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Abbreviations

ABC
AUC
BCRP
BSP
CsA
CYP
DDI
DCF
DBF
E.G
EiS
EMA
8-FcA
FDA
FL
GEM
GEM-glu
ICso
Ki
Km
MATE
MHLW
OAT
OATP
OCT
oG
P-gp
PK

RI
RIF
SLC
TCA

ATP binding cassette

area under the curve

breast cancer resistance protein
sulfobromophthalein

cyclosporin A

cytochrome P450

drug-drug interaction

2’, 7’-dichlorofluorescein

4’ 5°-dibromofluorescein
estradiol-17B-glucuronide
estrone-3-sulfate

European Medicines Agency
8-fluorescein-cAMP

Food and Drug Administration
fluorescein

gemfibrozil
gemfibrozil-O-B-glucuronide

half maximal inhibitory concentration
inhibition constant
Michaelis-Menten constant
multidrug and toxin extrusion protein
Ministry and Health, Labour and Welfare
organic anion transporter

organic anion transporting polypeptide
organic cation transporter

Oregon green

P-glycoprotein

pharmacokinetics

radio isotope

rifampin

solute carrier

taurocholate
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B—E Fa

B FIURAR—F—LIX

kT RR=E =13/, B, B, 2R EORkx iR BT DS v
NRIETHY, EERDERLEIS OMBBENIA DL ZH > TS, M T AR—
I3 DR TR U TR & REEh L E S 4L, A RN AN ds
T REEYOREARIHEDWETH Y TRLF—2 0B LRWVD, %BEITEY
W OPRE AR S FHIETH Y =R NF—Z2 0B LT 5. RBEEEEIIHIC—K
PEREBNERE & IRIMEREENILSIZ 0 FE S 5. A 1T adenosine triphosphate (ATP) @ =%
NF—ZBRE S LTERY, T UAR—Z—D0FHNIC ATP fEGHEML7e & TN ATP
TR fRENL 2 3% Z & 7> 5 ATP binding cassette (ABC) k7 v AR —Z — L FREH
L. BEIT—WRMEREE LI LD ER SN X — & BE S & LT Y, HY Nat

72 E DA A L [FFINTE D3k S D it &, W5 A I S AL D i
“HEND LS. EERNIEZ L OFEEO T AR —Z —BNEELTEY, ABC h
T VU ARN— L —A—s3—7 7 I J— & Solute carrier (SLC) N 7 VAR —HF —A—/—7
7IV—=D 2ODA—=R=T7 7 IV —IpHSh, SLICTNEANERDT 7Y

—ZH LTS

BELGFHETDH NT U AR—%—D 9 5, P-glycoprotein (P-gp), breast cancer

resistance protein (BCRP), organic anion transporting polypeptide (OATP) 1B1, OATP1B3,
organic anion transporter (OAT) 1, OAT3, organic cation transporter (OCT) 2, multidrug and
toxin extrusion protein (MATE) 1, XU MATE-2K (3872 8 Dk 2y, Zh b
D KT AR—Z =% LT3R EAER (drug-drug interaction; DDI) BRI Z!

ICERT 2 EREOENEFREDEENCONWTE L DERENLRINTND I ENnD,
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HEhRE EARCEER T VAR —F —L LTSN T D 12 ERL 9 DD RF v
AR—=F—=D 5L, P-gp, BCRP I/, Il B, Ik OULgMEAM e S 3884
% ABC h TV AR—H—Th v, EELOMEERRSCHREBITEZH TS L L bI,

AR - JRFPHEIZEI G- LT % 3. OATPLBL 35 L UF OATP1B3 (I /iFisFr 20, OCT2 i

EIRAFRAVIZHELT D SLC N T U AR—F—Toh v, EHKLDOIMH 76N E 72135

i

i ~DOE D IAIZEEE L TWA., X512 MATEL, MATE-2K [ l@IC B L, EHEL

D E N> 5 IR ~O PRI 5 L T2 (Figure 1) .

(A) Intestinal epithelia (B) Blood-brain barrier
Lumen

Brain

Blood Blood
(C) Kidney proximal tube (D) Hepatocytes
OATP family
A

Figure 1. Drug transporters expressed in the intestine (A), brain (B), kidney (C), and liver (D) in
human.
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W BICREBRTB0ATP 77 IV —F TGV AR—F —

IR DA L ORI RRIC K & e B2 RT-Tlgak T v, T,
FIRA R, FFREME, 7 v X—fifa, Bk~ o7y —2, BhRME, -F
2 7 F T =Rl EOBEEOMBEN ORI TWD. 20 5 BAFMIRIZITIRZ #
R 2 FERMITH Y, T 53 O MREHE L OPRIHZ ISV THIL 2%
FlatHo T, HBEEDK 8 BINIFREHRE (7 V7 7 0 R) BT/ S TR,
I 31T 2 Bemfigsgse ) (FF2 V7 7 A) 1, MBRMICE T A2 5Nk O
BHRFEONRAFTT XA ZEY T 4 IZBE L TWD. 2072, EFEMLEAFIZEWT,
WY VT T v A BT 2{bEMERT 5 Z L3O CHEERARA L FTHY,
FF 7 vy — 00 a7 £ & A7z invitro SERIEOBIFE, 72 5 ONT invitro GBS
IZHESWEF2 U 7 F > 2O TRl (in vitro-in vivo correlation) 23BA%E ST & 7=,

HFHEN T MR & 2V EAE I HEtE ST D 72 D12iE, b s & g

ICHRVAENDHEND D, MIEEIEE —HEE» SRS TR, BEEREOR
WEE I BILHNC X0 e T i o B AR R~ A9 . — 07, & D
RMEEY CIEZ BRI K 2 MBS I LR EN Th 2%, e Lz 38 ko
T UAR—=Z =0 B L TEBY, ZOEE LR D56 ITIIRRANTITMEAN~TD
WEN, RECIT PR E 2T 5.

b MO MR FIZ5B3 %5 SLC T VAR —Z—D 55, OATP 77
J—(SLCO) K T v AR —F —|3AMFEM FCREME AT 27 =4 M bamE &
BRIEE LT D0, —HOTHEEEWOREA A AbEH B & LR L, Table 1
F L OVFigure 2 12183 & 5 R 3RS O TR~ O REEN A 72 18 |- F B e 5 2 7= L C
W5 45 B N OAFI&IZIT OATP1BL, OATPIB3, LT OATP2B1 @ 34y F-FHAZEHL L

TW%. OATP1BL & OATPIB3 D7 X / EECHIDFAIFEMEIL 80%(ZDIX Y, HiIE AT/
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ICIE BB L TWHOIZH L, BF3hOBHIREDICEI LTS 8. —J
OATP1B1 / 1B3 & OATP2B1 & OAARIMEIL 40%FRE TH D 4 D 31D ) L&
AL~V TiRLERIL TV DL OATPIBL TH 52 7, OATPIB1 & OATPIB3 (148
PlOEERHBMEL AL TND 7D, EELOIFIRVIARIZBIT 2 N T AR—4 —
DHEGZHOENITLMERZEINTE. ZO/ME, L OEMITHBNT
OATP1B3 L ¥ % OATPIBL OHFENKEWVWI LAMESIhTND 2. FEHL D
OATP1B1 35 L UY OATP1B3 Flfil R BLML & & MFHIlaA FV, TR EhoRHiiRICE
\7 %5 OATP1BL 35 L 1N OATP1B3 DERAIEE DRV AL 2RI L, ZokkE AT
ID b T UAR=F =D OATP RWEHMOWM VAR R T H G R L2 MG LT
fti s, OATPIBL 2ATHUV A EE R BN L KT LT\ D Z L 2B 62T LTz (Figure
3). TDLOIZ, OATPIBL Ik~ ZREHMAFE L L, I 512 OATPIBL #4r L7
B Y A ZEBFR TR 1 #2514 O WIELEE 2R 72 b N 2H b0 7 VT F v
AL LEL2Z LD, EELOKNBEBRERFO D&MD, TDED
OATP1BL |XEMBHRE FEE /2 TV AR —F—L ST\ 5%. £z, OATPIBL IX[E
FESLITANZ taurocholate (TCA) 7 EOEHHE, HARBRALEY, B AELRZD I L
7 a AR, estradiol-17B-glucuronide (E2G) <2 estrone-3-sulfate (E1S) & Mo 72
KHEDE L EEE T2 ERNmbn TS 4

ZOft, OATPIBLZ ¥ ENE LEHE/R TV AR—Z —L SN TWHEHEE L
T, OATPIBLICHEREZ L% PE D BBHIZTNFIET H 2 LT b d “58, RO
2% < 1T —HiHZ 7 (single nucleotide polymorphisms; SNPs) T& V), 28 B #EE |2 N\ Fl7E
MBI SN TS, REMZ OATPIBL OE{SHIZIE exon 5 @ ¢.521T>C TH D, #f
i > OATPIBL DR BLENME T4 5 Z £I12 XV OATPIBL A L7 IFER Y 3AF D38

DL, HEITH D atorvastatin, pravastatin 72 &> HMG-CoA & Jrfi% 32 B E Al o i 4%
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BEEMLOBGFHF Y ) 7 =0 HE0NZ ERHbN TS ¥, F£7-, pravastatin
MIFFRE T =TI A ROEFBT 7V HFHT AV ALY HE< ¥, rosuvastatin D
MAEFREIX T T NOFRa—a YA RED @ B L LR b ETOWE T
1%, OATP1BL DiFr -2 RO DA CTlx OATPIBL A FK D i i B o A\ Fi 1%
B TE TN ERHE ST D 1618 HMG-CoA 35 e i 3 B A1 oD i 4 e p
ERICPES RIER & L ORI AMIEC R Ay — % bnsd. 7/ AU A N
FEMTIC L o T, simvastatin IC X VB INTZI AN —L8F 12 eafk Lich b
OATP1B1 O —¥i £ 27 rs4363657 & O RJIZHRVVAEED (p = 4 x 10°) NFRH LN TWD 2
EB 1, simvastatin OATHY IAZAR T 23 < MLFIRER O¥E RS I A — DK & S
NTWb., Zoff, RO Y Ve BERETH S Rotor JEMEREL, OATPIBL &
JU'OATPIB3 DA RIC L 268 KO ERI Y Y L v Ofkt B TR
LT3 2

