = - = + : Weak

Ps +++ ++ ++ +++ - (>50 % of control)

Rs +++ ++ ++ +++ - = : No effect

St +++ ++ ++ ++ - (notsignificant)

PG ++ - - - -

\ Progesterone

Ey : E;3S high affinity
E, : E,3S low affinity
Fex: Fexofenadine
Ps : Pravastatin

Rs : Rosuvastatin

Sf : Sulfasalazine

PG : PGE,

Pr : Progesterone
Na: Naringin @

Extracellular

OATP2B Intracellular

Figure 2-4-1 Hypothetical multiple binding sites on OATP2B1.

DL EoiEtis S 5, OATP2B1 _EiTid E3S & H7n 2 HE AT OFAE DRI &
L. pravastatin, rosuvastatin, sulfasalazine D &EAZ 1% Ei3S affinity site & 3T L CTHTE
3% —J5 T, fexofenadine X O* PGE, I¥ E;3S L1357 245G G Cd 2 L H#HEHl X iz,
OATP2B1 IiC Ei3S & %7 2 FEMEGEL OFFENA R I Nz 2 L 25, OATP2B1 Lo
FANER % 3l 3~ 2 556, D RILE OFERIC X - TRE(L AV OHESN R IX R0 5720,
Hi—d OATP2B1 FE I hd 2§l 72 0 cid. WHAFERADO ) 227 % K & $alRE2A 5
5, $7-. FrED R 2 B OEER AT OFFAES R I N T L2 b, OATP2B1 L
TR Z ZHAMFEMZ TR 5 7- 0 1 I3 EE S G E AL o e AERRSZ M 35 X O BHE A Z
Y7 EORERATOFERZHECT 2 2 L AR E N5,

DAL X V. OAT2BI1 ICid E3S #EAHERAL & Bin 2 B OB AT A FEET 5 2 &
PR X, Y- RSB EER O % B2 OATP2B1 D EAFRE R AR AL ICE IR - 2 K
ML FFE N7z, BAE. OATP2BI (FWHALE 2> b O FEYWRIICEE S35 2 L BRI
T\ 523, OATP2B1 OFEHULIHCE ICIR & 37, MR (Gl fiZc e chloinsg [44,
45] o L 72235 T, OATP2B1 O FLE AN % f#IH 3~ 5 & L 3RO T HIICHE
5%, B~ DEMBATOHMBIC O BN B L EZ b3, AEO R IFlE AR I
NI 2 BMEAOH AT 2IRET 2D TH 0, EELR L I ERMFAFIC
B2 EMMEAOBEY) RFHMGICEMCcE 2 b0 FI 3,
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=E }
—fi &

WA, L =7 a v, L —F7v—yEORHEYTICEE nm Tw &R
T DFIED R T T 520, 46-48], HEYIHR NP 3R 7 A ERDEEZTE L Tk
b . HEPIE SR DARSr TR 2 o TG A E AT B [49], 7 L — Z ISR NP 3B
Bicswc, /Mg~ EAIC X o T, DDS(dextran sulfate sodium)iEFE PE AR 4 1<
X3 B RENRE R L CT\0B[48], — /T, ZL—77A—=YHENP FHE~ a7
7 = VICHU DA NWRIEMEY A b A7 A4 v EEAEIRNCE . DDS GEFH AR % 2 3 L
TW3[50], 2NOOME LD, BBk /R EE MBS L GEE %2 MTT
ATREPEDS R STV B, BHIRZE G L ic, ARRNTRE MK CIEEE M ICZ L WikE S
R v RIBEOED T, NP 2/ L CHIlENICRITT 2 aietEnEx b, =
77— LSRR b EA X L5 A3, mRNA © miRNA, X VX7 B LW o7z
SO NG Tk Y [51]. M oY E X B < [52, 53], BaHskT 2 RTb .
T2V —LRKRICEHHERB ZNE L TWw5 720 HLEREZTE L > 2 £ 25
N %[54, 55],

R O . B EEY A AR Y B R I/E T 2 . Yol
BN % B X B HIASEE T N T B, Bt X 2 YN o ftEix, 2L — 7
7N =2 RIIC X 5 CYP3A4 % P-gp DIEMEFHEF IC X o TR I LT\ 5[56,57], T4
AT, Zv =770 =R hoTEn7 7/ 7<) VHTH % bergamottin &
6°,7’-dihydroxybergamottin (¥ CYP3A4 I L CPHEFAZ A T2 2 LGS nLTn 3
—7J7 C[58, 59]. 6°,7-epoxybergamottin & 6°,7’-dihydroxybergamottin (* P-gp ® HE{EM 23
WEINTWB[60], 2NFE T, BIFFFEETIE AL OJ XU GFJ #1E T C OATP2B1 @
FRIEVES AT 2 Z e G L TH D FHEFMST & LT naringin < hesperidin % 13 U
O & LR TR ORFEICE > T B[61], T, b FilbiicsBnT, WAZ
HHEEUREIC OATP2B1 HE #Y)CH % Fexofenadine DIMHFIEE DK T35 Z & &
LCTH O, Bt Miz3 OATP2Bl ~DEMZFEATF TWv5[10], —J7 T, Al Ik 3
OATP2B1 DHEREFHE Z A3 2 © & T, HAAFM SN-38 iC X 2 M LEEE M T2
ZH[REMED R LT 3[14], L7223 o T, YR AAEH S 38— &l AL0F ) o [
Ik pEESOBIEFHC. HAFERZICH L ZRIERBROB A2 5, B X 5 H
LEEE AR OIEIEFEIEE ORI AR AR L ZE 2 b b,

72, VRV — LD X B ATESN S 7 L 3BLCEYR AT TE Y., 1Y
HK NP ZHH L 72 L4\ DDS ¥ ¥ ) 7 ORFEAHIF I T w2, HEPIHK NP (i

5 VAR—Z—BETREACSEZ5BMT /I NTORE
)

N
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W EVIHRROES TS CED TR EETN TS T 5 5[49]. BfMH NP 28U K
Y — LRk NEY) & ARG - Ml c it T 2 ¥ x V7 L& 9 2 Ex2 615,
FERRIC, Y a v ADONP 2T 2 ) VIEE 2RI LT EY AL Ex
I NEfERL . BEFO NS v 7 v L RIS O3B 2R 308, MIIEREE M /) &
Wz, BRERRBINTWS[62], 2D X5, Bihhko skl o i &
225 DDS ¥ ¥V 7 & LTOHEMUENRI T 30346, 62, 63]. KAMIHFKTH 3 7=
0 FRACIC ) T 72 ZER) 72 B R FF ISR OBEE ST 5,

g T, BmAHACERIIIC IS TERBES (G S s T, 2 ofFH I
TG CTHHINTE 7, LAL, BTG ENET 2 BMBEENP ICEHT 5 C
LT AT OERNICE T 2IRLEECREZEREE 2o Tnwd e EZ LN,
FLHR NP 1x e M IHLE EEAMIAE Caco-2 Ml 7 v M IHALEMIAICHL D 3A F I [64].
X HICiZF 7 KT N D miRNA 25 Caco-2 il Z & 32 & & A kE TN T 5(23), %
T, @ A EYIH SR NP 2/ LT, /NEHREE DFRET IC @ T 2 L ARE & 37T
7zo Z DOBE, in vitro FERICE T 5 OATP2B1 Cxfd 2 HEMERH S, BRRERICE T2
OATP2B1 HE D AUCIK T 2/~ 3 FI o <d ., HiAtHE & 1357 2 RIFAN 2 BHER
ZHT 20 AT mERL T NGRS KITS Y A ZHKR T/ KT (Apple derived
nanoparticle: APNP)ICE H L7z, L 72235 T, BB=8 TiE. APNP 23BEHI DK 1l57 I
KX BIEWHE L 3R 287 CEHT 252 R 372010, VAT 5 EULL 72 APNP [
oy % BT NEEE AR RE I AT TR B 2 R L 72, E 720 BEAIOES T I X B
BB E & B 2 B8 nFRBEEE O 52 & /NEEREAR IS 35 APNP OF BT Il O
WCIRRB oy 2 B 5L 72,
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B KRBT
3-2-1 R

DAZTIETFRESRLC (70— ) V' — MO, Iwate, Japan) % F > 72, Anti-SLCO2B1
Pifk 13 abcam (Cambridge, UK) & Y | Anti-GAPDH #if£& % Cell Signaling Technology (MA,
USA) X OEAL 7z X Dfthd R SRR & 1 2 Rl & FHV 7eo

3-2-2 YA ZHRF /A FETOFRM

TIRF v /BT OV EALBEACC, WVATERKE LT VEA L, RitFhoRK
R 720, B0 L Bt % =0(2,000xg, 20 47, 4°C) L 724, EiEZREIRL 72, % 7=,
= O D B 2 E0(13,000xg, 70 47, 4°C) L 7214, % D _E i Dz 0(120,000xg, 130 43,
4°0)IC X o TR b 72V % .PBS TR L BN L 7z, IR O MM 2 IR 729
13,000 T 70 FrfiEO L7214, EiEZBEIL 72, X &ic, @O%0 EiF% 120,000xg T
130 43fEhiED LT o Nz itB¥ %, PBS 1T X > CHEE L -IAT % APNP s & L
7z BklZ, 7 v 7 v\ — & — (T11A21, HITACHI) % Fi\>7z himac CF15R (HITACHI),
HDHWIEIAA v a—%— (P28S, HITACHI) % H|\>7z himac CF70MX (HITACHI) % {#
L GRUEEEZTT o 72,

3-2-3 NP DR FEEHE

APNP 7y HICEE NS NP DIFETE%Z 78T 729, Tunable resistive pulse sensing (TRPS)
DFEHIC X Y K% HE 3 % gNano (IZON Science Ltd.) % W TR %2 HIE L 7=,
FAELL 727 7 KL FH[ 5> % PBS IC X 0@ 2RI AL T, Nanopore NP200 % F > C
HIE U722 I ERE R B 7 a b anic L7223 TiT o 7o E L 035 13 Mass
D DEEITHE > 72[65],

3-2-4 BFHEMEEIC X 5 APNP EifH D APNP OBIE

APNP HiZpHIC 5 £ 5 NP OFFER R T 720, BBEMIEIC X o TR FRI D
NFEReZ#Z L 7=, 277V v F(Nisshin EM, Tokyo, Japan)iC Y A &5 / K {5 10uL
EIINL 7212, 1 0EEE L 72(26). & D%, RO E%ZBRE . 1% uranyl acetate 1 X
> TH L 72, #RIR1C 1X. TEEM HT7700( Hitachi Hitech, Tokyo, Japan) % F > TAT - 72[66].

3-2-5 NP 0% - S HNE
Atayde & %° Raimondo & D% 3 & 1C[67, 68]. HET AL 1%, JK_E T APNP 43 Ic
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LT 10[E 25 B0 % 25 FOIEIRE C 6 [mlfE 0 R USRS 2 2 & TR L 72, BVILEE 1%
K & FAVIT 99°C, 10 fEinzEhd 2% 2 & CcalEl L 7=,

3-2-6 APNP EH FOIREBER VBB O R

APNP O lFE RS N AV DAL D SRR 13, Z L% 71 PKH26(Sigma-Aldrich)
U} Exo-GLOW Exosome Labeling Kit (System Biosciences) & 9 A L 7z, NEEE D H#EEE
#1Z. diluent C 7AHRIC APNP % 7 X &, PKH26 DIKIEE % 2uM & L72RAT % 37°C
TS HRIRIG X €7z, RIGEIED 729 1%BSA Z 120K ET 1 2[EFE L 721, KIE
kD HEER TR 728 120,000 g T 90 FrffliE O L. LB %2 NP Mg & LTl L
7oo EIEZBRE. MUY % PBS CHIRME L 72 /AW % OBER L 72 APNP 5y & L 72,
A D HOEAEIZ . APNP [H{4) 1C Exo-GLO red A% 10 430 1 il 2. IRA&TK%E 37°C
T 10 RIIG X272, RIMELIED 72 % ExoQuick-Te #E &M 2 7214, REGRDO HEH
FxER 728 120,000 g T 90 Syl L, Vi % NP 7y & LClHUXL 7=, EiE%ZBR
2. VB % PBS CTHIRE L 7R & HOGEER L 72 APNP gy & L 7z, SUCHEEEK APNP
% Caco-2 MIIEICALIES, PBS T2 [P L 7214, JKi% L 72 4% Paraformaldehyde C & &
L7-. & 51T, Hoechst33342 TH%%. WGA Alexa Fluor 477 THIlEEZ Yeta L, LA
L — ¥ —BEMEE (LSM710) TEIZ L 7=,

3-2-7 MifEREE

Caco-2 AT PR cellbank X Y it X 172 d D %A L 7z, Caco-2 MO FEEEWR IC
1% 10 % fetal bovine serum (FBS). 100 U/mL benzylpenicillin, 100 pg/mL streptomycin, %
&4 L 72 Dulbecco’s modified Eagle medium (DMEM, Life technologies) % F\»7z, ke
BRICIE. 1.0x10° cells/well DEFEICCTa 77— vITa— b L7z 24well 7L — b ICHEREL
6 HRE1 COy 4 v F 2 X— % — (37°C, CO2:5%) M THELEZDDOEZMAL 7=, HEd
X1 HZ L ICE B2 R L 72, #fE% 7 HHIC PBS CHifdZz it L0 b, HUER
J& D APNP 7 % & ¢ FBS IE&H ORTEN % 500uL (10% PBS Z &¢s) ML, &35
FT CO A vVFa—%— (37°C, CO2:5%) HTHEL,

PBS(-)

Chemical Concentration
NacCl 137 mM
KCl 2.7 mM
NaH,PO4 7.9 mM
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KH>PO4 1.5 mM
0.1 % Trypsin

Chemical

Trypsin 10g
EDTA 02g
PBS 1000mL

3-2-8 gRT-PCR

Caco2-#llfld Z 5538 %, PBS T 2 [MI¥EH L. RNAiso Plus i€ &V #lifld % &% L . RNAiso
Plus {71 b 2 L icfiévs RNA Z i L 7z, Total RNA 1 pg ICX L, RAKEE 2.5 uM
@ Random Hexamer % fill 2., 70°CC 7 73 RIIGHEIKD L. 774 I v 7 X7, 2 D&,
M-MLV Reverse Transcriptase (Promega) % H{\>, Takara Thermal Cycler Dice Touch (Takara
Bio.) % FH\»T 25°CT 10 73ffl. 37°CT 120 7], 70°CT 10 77 [EI S & & cDNA % &K
L7z, o7z DNA Z8ie LT, BELGTICRRNEZ 77 4~ —F X' SYBER
green (Roche) % > qRT-PCR 51T X Y mRNA ZE & L 7z, #HI7E 113 Mx3000P (Agilent
Technologies, CaliforniaUSA) % H\>, #iE{ET D mRNA FH&E DT ICIZ, ity 7
I MxPro (Agilent Technologies, California USA) % H\>7z,

Table 3-2-1 Primer list for qRT-PCR
Sequence (5’to 3°)
Primer
Forward Reverse
hSLC5A1 AGACGGTGATCATGCTGGTG AAGGTGGTGTTGCCATCAGA
hSLC10A2 TCGACTCTGGGAGCATCGTA CTTTTTGGGGCCATTTGTGA
hSLC15A1 GATTCCGCCACAATGTCAAC ATACTGCGGGATTTGCAGAG
hOATP2B1 TTCTTTATCGGCTGCTCCAG AGGGTTAAAGCCGTCCAATG
hSLC22A4 TCGTGACCGAGTGGAATCTG GTACAGCCATGGTTGCGAAG
hSLC22A5 GATCTGCTTCGAACCTGGAA TCACAAAGATGTCCCCATGC
hSLC46A1 TATCTGTGGCACCGCTTCAG TGGGAGGTAAGGGTCTCCAC
hABCBI ATGAAGTTGAATTAGAAAATGCAG GGAAACTGGAGGTATACTTTCATC
hABCG2 AGCCGTGGAACTCTTTGTGG GCATCTGCCTTTGGCTTCAAT
hHPRT TTCTTTGCTGACCTGCTGGA CCCCTGTTGACTGGTCATTACA
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Table 3-2-2 PCR reaction conditions

Denaturation Annealing Extension No. of cycles
hSLC5A1 95°C. 4 ¥ 62°C. 20 40
hSLC10A2 95°C. 4 ¥ 62°C. 20 40
hSLC15A1 95°C. 4 ¥ 60°C. 20 1% 40
hOATP2B1 95°C. 4 ¥ 62°C. 20 40
hSLC22A4 95°C. 4 ¥ 62°C. 20 40
hSLC22A5 95°C. 4 ¥ 62°C. 20 40
hSLC46A1 95°C. 4 ¥ 62°C. 20 ¥ 40
hABCBI 95°C. 6%  53°C. 10%  66°C. 20 40
hABCG2 95°C. 41 62°C. 20 ¥ 40

hHPRT @ PCR §F 134+ 7 v AR — X —iBIL 1D PCR & & Rk D&M Tf T - 72,

3-2-9 SDS-PAGE ¢ Western Blotting Analysis

Caco-2 #flifg5 2. 1% protease inhibitor cocktail (Nacalai Tesque, Kyoto, Japan) % & 18 M-
PER buffer (Thermo Fisher Scientific) T cell lysate #F# L 7z, BCAEIC X b, & v o5
B8 % MIE L 72t 4xsample buffer %l 2. SDS-PAGE ¥ v 7L & L7z, 2L F DK
TTIVE/ESLL 72 (Table 3-2-2),

Table 3-2-3 Composition of running and stacking gel for SDS-PAGE.

Running Gel

(Acrylamide 8%) Stacking Gel

30% Acrylamide/Bis Mixed Solution (37.5:1) 1.6mL 300 L
0.75 M Tris-HCI (pH 8.8) 3mL

0.25 M Tris-HCI (pH 6.8) - 15 pL
10% SDS 60 uL 30 pL
Water 1340 pL 1170 pL
TEMED 5ulL 25uL
10% APS 50 pL 25 uL

Mini-PROTEAN® Tetra Cell (Bio-Rad Laboratories, Inc.) IC7 L%+ v F L, SDS-PAGE
F sample % 22— L3 LiARIKE) L 72, OATP2B1 ¥ X U GAPDH % 8% Acrylamide ®
running gel %\ CIKEI Z 1T o> 7z, ¥kE)f%. PVDF membrane (Immobilon, Millipore 0.45
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um) 1< % v 7 KB 2EE Mini Trans-Blot® Cell (Bio-Rad Laboratories, Inc.) % T 2
IRFfHIEE S & & 720 2% skim milk/PBS-T T 1 Wffi] 7'w v % > 27 L 72#%. PVDF membrane %
2% skim milk/PBS-T CTHifR L 7z —RFLIAIE W (rabbit anti-OATP2B1 antibody: 1:500, rabbit
anti-human GAPDH antibody: 1:10,000) IC%Z#H L, 6°CICERE & L7z KiRZ= CT—M, 721k
Fin T 2 KRG S & 72, PBS-T Tk, PVDF & 2% skim milk/PBS-T T L
72 ZRPUAIRIR (Goat anti-rabbit I1gG antibody: 1:10,000) % ZE#L < 2 KRG X ¥ 72,
PBS-T Tyt Imunoster Zeta ¥ 7z I3 Imunoster LD % F\» T{L2EFE e 4 I L 72,
B X 7z oN v F o E ERENT I3 Light Capture apparatus (ATTO) % 7z,

3-2-10 _Caco-2 fiifi~® E;3S B Y iA » 5Bk

TB CHifE% 1 [Fl3EE% 500 uL @ TB Z 70 L. EiiE % FvC 37°Cc 5 il 7' v 4 v
FarR—vaviiTol, ZDOH%TB 252 ICkRE L, 37°CICHNR L 72[*H]E13S 5n0M %
B TB520 uL N3 2 2 L ic X v RBRZBHtE & L 7=,

—EREME], 37°CTA v F 2 _—2 a3 v LPHIE3S DIV ARG ZIT - 72, KB L 7=
TB T2 S Z &I X W RIGZEFEIEL 72 HUY A B4 1R DAL 0.01% Triton X-100
% 260 uL Nz CHlE % %fE L 7z, 200 pL % 1.5 mL 5 = — ZiCEI L, 1 mL @ Clear-
sol | ZMATIRMUL. @R vFL—a vy y 2 —CEEZEIE L 72, £
DIRFRIE A & 20 pL ZEREL L. Bradford =12 X 0 & v o3 27 EEE % HIE L 72, [PH]E13S
DI (X, BV IABRGRERBHIRTER 1 20 uL Z[EIX L. 1 mL @ Clear-sol I % fill 2 i
BHREZHIES 5 2 & TR 72,

Transport Buffer (TB)

Chemical Concentration
NaCl 110 mM
KCl 4 mM
CaCl, 1 mM
MgSO, . 7H,0 1 mM
MES 10.8 mM
D-mannitol 50 mM
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3-2-11 7 — X @b

FHHER D mRNA FEHZAL I3, NP IFRERETRE 2 At & L € 27 (-AACYH HKic X R L
7-fE TR L 72[69],

BR MR 30 2 U E 7 e — 7 HE O ALY JA A& (uL/min/mg protein) k. FlERF
lic 3 2 Mifa P O T RE R (dpm/min/well) % uptake buffer H D iU HE D 11 HA 5 i
(dpm/pL)FB L X v X7 & (mg protein/well) TRRI B Z LI X W EHL 72,

TRTCDT — X3 mean+S.EM. THiC L. Hati A EEMIE (X, Student’s t-test % [
W p<0.05 DEHICHEEEYRD 5 LHIEL 72,
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B EERR
3-3-1 APNP HSYHICEEN B F /KT ONTRE - B

APNP 73T NP 3EENT W5 2 & AR T 720, RESRHIE & BRI X
DHARD 2 s h LI L 7=,

qNano 1 X % K7 534 HI5E 12 X > T, APNP 43 H 1T 1 100-400 nm DKL T 23 7FLE L |
£ — F{&IX 170 nm TH o 7z (Figure 3-3-1A), ¥ 7=, s3G5 i B 2 MWk NP ok

LT 2 &, WangQ & LT Wang B H DFEFRIZE— N 350nm TH D, Mul
HIE—FER200nm TH B L5, Mul bOHE LT WETH - 72[46, 48, 70],
T oI, EFHEMEEOEERS O, WSTIC 100 205 200 nm FRE DX > 7 A HEE DR T
D385 X 1, qNano DAER & I_Jﬁ% APNP [Hj53 H1IZ NP DFFHE % 7 3 #i5R T H o 7z (Figure
3-3-1B), 7z, SOMNCEALTBRAED b, ZHiE WangB 5D 7L —F 71—
HE NP L B2 R AR L T b, DX b, Mk el L 72 #5r$ic APNP 237
TE9 5 &L 72,

X HIC NP 2T 2 77k e L, BB S % SR I 23R & v T % 367,
68]. T O DIBIC I T B NP ICHF 558 % qNano 1T X 2 R 042> HFFM L 72,
BN B 2\ ZHBEF LB X 5T, RULEED APNP 4y & LT, 10 9D 1 BT
DRI LT H o 72 (Figure 3-3-1C, D), Z DFEHE L & M FALH K CBVILEIC X > T NP
DWIEEI N T W2 EHWTL, NP 2B S izl e LT, L‘/(F%%@Tﬁ%ﬂ‘b:ﬁﬁbxf:o —77
T, MHRDEMIEITY = — A(Tropicana) % {# ] L 72 APNP [H[53 1 (3K F 235 & 7 5

277,
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Figure 3-3-1 APNP size distribution and electron microscopy image.

The size distributions of the APNP fraction (A), sonicated fraction (C), boiled fraction (D), and
concentrated apple juice (E) were analyzed by tunable resistive pulse sensing (qNano). The
concentration of the APNP fraction was 4 ug/mL (100% squeezed fruit juice). The concentration
of particles was standardized using multipressure calibration with 200 nm particles at a
concentration of 1 x 10'? particles/mL. NP size and vesicle formation were also evaluated by

electron microscopy (B). The scale bar indicates 200 nm.
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3-3-2  Caco-2 #ifE~D APNP OH Y A A

APNP 7% Caco-2 fllfl@IcEL D ;AT 2 & 2L I T 2720, IR L 72 APNP
B9 % Caco-2 MifiCHLE S % & & T, Caco-2 M ~dD APNP HU Y A & % BAMGR 52
2 B I L 7z,

9. IREEO SRR IC i L 72 PKH26 IC X 5, APNP DO ic JIE 2 % ¥
filid % 72® . qNano % Hl\ > TR TR % MITE L 72, SO L 72 APNP 5> O RLE 51
ORI T80, R ) & FIREE D > 72, L7248 > T, EOCIEHIRIEIC X 5 APNP O
EZALIZNE weE 2z, UEORETTHWw 2 Z & & L 7 (Figure 3-3-2A),

APNP % & % 72\ PBS Z W CRIBR D BOCEEBIREZ T o 29 v I e xtid & L T,
HOCKRRK APNP 73 D Caco-2 flildN~D#iT% ., HERL — 3 —BEE 2 v T8
L7ze SRR L 72 APNP 53 IC B\ C, PKH26 HIROREHOEDS, MU % et L
TR O NENCEED H N5 2 &5 5, APNP 28 Caco-2 MIIEANICED AT T3
&% 2 b5 (Figure 3-3-2C), — /7. HCARIRIE 21T 5 72 PBS % Caco-2 Ml icisin L
EEICIE, REHDEFR® b T, Caco-2 MIlEIC B\ THOLEE APNP [Hi5) % JLiE
U 7= W5 D A B 3 JE R B 22 RSO Tl 7\ 2 & DSRIB & LT B (Figure 3-3-2B),
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Figure 3-3-2 Uptake of APNPs by Caco-2 cells.