S biZ, OATPIBL (ZBAT DR LR E T L& LT, OATPIBL 4 L7
DDI 2351 H41% *5. DDI &IIEEBOIEY O S 72356 12 Hh D385 & 2 VM
MINDFRTHY, FCZEHDOPNEY O M P RE O EFITEEREERICSZ
MOGLT80, EIRELZRBETHERITEENLETH S, OATPIBL [F/AHI e FERE
RHEZHE LTV ZENMBNTWND. KREMEIZAERIC L > TR TH 2 HW % (K5
SR EIYRIT 2 ETAENTH DN, —F TEEOIEY % OFH L7-BEIC OATP1BL
Doy E TR DEMRLAHES LGS0, DDl 25| S THEE 2> Tn 5.
BEIRIZHIUN T, OATPIBL EIK D M EAS, cyclosporin A (CsA) X° rifampin (RIF) 72
ED OATP FHER LA LGB BRI 2 L@mE S Tng 5223 iz 3
pravastatin @ area under the curve (AUC) IE, CsA B X OHEE GO RIFIZ LD ZNEi

9.9 - 23f%, 26 —46fF LHIT5 % EPYlomz, NREEETHLIEI LE L EZFD
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v a CEEEERE S HFREIC L D OATP HEIC LV FRENR &< 2D T &M
WEENTND B58. Z0 k5|2, OATPIBL FHEICKEK T % DDI LKL 4 Lo
BICO N 05 Z &6, European Medicines Agency (EMA), Food and Drug
Administration (FDA), ¥ X OVE A 97148 (Ministry and Health, Labour and Welfare;
MHLW) 725 ITEFH SN DDI(R T 7 M) HA RTA 2« HAF L R T8N,
= A LAY OATPIBL (2 L CHLEEM 2 A4 2008224 in vitro 5Bk TR
T52L, SLICHEERZAT 5%E121L0ATPIBL Z# 4 L7 DDI Y A 7 Zfifi/& DDI

ARER CHEUNCRME T 2 Z L RS ATV D

Tablel. OATP 7 7 2 UV — h T Vv AR —H —DRFEH 2 IE

Atorvastatin Fluvastatin Simvastatin
= MR 3R Cerivastatin Pitavastatin Rosuvastatin
Ezetimib Pravastatin
. § - Atrasentan Losartan Valsartan
NS/~ S
Bosentan Olmesartan
" i i Glibenclamide Repaglinide Rosiglitazone
W R TR S Natoolini cpes 8
ateglinide Pioglitazone
e Benzylpenicillin Rifampin
|
LA Caspofungin Mycophenolic acid
P Al SN-38 Methotrexate
Pt HIV 3 Lopinavir Ritonavir Saquinavir
Tl R K Torasemide
W7 L x—3E Fexofenadine
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Figure 2. Chemical structures of representative OATP substrate drugs. (A) atorvastatin, (B)
cerivastatin, (C) ezetimib, (D) fluvastatin, (E) pitavastatin, (F) pravastatin, (G) simvastatin, (H)
rosuvastatin, (I) atrasentan, (J) bosentan, (K) losartan, (L) olmesartan, (M) valsartan, (N)
glibenclamide, (O) nateglinide, (P) repaglinide, (Q) pioglitazone, (R) rosiglitazone, (S)
benzylpenicillin, (T) caspofungin, (U) rifampin, (V) mycophenolic acid, (W) SN-38, (X)
methotrexate, () lopinavir, (Z) ritonavir, (AA) saquinavir, (AB) torasemide, and (AC)
fexofenadine.
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Figure 3. Contribution of OATP1B.1 (red) and OATP1B3 (blue) to the hepatic uptake of OATP
substrate drugs in 2 batches of human cryopreserved hepatocytes (A, lot VRR; B, lot OJE)
estimated by RAF method. E1S and cholecystokinin octapeptide (CCK-8) were used as specific
substrates for OATP1B1 and OATP1B3, respectively.
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EZE OATPIBLFHE Y R 7 FH{f

EIMBHFE BN T, BEIEMEMCE WA THAEM %2520 2 mThetE,
BLOMHAEENZ 52 DA ERGET 5 2 13O THETH S, WESH T
cytochrome P450 (CYP) 72 EDOUHEEFR S OATPIBL 728D b7 VAR —X —% T 5
DDI U A 7§ iD=, {RHEEREC N7 v AR—F — 0l RSz 13 e Mz
M7z invitro FER 24TV, ERTE U CREAR DDI kR 2 FEfi 3 5.

EHALEY O OATPLIBL (ZxI 4 D FFHEMEMIL, AFEDO AT — U IZIE U CERER
(ZEHili S 45 (Figure 4) . AR PE TII M LR E Lc A7 U —= 2 FEHfiA
Fhish, Z<OHEH-REICKT SHEBRELZ S &ITHEEHEHBEZREL, &
FORBIIER T 5. 20#%, KVIAENTZEELEMELEDOREEEELKET S Z
L, I TREROEEYIREZ T 5 2 & TOATPIBLICHT 5 &7
FHERE /X7 A — & (inhibition constant (Ki) % 721% half maximal inhibitory concentration
(ICs0)) ZF M L, KT =X b5 LEWO DDl U A7 2 THIICHHIT 5. &5
(2, BRAREARIE L0 YR HEEE BP9 L Lz in vitro RN FEE S, KV REEO &
KifEd DM T ICs fEZEET 2 & &b, BKRRBRTE LNt & pharmacokinetic
(PK) 7 —% L TARILEWD DDI VU A7 Ml &, U A7 ZHBRTE 205

ZIXEEIR DDIERERIZ L © OATPIBL IZx T AP EMEH AR T D 2 L &7 b

Ea_rl\f La_te_ Clinical Stage CI|n|caIStage Clinical Stage
Preclinical Preclinical (Ph1) (Ph1l) (Ph Il
Stage Stage
o BIEEMERESY . ¢ OATPIBIE T 2

SRERICER DDIY 2 7T = o BBREEEE AL SRR

[ Radioisotope (RI)

 JAEPhNBIEAIE TICEE

#EEEO:E\TPlBlIﬂ%E‘-tﬁ

= *) new drug application
E s

Eﬁ’éﬁﬁ AV =i * Late preclinical stage~Ph Il (Z3E &

o CRPKOIERES1E T BRRDDIE R D £ BT R TI6

Figure 4. Schematic flow of evaluation of OATP1B1 inhibition potency during drug discovery
and development.
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R DD BR O LENEE, BIHRY IS L0 ED S IREBHIRE > THIT S h
Do —BlE LT, AR L0 BH S TEIEMBR & E 2 SRt o 7= 0
MM EAERTA R T4 2 (REKER) | PISEE#H ST D, B2 OATPIBL (KO
OATP1B3) D FHEHIZ 72 5 AIREME & T 2 7o O DR ERT 2 Figure 5 127~ L 7=,

OATP1B1 %413 % DDI U A 7 §¥{fii% & 9" static model (24> TS 4, LT

DR L BRI D RIEE B HT 5.

11 .
R =1+ [ ]u,mlet,max
K.

[Nuinetmax 1, BEBRIEOFINRMLIE FIZ 361 D HEE I KIERE G TRIRE 2~ 3. R f#
Ny AT (1.25, JEAEEE KO FDA ; 1.04, EMA) LI EDOBE, #HERED
OATP1B1 FHFIZ L% DDI U 27 Z R T& 2\ /e, K DDI sk O Ik 2 &9
LDMERD D, AR, BESZERL, BERED[Nuinemx 23 IZHERF STV D
EWVIHRED FTITH VAT G ToH 5728303, DDI Y A7 & KEHE§ 2 23 &
%73, false-negative prediction Z[ElfEd 25 ETHITHD . AKFEIE, HELEIRD
WRTA—=ZOEPRONTEBYEETH L7720, EFRMLFEBELNOHEATRETSH .

Static model ] ¥ FH S 7z RIENR T v MA 7EE B 7286, WK DDI R4
TS5, »DHVITAETFRIIEY B RE SRR (physiologically-based pharmacokinetic,
PBPK) &7 /L7 1T &5 dynamic model Z V=, X0 ERD Y A 27 G A M E
L7p%. A PBPK EF/UCLY, LFHHEL LOHREEOMTREHBEZELZLY
ERAY7e DDl U A 7 FHEANATRE & 72 2 A% 238, [FfEMED @ e N PKET LV ORINLIZI
IR T —Z 1Tz, BRE FPKT—F B LR D720, FRRBHIE I S %I

EMSLD 2 ENZ.
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WTNOFHMIEICB W TG, [EEEMLEY O OATPIBL IZKT 2 K fEF 721X
ICso I MR T A—H2 Lo TS, B, DDIY A7 O EaHliZak Lzt 5 ET,

EFEMEOEW KA E 7213 1ICo flE % in vitro iABRNHHEH T 5 2 E DRV BERAIRTHSH.

6-5: WRERIEAS 0ATP1B1 R TFOATPIB3 O /nn vivo IR 3E & 75 S AT REMEDRES

OATP1B1 % UROATP1B3 (D BLEI LB (F6-5) & AL TEIEREA HEZ S N /-0ATP1B1
R UoaTP1B3E FllaE - (X FMEZ AL T, AR (R6-5) ODMYIRAHIC
T EBBREOXEELRFTH)

| R-value=1+f,* lipjet max/Ki>1.255N 2 1) I
I
| l

Yes No
I |
B& B COATP1B1 % (KOATP1B3(in vivo A BV B 5 OATP1B1Z (FOATP1B3ME &=
- £ BEWIBE YR IIFIEC
(F6-0) EOEWITE e RERE F I SoRRERRR IO

a) £ FFBIERLZHE(, ALEE (R6-5) ORELRYABNZDSN, HOBUEEE (F65) (LU, MEEOFMAEE K @4 YERNIC
REEONSEE. HECHESNSC L ARAT 5. 0ATPIBI Ry OATPIB3 RIIBIME AL 3158(L, AEEE (X065 ORERBIUAOIYAHN,
2V FO- LR 2 BUALT, AMAER(R65) (CL Y. MEROFNALE K B4 YRRNCRHE SNAEE, HECHESNSC L ERRT 3.
I, [EERD SMOMNEES SURRRED K65 ETROIA, +HIK BLYEVREERL S & MEHRCAL 3RBROREBEORTR,
OATPIB] R U OATPIBS (BB N A RBEOBFASE (PIRLEGPRE £ZBL TRETAoL.

b)RE = 1+ (F, x 1 AK). Kb, 1 (PURDES CORERAIBERAETHY, C + k x BE x F F/O)LLTHHENS. C, (368
ERORBENPAE ARIESEORSE, FF IRSLATROHLETAISE 7, k SESEORREREH, O, IFOAZETHS (Bl :
97L/hr). FFEHLUK BHTHOSE R, BROLBRGWEEEAT S & THREOTHI®I SN0, FF HLUK (CZNZTH 1 HLTO. Inin
EERTS . EN0.0 KD, FrEEORSENELLS { EHNEROUE CEELENCONTE, BERILTHERT SR, { =0.01 &)
ELTEHETS.