The size distributions of APNP fraction labeled by PKH26 (A) were analyzed by tunable resistive
pulse sensing (qNano). Caco-2 cells were incubated with PKH26 (red)-labeled NP fraction (B)
and PBS (C) for 6 h at 37°C. Nuclei and cell membrane were labeled with Hoechst 33342 (blue)
and Alexa-Fluor-488-conjugated WGA (green), respectively. Uptake of PKH26-labeled NPs was

examined by confocal microscopy. The scale bar indicates 50 um.
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3-3-3 Caco-2 MifEic 351) 2 Wk BIR T ORBICHN T 5 APNP DFE

APNP 23 {MAL B BHEAIC ST 2T DT Caco-2 MlfE % F v CET L 72, WAL
ICHI T 2k R 9 BIR DM, APNP 4 ug/mL. 24 FFHEILESME T T, OATP2BI,
ASBT, OCTN2 ¥ mRNA FIHE ZE A L 7z (Figure 3-3-3), — /7. FFFICH T,
BCRP (3 A EICHEM L 72, RIFFETlE D mRNA FEHEDOZL DK % 5> > 72 OATP2B1
S92 APNP DFZIC DWW T, & b Ickat i 72,

BCRP 1%

P-gp
ASBT — %

OATP2B1 | %
OCTN1

OCTN2 —
PCFT

PEPT1

SGLT1

0 0.5 1 1.5 2

mRNA expression
(relative to control)

Figure 3-3-3 Effect of APNPs on mRINA expression of intestinal transporter in Caco-2 cells.
Expression of ABC (P-gp, BCRP) and SLC (SGLT1, PEPT1, OCTN1, PCFT, ASBT, OATP2B1,
OCTN2, OATP2B1, PCFT) transporter mRNAs in Caco-2 cells was measured by qRT-PCR.
Caco-2 cells were cultured in medium for 24 h with (closed column) or without (open column)
the APNP fraction at 4 pg/mL. Each bar represents the mean £ SEM (n = 3). * indicates a

significant difference from the control (P < 0.05).
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3-3-4 OATP2B1 mRNA EH x5 % APNP OE

Figure3-3-3 OAEFICHI X T, OATP2B1 23 FEMWIICEI 53 2 AFTH Y, ZhET
DA ZTRHIC X AEHZRLCELEREDL O, OATP2Bl ZXfRE LT, XY FfllAaks
M EITo 72,

APNP H[531C X % OATP2B1 mRNA FIUK T % X Y HATIF 5 72012, APNP iR
%72 mRNA FEBL D2l % FAifi L 72, APNP IREMKAFRYIC OATP2B1 @ mRNA FEH& (%
KT L7, 51T, APNP ALERRZ IR L7z & 2 5, 24 IRF[EULE & HEig L T 48 IRff]
EICHE BT, LY KE7 mRNA FEUKT 23/ & L7z (Figure 3-3-4A), 4T LD,
APNP (T X % OATP2B1 mRNA FEHUK N IXIREKIEH S IR = EHCTH 5 2 &
DRI NIz, T HIC, B S 2 WG EIC X o T NP 23 & 72 [li5r Tl
OATP2BI1 FIRK T 138 X L7 h> - 72 (Figure 3-3-4B), Z 4T X b, H5H D APNP 23
OATP2B1 FHUNFNICFH G L T\ 5 Z L 0 RB X L7z,
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#

!

Figure 3-3-4 Effect of APNPs on OATP2B1 mRNA expression in Caco-2 cells.

mRNA expression of OATP2B1 in Caco-2 cells was measured by qRT-PCR. (A) Caco-2 cells
were cultured in medium for 24 (open circles) or 48 h (closed circles) with APNP fractions. (B)
For disruption of APNPs, the NP fraction was boiled or sonicated. Caco-2 cells were cultured in
medium for 24 h with an untreated (closed circles), boiled (open triangles), or sonicated APNP
fraction (closed triangles). Each bar represents the mean + SEM (n = 3). * indicates a significant

difference from the control (P < 0.05).
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3-3-5 OATP2B1 ® % v 7 BRBE R CEREEEICN 33 APNP O E

fevsT. APNP IC X % OATP2B1 mRNA FEEUK T 25, OATP2B1 DHEREIX T IC £ THZ
BT InE s »eifils7z0, & v 7 Bq3HE I OwXREEZ 5Hi L 72,

mRNA FHHEOZL 2R D K& 2> o7 APNP 40 pg/mL, 48 FEULESMET <.
OATP2B1 % v X 753 & % Western blotting C. #ikif P % Ei3S O HLY jA H & THHll
L 72, APNP ZLEIC X - T, OATP2B1 % v % 7RI & I13H = IS T L 72 (Figure 3-3-5A
and B), ¥ 7z, APNP L& IC X 5T, Caco-2 D E3S D IAAEIMETFTLTWE Z &
2> 5, OATP2B1 DEiEiEME DK T 257" & du7z (Figure 3-3-5C), 2415 DFER X, APNP
I X % OATP2BI mRNA #HEDOKTICL 2D FEZ LN 5,
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Figure 3-3-5 Effect of APNPs on protein expression and activity of OATP2B1 in Caco-2
cells.

(A, B) Western blot analysis of OATP2BI1 protein expression in Caco-2 cells after 48 h treatment
with (closed column) or without (open column) APNP fraction at 40 pg/mL. Each bar represents
the mean + SEM (n = 5). * indicates a significant difference from the control (P < 0.05). (C)
Uptake of E;3S was measured for 15, 30, 45, and 60 sec at 37°C and pH 6.5. Caco-2 cells were
cultured in medium with (closed circle) or without (open circle) the APNP fraction. Each result

represents the mean + SEM (n =4). * indicates a significant difference from the control (P <0.05).

3-3-6 APNP B ICHFET 2 ESTORE

LA ko OATP2BI IZX3 % APNP ORI T 2, K9 T 08 % FHli§ 2 7=
%, APNP [H[53 o DK F MR 2 HIE L 7=, HEL AP OATP2B1 X} L CFHE
MREET D 100 TENRE LTIT - 72[61],

APNP B ICE TN BN TIRE L WK T 2720 RIS ECHE L2 D A TR
o DK T RS & LE#R L 72 (Table 3-3-1), APNP 5 ICE& 2K T 13T,
LC-MS/MS DEETRTH 2 1nM H 223 0.5nM LLFTH Y, APNP i) h oK1
FRATIREE 1T AT & U L CHEE IR R TR PR MKIRE L E 2 b b, T 72,
X RAKT>F D OATP2BL I35 ICso & HLHT 5 & APNP 7 H DK FiREE 1% ICso
D 1000 7D 1 AT THY, THHEASTFICX2HAHFORE I IZLEA LA bR
REThLLE2ONS, ZD7zH, APNP B OFAIX. chE TlE L CTE 2Ky
FICK 2HEFHE IR R 2WFICL2db0eEZ LN,

Table 3-3-1 Concentrations of various components in APNP fraction.

C (uM)
APNP fraction Apple juice I1Cs0 (UM)
Naringin <0.0005 0.00150 £ 0.00010 463+1.19
Naringenin <0.0005 0.000850 = 0.000100 49.2+7.6
Hesperidin <0.0005 0.247 £ 0.003 1.92£0.28
Hesperetin <0.0005 1.39£0.02 67.6 £29.5
Phloridzin <0.0005 16.8+£0.5 23.2x4.0
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Phloretin <0.0005 0.233 +0.010 1.31+0.16

Quercetin <0.001 0.464 + 0.016 947 £4.31

Kaemferol <0.001 0.0324 + 0.0048 21.3+8.6
Bergamottin <0.0005 0.0246 + 0.0046 N.D.
6’, 7’-Dihydroxy N.D.

. <0.0005 0.0701 + 0.0480
bergamottin

[C], concentration of components in 4 pg/mL of APNP: N.D., not determined.

Concentration of components of apple juice and ICso value for OATP2B1 were obtained

from previously study[61]. Data are shown as means + SEM (n = 3).

3-3-7 {K pH IZHJ 3 APNP DREM:

OATP2B1 DFH3 2 /N5 AL % © APNP 2855# 3 % 7201213, MER-C Bk, 5
WIS E TN 5 HLEEFEC pH &F %2 T 0 B2 70 T i3 e © 70 W HALE IR 1 pH
ICXf 9% APNP DLEM % . R D2 tr HaHl L 72,

HWNZEE L 72 pHI OBEWF APNP #1272 1 Feftltk. K 74(% qNano CHllE L
7zo pH7.4 &I L TR AEUE 16.5%I0 L 7225, KLEE MG OB 2 LI R o ik
2o 7o, DR HEE NP 25 HLEMMBIC/ER T 2 MG b BT 5 & APNP (IR H %
g b —Edla w2 MR LIBLEMBNICEES 3 2 L 8 WIFfF T 5,

>
=]

pH 7.4 pH 1.0
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Figure 3-3-6  Size distribution of particles in APNP fraction after incubation at acidic pH.
The size distributions of APNP fraction after incubation for 60 min at pH 7.4 (A) and pH 1.0 were
analyzed by tunable resistive pulse sensing (qQNano). The concentrations of APNP fraction were

4 ng/mL (100% squeezed fruit juice). The concentration of particles was standardized using multi-
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pressure calibration with 200 nm particles at a concentration of 1x10'2 particles/mL.
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EIE EE

KRETIX, /NGEHEAR OATP2B1 12X 3 2 FHFEXF S in vitro TR I NTH Y,
EEIREER IC 35> TdH OATP2B1 FEH D AUC KT IC X o T, OATP2B1 ~DEF ARk &
NTW3HAZICEHEHL T, APNP 2V NGlE AR OKREZ T2 —H e m>Twnd C
LERRNTZ EEENIC, METEITo 7,

T3, BEOEEHCCT, DATH S NP ESrZ B L, RRRRIE & &1 B %
F TR T DIFAE L AR 2 W32 L 72 qNano 1T X 2 K7 7 BHIE O R & B T HEMsE o 8l
h 5. 100 2> 5 400nm DKL DIFTEABIEE S 7z, FoCHS T & T 7= 2L
LHEE IR X 5T, APNP Hi73rH DR FBHEA LT3 2 &5 6 NP BSEI 1
TW3 EEZLN5[67,68l, LL, AFic&ENnsd s v Y — LK% miRNA OiFE
HIIC, BERLEZIT o T 25 Tld, 90 77 ORE B IC X > T4
DLy VY —LEBKR mRNA MET LTW3[71], Gl & gL <. Aatol
TAEIZET 15 30 7 & IR T3 & 2 23, APNP D NEY~DE D BETE R,
T 72, MED DT W TR THOBAARD bz 2 L p b, BEELHIC X > T
KR L7720, RTFEPME A bbb cidhvweE2ond, LaL,
qNano DHIEHIFHA 1000nm FREF TTH 22 L 2o, HIEHH Loy 4 XcEE L
TWAHHAREED H 5, T/, TIROEMET AT ZEH L 25> TR 7238 S e
ol b, TNETUMFRECTIE L TE 2 AT OfEHIZ. APNP ICX 2 b DT
7w eFEZOLNE, —J7 T, RIEFTTIE. APNP ORI E & L CREE Rl 0k %
BEIRL 720 VAT ITBYIBHEDS BE 7729, 120,000xg DL T S L7215 13 Bk
M BONIFOOMBE L BICBE INZ, 20O, §FwXCHRE L Y [72, 73],
120,000xg CAIUL L 72 #5315 LT 13,000xg D DIEEZ TV, & 51T 120,000xg D iE
LCEINT 2 2 & T, WA TTHOBYMBHEARA T2 L& 2| Bid L 2 #E(EiET
127z L L. #iCHE TR, KO KMV OD TR I m—R 7 vy a VIECEEL
Bl ORI X AR ETIT o T a3 b D H % <, NP D ¢ [T B IC DWW TIdR
7o REam S LT\ B [74, 751 APNP IC& LA KD T Hsr & LT, OATP2B1 ICRHEFH
T 10{LEM%E LC-MS/MS TERB L7224, WINOBRHERALTTH O, AT &
s LT TIRIEECHh o7z, T2, TN D DIRFEE%E OATP2B1 IZHS % 1Cs) & LL#g
T2 0FTND 1000 7D 1 LT TH %729, OATP2B1 ICX3 % APNP OfFF 3K T
IC X 2HAHECIEFHACTE v, LA L, fhossricBIL CFHfi L TH 53, APNP
DA% X 0/NI LT 25701cdh, NP ORIITEOREILVPEEEZ ONS,

TR, L 72 APNP 43 % Caco-2 MICALIE S % & & <., MIlZN~D APNP D47
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DRI I N, HERL —F B0 B2 & | MR O o Al APNP ©
FEDED LT 5 72D MR ~DfE TIZ 7w, L L EERZ2FHTiTcH v |
LT HL Y JA F 1172 APNP B Z € ZEIICFH I TE T in v, X W ERNZREHT e L
T, SRR L 72 NP % 272 FACS f#fiT° 7L — b U — &X' —iC X 2 #OBHIE I X 2R
HOINT W B([76,77]. HEYIHR NP OMIBINIE T X /1 = X L (3 EEhHE & % 2 b T
BH, NP OMIMENBATICNT 28Ty P94 b= XIAEFOFEIC X > TG
NTw3, ZL—771—YHENPICE T, b kgL HIkE A549 Mfd ot L
TE77T3HA4 =2 AR 7 7R YA EHET Y F A4 b= 2SRRI T
% —77[18]. ~v A~ 17 7 — U RAW264.7 Ml ic i L Cld~2 v e/ ¥4 b
— VAR TRV VNERZ Y F A b= RO SR I LT 5[46], TD
L oic, FUCHEYRERR NP TH > Td ., MRMADKAFRIC NP ORBATE K CFEATHME
DR ZARMENEZONS, TO XD RIRBEXREL 2 7201Cid, NP Llllgntk
fik3E R & 72 5 728, NP RENCHI T B v o378 LRl RE O X v o878
DHAEHOBG B3 E 2 bivs, ERgic, BRAMEEROT 7 vy —Lics»Cid, i
NS R CH % integrin 23T OFEIREICEHT 535 2 L B3 ME I LT B[79].
X i, BAMERKD T 7 v Y — 237 v T4 — LEFTOKE R, CD24 % CD63, CDI1
FORE v ER~— =T L LTt T 5[80-82], FEYIHIK NP i\ T
b, T RTA—LENTP) EF 7 AN BMTOIN T B 208, W RITFRE O EYIEIC R
bNTEY, WA TOME LRV, BAMIEHERTZ 7 VY — 240 X5 ic, HEYIHKE NP
D~ —N—DFEFET S LT PReHA e — X% o7 EEEE o 52
FARTRE & 72 D [83]. MIEDE APNP 2152 Z L A[REICR D EE 2 bNE, 72, K
W9 Cld. BCAEIC X 2 2 v 7 BER O R % FIC APNP IR DEMFRER{To T
w3720, 43 LD APNP OBAKMEINTEL T, ~— " —F2RIHI L
ELISA {EHFIC X 2ERICK o T, EERETHELU 2 APNP BOIRAEZ/NI (T 52 L8
WFECc&E 2, ZD7=®, APNP O~ —h —5 7 OfAEHIZ, NP ORI THET o BRI
BEod, FHMEORWERO7Z0 I HERERE R VE S,

T 72, MBI S EOMIE TR S T w B 28, IV iAZ i NP B%ERMNIC
A9 5 2 & T, LB HIRORER O APNP BAT1ED 23 vl RE & 72 5, AL E IR IE %
NENDFFRNEEEZ A L TE 0., /NEEEEDHER ICIZR AR LA 5 APNP
DINGHERE~ DR A X 0 BT 2 720 1C i3, NP 25817 2 Ml o FiE A
TH D, i CRETIEZ L — 7 HK NP /NG Ic[48]. 7'V — 7 7 v — Y i3k NP
NG~ m 77y —VICERET 2 5[50 BREICL-oTH, WYATheT v
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HHACHE (X5 7 2 ATREME A B % . IHALE MRS © APNP D HUY JA A & % E B I i 3
% Z & T, APNP B47iC b MABIME S FEE T 2 56, MRLERE %2150 L 7285756
e LCEHTH 2, v a v HHENP ZZOfEEREZMA L CEMEZNET 5 C
ET,VRY—=2DL5%DDS ¥ VT L LTOMEDEDSLNT W S([62,84,85], %
D7=%, BEHE NP © DDS ~DIGH & LT, NP OMIBERA T 0 & B 7o 3 K O
N ATHEFF DD EE N 5,

APNP (T X 2 (L EEEAICKT T 2 mRNA FIA B OFHEIC X > T, OATP2BI,
ASBT. OCTN2 I3 A E A FIE T, BCRP 3 HEARR EASRD bz, ZOEH
APNP IC X 208 CTH D L XL V<RI 72®, OATP2Bl ZXTSRIC APNP IREMKTT
PE B OILE REFR AR % BTAM L 72 o APNP 25 S OVULE IREfE] 0 38 I £ > L OAPT2B1 @
RIETRIIKEL oz b, APNP DIEFITH 5 2 LRI N, 72, Hi
R U7z & 512, OATP2B1 icxf L CIHEFEM 2 H 3 % 10 L&Y D APNP IR 2 HIE L
72 2A, WERLHRHERR(1I oM H 2\ i3 0.5nM)BL N TH Y. APNP 5 b D K51
BRI TRWEFZ b b, £/, OATP2BI ICH13 % ICs & [b#i3 % & APNP i
S DRI FIREE 1T 1Cso & R L C 1000 7D 1 AT TH b . APNP OfEFIX KD T 1
X A HEDRK TlZ 7\, 7. APNP (X OATP2B1 D & v~ 7 B FE3 & M OV
DMK T 872, ZNid, APNP I X %5 OATP2BI mRNA DX FICk2b D& E 25
N5,

BiEsk NP o/NMEHBICN T 2 ER 2R T LTl IHEENCTOREEICDWTH
BT BNERD B, APNP DMLEEMNICE T 2L ENDFMo L >L LT, & pH
FHTICHTIRNTEOLE ZFHE L7z, BNZEL 72 pH 1| OEIEH < 1 KefEGE L
724, APNP H;h ORI TR ZFHIIL 72 & 2 5 875%MEFF S TH b, RS D
BEE e AL 72 0 5 72728 K pH SF T OWALE N TR IR & (R EF & LT/ B
FCHEBET LRI ROAE NS, LA L, Gk it /hME ERICEES 3 £ T
RFE XN DML BN, BRERE L 7282 L Tk 0 [86,87]. & IMETTId pH 5&
OB E 5729, X 0 IHLEPICGEWERELD N T APNP OLE M % §Hifi 3~ 2 42253
H 5, GRS T, v RSROES L - Bk NP 2V NN ICFEES 2 FH A
WEINT WV 572D[20]. APNP b ARNERELIC B T, Gk Rk I/ Mgk 2
ET 5 LR TE 5,

PIE, B=E Tk, YA ZTIKEETN S APNP 28/ MGHLEAR OB 7B iS5
THAREME AR H I AR L7, 72, OATP2B1 Z X5 & L 72455 2> & . APNP | mRNA
FEUCTICER L T, 2 v N7 ERBR M CEEREEOK T2 R Lz EZLNE, B
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a NP S iE, S0P 720 Tl (DT B0 S KRERaPEENTn5 C
oo, BRT BN O RS DFE & AERF DfEIIC X o T, YRS A
TEF O RBBEO MR D & & 28 AfFE N2, Lo L, AEHicE T 2 NP BT
TR EEED X VA7 ER, 2 Vv X0 EOBEERPEAL T3 ATREES S E T E F,
APNP OFETT kDR & iz, NP DfEHIC O W CTHEEICHR Z L TW A BERH
2, 7. BEHHEENP2SDDS ¥ ¥ V7 & LCOMEDHEATHE I L5, APNP D
Ve Ry 7 74— LTI X 3 NP Ofi o, Bidk DDS ¥+ U 7
WKIGHE N Z e fFan 3,
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HUUE  Apple =4 27 1 RNA I X 3 OATP2B1 DOEfE FH B FMHEH
B WS

F=F T, APNP IC X % OATP2Bl DL T-HHALHZ "B T2 LB TE /2, K
B Tld. OATP2BIl I TRIFAMEMAZ d 72 6 TIRKK S OFE & . 1EFRBT O fFiH
ZHEE L AT T L EREAEE . 2 2 BiEs FICEH Lo Th R,
~ 4 7 B RNAmMiRNA)D AJBEMEIC D W TRET 21T o 72,

A5 HSKE NP 1212, mRNA £ miRNA, % VX 7 EHEOES TR ARNE I LT3
FME SN T DB T 26, 200 EDTHT B LEHBRICER L T 2 etk #
AbNb, @A THEITOH TS, FHCAMEKD miRNA 28t + O@E 7 %2 5
ZAREMEA R TIME S S LTV 5[21,88], —7F7. BiHSE miRNA 23t b IA o X
N e, BPEERIC B TRl e o & udne 2 L 0[89,90], I v & 2
F— a vin EEBRTEOME S H[91]. BiH K miRNA H2E miRNA OEH IS L
THENZHREDFIET 2, Lo L. BiEEKT 7 K 1HIC miRNA OFERRD b
% L[48]. BiHE NP & E 5 miRNA 2 Caco-2 MfICEITT 2 G HH Y
[92]. BhnHE miRNA 23t FERFERZHETT 2 2523w E ZEms V- TW 5 0
DHEIRTH 2, % & TREFEMSOBHZES & WIHCERBRICN L T 51X, &S HK NP
ZMAL7-mRNAEDZWE FHINS 20, ZOEHZFHELSS T WEEZ /-,

miRNA (%, 20-25 $EFE D —AF RNA TH v EERER 7 O FIRHENIC B S5-3 5[93],
miRNA (Z#EE #1235 T, Dicer % Argonaute 2 (Ago2). tar-RNA-binding protein (TRBP)
% CHERK X 41 %5 RNA induced silencing complex (RISC) & &R % TR L CHERE 3~ 5 [94],
miRNA 23 mRNA © 31 3 JEFHERAEIK (untranslated region: UTR)ICASE &35 2 & T,
FHERINE] > RNA D40 % 5] & #2 2 37[95], miRNA (¥, #ildo o b-oréhi, Mt o
AGBROPFHICEHE G LTV 3[96], b FCHWTIE, Tk aiEsE, E5ERT%
%G9 2 miRNA 2% E0ERE S v 5 /NEHEARICE B3 % & PRtk & BCRP
lZ miR-328 I X o THIEI X 41[97]. ~ 7 F Fikfk PEPT1 I% miR-92b I X b fillffl * #u
2L PME SN T B[98], UWFFEEICES VTH, OATP2B1 ° miR-24 @ FHHilfHIic
Blb 22 ®RLTWS, b b miRNA I X 2 Bk iR o IR FTE25EA T % 23,
FEY) miRNA 1 X 2 FEBLHIE D F]1d 72 v

—77. HEP)IC BT miRNA (FFEE LML O FIH, KBNS 7o & DiRIA WA B RE
DOHIENC X725 < [99], F 7z, HH¥) miRNA 1% Hua Enhancer 1 (HEN1)IC X - T 3" Kiimas
A F MBS % 2T 2 55, B miRNA D% {1 A F LB Z TR b, A
FMUERi O XA X 41 5[100], Ak L7z Ago (¥ RNase BROIEMIALI A2 FFH |
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miRNA & FHH#IICHE A L 72 mRNA O3z 5l 222 97, LA L. miRNA & FE) mRNA
DFEGOBRIC, I A~y FREET 256 13N mRNA OUIN 2 4 U 72x (101, B
DA, miRNA OS2 AHIPH T mRNA EMAEHAT 2 2 L i3d ., %<k
miRNA @ 5’25 2-8 HHDOESNTH % > — FEHI MR ICHE ST 5[102], 7=,
miRNA DIEERJERAZIZTEIC 3°UTR TH % 72 H[103]. FZH) mRNA IZEF 4 % miRNA % T
B3 2 BT, miRNA © > — FECH] &2 mRNA @ 3°UTR BB o M0 i &0k %
fEdT L CIRET L 2 & A% v, B OB A, miRNA S EER mRNA & D I X< v F03%
WZ Ehb, ZOERERBETIZ mRNA O FE X Y b, B mRNA OFIFRINGI23 372
EEZLNT WS, — /T, Y miRNA D&, I mRNA & D I 2= v F240 70
729, EEAEAKTIZ mRNA OOfEZEE2bT0w3, LrL, 2hidd T
1Y) miRNA & B mRNA [, & %\ (3HEY) miRNA & EY) mRNA HORERETH b |
AHFFECAUE L C v 2 BRI AR IC 3w T ORI IC 2> Thik v, B
FERICE 2 L. OATP2BI OEETFRIUCK L T v 3 7 ERIE & [FEKIC, mRNA ¥
HELMET LTS Z 26, APNP OFFRIIHEY) miRNA BRO(EH & FR X, 1l
miRNA OBG- D H[REMED H % & & 2 T 5,