Figure 5. Decision tree for evaluating an investigational drug as an inhibitor of OATP1B1 and
OATP1B3 proposed by Ministry of Health, Labour and Welfare.
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SEIUE  in vitro OATP1B1 BLEF M % DR

In vitro OATP1B1 R ER TlX, Human Embryonic Kidney 293 (HEK293) i 7
E OWFFLIEEN KA OATPIBL % 22 E HICFE Bl St 72 OATP1BL Flfil| & Bl A 23
—IZHEH S TWD. b MFfZ AW ZRHMI S AIEE T d 528, & MFMRIZIX
OATPIBL LISAD F T U AR—=Z =8B L TWHZ L, NI AR—F—JFHEOR v
NEZERKRENWZ &, S Bl < EEMICE Lza vy M KRRICHERT D 2
EVELNZ LR EDOBBEAR DY, AEKICBWTOATPIBIOER Y J —= 7%
ARE LCTHERT S 2 LIZREETHD. Z0fl, OATPIBL % @AY SRHIZEH S /-
77U S A K VIRRERNG (Xenopus laevis oocyte) & VD FiE G B 5N, R
DN O SRR IZAMETHD. Lo T, T—FOHBINE, ALv—7v |
PE, BERO= R S OBLET, WELIEEMW L 2 75 3 & L7z OATPIBL st JE B R 1%
BALEDRH Y, ABEOBUG TIL<EH S TWD

#Bb SO DDl U A 7 O IEFHIiZ kK LT 2 LT, FEEOEV KifEdH 5
W ICEDTFImD TEHETH Y, T bOfEILOATPIBL AT L7 7 n— 7 fE

DR ~DELY GAFNZ T DAL EW O EERICESWTRELTWS. Z0FERR

_N

DT I THDHN, UTIORTRERPEEL > L TN 5.

— O H OBEIE, OATPIBL N HEMKAFH R EZR"T 2L THDH. Gemfibrozil
(GEM) X OATP1B1 [HEID—>TH D28, O in vitro BLETEMEDL, HWSIEEIC X
STRELERD Z ERWESN T ¥ REERIT, OATPLBL PHEFERAS B 238N
LIERBEICKEL TRESERDLZLETBTDHHDOTHY, FrICHBRIE DL ETE M
ZE3< AFEH Y DDl U A7 & Rk L725E101%, MR Z et EORMBEIZ D720 5840
DD, LrL, RBGH GEM EREDKEMDO A THEIND HDTH HITHON

TEHHLNE RS> TWeoT-. F7=, DDI U A7 @ false negative T % [Fl#ES 5 |
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T, OATPIBLIZxId % BHETEM: 2 Bttt T & 2 HHE Z invitro (LERER THA 5
TENEELWA, EOOATPIBLEENZD L 5 EH A AT 2RI TH Tz,
TOHOEIZ OATPIBL [HERBRD 2L—7F v MENMEWZ L THDH. fEk
DOFLERER R TIE, °H < “C 72 KOS PERNLIR (radioisotope, RI) CTHEGG L 7= AE %
EHT 5 FENRER TH 72285, $ o T MBERLRIE I L 5 2 E LTV, §
2, BUSEMIMWIELRE CIXZ AR 7 ) —= ZVRMli2 Ehm L, BUG L7 FiE il
BREFRIERT 22RO oL, RERMBELE 2> TV,
% ZC, OATP1BL %413 % DDI U A7 DKW X Y 22472 3K 5 O Al I Bk
T o720, ARWFETIE, RO - OOMEE RS 5 Z LI AT, FEBRIZIE
O FERLE %\, OATPIBL O REKFH R EIC DWW THEBNICHRFL, @
OATP1B1 FHETEMEZ S L, DDl U X7 Zll/ Nl L 722 WERARRY 72 RI 7 e —
HEZBRHL, 3512, @RIFEEEEMAREEEEL AL, Zlin2>AL—7

R EE T EOE LR R R 2 AL L 72,
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B EREEERZAVWEERERENRILEORIE

B EEKFNREE
HEMRHEER DD VE N T AR —F — x0T L HEEMEZ R % in vitro 74
BRCiX, EHT 57 r—7 HEORBIZ L > THLILD Ki (E721% ICs0) fEA R E <
52 L, AGIEEERENRMEFEERPRES TS, ZHUTEDREEEES 50
T h T AR—=Z =D FRNICEBOIEERE G LS D Z LITERT 2 &5 2
LILTHY, HWEHKMFENRIEZ R TREH L LT CYPIA BT b d % B4
B8 HFH Sl TEIESBA &l IE R F IR O 72D O BEAER T A R 74
vO(RHEZE) | 2ITBWV T, CYP3A OFHEMERIE midazolam < testosterone 72 & o
ERE B AL DO E2 5 EHOIEEZ NN TRHME L, &b/hSW KifEZ AW T DDI Y 27
EORSFRICEHET 5 2 & B HERE S LT D, CYP3A4 Ofill, CYP2CI T4 [RIER DB
HWESNTWDA Y, BUREROREZ AWV CHERA 20T 25 2 L i3kobn T
WRUN, —F, SLC T v AR —F —|ZOUTIE, 2007 £ Noé &2k % OATP1BL
(ZBIT B Zumts & LT %%, OATP1B3 %40, OATP2B1*, OCT2 #*, MATEL, KX
O MATE2-K #7¢ B2 oW T b BVEIRAA R BEENHRE SN TR Y, S Z OFE-EIT F
TUAR—H—FRFEOELEEDDL LD E RS> TND.
Noé 51%, OATPIBL (x4 % GEM DHEEEA 6 DD 57 2 I H 2 My Tl
#fL, TCA, fluvastatin, pitavastatin, 33O simvastatin 238 & L7256 1213 GEM (1
L D BERFER R EERAME SN D5, ES BX troglitazone-sulfate % AV 723
A% GEM OMLEIHHA R CE 202 & 285 L 3% A#ERIE, OATP1BL fHE
BEAEHTOREICL s TREKERDLZEEZTETHLOTHY, FRCHEFEEMEZ

< AL o725 AICE, EERLERCEY ) OATPIBL #[HETH U A7 2 HikL,
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IKCTFHERDDI 25| &R T /NN H 5. LiL, OATPIBL OIE KM 72 [LE
X GEM L2 b 6 DOREOMAGORIZROENTZHRHLETH LD, FLS ok
- BEROMAEDETHE T/ DN ONTIEHaRREIN SN T oz,
ZZTCRETIE, KT OATP 77 XU — b7 UV AR—FZ—%lETDHZ LB
% CsA, RIF, GEM, I J O gemfibrozil-O-B-glucuronide (GEM-glu) @™ OATP1B1 (2%
HIEEEZ, 12 FEOLERE AV TR L, OATPIBL OB R 2BLEIZ O

THEFEAICHRGE L 7.

B BREEIED OATPIBL 24 L7~ Mk DB ERRA/T A — 4
OATP1B1 OSBRI/ BLE DORFHI A 2 B HE L LT, HMG-CoA &
FPHEA (pitavastatin, atorvastatin, fluvastatin, rosuvastatin, pravastatin) , & Ifi)J& V5%
3K (bosentan, valsartan) , FEIRIGIGEHEE (repaglinide, nateglinide, glibenclamide) , FIJR
3K (torasemide) , 17 L /L¥ —3K (fexofenadine) & L, Zi# 5 12{bE¥ D OATP1BL
s FE BLHE AR 35 IO control A ~DRRRFI 72 BV JA A A fas L7z (Figure 6) . HERRIZHR
VIAENTREEKITREK 7 v~ N7 T 7 4 =12 7 LEEGHEFITER L. WTi
DitE¥ b control g 12t~ OATP1BL SRl J8 B g TR D IA L 2R L,
OATP1B1 OIEE TH 5 Z L 3B Sz, LIBERORETTIE, HAEEOIRY AL OR)H
JE%& I LCU 5 0.5 45 (rosuvastatin, pravastatin, glibenclamide, bosentan, torasemide),
47 (atorvastatin), 2 4 (pitavastatin, nateglinide), 547 (fluvastatin, repaglinide, valsartan),
& %X 10 47 (fexofenadine) & B V) iA A SUG R & L CRRE L T2
BN T, HEEE D OATPIBL &t L7 EMRAFRIZR IV AR 2 et L, W R
)R F A —% ZEH LT (Table 235 X (VFigure 7) . 2105 @ 12 FEH T — > D fagftk

arAR—x2 b, b UL Ffufotk & FEFAFIMED — oD a IR —R 2 R H R B ELY IA
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KL, e R = FOFHII/NS o7z FH 72 Michaelis constant
(Km) fE1% 0.761 uM (atorvastatin) 7% 61.6 uM (fexofenadine) C& - 7=. Repaglinide,
nateglinide, glibenclamide, 3 J U fexofenadine @ K EIZABFZEIC L 0 #16O THE S,
Z LSO HEFKIZ DOV TS bosentan % R & SCHERHR & & MR D KnfE TH - 72,
Bosentan ® KnfEiX, FH&E OO 1 DLl ST 6T, £20BEAVWLR
TVW% OATP1BL LML OEsiE IS K& < B72g>Tna. 1554172 Bosentan

Kn D ZUPEZHONTIE, SRS DROEROERZF> THW 2L ERH 5.
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Figure 6. Time profiles of the uptake of clinically used OATP1B1 substrate drugs in OATP1B1-
expressing cells and the control cells.