LIEX b, OATP2BI1 % 5HRICHEY) miRNA O b iEfE TREHEZ R+ &3,
A - BEFRARE O EEEEZ RS EIcR Y, BIRECNNREE 2L 5, $72. /N
ki3 5 BB, I iRy —ma A ERIc B Tl L WilEZ o2
WBICO7%23%, 22T, NP ICEEN 2 EMEK miRNA 23HLE MK O &R 17
HICBA G L Cw b L{REE % 7 CC, B =5 CT/R S 472 APNP IC X 5 OATP2B1 FEHI#I
ICF1F % apple miRNA OB L., KUK miRNA OFE%Z H & L THRETL 72,
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B EBRAE
4-2-1 pRL-TK/OATP2B1 DfE&L

pPRL-TK OV I3 A4 X7y 7 25—+ (Rluc) DD Y I OATP2B1 %HAIAAT:
77 Z I F DNA (BAF. pRL-TK/OATP2BI1) (ZLL N D7 CHEEEL 72,

AT % DNA 1X. AT 2HIREER Y4 F 25 15 RS RGIcmEniz77
A ~<—%HMHwT, PrimeSTAR Max DNA Polymerase % H\>CT PCR %1795 Z & CTH#l L
7o ROGIE. BN (98°C, 10F), T=—1V v 7 (56°C. 5F). ik (72°C. 15%) %
3594 I 0fTo7, 5 E 32 DNA % L < (X cDNA % Caco-2 Mlfg2 S FH#EE L 72,
D PCR EV %, BRIKENL 2% ICHWD DNA Wik A& TN 2oz 0 H L 7,
NucleoSpin Gel and PCR Clean-up (Takara Bio) Z >, 7402 —X7 %5 DNA % i
L 7zo pRL-TK (I Nhel& Xbal% F\» CHIFREZEZRLEL(37°C, 6 KifE])ZfT\>, Rluc % =
— F3 % DNA %[RE LIESHIK DNA & L7, Zotk, ERlRFICERKBIO®R, 7H
0 — X7 b DNA i L7z, L2 E#K pRL-TK & PCR FEY) % VT In-
Fusion HD Cloning Kit IC X - T, pRL-TK/OATP2B1 % ##&E L 7=,

Table 4-2-1 Primer list for pRL-TK/OATP2B1 PCR

Primer Sequence (5’ to 3°)

SLCO2BI pRL-TK F-1NheI 5'UTR CTCACTATAGGCTAGCAAAAGGACAGGCTGAGGCTGA

SLCO2BI1 pRL-TK R-1Xbal CDS AAGCGGCCGCTCTAGAAGCTCACACTCGGGAATCCTCT

SLCO2BI pRL-TK F-2Agel CDS CTGCTCCGAAACCGGTTCATCGGCCTCCAGTTCTTC

SLCO2BI pRL-TK R-2Xbal 3'UTR AAGCGGCCGCTCTAGAAAAGATTGGAAAAGATGTAA

hOATP2BI1 pS CDS 695 Reverse AAGCGGCCGCTCTAGAGATGGAGCTCTTTAGGTAGCC

hOATP2BI1 pS CDS 1460 Reverse AAGCGGCCGCTCTAGCTGGATCACAGTCAGGTTTGGTG

hOATP2BI1 pS 3'UTR 3592 Reverse AAGCGGCCGCTCTAGAGCCCAGGCATCGGAGAAC
4-2-2 FiRukEs

HEK?293 #ifd D H5 2 13 10% fetal bovine serum (FBS). 100 U/mL benzylpenicillin, 100
pug/mL streptomycin. % & A L 7z Dulbecco’s modified Eagle medium (DMEM, Life
technologies) % F\>7z, FBRICH W 2 MIAEIE. 2x10° cells/well DFEFICTa 7 —7 v 1
(CORNING) Ta—F L7z24well 7L — MZIEEL 1 HRE CO 4 v F 2 — % — (37°C,
CO,:5%) PCHELEZDDZMERAL 72,
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PBS ()

Chemical Concentration
NaCl 137 mM
KCl1 2.7 mM
NaH,PO4 7.9 mM
KH,PO4 1.5 mM

Adjusted to pH 7.4 with NaOH

0.1% Trypsin

Chemical

Trypsin 10g
EDTA 02g
PBS 1000mL

Adjusted to pH 7.4 with HCI

4-2-3 Deletion Assay

ERLL 72 615, 1460, 2528, 3592, 4320 bp @ OATP2B1 % ffl#&iAA 72 pRL-TK/OATP2BI
% > T deletion assay % 1T - 7z o ffiid~ D pRL-TK/OATP2B1 ® & A I Lipofectamine2000
% i\~ 7z forward transfection {£IC X W {To72, 27 —7% ¥ I (CORNING) TI—7 4 V
7" L 7z 24 well culture plate Z 2.0x10° cells/well DAIIIEEE CHERE L . 24 FFRE#&IC pRL-
TK/OATP2B1 %#EA L 7z,

Br#1% © HEK293 fii@iC pRL-TK/OATP2Bl % + 7 v A7 = 7 v a3 v L. 24 FfE&E
BDbDEML 72, PBS THIIE %2 J5i L 7214, BUERE O NP 4% &1 FBS JE&f
DR % S00uL AL, 48 RFfERGE L 72,

4-2-4 qRT-PCR

3-2-8 L[REIKRIC, #IEA> 5 RNA Ol Uf cDNA DGR % 1T > 72, PCR G IFEVA
PERIG (95°C. 4 1), 7=—V v 7 RIGE X HRIEG (62°C. 20 ) % 40 94 7 v
1T - 7z. HIZE I3 Mx3000P (Agilent Technologies) % V>, FiBInT D mRNA FIH & O
brix. fHT 7 + MxPro (Agilent Technologies) % 7z,
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Table 4-2-2 Primer list for gRT-PCR

Primer Sequence (5’ to 3°)

SLCO2B1 5’UTR-CDS_exonl Forward TGCACTCCAGCAGTCATGG
SLCO2B1 CDS_exon2 Reverse GGCACAGAACGAACAGCTTG
Renilla Forward GCCTCGTGAAATCCCGTTAG
Renilla Reverse GAATCCTGGGTCCGATTCAA

FoN7 cDNA Z#R L LT, KELETICFRNL 7 74 ~—35 X Tag DNA
Polymerase (Thermo Fisher Scientific) % > RT-PCR 1T X U mRNA FEIRZEAL % #5t L

77

Table 4-2-3 Primer list for RT-PCR

Primer

Sequence (5’ to 3°)

SLCO2B1 5’UTR-CDS exonl Forward

TGCACTCCAGCAGTCATGG

SLCO2B1 CDS_615 Reverse

AGATGGAGCTCTTTAGGTAGCC

SLCO2B1 CDS 1460 Reverse

CTGGATCACAGTCAGGTTTGG

SLCO2B1 CDS-3’UTR_2528 Reverse TCACACTCGGGAATCCTCTG
SLCO2B1 3’'UTR_3592 Reverse AGCCCAGGCATCGGAGAAC
SLCO2B1 3'UTR 4320 Reverse CAAGCAATAATGGTGAGCAATG
Renilla Forward GCCTCGTGAAATCCCGTTAG
Renilla Reverse GAATCCTGGGTCCGATTCAA

Table 4-2-4 RT-PCR reaction conditions

Denaturation ~ Annealing Extension No. of cycles
SLCO2BI1 615 94°C/30 sec 60°C/30sec ~ 72°C/35 sec 30
SLCO2B1 1460  94°C/30 sec 60°C/30 sec 72°C/1 min 10 sec 30
SLCO2B1 2528 94°C/30 sec 60°C/30 sec 72°C/2 min 10 sec 30
SLCO2B1 3592  94°C/30sec 60°C/30 sec  72°C/3 min30 sec 25
SLCO2B14320  94°C/30 sec 60°C/30 sec  72°C/4 min 10 sec 25
Renilla 94°C/30 sec 58°C/15sec  72°C/15 sec 20
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4-2-5 RNAhybrid Z WAL F A VY 7 5~ T 1 7 Zf@HT

NAFAVTH~T 4 7 AT —Z_X—=ZD 1 2 RNAhybrid (https:/bibiserv.cebitec.uni-
bielefeld.de/rnahybrid/) % F\>T. miRbase (http://www.mirbase.org/) 2016 4 10 HKf s
TEEEINTWE YA THNKD microRNA (mdm-miRNA) & OATP2B1 mRNA
(NM_007256.4) & OFEE Tl %1T > 72, RNAhybrid ~® microRNA, mRNA Ft%l o AT
X, FASTA JBEXCTiro 7z, THlKFDZEMIE Zhang H H O % 3 & ICEIE L 72[104]
(table 4-2-4), 7z¥. 155 7z mfe I RehmsmeierM © D X 5 ICHCHI R D E % Hifr+ 5
L9 WWIEH L %17 > TWwin\ [105],

Table 4-2-5 RNAhybrid parameter

Parameter

hits per target 7
energy Threshold -25
helix constraint from 2
helix constraint to 8
Max bulge loop length 5
Max internal loop length 9

4-2-6 pGL3-p/OATP2B1-3°UTR DO{ESY
t h SLCO2BI ® mRNA N 3°UTR OS] (Table 1) &/ 7 = 7 —BBaFHEHI O Tt
(24 A L7- (Figure 4-2-1)

Amp SV40 promoter

Luciferase Reporter

Vector X
GL3- Luciferase
P P) gene (lue+)
SV40 poly(A) \ Xbal

OATP2B1
-3’UTR
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Figure 4-2-1 Construction of Luciferase Plasmids.
A fragment containing the 3’UTR of the human SLCO2BI cDNA was amplified by PCR and

subcloned into the pGL3-p vector at the Xba I site downstream of the luciferase coding region.

pGL3-p/OATP2B1-3’UTR [FLA T D JFIECTHEFE L 72, 7 = — v L Z2BRIC s 25 Xbal ¥
A+ CHIREERIC X VUM S b X 5 ICi%iEh L7z OATP2BI-3’UTR S 774 v—¢&
OATP2B1-3’'UTR _AS 77 4 = —I% OATP2B1-3’UTR D [fi¥ilc41 & Xba 1 ZZHkECY % D
D (Table4-2-6), & b IEH ALY~ 72 LAEHLL 727 7 1 DNA100ng % #5781 & L |
PCR %175 72, 98°CT 1 /pHRIG & & 722, BAEMERIG (98°C. 10sec), 7 =—V v 7
K& (59°C, 15sec) . HEIG (68°C, 55sec) % 35 %4 7 v, fii\»T 68°CT 3 ik
IO X BT,

Table 4-2-6 Primer sequences for pGL3-p/OATP2B1-3’UTR PCR

Primer Sequence (5’ to 3°)

OATP2B1-3’UTR _S TTTTCTAGAGCTGTCTTGGGGCCCCACCT
OATP2B1-3’'UTR _AS TTTTCTAGAAAAGATTGGAAAAGATGTAA
pGL3-LucEnd-S AATCAGAGAGATCCTCATAAAG
SV40poly(A)-AS TACTTGCTTTAAAAAACCTCCC

Z O PCR ZEY) NucleoSpin Gel and PCR Clean-up (Takara Bio Inc., Shiga, Japan) % 1>
T, BXRKEEOT Ta— A7 A LM L7z, L7z DNAER%E Xbal ZH\WT
il FREE R LB (37°C, 3~6 KFE) 21T 5 72 % D%, 3 DNA % F5# L 72, pGL3-promoter
R R —% Xba ] THULEEL 7214, CIP ZH Tl Y vEB{LALBL(37°C, 1 RiE) % 1T - 7=,

Be Y VAL & /-~ 7 & — & OATP2B1-3°UTR @ DNA Wik % HvC, T4 Ligase
kB4 7—vavRIG (14°C. 6 Kfi)2{To7z, 2 ¥ 7V F &) (DH5)IC 7 4
T— 3 a VIR E I Z K 1T 30 S REIERE L 72 14, 42°C T 90 FOREIEVILER & 1T 2 B dinite
X @7z, 900 uL @ LB A M 2 T 37°CC | Willks& . LB ERE Mi(ampicillin 276)
ICREFE L. 37°C T 12 BFEIRS & L 72,

T =—HNRX7 X —ICHWD DNA WA AINTWE 2 LR T 5729, pGL3-
LucEnd-S 7'7 4 ~— & SV40poly(A)-AS 7'7 4~ — (Table 2)% 1722 @ =—PCR %
1o 72, LB FEXE M (ampicillin A2 b HHEL 7za v =—%Z2 AN TERAL. 94°CT 3
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DG E & 725, BVEMWRIG (94°C, 30sec) « 7 =— Y ¥ ZIJH(55°C, 30sec) o f#
RIG (72°°C, 30sec) % 30 %4 7, fivT 72°C T3 MG X €72, Ktk B
WEEY) DIENE % GR35 5 72 ®, PCR EV)Z F\CT T /70 — A7 VESIKE & 1T 2 72, <
7 Z—+A4vH¥—1 DNA & HICEERGZEKT 2 F CHIIRESR (Xba ) CTUIKT 2
Gty &7 i & Hig < & 2 N8O M X IIAHTH 5, £ 2T, EFOMEIC
KXo THZ 294 XD DNA Wik 234 U 2 HlIREER(Stu D2 VT, Wi o & & g
DA E & HWT L 72 (Table 4-2-7).

Table 4-2-7 The size of pGL3-p/OATP2B1-3’UTR which is cut by restriction enzyme

Restriction enzyme Forward Reverse

Stu I 1424/704 1247/881

HHID DNA Wik 2 &EN T3 RIGEZHES ¢ 2720, an=—% LB il
(ampicillin &F) I AN, REH T 180 rpm. 37°CT 6 FFEIRGE L 72, £ OB KERS
D7z FEEW % LB AR (ampicillin &7) 40 mL 1< Adv, 37°CCT—Me (16~20 i) K%
#BL7Z, 77AIF DNA O KEHMHIE NucleoBond® Xtra Midi (Macherey—Nagel
GmbH&Co KG)% W TITo 72, 77 A I FDERICTIE NanoDrop % H 7z, FABIL 72
FIAIFNRY— 7 TV REIERIT - 7,

4-2-7  HEK293 #IE~®D pGL3-p/OATP2B1-3’UTR, miRNA inhibitor D& A

HEK293 #ifg~® pGL3-p/OATP2B1-3°UTR D:E A (Z Lipofectamine 3000 % F\>C
forward transfection EIC X VfTo7z, 27 =7 v 1 Ca—7 4 v 7 L7 48 well culture
plate 1 0.6x10° cells/well DMIAEEE CREFE L, 24 FFE{%I1C pGL3-p/OATP2B1-3’UTR %
ALz, COLEEBAMEKEMIET 2720, VIV 4 X7 A7 27—+ (Renilla
LUC) FH 77 A I F (pRL-TK) % HEA L 7z, pGL3-p/OATP2B1-3°UTR 45ng & pRL-
TK 5 ng. P3000 Reagent 0.5 uL % FBS X OHIAEYEIEEH D-MEM 112 T 12.5 uL I
FHELL 72 (A). F7z. Lipofectamine 3000 0.5 uL % FBS M VT4V EIEEH D-MEM I
A TI25uL ICHHE L 72 (B)e (A B)ZRAL, 5S4 vFax—v 3 Vi iy
~ 25 uL/well 200 L. 6 15525 L 7=, 72, miRNA inhibitor (Thermo Fisher Scientific)
ZEATHEIT, BIEBER10n0M L 723 X YA 2. UTRBEOEBIEEZTT - 72,
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4-2-8 Caco-2 #ifZ~ D miRNA mimic DE A
Caco-2 Mg~ ® miRNA mimic @ & A I3 Lipofectamine 3000 % F \» T forward

transfection {5IC X V{To72, a7 =7 v 1 Ta—7 4 v L7z 24 well plate IZ 1.0x10°
cells/well DMATE L CHEFE L, 24 FFfE]#%1C miRNA mimic (Thermo Fisher Scientific) % &
A L7z, 4-2-6 & [AIERDEAF T, miRNA mimic DF#IREH 10 naM & 72 % X 5 14T o 72,
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B EERR
4-3-1 Apple miRNA @ Caco-2 Mg~ DHE b ;A A

APNP %41 L T, Apple miRNA 7% OATP2B1 ORI T ICH G T 2[R 2 R 729
IZ. APNP HiZ)HHiC51F % miRNA DFEZRR S 52 Z L HAYE L THETL 7z, APNP
W72 6 RNA 2t L, NA AT F 74 FEHGEBLRKENIC X > T, APNP [H#H[41IC
&E N5 RNA OH A4 X% FHM L 72, £ 72, APNP [H5) if DGR % #EHERE L 7214, Caco-
2 MfEICALE S % & & T, APNP O DALY sA A %2 B L — & — PR CHIZ L
7z

NAFTF 7427 ELRKEOFER X V. APNP 532> S it L 72 RNA ic &
WT, 20-30 HEEE O 60-70 HIEDKEE D FEAEDIR B ¥ — 27 HIBIEE X Tz (Figure. 4-
3-1A, B)omiRNA O % A4 X3 20 SERFRETH 5 2 & 5 5 miRNA DFIEDIRIE & iz,
X HIT, 60-70 WEOKMBOEINT I L0, 2DV 4 XY T 5 precursor
miRNA % tRNA H APNP ICEHFENTWALAREWDRH 5, Tz, BlEEHERR L /-
APNP [H[53 % Caco-2 MIFZICALE L T 6 KRR, dCTEMEE ClE 3% &, KEBHKD
TREF N B S N7z, —J7C. [FRRDEESIRNE 217 o 72 PBS UEMINE ClX. AREHOE
BBEI N ol b, IFRRNAEETEZVWEEZL LN DL, TN DOFEEHD
5. APNP [H[7) H11C 1d 20 HEELFREE D RNA 23F7E L. APNP H DX 13 caco-2 AHEICHY
DIAEFNTWBE Z BRI NI,
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PBS APNP fraction
4 pg/mL

Figure 4-3-1 Electropherograms of small RNA contained in APNPs and uptake of nucleic
acid contained in NPs into Caco-2 cells.

RNA was extracted from the APNP fraction, and the RNA in water (A) and the NP fraction (B)
was electrophoresed. The graph shows fluorescence units on the vertical axis and nucleotide size
on the horizontal axis. Caco-2 cells were incubated with Exo-GLOW (red)-labeled PBS (C) and
NP fraction (D) for 6 h at 37°C. Nuclei and cell membrane were labeled with Hoechst 33342
(blue) and Alexa-Fluor-647-conjugated WGA (white), respectively. Uptake of PKH26-labeled

NPs was examined by confocal microscopy. The scale bar indicates 50 um.

4-3-2 gRT-PCR EIC & % AP Hi3E NP [H5r® OATP2B1 mRNA i3 3~ 5 {EFHEROIEEER
OATP2B1 mRNA FEHE TICEI L T, APNP 2% OATP2B1 mRNA @ & DA /ER 3
D0 % ERT 5729, OATP2B] mRNA @ 3l 2> & lig%l| % R & 4 % deletion assay %
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T\, qRT-PCR {£C mRNA FHRE(L % 5l L 7z, OATP2BI mRNA 25 4662 bp % FLiE
2, BXZ 1000bp & BIREMIC R X &5 2 & T, 3592, 2528, 1460, 615bp ® OATP2B1
mRNA %l % & A 72 pRL-TK/OATP2B1 % 7z,

4662 bp 1Z 4. 40 pg/mL ® APNP #iJ) 24 REIULE IC 35T, mRNA OB RIERH
WO LTz, 7z, 3592 bp 1 40 pg/mL LESMFD A, mRNA OHFERRD RSN
72 L72»L. 2528 bp LAT @ OAATP2B1 mRNA [ic%l % fH & 3A A 72 pRL-TK/OATP2B1 T
X, WIID APNP B TD mRNA JHATFED b v 5 72,

A

+1 +395 +2525 +4662

+1 +3592

Y

0 02 04 06 08 1 1L

Relative OATP2B1 expression
(relative to control)

Figure 4-3-2 Effect of OATP2B1 mRNA truncations on suppression of mRNA expression
by APNPs.

HEK293 cells were cultured with a 0 (white bar), 4 (gray), or 40 (black) ug/mL APNP fraction
for 24 h. mRNA expression of OATP2B1 in HEK293 transfected with pRL-TK/OATP2B1 was
measured by gRT-PCR. * indicates a significant difference from the control by Student’s t test (p
<0.05).

4-3-3 qRT-PCR IZ X 3 AP Hi3E NP [H% D OATP2B1 mRNA X3 2 {EFAER
4-3-2 THI\»7z pRL-TK/OATP2B1 % F\»T RT-PCR #EIC X 0 HI%E %17 > 72, APNP [H
4313 40 pg/mL DFEEE T 24 BEREALE L 72, PCR %17 2 fHIKIZ. CDS @ 5l Kim s &
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YRImETLE LT
MR ORER, 4-3-2 JH & [FIFRIC, 4362 bp. 3592 bp @ pRL-TK/OATP2B1 @ mRNA I
WA %R L 72—77 T, D pRL-TK/OATP2B1 T3 mRNA DIFAMIR X 7 d - 72,

4662 3592
2B1 KT EEE RS
renilla R ————rt i Tt

2528 1460
251 [p———
renilla gy

615 -

NP fraction

Il — — — — — — B I
renilla i ————

NP fraction
40 pg/mL

Control

Figure 4-3-3 Effect of OATP2B1 mRNA truncations on suppression of mRNA expression
by APNPs.

HEK293 cells transfected with pRL-TK/OATP2B1 expressing truncated OATP2B1 were cultured
with 40 pg/mL APNP fraction for 24 h. mRNA expression was measured by RT-PCR.

4-3-4 _OATP2B1 3’UTR i XIZ3 APNP D1EH

OATP2BI1 3’UTR {2 X135 % APNP O %2 5l 9~ % 7 9 i, pGL3-p/OATP2B1-3’'UTR
% FH T luciferase assay IC & D BT L 72, APNP [} 1.2, 4, 40 pg/mL % 24 FFfEULE
L7z& 25, 40 ug/mL SRETICHEWTD A, pGL-3p/OATP2BI-3’UTR % + 7 VA7 =
7 v av L7 HEKR2MlET, Vo7 27 —RiEEAEREICKT Lz, 72, NP 21
32 Hiy CEVILE - L L 72 APNP B 2 L 72 & 25, 40 pg/mL CTHIE
INTNy 7 27— T IXRD bLind>727-®, APNP B4 D NP I X %
TEREEZOLNS, L7zdio T, LAEOMEN L APNP M43 40 pg/mL ICERE L TITH
L7,
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Figure 4-3-4 Effect of boiled or sonicated APNP OATP2B1 mRNA truncations on
suppression of mRNA expression by APNPs.

HEK?293 cells were transfected with pGL3-p (C) or pGL3-p/OATP2B1-3" UTR (D). HEK293
cells were exposed for 24 h to 1.2, 4, or 40 pg/mL of the APNP fraction 6 h after transfection.
Luciferase activity was measured with a luminometer. * indicates a significant difference from

the control by Student’s t test (p < 0.05).

4-3-5 OATP2B1 3’UTR ~® APNP DfERRHITEH

OATP2B1 3’UTR %9 % APNP DfEHICH T 2, WLERM 02 % 2l 5 2 723,
APNP W73 LE 6, 12, 24 BRFEICEEE L. luciferase assay Z 1T o 72, W3 LD ULE KRR
KBV TH, V7 27— EIEDORERERET AR INTE Y, ZO/EMIIZ 6 Kfd 2
RKTHo7, &oT, APNP ERIA IR D R & WALIERH] 6 Il 2 A O BET T 5
L lL7,
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Figure 4-3-5 Time-dependent effect of APNP on OATP2B1-3’UTR luciferase activity.
HEK293 cells were transfected with pGL-3p-OATP2B1-3’UTR. After 6 h from transfection,
HEK?293 cells were exposed to 0 (open circle) or 40 pg/mL APNP fraction (closed circle) for 6,
12, or 24 h. Luciferase activity was measured by a luminometer. ** indicates a significant

difference from the control by Student’s t test (p < 0.01). Data were shown as means = S.E.M.

(n=3).