Uptake of (A) pitavastatin (0.1 uM), (B) atorvastatin (0.1 uM), (C) fluvastatin (1 uM), (D)
rosuvastatin (1 uM), (E) pravastatin (10 uM), (F) repaglinide (0.1 uM), (G) nateglinide (1 uM),
(H) glibenclamide (0.1 uM), (1) bosentan (0.1 uM), (J) valsartan (1 uM), (K) torasemide (1 uM),
and (L) fexofenadine (1 uM) in OATP1B1-expressing cells (closed circles) and the control cells
(open circles) was examined over a period of 2 (rosuvastatin, pravastatin, glibenclamide, and
bosentan), 10 (pitavastatin, atorvastatin, fluvastatin, nateglinide, valsartan, and torasemide), or 30
min (repaglinide and fexofenadine) at 37°C. Each point represents the mean £ SD. (n = 3).
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Table 2. Saturation kinetics of OATP1B1-mediated uptake of clinically used OATP1B1

substrate drugs

Kinetic parameters were estimated by nonlinear least-squares regression analysis based on Egs. 1
or 2 as described under Experimental Section and Methods, and are shown as mean of two

independent experiments or mean = SD. (n = 3 or 4).

Substrates Km V max Pai Reported K, values
uM pmol/min/mg protein  uL/min/mg protein uM
Pitavastatin 2.48 £0.07 114+ 15 0.632 £0.354 1.331,3.0%, 4.8%
Atorvastatin 0.761 £ 0.056 42.2+12.0 NA 0.62%, 0.77%,
0.9347, 1248 19%
Fluvastatin? ( 4'94;"82 63) 7 4?307"?01) NA 2.5% 1231
Rosuvastatin® 9.31 103 0.624 0.80"1, 4.0%°, 9.03!,
(9.15,9.48) (90.6, 116) (0.588, 0.660) 1351, 154
Pravastatin 27.0+8.1 187 £32 NA 29313552 8648
Repaglinide 1.36 = 0.69 7.04 +£3.27 0.412+0.183 -
Nateglinide 364+ 1.9 174 + 53 NA -
Glibenclamide 1.24 £0.76 38.1£11.6 0.507 £1.013 -
4.27 56.1
Bosentan® (4.98,3.55) (57.9, 54.4) NA 44%
7.48 42.3 0.0545
Valsartan® (6.99, 7.96) (44.5,40.2) (0.0541, 0.0550) 147, 18
Torasemide 209+44 154 £38 0.908 £ 0.329 6.2%
Fexofenadine 61.6+20.4 41.0+5.6 0.0199 £0.0190 -

-, not reported; NA, not applicable.
*Kinetic parameters are presented as mean with individual values in
independent experiments.
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Figure 7. Concentration dependence of the OATP1B1-mediated uptake of (A) pitavastatin (0.01—
100 pM), (B) atorvastatin (0.01-10 pM), (C) fluvastatin (0.03-30 pM), (D) rosuvastatin (0.1—
100 uM), (E) pravastatin (1-100 uM), (F) repaglinide (0.01-100 uM), (G) nateglinide (0.1-100
M), (H) glibenclamide (0.01-10 pM), (1) bosentan (0.03-10 pM), (J) valsartan (0.3-1000 pM),
(K) torasemide (0.1-100 pM), and (L) fexofenadine (0.1-1000 uM). The uptake was determined
for 0.5 (rosuvastatin, pravastatin, glibenclamide, bosentan, and torasemide), 1 (atorvastatin), 2
(pitavastatin and nateglinide), 5 (fluvastatin, repaglinide, and valsartan), or 10 min (fexofenadine)
at 37°C. Representative data from two to four independent experiments are shown as Eadie-
Hofstee plots, and each point represents the mean = SD. (n = 3). Fitted lines that were obtained
by a nonlinear least-squares regression analysis based on Egs. 1 or 2 are presented as solid lines.



FE=Hi CsA, RIF, GEM, X WGEM-glu® OATP1Bl %3 5

EEME

CsA, RIF, 35 X1 GEM LK & T OATPIBL i L, OATP1BL AEIKD
MR 20D DDl 25| X 232 LMt TW\ 5 4132 REITlx OATP1BL
D FEBARAFHIPRTE 2 FERNICREET 2 BT, b 3{LE#d OATPIBLIZXT % in
vitro [LETEME %2, Joo 12 FEOEFRILE LA VTRt L 7= (Figure 8 35 &2 1 Table 3) .
%72, GEM ® OATP1B1 [l EIC X % ik DDI Tik, f\## <& % GEM-glu &7 DDI (C
THETDHLEEZEZALNTND 2 ENG %, KEHICHOWT S OATPIBL PHETE M 2 MGt
L7, 728, 120K EEHEOPEEICHOWTIE, BifiTH O Kl XY HIEL,
MoK v~ 87T 74— 4T NEESHTFTHOICHRE TTEEZ: 0.1 uM
(pitavastatin, atorvastatin, repatlinide, glibenclamide, bosentan) , 1 uM (fluvastatin,
rosuvastatin, nateglinide, valsartan, torasemide, fexofenadine), & L < /% 10 uM
(pravastatin) |Z5%E L7z, {LEWIZ X - Tid Kn ISk L THO IR I E R E 2 3R E
TERhoT=7ow, HERBRNOEONT ICo EITHATREZKE LT KifEIZZE# L
7-.

CsA, RIF, GEM, X UGEM-gluiZ\WFhoEE % H 74 OATPIBL %
FEEERAFHIICBAEE L (Figure 8) , # @ KifEIZZ4£741 0.0771 — 0.486 uM, 0.358 — 1.23
UM, 9.65-252uM, FLUN11.1-170 yM T -7 (Table 3). CsA, RIF, GEM, Bk
' GEM-glu ® OATP1B1 IZx¥ 5 KifElE, FEIZL->TENEN 6.3, 34, 26, B&X
WIS EDOZEEZE L. AFERLD, GEM LSO EIE OATPIBL (2% L CHEEIKTTE
e flEZ R T2 &, SHIC KiIEAREIC K > TEHERE L B2V Z & 23R
Shiz. L7z23-> 7T, CYP3A LI[AERIZ 5%, OATPLBL (22T in vitro BAEFHN %

TOBICIE T n =7 HEORIRICHET DL ERH DL LERD.
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Figure 8. Inhibitory effects of CsA (A), RIF (B), GEM (C), and GEM-glu (D) on OATP1B1-
mediated uptake of 12 clinically-used OATP1B.1 substrate drugs.
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Table 3. K; values of CsA, RIF, GEM, and GEM-glu for OATP1B1-mediated uptake of 12
clinically-used OATP1B1 substrate drugs

OATPI1B1-mediated uptake of 12 clinically-used OATP1BI1 substrate drugs was examined in the
presence and absence of CsA, RIF, GEM or GEM-glu as shown in Figure 8. The ICso values were
estimated by a nonlinear least-squares regression analysis. The K; values (parameter estimate +
parameter SD.) were estimated using substrate concentrations, Ky, and ICsy values by Eq. 5 (n =
6 or9).

Inhibitors
Substrates
CsA RIF GEM GEM-glu
Ki (M)
Pitavastatin 0.228 + 0.027 1.07 + 0.08 588 + 10.7 310 + 33
Atorvastatin 0.160 + 0.016 0.922 + 0.122 46.0 + 89 302 + 33
Fluvastatin 0.157 + 0.016 1.05 + 0.19 727 + 8.7 536 + 11.5
Rosuvastatin 0.301 =+ 0.031 0.952 + 0.098 63.6 + 84 295 + 38
Pravastatin 0.184 + 0.046 0.653 + 0.117 9.65 + 2.79 1.1 + 1.2
Repaglinide 0.0857 £ 0.0330 0.598 + 0.198 483 + 18.6 367 =+ 8.8
Nateglinide 0.244 + 0.038 0.358 + 0.079 252 £ 100 420 + 69
Glibenclamide 0.102 + 0.005 0.442 + 0.102 296 + 52 17.8 £ 3.6
Bosentan 0.206 + 0.056 0.694 + 0.211 366 £ 5.8 112 + 33
Valsartan 0.138 + 0.017 0.377 + 0.022 134 £ 03 184 + 1.7
Torasemide 0.486 + 0.112 1.23 + 0.30 49.5 + 10.8 170 + 44
Fexofenadine 0.0771 £ 0.0100 0.423 + 0.032 314 + 43 239 + 4.1
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= OATP1B1 FHEFHEICE L 7= RIEFREE 0RR

F—H RIFun—7EEZAWZHERR
TECORKREEIE Fv iz OATPIBL PRFERERCIL, MlANICEY IAEN
7= OATP1Bl MEHROEBA WKL v~ NI T 7 4 —I¥ T NEEGHTRI CER L.
ARFET, BERIED OATPIBLIZ X £ BHETE M & EER DMK R E K 4 -V CIHMii ¢ &
LIRTHEANNTH LD, (LA E > TIMHBRENREE 2556055, FTt,
MEDOENT — % BT 572 DITHEINCOITRONY F— a VRRLETHD.
—J7, RIMEGRIEE % V7= OATPLBL FHERER (RI1E) Ti, AEORKE /2 H A 7]
HBTHY, D"WOERLELH THDLZ LD, AIFRORKRERE O YRHFELEX LT
R E CIRASEA SN TWD., £ZTE =TI, RIFEEICHESREZY TOATPIBLD
HERAF 2B EZ R 5 & & H1iC, OATPIBL (x4 2 FERME 2SIk T&
o RIEE DR ik A 7.
OATP1B1 @ RI #H & LT, [PHIEG, [PH]E:S, ¥ L UH]sulfobromophthalein
(BSP) IZ&H L7 9581 W3 b @ laisiE 2 A3 % Rif7e OATPIBL EE TH Y,
in vitro FAEFRERICIH W THME) 7 o —7 BB L L Th <o ST D, F25S%
HERREDT=D, Zihvh 3 EE D OATPIBL FBIMiALIS L O control AHREIZ 332 Y A
FEFEHERS & 30 0T IE D Bt LG R, Wy control MifiZ Hb~ OATP1BL F&ELAN
Jl CHAZE I VR W IAF &7 LT (Figure 9) . [PH]EZG B X O PHIBSP i, ItV A Btk
% 10 Z3 LA EICTE D MR MR- T2 2 D, LIBEOFER TIZEL Y A A S RF ]

ZS5MNCRRE L. —J7, [PHIES 1TH Y IALBIAAEZ I EFIRIBICE L =720, EBR
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Figure 9. Time profiles of the uptake of [*H]E.G (A), [*H]E:S (B), and [*H]BSP (C) by
OATP1B1-transfected cells and control cells. Uptake of [*(H]E.G (0.1 uM), [*H]E1S (0.01 uM),
and [®*H]BSP (0.01 uM) by OATP1B1-transfected cells (closed circles) and the control cells (open
circles) was determined over a period of 30 min at 37°C. Each point represents the mean + SD.
(n=23).