4-3-6 _OATP2B1 3’UTR IZ/Ef 3 % miRNA O Fi#l]

RNAhybrid (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid) % Fj \» T, OATP2BI
3UTR ICHEET 2 AlRETED & 5 miRNA % Tl L 7z, miRBase (http://www.mirbase.org)
ICEFR TN TV 5 mdm-miR 42 207 D 5 B, 16 D miRNA 23Efi & L CakH L 7z,
E 5T, fEHH miRNA O FHIGIEZ E® 5729, 16 D miRNA 22 WT, Pl 7m 2

7 L. Targetscan (http://www.targetscan.org/vert 71/) %> miRWalk (http://mirwalk.umm.uni-

heidelberg.de/) ICEWTFHIANT A =2 & LTHWLIN T3 relative position M O8I

local AU contents % HLHI L 72, FSCHRE I & 0 #EEEAZAY 3°UTR O HURERAL X 0 K

HRAZDJT A miRNA OFEFAAR <, G HRALAHED AU S8 %13 & miRNA 1T X

ZERADRRG EHRE SN TV B[106], ZD72®, ThbDHHEfE L LT, OATP2BI-

3°UTR ICfEFI3 % human miR-24 DOffi% Z3 1T, relative position : 0.4>, 0.6, local AU
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contents : 0.3=SIZEXE L 72 A F D&% 72 L 72 7 D miRNA % &l miRNA & L <.
DIB o MEtic A 72 (Table 4-3-1),

Table 4-3-1 Predicted miRNAs which bind to OATP2B1-3’UTR.

Mfe .\ . .
(keal/mol) Position Relative position Local AU content

-28.1 336 0.183 0.309
Human miR-24

-25.9 542 0.295 0.367

-29.6 256 0.139 0.411
miR-160a-e

-26.0 353 0.192 0.357
miR-390a-f -28.7 535 0.291 0.377
miR-391 -26.9 74 0.040 0.361
miR-395a-i -26.1 101 0.055 0.465
miR-477b -26.4 650 0.354 0.423
miR-7121a-c -28.9 628 0.342 0.420
miR-7121d-h -29.4 628 0.342 0.420

4-3-7 APNP H%r 1 D& miRNA DO

Tl L 721664 miRNA 25 APNP [H 73 HICIAES 2 2> & di~ 5 72, APNP H[7) 1725
filit L 7z RNA % flJ\>C, RT-PCR %17 2 7z, {5fili miRNA7 fi4 Tic BT, HIYD PCR
BYIDOI A4 XTH D 80 » 5 90 HEDH A ey FHRHEZR X NIz, —J T, negative
control & W Tf#HH] L 72, human miRNA-1 2 Of human snRNA U6 O N v FdHER X L7z
otze XoT, EERICHEM L Twa APNP B/ H I, 4l miRNA 3FEL TW»W5b &
&R I NIz,

human human miR- miR- miR- miR- miR- miR- miR-
miR-1 U6 160a-e 390a-f 391 395a-i 477b 7121a-c 7121d-h

100 bp
75 bp

Figure 4-3-6 Detection of candidate miRNAs in APNP by RT-PCR.
Expressions of miR-160a-e, miR-390a-f, miR-391, miR-395a-i, miR-477b, miR-7121a-c, miR-
7121d-h, human miR-1 and human U6 in APNP fraction were detected by RT-PCR.
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4-3-8 APNP Hi%r 1 D& miRNA DR

e\ > TLAPNP 3 ALE I X o T miRNA 23HIAEPNICHL D JA 1 % T L 72,
APNP [#H[53 % 40, 100 ug/mL T 6 FEfEALE L 72 Caco-2 Mifid2» &, RNA % fliH L RT-PCR
%47 > 72, miR390a-f ZFR < 6 FEDMEM miRNA ICH T, MRELEMFIcswT, B
D PCR EYI DN v F R X N7z (Figure 4-3-7), L 2> L. miR-391, miR-395a-i, miR-
7121d-h 12DV Tid, Apple-NP [H73IEBREERE T D #) 80-90 MR DN v W AR I L7z,
¥ 72 miR-391, miR-395a-i IC D W TIXHIYY A XLSMCH N v FBFER S 7z, LD Ly
APNP LB OBAANC X - T, HIIH A XDy FAEL &5 2 & MO IRE: BRI
FEMIE ZE 2 LN HNY A XSO ANV B3R5 2 8h 0, 25D miRNA ICD
WTdH, Caco-2 MAEHICHI D IAENT WD T EDRBI T,

miR-160a-e miR-390a-f miR-391 miR-395a-i
NP (ug/mL) 0 40 100 0 40 100 0 40 100 0 40 100

100 bp —

miR-477b miR-7121a-c miR-7121d-h
NP (ug/mL) 0 40 100 0 40 100 0 40 100

100 bp —,

Figure 4-3-7 Detection of miRNAs in APNP fraction exposed Caco-2 cells.

Caco-2 cells were exposed to 40 or 100 pg/mL APNP fraction for 6 h. Expressions of miR-160a-
e, miR-390a-f, miR-391, miR-395a-i, miR-477b, miR-7121a-c and miR-7121d-h in the Caco-2
cells were detected by RT-PCR.

4-3-9 APNP I X 5 OAPT2B1 EEE T IZX3 % miRNA inhibitor D¥IHI{EH
APNP [H]531Z X % OATP2B1 O FBUK T ICE 1} 5 miRNA D5 %783 72 8 1C, miRNA
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inhibitor IC & % FH % luciferase assay IC & - CTaHHiffi L 72, pGL3-p/OATP2B1-3°’UTR K T}
7 FE D A miRNA IC3TIG 3 % % miRNA inhibitor % F 7 ¥ A7 = 7 ¥ 3 ¥ L 7= HEK293
FHAIC APNP B3 Z LB L, V¥ 7 = T — XG0 28 8) % 57l L 72, Negative control D
FNIVRAT 22y a VEETIE APNP BIDLETL Y 7 = 7 —EiEEMET L7z Dic
Xf L, miR-160a-e, miR-7121a-c ifi Vi miR-7121d-h {CXf 3" % inhibitor F 7 Vv X7 = 7 &
=2 VAT TIRENLE N APNP B LEIC L B vy 7 = 7 =it O T2 FEIC
i = 7,

1.2

it i =2 T T = £3 + 1

=
E
3 = 0.8 *
= o
é — 0.6
S -
2=
- g
v =
2 S04
=
=
ol
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IRN Vegativ
i]nnl:}li.)il;- - .\euai‘ne miR-160a-e miR-390a-f miR-391 miR-395a-i miR-477b miR-7121a-c miR-7121d-h
control

Figure 4-3-8 Inhibition of effect of APNP on OATP2B1-3’UTR luciferase activity by
miRNA inhibitor

HEK293 cells were co-transfected with pGL-3p-OATP2B1-3’UTR, and negative control, miR-160a-
¢ inhibitor, miR-390a-f inhibitor, miR-391 inhibitor, miR-395a-i inhibitor, miR-477b inhibitor, miR-
7121a-c inhibitor or miR-7121d-h inhibitor. After 6 h from transfection, HEK293 cells were exposed
to 40 pg/mL APNP fraction for 6 h. Luciferase activity was measured by a luminometer. * indicates
a significant difference from the control by Student’s t test (p < 0.05). Data were shown as means

+ S.E.M. (n=6).

4-3-10 &% miRNA mimic iZ X 3 OATP2B1 SR TEH

4-3-9 X . {84 miRNA inhibitor IC & 2 APNP B2k N+ 7 = 5 — 2 iE MK T #1
%77 L 72 miR160a-e, miR7121a-c % T* miR7121d-h @ 3 ffizs, APNP #1-¢ OATP2B1
FEWHNICHF LS LT3 #2605, 22T, 2D 37D miRNA ic2 T, APNP ¢ [d
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BRIz Caco- 2 ffifldic 13 2 OATP2B1 OREBUKX T 2R3 2% 50L& 3 %729, miRNA
mimic % F\»C OATP2BIF BB % 5Tl L 72,

Caco-2 #iiic negative control, miRNA160a-e mimic, miR7121a-c mimic, miR7121d-
hmimic # b 7V 27 =27 ¥ a vk, 24 KfiFFSIC 351 52 OATP2B1 mRNA FHLE % 5Fff
L 7z, Negative control ALiEZAF & L L €, miR160a-e, miR7121a-c, iR7121d-h mimic
IZ X - T OATP2B1 mRNA DK TR IN7z72®, 25 miRNA 20 APNP i X 3
OATP2B1 O #HIHICHF G L Twd &2 bNn b,

o k.
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Figure 4-3-9 Effect of miRNA mimic on OATP2B1 mRNA expression in Caco-2 cells.
Caco-2 cells were transfected with negative control, miR-160a-¢ mimic, miR7121a-c mimic, or
miR7121d-h mimic. After 24 h from transfection, OATP2B1 mRNA was measured by qRT-PCR. Data

were shown as means + S.E.M. (n=4).

4-3-11 _Ago2 HEWEZEK T 3 & miRNA DORRHY

miRNA 2MERELE 7 ICR L CHRE R R 372 1213, RISC O EERERKK T Ago2 & D
EAEPLEL D, Z D729, APNP IZ X % OATP2BI1 FEIIH] 23, miRNA 285% D728,
Caco-2 MifiEic 3517 5 APNP IC X 2 OATP2B1 FIHIHICH VT, miRNA 23885 L T
% 75 O IEHIAEE H C human Ago2 E HAKRZIEK L Cnwd &EZ bbb, £ T, 4-3-9
X0 BERE L T\ 2 A HEME D Ei Vv miRNA-160a-e, miR-7121a-c, miR-7121d-h {22\ T,
Caco-2 AN T Ago2 L EAKREIEML T 202l 2 7-01C, APNP ALER

31



®D Caco-2 Mlifid % FvT Ago2 SfZiiiE 21T\, B L 72 Ago2 X v X 7 v 7 urhic
miRNA 2377763 % % RT-PCR CiFfli L 7z,

Z OFER. APNP B LB SR IC B T, HIEY Y 4 X 100 bp F2EIC. miR-7121a-
¢ XU miR-7121d-h DFEEZ R TNV FBlER I N7z, L7253 > T, % miRNA 2% Caco-
2N TEAERZIZRL Tk D HEENRIRETH 5 2 L2RRI N7,

miR-160a-e = miR-7121a-¢c = miR-7121d-h

APNP
(ng protein/mL) 0 40 0 40 0 40

Figure 4-3-10 Detection of miRNA in Caco-2 cell derived Ago2.

Caco-2 cells were exposed to 40 pg/mL APNP fraction for 24 h. Expressions of miR-160a-e, miR-
7121a-c and miR-7121d-h in Ago2 specific immunoprecipitation sample were detected by RT-
PCR.
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EIE EE

FVUEETiE, APNP I X 3 OATP2BI1 FEEMHIIC 3510 2 JFER T OFE % Hf5 L. NP
HFicE EN 5 miRNA ICEH L. APNP 10 apple miRNA OB 5% R3 2 & ZHIE L
TR 21T 2 72,

¥ 3. FBEFEC/RE 1172 OATP2B1 mRNA FHK T IC B 1F 5. APNP ORISR D1
FRD7-%, deletionassay 1T > 72, qRT-PCR XU RT-PCR @ &% HICH T H, mRNA
DFIUET #/R L72Dik, OATP2BI mRNA @ 3|25 2134 bp DfEkTH 72, L 7=
235 T, APNP [#[531C X 5 OATP2B1 mRNA FEHUK T 1% 3'UTR Z 41 L T\ 5 T L 3R
& 7z, miRNA ﬁs@fﬁ%%fﬁ%ﬂfﬁﬂ%ﬁ 7 Bz, FITHR mRNA @ 3UTR ICfEET % &
L2065, miRNA OS5 %2 RB T 2R CTH %5, —77 T, miRNA OFEFIHT I mRNA @
SRR OBHERINSI TR E LT 0 . B miRNA IS BTk, EE AR EART I3EIR
MElchseE2ZLNTNE, 2D/, qRT-PCR TiZ, APNP iC X 3 mRNA D/rfE
ER L 28Hli© & Twix\, % 2T, mRNA D4R & FFRIMElomiE % 3<% 3
luciferase assay ¢ APNP O{EH % §iis % Z & & L 7z, Deletion assay D5 2> &, APNP
DYEFTRALAS OATP2B1 3°UTR & H#Elll X 1172 D T, pGL3-p/OATP2B1-3’UTR 77 2 I F
% Fl\> T luciferase assay % 1T > 7z, £ 3. APNP 1.2, 4, 40 pg/mL Z5ff F T luciferase assay
#iTo722 25, 40 pgml & T ALY 7 2 7 —RiEHOE T BBE I N, D%
T C. BVLEE S 2\ (3BT IR L 72 APNP B0 Z Vw2 & ve 7 =27 —RiEED
T IZHH] X 7= 2 & 225 APNP B9t DR DI 2 E IR IC D 7 s o 7= & #
Zbid, Ll B OHEEREEIC X 2 miRNA ~DOF2 3FHE L T 6 3,
N HAIC X > T miRNA 2897 L T 2 AREMEIX R E T E v,