BEV T, BRI 7e OATPIBL I EM 2 M4 5720, T s 3FED RI A&
HE2HNT, BFHEEAIO OATPIBL IZX4 % in vitro FLEIEM Z Bt L7z, PSS
DEEEH Z MR < 1 3—F 2% 15 LA (EiS, CsA, BSP, ritonavir, RIF, tacrolimus,

E.G, probenecid,

erythromycin, ketoconazole, GEM-glu, TCA, GEM, verapamil,

cimetidine) ZPLEAIE L THEM L. 7238, RI REEE (E.G, 0.1 uM ; EiS, 0.01
UM ; BSP, 0.01 pM) I%, OATPIB1 (Zxt3 % Knfl (E2G, 7.04 pM ; EiS, 0.271 pM ;
BSP, 0.327 uM) LD &+ ITARVIREEIZERE L, ICs DS KifEIZIEBRl SN D 5L L

7= (Figure 10) .

30/92



OATP1BIDRIZTO—THE FEE A1
B [3H]E,G (0.1 uM, 5 min) (0 E.S ) strons
B [3H]E,S (0.01 pM, 1 min) ¢ CsA
B [3H]BSP (0.1 uM, 5min) ¢ BSP
4 Ritonavir
EEEBEEFK ELYE 4 RIF
;;%Eigﬁ?ﬁ%oﬁ & Tacrolimus
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\V ®EG
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OATP1B1 ¢ GEM-glu
4@ Taurocholate (TCA)
¢ GEM
4 Verapamil
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HIFAICEYAEN I RIZH AT RE
DUFL—av NI E—TRIE

Figure 10. Study design for substrate-dependent inhibition of OATP1B1 using [*H]E.G, [*H]E:S,
and [®*H]BSP as substrates.

BHZE ARG 5% Figure 11 36 X OY Table 4 {27k L7z, Cimetidine i< 14 L&
X, & Rl 7r—7EH D OATPIBL Z 419 % BV 1A 7 Z i FEARAF AU P L7z,
[*HIBSP D HL D IAZA T4 % EaS OIHFEEMIZ A Z R L, KfEIZZh T 0429 B
FO611uM ThH - 7=. F£7-, EiS, CsA, ritonavir, RIF, E;G, ketoconazole, GEM-glu,
TCA, GEM, verapamil 3 X" probenecid %, {EKJEEKIZIHB W T[PH]BSP OELY iAA %
HEIZIEMHAE L, cimetidine (X 3-1000 uM DR EEFEFHIZ 3T PHIBSP OHL Y iAL % H
EIEME L.

OATP1B1 IZ %19 2 & FHEAI D Kifl 2 FEE ] CLbig L7z (Figure 12) . [PH]EG &
[PFHIES # AW THE L7z KifEA LL#d 5 & (Figure 12A) , Biat L7= & TOMRERNCE
WTCPHIEG Z 88 & L725A DN KIfEIME L, [PHIES XV L [PH]EG O 5 3 LETE
PEZGEICRETE D Z ERH LA o72. RFIZ, ritonavir, GEM, 3 X TURIF D K;
X, [PHIES ZHW5 EZ2nEi 117 %, 1445, B 2HEFbEEEsRLz. £

72, CSAIZDOWThH, PHIESS Z W% & 6 5@\ KEF: bz, £ Do HEHRIT
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X 3RELINDETH ~ 7. PHIEG & [PHIBSP D Ltikiz W\ T % (Figure 12B) , [PH]EG
ZEE & U LICRRC R TOMERNCT L TRV KifE235 i, FRETENE 2 Sl
I T& 5 Z L3~ 72. Erythromycin @ K IX i ZEE BT 13 5D ZENRD bz
2, ZOE D BREITIPHIE.G EPHIES LDtk CidEigR I n2n~7=. £7- BSP,
ritonavir, tacrolimus, E,G, ketoconazole, TCA, GEM, 35X O probenecid @ KifE$,
[FHIBSP # & & L7-WRFIZPHIEG LV b 5L L@ Wiz R L7z, LiEX Y, RI 7
— 7 HEIZB VT OATPIBL DEAE ZRIWE KRR ILEEARObND 2 &, &6
3D Rl Yo —THED YD, PHIEG 13t L7-& TOEANS L TE DM
FEENEZ R BB TE L Z B LNE o T

E 512, OATPIBL (244 % CsA, RIF, GEM, 3 X1 GEM-glu ® KifEIZ>u>
T, RI 7o —7HE &5 "3 CRe LT BRI E SR O#E 5 % it L 7= (Figure 13) .
[PHIE.G 72515 5 417= CsA, RIF, GEM, X GEM-glu @ Kififi%, OATP [ J/E #K
MO LI KiEO FIRE & R 3 HELN) Tho7z. —F, [PHIES 8 L U°H]BSP
NHEBITZ CsA, RIF, BXUGEM @ KifillE, [PH]EG & 2 W TEEEK S 30 515
SN KfEL D & K& < R 5MHAFRD Sz, [PH]ES I£ OATPIBL I X D #as st
DS 16 invitro FREREBRCTRI Vv —7 B & LCTEH S Z L A3% W3, DDIY
A7 FANFHIT A R-RND B S, LLEORERI D, [PHIEG I£ OATP1BL PHERERICE
WTERREEEOREEE L LT TE %9 2, EHEHEZSBEICRETE L L

5, DDl Y A7 O/l O BRI D Rl 7o —7WE L5 2 LR & .
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Figure 11. Inhibitory effects of 15 compounds on OATP1B1-mediated uptake of [*H]E.G,
[®H]E:S, and [*H]BSP.

Uptake of [*H]E.G (0.1 uM, closed circles), [*H]E:S (0.01 uM, open triangles), and [*H]BSP
(0.01 uM, open squares) was investigated in the presence and absence of unlabeled E1S (A), CsA
(B), BSP (C), ritonavir (D), RIF (E), tacrolimus (F), erythromycin (G), E-G (H), ketoconazole (1),
GEM-glu (J), TCA (K), verapamil (L), GEM (M), probenecid (N), and cimetidine (O). The data
are shown as percent of control as described in Experimental Section. Thick, thin, and dashed
lines represent fitted lines for the uptake of [*H]E2G, [*H]E:S, and [®H]BSP, respectively. Each
point represents the mean = SD. (n = 6).
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Table 4. K;values for OATP1B1-mediated uptake of [*H]E-G, [*H]E:S, and [*H]BSP
OATP1B1-mediated uptake of [*H]E2G (0.1 uM, 5 min), [*H]E1S (0.01 uM, 1 min), and [*H]BSP
(0.01 uM, 5 min) was examined in the presence and absence of inhibitors as shown in Figure 12.
Ki values were estimated by non-linear regression analysis based on Egs. 3 or 4 under
Experimental Section, and are presented as mean = computer-calculated SD.

Inhibitors Substrates
[*H]E.G [*H]E:S [*H]BSP
Ki (or Kim) uM

E:S 0.0954 + 0.0149 0.271 =+ 0.013" 0.429 + 0.175*

611 + 387
CsA 0.118 + 0.015 0.732 + 0.224 0.694 + 0.149
BSP 0.131 + 0.010 0.215 + 0.058 0.327 + 0.033"
Ritonavir 0.397 + 0.023 464 =+ 9.8 338 + 0.66
RIF 0.585 =+ 0.074 6.96 =+ 1.31 275 £ 0.62
Tacrolimus 0.668 + 0.156 1.78 + 0.34 357 + 043
Erythromycin 488 £ 0.65 134 + 4.0 633 + 11.5
E.G 7.04 + 0.53° 16.6 £ 24 393 + 9.0
Ketoconazole 990 =+ 2.40 154 = 3.7 60.9 =+ 26.1
GEM-glu 16.7 + 2.6 42.6 + 3.1 87.6 + 33.0
TCA 190 + 1.0 50.0 + 4.8 161 + 35
Verapamil 223 £+ 42 440 + 7.3 843 <+ 30.1
GEM 264 = 2.1 381 £+ 60 173 + 34
Probenecid 794 + 5.8 227 + 69 740 + 181

E,S showed biphasic inhibition of [*H]BSP uptake, and the K; values for high and
low affinity components are presented.
°Kn values.
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Figure 12. Comparison of K values between [*H]E2G and [°*H]E:S (A), [*H]E2G and [*H]BSP
(B), and [*H]E1S and [°*H]BSP (C).

Ki values are taken from Table 4, and each point represents the mean £ SD. The solid line and
the dashed lines represent the line of unity and the lines of 1:10 and 10:1 correlations, respectively.
1, EiS; 2, CsA; 3, BSP; 4, ritonavir; 5, RIF; 6, tacrolimus; 7, erythromycin; 8, E2G; 9,
ketoconazole; 10, GEM-glu; 11, TCA, 12, verapamil; 13, GEM; and 14, probenecid. K; values

of ES for [°H]BSP uptake were eliminated from panels (B) and (C) because E;S showed biphasic
inhibition for [°’H]BSP uptake.
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Figure 13. Comparison of K; values of CsA (A), RIF (B), GEM (C), and GEM-glu (D) obtained
with [*H]E2G (1), [*H]E:S (2), [*H]BSP (3), pitavastatin (4), atorvastatin (5), fluvastatin (6),
rosuvastatin (7), pravastatin (8), repaglinide (9), nateglinide (10), glibenclamide (11), bosentan
(12), valsartan (13), torasemide (14), and fexofenadine (15) as substrates.
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B RERTFAREEN DDI V) R 7 5 2 bR

In vitro TEIE S 7= BB RIFAY7 OATPIBL ILEERICENT 5 KO ARE)
DDI Y A7 3HliC 52 2 B % MAEd 5 7-%, CsA, RIF, GEM, X UGEM-glulZ X
STHIERZEND DD Y A7 ZHHIMS /DO (KZ 7 R) HA XA - A RTA U1
o TR L7=. 55— 34 —filC i L7 static model (276, AKBLEAID RIE%E Kl
(Table 3 3 L U Table 4) & [1Juinetmax (Table 5) 2> S HH L, B DDI akBR 0> A5 b | fif
320y N4 7 (125, FEA55EE KO FDA ; 1.04, EMA) L L7, 56
FDA TIE[1]untetmax TORAHIBI OIS,  FHEHD B M EE (Crax) Z2 VT RAE
EEMT DI ENHERINTVD 72, Cux lICHESS RIEBHEIEL, Ty M 7HE
(11) L L7, 5o 7- RiE% Table6 2R L7=.

CsA (2R F& T OATPIBL ZFHE L, OATP HEIKL DDl #3542 &
WEIHNTEY 2, AFFETHZ OATPIBL EIKD AUC 1% CsA #HHICLY 20
(bosentan) 75 23 fi% (pravastatin) 35435 (Table6) . F7-, RIF &K HE T OATP1B1
ZIHE L 2, OATP FAEHK o AUC - 2.2 (glibenclamide) 7> % 12 fi% (atorvastatin) &
HWE STV D (Table6). ZDZ &vn, CsA B L ORIF X OATP1IBL Di# /)72 invivo
PHERR L L TR SN TV D, Crax ITHD< CSA B LU RIF O REIE, £ E4 2.95
(torsemide) — 13.3 (fexofenadine) , 19.7 (torasemide) — 65.2 (nateglinide) TH Y, W Fi4LD
HEIZBWTH Iy bATMHE L1 L ETho7z. £72, [Nuinetmax (23D < CsA B DY
RIF® R, ZiZ4 3.47 (torasemide) — 16.6 (fexofenadine) 35 & TY 9.13 (torasemide) —
28.9 (nateglinide) TH Y, v MAT7E 1.25 (REF@HEFS LV FDA)  L< 1T 1.04
(EMA) LLETH o7z, L7ed»> T, REEARFICER TS KEOHEIZL>TR
EHLHEEMTRRD DD, WTFNDOr—ATH Iy b4 7% LS TEY, CsA

BXORIFODDIY A7 2T 52 EnTET-.
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—7J7, GEM (3 & 1t GEM-glu) & sk 8T OATPIBL Z[HET 5 Z & A H AL
TW5 2%, GEM fifHIZ XL 5 OATP HEHKD AUC @ L5 -2 (3 repaglinide #fr 1.1
(fluvastatin) 2>& 2.0 f% (pravastatin) T& ¥ (Table 6) , CsA X° RIF (Ztk~<T OATP1B1 (Z
%t A LEMEAIZEIV. Repaglinide © AUC EH-223 7.0 705 8.1 fi5 & fthod OATP JLE
IR THEFICE WA, repaglinide DfH#H 248 5 CYP2C8 7% GEM-glu (2 X » T
mechanism-based inhibition #5217 5728 T&H 5 . Crax(ZH5< GEM (¥ L U GEM-glu)
? REIZZN 24 3.07 (nateglinide) — 17.7 (pravastatin) T ¥, WM OIE % 728
Abhy FA7H 11U ETH 72, LML, [uinkmx (2FE5< GEM (B8 LT GEM-
glu) ® R{EIZ 1.10 (torasemide) — 1.99 (pravastsatin) T&H O, EMADED DA~ M A 7l
(1.04) LLETH 7273, FEIC L - TiE RIS 1.25 (E4AEE 35 L OFDA) (2 L7
W =2 ST, GEM O XD IZHRICB W TH~ RO OATPIBL HFHEM

Zoa g EAIOLAEIZIX, in vitro FEHICHWS 7' — 7 HE ORI/ LN REDO S
v A7 EOBEN K DDI AR DO ESHIWHI R E B, L, HAEICE > T DDl Y
A7 DRPEUDRBVIGD Z L3 ginoT-.

Rl 7u—78ED 55, PHIEG 1% 3 4 COHERID DDI U A7 2T
HZENTE. —F, [PHIES B X UPH]BSP I GEM (¥ XL Y GEM-glu) (2 L % DDI VY
A7 T D2 ENTE R o7z, LLEDERNS, [PHIEG 1T B EAFHILE 2k
K32 DDI U 2 7 O/ Ne#fli & Bl T x 5, HERBRICELZRI 7e—7EHTH S

&ftam o7z
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Table 5. Clinical pharmacokinetic parameters of inhibitors used for the calculation of R-values.

[1u,inlermax (€Stimated maximum unbound inhibitor concentrations at the inlet to the liver) of CsA,
RIF, and GEM were calculated by Eq. 9 as described under Experimental Section, in which ka of
0.1

mint, FaxFq of 1, and Qn of 97 L/h were used. The blood to plasma concentration ratios of the
inhibitors were assumed to be unity in the [1]uinletmax calculations.

Inhibitors Dose fy Cinax [1]uw,inlet,max
(mg) (%) (HM) (HM)
CsA 20062 119 0.95 1.2
RIF 600% 156 23% 10
GEM 600 0.65%2 10096 1.6
GEM-glu - 11.5% 209 -

aAs the f, was less than 1%, the [I]uinletmax Was calculated assuming fy of 1% based on the
regulatory DDI guidelines or draft guidance materials in FDA, EMA, and MHLW.
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Table 6. Prediction of OATP1B1-mediated DDIs with a static model

R-values of CsA, RIF, GEM, and GEM-glu were determined using K; values obtained from each probe substrate and [I] (Cmax OF [I]uinlet,max) based on
Egs. 7 and 8. The K; values were taken from Table 3 and Table 4.

Inhibitors
CsA RIF
_ — a _ — A\b
Substrates K. R-value (= 1+[I]/K}) Observed " R-value (=1+[1]/K}) Observed
1 [1] = Conax (1= [T, it s AUCR? ‘ [1] = Conax (1] = [TJu et mas AUCR®
(uM) (uM)

In vitro prototypical probe substrates
E.G 0.118 9.05 (4.05-13.7) 11.2 (4.81-17.1) NA 0.585 40.3 18.1 NA
E:S 0732 2.30(1.49-3.05)  2.64 (1.61-3.60) NA 6.96 4.30 2.44 NA
BSP 0.694  237(1.52-3.16)  2.73 (1.65-3.74) NA 2.75 9.36 4.64 NA
Clinically-used substrate drugs
Pitavastatin 0.228  5.17(2.58-7.58)  6.26(2.97-9.33) 4.6% 1.07 22.5 10.3 5.7

244 @ 524
Atorvastatin 0.160  6.94(3.25-104) 850 (3.81-12.9)  9.0%, 15% 0.922 25.9 11.8 73 1 7135 ’
Fluvastatin 0.157  7.05(3.29-10.6)  8.64 (3.87-13.1) 3.5% 1.05 229 10.5 -
Rosuvastatin 0.301 4.16 (2.20-5.98) 4.99 (2.50-7.31) 7.168 0.952 25.2 11.5 4.467
Pravastatin 0.184  6.16(2.96-9.15)  7.52 (3.45-11.3) 1224 23% 0.653 36.2 16.3 2.6, 4.6%
Repaglinide 0.0857 12.1 (5.20-18.5) 15.0 (6.25-23.2) 2.4%4 0.598 39.5 17.7 -
Nateglinide 0.244 4.89 (2.48-7.15) 5.92 (2.84-8.79) - 0.358 65.2 28.9 -
Glibenclamide 0.102 103 (4.53-15.7)  12.8(5.41-19.6) - 0.442 53.0 23.6 2.02%4d
Bosentan 0.206 5.61 (2.75-8.28) 6.83 (3.18-10.2) 2.09 0.694 34.1 154 570e
Valsartan 0.138 7.88 (3.61-11.9) 9.70 (4.26-14.8) - 0.377 62.0 27.5 -
Torasemide 0.486 2.95 (1.74-4.09) 3.47(1.93-4.91) - 1.23 19.7 9.13 -
Fexofenadine 0.0771 13.3 (5.67-20.5) 16.6 (6.84-25.6) - 0.423 55.4 24.6 3.9-4.67!

Continued to the following page.
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Inhibitors
GEM and GEM-glu

Substrates K R-value (=1+[I]/K;)*

GEM GEM-glu 0-Co - M TVEAATER

(uM) (uM)
In vitro prototypical probe substrates
E.G 26.4 16.7 8.99 1.58 NA
EiS 381 42.6 2.91 1.20 NA
BSP 173 87.6 2.38 1.11 NA
Clinically-used substrate drugs
Pitavastatin 58.5 31.0 4.96 1.30 1.5%4
Atorvastatin 46.0 30.2 5.50 1.32 1.3%4
Fluvastatin 72.7 53.6 3.68 1.18 1.1%
Rosuvastatin 63.6 29.5 4.95 1.31 1.9%4
Pravastatin 9.65 11.1 17.7 1.99 2.0%

24 7 (24 g 124

Repaglinide 483 36.7 4.98 127 TORTO M
Nateglinide 252 42.0 3.07 1.20 1.5%
Glibenclamide 29.6 17.8 8.32 1.54 -
Bosentan 36.6 11.2 9.99 1.79 -
Valsartan 13.4 18.4 12.3 1.62 -
Torasemide 49.5 170 343 1.10 -
Fexofenadine 314 23.9 7.12 1.42 -

NA, Not applicable; -, Not reported.

“Dose of CsA ranged from 75 to 322 mg in clinical DDI studies. R-value is presented as the representative value that was calculated based on 200-mg
dose of CsA with range in parenthesis. R-value range that corresponds to the clinical dose range (75 to 322 mg) was calculated based on the parameters
of CsA given in Table 5 assuming the linear pharmacokinetics.

*Dose of RIF was 600 mg in clinical DDI studies.

‘Dose of GEM was 600 mg in clinical DDI studies.

The inhibitor was given as a single intravenous dose.