Deletion assay & luciferase assay IC X > T, APNP 7% OATP2B1 3’UTR #R{ICfEFH 3 5
FEH 2 5 miRNA ORISR S hz7zo, Kic, fEFAL 9 %2 miRNA ORFEZ HIEL
7zo 3. APNP [ HIZ miRNA z’»ﬁ%’“?%%%T 35570, NAFTFITAY
% 72 B R TKED & R APNP [H[5) @ Caco-2 Mg ~D AT DO §Fli % 1T - 7=, APNP
532> DIl 4172 RNA O EXIKEI DFEER D S miRNA D ¥ 4 XTH % 20-30 HEED
BB DOTFEDHER TE 2, THIT, 70205 90 R OKEE b M & 7z 2 & A5 APNP
IZ 13 miRNA ICPR 5 37, precursor miRNA % tRNA 23& TN T W 3 AJREMEA H 5, & MM
$Ehskr 27 v v —4icEB T, rRNA % t RNA, snRNA %, %Kk7 RNA 28 2 <
W3 Z EH5[107]. APNP b [AEEIC miRNA BIAkD RNA 2 &Hr e BRI NS,

¥ 72, IR & HOLEGR L 72 APNP % CAco-2 fifdic L& 35 & <. MilaMIcEIE
KoMK EE S N, TNITX Y, APNP DFEEFEE, APNP | O LE 2 MR I
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BITLTWw3d 225, APNP 4 L T miRNA 2SBERFNICREAT L T\ 2 AJBEME 2SR &
Nio T, FAMERBEOMEE S 5 miRNA 2N ICEE L, oSGt L id—8 L
N &b, miRNA 2 EREL O ZllREhIciFET 28 E2xohns, Lo L, #ilg
¥ % miRNA 25 APNP 25 it X /=D 2>, APNP WICHE £ > T 3 IREER D 2 13
XA T & 7\,

RNAhybrid TIiZ X » T, F#llL 7z OATP2BI 3’'UTR AT 2 A[EEMD H 5 mdm-
miRNA 7 fi4 T A APNP 532 Sl & u7z, & 512, APNP 24L& L 7z Caco-2 Al
2> 5%, M miRNA 7 O N, mdm-miR390a-f %R < 6 fEAS APNP 2 S &
7z mdm-miR-390a-f 23R T iz d o 72 A & LT, APNP HOEHER PRV D,
Ml ~DBATESBRMRAZ T -7 E 2 b b,

Fe\w T, APNP IC X %5 OATP2B1 FEIANHNICHEHT miRNA DBE5 % /R 3 72 O MGt 2 17
27z, HfFfH miRNA @ inhibitor Z F\V>T, APNP IC X 2V 7 = 7 —EiHHEICKITT
SR % FHI L 72 & £ A, miR-160a-e, miR-7121a-c, miR-7121d-h {ZX} 3" % inhibitor IC X
> T, APNP IZ X B> 7 = 7 —EiEHEOK A E B I X 7z, APNP HICHEETS
% miR160a-e, miR-7121a-c. miR-7121d-h 2% OATP2B1 FIMNHNCBIE 2 & & 2RIE
Iz, L2 L. 3D miRNA inhibitor DRIEZME L TH . 100%ICJE 2> 72\ 851,
b 3 D miRNA BFETES 2 FCHIERNICHIR % F4H 3 2 AlREME . 1EH miRNA
LIA D miRNA ©OBI5-23% 2 5 3%, miRNA inhibitor IZ X - T, APNP @ FIRHNH] 12 B
E4 2 0[BetEnsEZ 2 53 3 D miRNA 122\ T, FEERIC OATP2B1 FHUK TIEH %
R DD EFN S 728 Caco-2 M D OATP2B1 FIRIC 52 5 .miRNA OfEM] % . miRNA
mimic ZHWTFHE L 72, AEARZ{LTIER WA, miR-7121a-c mimic # % (X miR-
7121d-h mimic IC X % OATP2B1 mRNA FEHK T DR HF 5 41, miR-7121a-c S TF miR-
7121d-h OBE A LR 4172, —J7 T, miR-160a-e mimic IZ X 5 OATP2BI mRNA K T
IR ® SN o 72, LA L, Caco-2 MEIC 351 2 NIKIH 72 OATP2B1 F I 0 FAilli < 1.
miRNA 23EFZIC OATP2B1 IC/EF L T % 2, & %\ 3 miRNA 7% OATP2B1 F& 5
AR FIC/ER L 228554 U T 2 IR 2 B 0 2> HINE TR v, 2 D72 fEfl
miRNA 75 OATP2Bl Z EHEMICHI I L TWwB 20852 %2H 272012, pGL-
3p/OATP2B1-3’'UTR 7' 7 A I P N FHlFE AL OZERIK 77 X I Fick T 5,
miRNA mimic DFEEZ ML L 5 LA TV 2B TH 5, —/7 T, miRNA X, RISC
DFERLKFTH S Ago2 L DEEEREZIZ L., 1 mRNA & miRNA 235G L 7=
#%. TEM % #{E3 %, miR-160a-e, miR-7121a-c, miR-7121d-h DT, miR-7121a-c X T
miR-7121d-h (¥ Caco-2 MfEHIZK Ago2 LHEAKEZZM L T 2 AJHEM: /R T 41, miR-
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7121a-c XU miR-7121d-h IZD\>T, APNP HZ7LEE D Caco-2 AAEAN T, miRNA 235
REL D 2IREETH D LEEIND,

DIEX Y, SPUEETlE, APNP IC X % OATP2B1 FEHHIHIIC 31T 5. apple miRNA @
BAG 2R T, REORREIE, BiHK APNP ICE £ 15 miRNA 23HLE XA D
EART-FBHENICBE G52 & & 240 TR S, Bkik 24 L 7= 38 RE 0 28 %A &
R LMAERRBHETOVEDICRY 52 FE 2 LN 5, EY) mRNA I X 286 TF
BRI IR AR & 37, ANEAE S N ) 7 —HERE S SUIE SOGICBE 53 2 20 FREIC & 5
BNRE Z LI, X OIERIIEYBELE 72 T I £ 5 7, NGHEAE O TEH AR5
REdffli 2 Hig L <. fho/NGtERE~ DR EBRHMEi N EE N 5., £ 72, ABEITlL. miRNA
DEHIEHR & N FE(RT D mRNA & DFEEMED & A miRNA Z Pl L 72, 581,
miRNA (C X 2 tHAEAEHFEHR O FHICERE, & 5 ITZICH O 72 12 b FEEE D E > miRNA
DY 7w 7T LOFFEBILEEN D,
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BAE W

BHEEIADPEZTCHL ETHRARTH 5720, BERDIIEERNICEEL 5 2 il
T3, BT REY LY ORI 2 5 W LE X, BRI PEREICREZEIND -
HDEMOLEIIRE L, ZoEHzmbHE LT willikcd 2, —77. HLE ICHES
T 2 AR I REY)CEY OPRINCE ST 2 RTTH . BRMOEMEZT 5 2 LA
LNTWV2, 2D, HLEEXRAICH T 2 BalEAEF ORI, BmEFAL &
R P R S O IR OBl 2 O AR L 5 V155, £ 2T, AWK TIL,
/NEEA OATP2B1 IS 3 2 Bdh D %k fEFBRIT DR 2 HIW & L 72,

InE <, EY-gREHEEERORED 72 o | EEERER T TRMOFERIC
DVTHIE I N TE 722, wIhb B ES i X 2EEHEIC X > TRl T
Teo LU, EAARICH3 2 HEEM X, Z Ok ik o A E Ic6 3 2 [HEMROH
WofHix Nz 2 &A% <. HEKEFEFNZHEFEH IR I Tuin, 351,
OATP2B1 b CHY- RSB AAER 24 U 2 556 FEE S O WIEK T i3 —fk Tl <,
HEIC Ko CTFHFEBIE R 2, 20720, OATP2B1 (3, HEMCRMIERICHNT 2
BEZME R 2EEFHERZ A CWb eEZONS, 7. B ICIIED TS b &
FNT 225, HLEND pH S LR IC X 2 IRLEMES. Mo FEIc X 25
BEEHED T, ZOFRIIERIN T hd o7, Lo L. EE, @ F2NET 5 NP
DEMTICHEE L, NGB~ DOEHPRRINT WS Z &b, BimHE NP ICEHH
5 & TR F & 138 e 2 ER D OfFIHIC O h3 % & 2 72 2 2T At
FETIX, WX OEEFHEDWE & BT OEHARK S O TH @S TR0 AET 2
A[REMEIC O WCTHE H L /NElk A I LT3 %82 iR o SEBB P 12w Tiat L
7z,

Bom Tk, BRRMERAORBIICEIS 3 % OATP2B1 Dkt 0% Hiv e L T,
OATP2BI1 ic &) 5 MBS O FEilkx Hi L 72, OATP2B1 D¥iiirFithicnt 427 I/ #
WAL DRZE ) b OATP2BI Wi I E G ST 0B e S 5 IREME DS B 2 b Tz,
ZD, T I BERKER X AT 4 v ZFHTIC X 5T, OATP2BI L H579 &
H618 75 % 1LZ 4L E,3S low affinity site X ' high affinity site ICB5- 357 I /fge LTH
HiL7z0 X 51T, Ei3S LAJL D fexofenadine. pravatatin, rosuvastatin, sulfasalazin ¢ U* PGE,
ZMzAC, BT I BRZRRKIC X 2 AL B R HEARZE2FHME L 728 2 5
fexofenadine & PGE, | Ei3S & %7 2 FEAE AL TH V| pravastatin, rosuvastatin,

sulfasalazin 1% Ei3S & WlERE#/m L 722 & 225, OATP2B1 FIC MBS DIFEED R
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BRI NS, T, BEIC X ZHBFEHORZMELS R 2 2 L6 SEZTREAL B
FRRBHOFEEICBEDL 2 KT Th 2 aREELY Rl C L TE /=,

BT, BMERES TR EED NP 2V NMEE A O BRER AT ICBA 53 2 »
ZHO T2 2HME LTz, W AZTHHEINL 72 APNP Hi4)r % Fvs T, Caco-2 fl
iz 31 5 OATP2B1 DFEEUNH X kGt DK F29R Tz, £72. APNP [y
DR THREE & OATP2B1 D ICso Z UK L 72 & & A, BERIDIESr 12 X 2 A BHED 4
BB R, BEFEOERAET & 3R 2 RN R I N, T, YR
MIMHEERIC BT, ST %N T 2 BihHR NP 1< X 2 /hNGi% 4 o B R i
LR TH Y. BaHSKR NP 235EY)— &R A1 o B SR C© B 5 mIREME 23
Ria iz,

SPUETIX. APNP IC X % OATP2B1 #Biifilic k) 3. moFol5 % ~3HE%H
& L7z, APNP IZ X % OATP2B1 BN IL OATP2B1 :Bf5¥ @ 3 UTR Z 4% L 15
Z L5, miRNA Z1ERS 1 & 455 L. APNP (€ X % OATP2B1 FIRMIFNIC 1 % apple
miRNA 2B 5.3 % 2 &9 2> & #at L7z, APNP H[%rHiC, OATP2B13°UTR & &%
A[REPED & % miRNA DFFFEDSR & 4, Al miRNA DFF5LHY inhibitor % 72485 C
IZ. miR-160a-e, miR7121a-c X U8 miR7121d-h @ inhibitor i X - T APNP ® OATP2BI1 ¥&
BRET2IHl T N7z, X HIC, miR-160a-e. miR-7121a-c S T* miR-7121-d-h ® miRNA
mimic I X > T, OATP2B1 FIMHIS R X722 & 25| apple miRNA DOEF A E AT 1S
biL7z, L7z2235 T, APNP IC X % OATP2B1 FEHHNH|IC 35 1) 5 mdm-miR-7121a-c KT}
mdm-miR-721d-h DRH5-23RE X 31, apple miRNA 23 b M i#En - FIREIENICRE 59 % 7]
RetkEz R L 72,

AWFFEIE. NEREIC KU T B ER I B CNBIE R 2 DR & L 7= i o %
HRER & LT, RO %ML NP 24 L 72 miRNA OG5 % R L 2% T
H Y, NG KT T BAE O —bn % B S 5 Z & 53T & 72 (Figure 5-1), 5. N
P @EnFmic X 2EAOFHIiIC X - T, B2 BMEHOMEIEEING, %
e oz BnER O Ic D 7o | EFIEED 2 WITEEBRICCH I 2 8
BHfFE NS,
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