*Fold increase in the trough concentration on Day 2.
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EEE ERERTFHREED A b =X LDOKREE
OATP1B1 & [AlkkIC BB AR 22 B A2 7~ 3 M REEE SR CYP3A T, 1IN
ICHEBOREEAMMN 2T LIk 2, WEKRGENRMELS &R+ 5%
5 TWD B OATPIBL HRIEED A h = X A THEKGFN R ELZF IR T L5,
OATP1B1 DFEEMEAFHIIED A h = X ADEAZ AL LT, PHIE.G, [PHIES, ¥
L OPHIBSP @ 3 fifEHO RI FE Tk U CTH A OBRERRZ MG L7z (Figure 14 B LW
Table 7) .
FBRIFEFE FIZBWT, EG B XU BSP 1Lk 0#®E & [ OATPLBL 12
xt U C—HMEDER VAR &R L 95980, ExG D Knd & T Viax (ZZ 41 8.17 pM, 250
pmol/min/mg protein, BSP TiX£#1€ 41 0.280 uM, 20.8 pmol/min/mg protein T > 7-.
OATP1B1 %41 L7z E1S DHLYV IAZMIAMF TIE—FAMEA R L, KnB LD Vi (T 1
Z410.286 uM, 36.4 pmol/min/mg protein T&H ~>7=. EiS @ OATP1B1 %41 L7z H YV iAZ
IZOWTIE, — L ORERHL—FH TS, ZHMEZRT VWO HELH D L™
DEVOIBHIIAHTH 528, RHIA W IS ERSEOEWICERT 5 H 0
EEZDBNS.
E;G @ OATP1B1 Z /N 2 H W iAZE, 0.1 uM @ EiS f7/E FIZBW T Kl
8.17 /15 187 uM ~E HEIZEF LD, Vi lCEBE 5 2 o722 &b, EiSH
E.G Ok & B A mICHE T 5 Z LR b leoT-. £72, EiS © OATPIBL #4179
ZHELY IAFAE, 10 pM D E,G 1F/E FICHE W T KnfE2S 0.286 725 0.488 uM ~ & H &I
F LD, Vol CBEZ 52T, EEGHESEZHAINET A2 Z &R Eiz. Lk
T, EG & EiS13 OATPIBl ETHWIZHAE L, WIEE2 OATPIBL D[R —DiE &

HALZ N L CHESND Z L2 RETA550THS. L, Table3B LW Table4 (12
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R LTZERIC, B OMERICHE VT OATPIBL (%45 K flAS i 52 M CHHEE 2okl %
R LI Z &nh, WHEEPHE—OMEIMAZIT L TIRYIAEND LI1FE TV

0.3 uM @ BSP {F1E F CTPD E.G DEiiiklE, Vmx D7 250 7>5 55.8 pmol/min/mg
protein ~& FEITIK T L7220y, KofEIXEEINR)>72Z &226, BSP X EG % Ikt
AMNCIET D Z LA L2, —5 T, 10 uM @ E,G 177E F T BSP OiikiE, Km,
Viax & BICHE BRI, ERXIIHL N E R LR oTz. ZORRIE, D
< &b BSP I3 ExG DFEATINL & ITRR DFALIT/EMT 2 Z & T EG Ofgiix 2 fiE L T
¥V, WEEN OATPIBL DR HAEEEMLA ST L TIESNLD 2 L 2Ry 56 D
Thsn. £, FE=\E G THEiE L -HERRICIH VT, HEEORERDRIKRE

FEREIIZ 35T BSP OHL Y IAA A A BT AL L7223 (Figure 11), AHiIS ¢ OATP1B1
B DFRER AL AET D L 2 RETHHDTHS.

0.3 uM @ BSP f£/E F T EiS Dk iE, K7 0.286 725 0.677uM ~ L HEI
ERL, Vel THER o722 E0vD, BSPIZES #HAMICIE T2 Z L2V L
72. 10 uM @ EiS f77E F TP BSP Ok, Km2d 0.280 705 4.78 uM ~ & H 2 EF-
L, Vmx®d 20.8 75 111 pmol/min/mg protein ~& A &2 EH- L7722 &5, EiSiX BSP
D FHE & FEERAIC PR Lz,

INHOBSRE, 3HEED OATPIBLIZ X D HUV AL HE—OREATALE I LT
REND L) HMZRET L TIEEE LEESC, OATPIBL LIZ#HEBOIEE RS AL MF

fEL, Zidd OATPIBL1 O ILEKGFHI R EEROER TH D EHELR STz,
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Figure 14. Mutual inhibition of OATP1B1-mediated uptake of [*H]E.G, [*H]E:S, and [*H]BSP.

(A) Concentration-dependent uptake of [*H]E2G (0.003-100 uM) for 5 min in the absence (closed
circles) and presence of unlabeled E1S (0.1 uM, open triangles) or BSP (0.3 uM, open squares).
(B) Concentration-dependent uptake of [*H]E:S (0.003—-10 uM) for 1 min in the absence (closed
circles) and presence of unlabeled E;G (10 uM, open triangles) or BSP (0.3 uM, open squares).
(C) Concentration-dependent uptake of [*H]BSP (0.007-10 uM) for 5 min in the absence (closed
circles) and presence of unlabeled E,G (10 uM, open triangles) or E;S (10 uM, open squares).
Data are shown as Eadie-Hofstee plots. Each point represents the mean + SD. (n = 3). Fitted
lines, which were obtained from nonlinear regression analysis based on Egs. 1 or 2 under
Experimental Section are also presented. Representative data from three independent experiments
are shown in this figure.
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Table 7. Saturation kinetics of OATP1B1-mediated uptake of [*H]E2G, [*H]E:S, and [*H]BSP in the presence and absence of unlabeled E.G, E;S,
and BSP

Substrates

Inhibitor [PH]E:G? [PH]E.SP [*H]BSP®

Km Vmax Pdif Km Vmax Km Vmax

puM pmol/min/mg pL/min/mg UM pmol/min/mg UM pmol/min/mg
:\r:(i)ﬂbitor 8.17 + 2.28 250 + 89 NA 0.286 * 0.054 36.4 + 10.3 0.280 = 0.041 208 = 10
E.G NA NA NA 0.488 + 0.072° 357 + 83 0.361 = 0.069 185 = 19
E:S 187 + 227 251 + 22 NA NA NA 478 + 0.65™ 111 + 18"
BSP 580 + 253 558 + 2477 0667 + 0.642 0677 *= 0.112° 343 + 117 NA NA

Kinetic parameters were estimated by non-linear regression analysis based on the Egs. 1 or 2 under Experimental Section, and are shown as
mean = SD (n=3).

*P < 0.05 and **P < 0.01 compared to parameters determined without any inhibitors.

a: Concentration-dependent uptake of [*H]E2G (0.003 — 100 uM) for 5 min was examined in the absence and presence of unlabeled E;S (0.1
UM) or BSP (0.3 uM).

b: Concentration-dependent uptake of [®*H]E:S (0.003 — 10 uM) for 1 min was examined in the absence and presence of unlabeled E.G (10
UM) or BSP (0.3 uM).

c: Concentration-dependent uptake of [*H]BSP (0.007 — 10 uM) for 5 min was examined in the absence and presence of unlabeled E,G (10
M) or E1S (10 pM).

NA: Not applicable.

44192



Vivar S

oy VL B

i OATPIBL at e FEE OFEER &
VRN I D < PRGN R DS

45792



I E FH OATPIBL HMEE DERR & #tiEICE S fER
filise DIEE

B BOLEMAETMMRBEORR LEEF O NEE OREA

ek, OATPIBLIZXIT 2 FHEAMHFHEIL, o % TR LIcIFESE 2 EH L L
TRIK 7 v~ 2757 4 =127 DNEESHFHI L > THRINT 2515, E3E ==
TR L7z RIS AZ BE & U CTHENE 2 B 2 TIER WO TE 2R, mFiE
BT TN ORI LOMIEICZ K295 7] LR &2 B4 2 720, AIFEYIII R D
BV D SRIETHIE D = — X% 4317z L W5 72, OATPIBL #4r L7- DDI U A
7 DIRWERSZ AT D 720121, ARG OBPE D b ZRICxt LT OATPLBLER
RN A T L, WETE AR 2 S RURBRICIEN T Z AR TH D, K ZHIKEE
fililZ 38 L 7= OATP1BL [HEFHAL R 2 M58 2 72, dOEE 2 M T 2 #6IEICER L
To. EOGIRE, SERWE O B SO EARYE, pH 72 ENEORE ISR B A G2 5 &
WO RFIZH 505, ZHBIFFHIIC AW 2O EE ORI 2 TS5 2 L Tay
FE—LAEETH D, dOEEDHT D mEE OV A L—Ty MEITERR I B RS
DEBRETHHC BN CTHARY — L Lied LR EN .

INETICHESNTWD OATP 77 I U — b I U AR —F =4t EE %
Table 8 [ZF & 7=, H{HEET&H % cholic acid (CA), chenodeoxycholic acid (CDCA),
deoxycholic acid (DCA), lithocholic acid (LCA), 3 & O ursodeoxycholic acid (UDCA) 72 &
(ZH e & L C fluorescein (FL) & 721 7-nitrobenz-2-oxa-1,3-diazole (NBD) % {0 L 7=
SN EEIY, OATP 77 XU —F IV AR—F—OHEE LD EDRAMBN TN DN,

IO IR E L THEATE T, NEISN U TAR LA TR BN ™8, —J,
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fluorescein methotrexate (FMTX) ™, Oregon Green® 488 Taxol (Flutax-2) *, 8-fluorescein-
CAMP (8-FcA) &, FL™ 8 fluo-3%* 8, 53" 5-(and 6)-carboxy-2°, 7°-dichlorofluorescein
(CDCF) 83— fixik3 & L CHEATFRETH D, ZDH B, OATPIBLOEE & 725 FMTX,
FL, B XU8-FCAIZ DWW THERT 5 &, FLO OATPIBL Z 417 % B W A IEPEIZ FMTX
DENLFAFEPRCRE D EDOWRENRDH Y, & HIT FMTX 2OV T4 22 &G TEN
727z OATPIBL FHEMRER~OBEMICE L TIIdE L2 E T 5 L iE ST ™.

FMTX I 35U 41T d 5 methotrexate 253 FNICE T Z & D, REEDOT Y VIR L%
ELEOBELHD. cAMP ([ZHOEH TH D FL 245N L 72 8-FcA |3 OATPIB1 &
OATP1B3 DFEHE L7227, ZOAlikgIT FL IZH_TIEFICE L, FHERERIC»1D

BHNREWEWIRENRDD. ZDOLHIZ, —/H OATPIBL M Y iVE ORI B E

HHH}

REDITHRZ DD, — AL LTHATE LD TEY, WATERE D
(2T H OATPIBL Z A9 2 Bk iG B ) D22, 7 =07 a X hOH
THENRDHY, MTLHAHER=—XZmI L T ol £, T 6EEEEIC
% LT OATPIBL DIEKFHI 2 LE OMEHIR S TR 67, BFOEEED 7 1
—T7HE L L TCORYMEOREHIAR 2 Th o7,

Z 2 CARZE IR eI RS < OATPIBL [LERHER #8425 2 & 2 HAY
&L, ZOBMENT 5 OATPIBL OHEOGIEE Ofifil= & &fF & LT, (1) OATPIBL®
BAfe G TH Y, OATPIBL 2/ L CHIFEMNICZ < BVIAEND Z &, (@ [PHIEG &
FSOKifEx 52528, BEXO@RMMTT =27 ax B3phbenz &0 38

ARE L.
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Table 8. Reported fluorescent substrates of hepatic OATP/Oatp family

Fluorescent

substrates Substances labeled with fluorophores Fluorophores Transporters References
CDCA-NBD Bile acid (Chenodeoxycholic acid) NBD OATP1B1, OATP1B3, Oatp(s) 7516
CA-NBD Bile acid (Cholic acid) NBD OATP1B1, OATP1BS3, Otap(s) 7516
DCA-NBD Bile acid (Deoxycholic acid) NBD OATP1B1, OATP1B3 7
LCA-NBD Bile acid (Lithocholic acid) NBD OATP1B1, OATP1B3 7
UDCA-NBD Bile acid (Urosodeoxycholic acid) NBD OATP1B1, OATP1B3 7
CGamF Bile acid (Cholic acid) FL OATP1B1, OATP1B3, Oatp(s) w7
CLF Bile acid (Cholic acid) FL OATP1B1, OATP1B3 8
FMTX Methotrexate FL OATP1B1, OATP1B3 7
Flutax-2 Paclitaxel 0G OATP1B3 7
FL - FL OATP1B1, OATP1B3, Oatp(s) 79,81
8-FcA cAMP FL OATP1B1, OATP1B3 80
Fluo-3 - Fluo-3 OATP1B1, OATP1B3 39,82
CDCF - CDCF Oatp(s) 8

-, Not applicable.
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BEH HHOATP 77 IV — T UV AR—F —DHNEEDORR

FLFBERIT— IS, 7RI T = ) — VKRR KO VR vV R E R
T5Z LN BAEBRSMET (pH 7.4 £131) ICTREMZHL, 2OT7 B U EETIZT
FRDNEDCE R T D 8 T = ML EY Th 572912 OATPIBL DRI 7 % FIHEMEDN
b5 EIWTIMA, FLOT VA Y M FICET DHtETIERIT 085 LIFEFITH N &
D B TR E Y FL AEAR & R CAOR R I A Ot 2R LA s
WT b Rl R H- 2 D BT DN LB TE D,

Z ZCAMFETIE—MREREE L L CIATTREZ: FL 225 NS FL B8R TH D
Oregon green (OG), 2’, 7’-dichlorofluorescein (DCF), 4’, 5’-dibromofluorescein (DBF), 5-
carboxyfluorescein (5-CF) , 6-carboxyfluroescein (6-CF) , 5-(and-6)-carboxy-2’, 7’-
dichlorofluorescein (CDCF), 2’, 7’-bis(2-carboxyethyl)-5-(or 6)-carboxyfluorescein (BCECF),
calcein, fluo-3, 35Ut 8-FcA (Figure 15) 73 OATP1B1, OATP1B3 #5 L Ut OATP2B1 Ok
HLmnh, BEMEEZ AW THRE Lz, HWe FLFEAROEEREL Table 9 (2%

L.
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Figure 15. Chemical structures of FL and its derivatives used in this study. (A) FL, (B) OG, (C)
DCF, (D) DBF, (E) 5-CF, (F) 6-CF, (G) CDCF, (H) BCECF, (1) calcein, (J) fluo-3, and (K) 8-
FcA.

Table 9. Fluorescence properties of FL and its derivatives

FLAFEIE  SORRFICE  BOAMIEE (m)  ROKEOEHEE (nm)  References

FL 0.85 490 515 8
oG 0.97 490 514 87
DCF 0.86 503 522 88
DBF 0.69 511 534 8
5-CF 0.92 500 524 8
6-CF 0.91 500 521 8
CDCF - 504 529 84
BCECF - 503 528 8
Calcein 0.79 494 516 8
Fluo-3 0.183 (with Ca?*) 506 526 %
8-FcA - 494 517 a1
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#4031 uM (FL, OG, DCF, DBF, 8-FcA) %7-1310uM (CDCF, BCECF,
5-CF, 6-CF, calcein, fluo-3) #&¢e7 vt A A% % OATP FELHIIEES & O control
fak 5 53fA Fax—a L, MENICIRY AT EtEAFROEL g L2k
%, DCF, 0G, ¥ X0'DBF %Z#r#il OATPIBL # A & L CRH L7= (Figure 16) . =
5D OATPIBL Z 419 2 B W IAZEMEIZEE M OEOEIVE (FL, 8-FcA) # ERl->Tk Y,
FFIC DCF 13 b m W ETE 2 R T & & b IZ, AREBRES: TIZH VT OATPIBL (Zxt

TEREDOEVIEE TH D Z L2V ~7=. £/, FL X OATP1B1, OATP1B3 721} T
72< OATP2Bl1 ®HE L $7256Z &, S HIZ CDCF X7 v K Oatp 7217 T7e< & |
OATPIBL DI IZ/e D Z & b A LT,

AR AW s b AROBIT UFEEH L RO TR Y, PSR AR 4
552 LT TERVD, OFLEONCEVRICHNVRFIIVENAND E OATP 7 7
RV — T AR—Z—DIEEIZ/2 V12 {75 (e.9.5-CF, 6-CF, 33X UCDCF), @
¥ o702, TRICm S YR AD E OATPIBL OB/ Y 03 < b —7,
OATP1B3, OATP2B1|Zx}3 % &8IV 72\ (e.9. OG, BLUDCF), @ FH 7D
&, 5pica 7B AS E OATPLBL 35 LU OATP2BL DIV IZ/A2 0 03 < 72 5 (e

DBF) & W o fHmn @l s .
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Figure 16. Uptake of FL and its derivatives in OATP1B1-, OATP1B3-, and OATP2B1-
expressing cells and the control cells.

Transporter-expressing cells and the control cells were incubated with KH buffer containing FL
(A), OG (B), DCF (C), DBF (D), 5-CF (E), 6-CF (F), CDCF (G), BCFCF (H), calcein (1), fluo-3
(J), or 8-FcA (K) for 5 min at 37°C. Final substrate concentration in the KH buffer was 1 pM (for
FL, OG, DCF, DBF, and 8-FcA) or 10 uM (for CDCF, BCECEF, 5-CF, 6-CF, calcein, and fluo-3,
due to the limit of detection). Each point represents the mean + SD (n = 3). *P < 0.05 and ***P
< 0.001 between transporter-expressing cells and the control cells.
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H=H OATPIBL#HAEEDHEE
OATP1B1 OHHHE AL & L TR Sz OG, DCF, 3L U'DBF, 7 bW

PR e T D FL B LY 8-FCcA 122\ T, OATPIBL /" L7zt % & HITHEA
L7z, #8068 o OATPLBL Z BRI K OY control Al ~DFRIFH 72 HL Y IA A % 1R
AL, WThofba®s OATPIBL FEELMEIZIS VT control M@ b~ TEWELY A
H 7%~ L, DCF Th b WD AR DERD b= (Figure 17) . AfERICHS X, LI
DR CITYBEE R TV 5 547 (DCF, OG, 8-FcA, ¥ X UFL) 721314y (DBF)
A rFa—a VL LTRIE L. WV THREOEIE O OATPIBL Z 4T L 7%
FEARAFRI7R IR IAZ NG, REEFRAY /ST A —Z 25 L7z (Table 10) . WAL

B —HMEOR Y iAAZ R L, OATPIBLIZXIT % KnfEiX 4.16 (DBF) /> 5 54.1 uM (OG)
Tdho7. OATPIBL N LIZERVIARY VT T2 A (Vmax! Km) 15 1.37 (FL) 705 16.5
uL/min/mg protein (DCF) #3541, DCF23H - & H215RAIC OATPIBL (2 L » THfik X
DT ENHBI L7, DBFIZ2WTH DCF L IRIZRIFEEE OsiE 4 R~ L7223, DCF
D5 DBF £V @t & IR E R L %, control MIAEIZ k92 RBMAL ~DHL Y
AR R, SHICLMTHL Z ED, OATPIBL BERBRRICKIT 287 1

THEL L TDCFOEFNDBF LY HENLTWAEEZ L.
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Figure 17. Time profiles of the uptake of DCF, DBF, OG, 8-FcA, and FL in OATP1B1-

Uptake (uL/mg protein) 0

Uptake (uL/mg protein) M

expressing cells and the control cells.

OATP1B1-expressing cells (closed circles) and the control cells (open circles) were incubated
with DCF (A), DBF (B), OG (C), 8-FcA (D), or FL (E) at 1 uM over a period of 30 min at 37°C.
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Each point represents the mean £ SD (n = 3).

Table 10. Kinetic parameters of OATP1B1-mediated uptake of FL, OG, DCF, DBF, and 8-FcA

Kinetic parameters were estimated by nonlinear least-squares regression analysis based on Eq. 1
as described under Experimental Section and are shown as mean * SD. of 3 (OG), 4 (8-FcA), 5

(FL and DBF), or 6 (DCF) independent experiments.

Uptake (uL/mg protein) O

0

10

20

Time (min)

30

Substrates Km Vmax Vimaxd Km

uM pmol/min/mg protein pL/min/mg protein
DCF 529 + 151 879 + 359 165 + 3.7
DBF 416 + 253 481 + 8.0 139 + 58
oG 541 + 96 187 + 11 353 + 0.63
8-FcA 9.05 + 344 260 + 81 297 + 0.69
FL 191 + 6.5 265 + 109 137 + 0.33
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FEVUET OATPI1BL FHERBRICE L - M EE 0EY

RO &V, OATPIBL |FBAE R EIKAAHIILE 27~ 2 L7225, OATPIBI
PRERER CHW D HOEIEICH LTh, PHIEG & FERICHLERME 2 S+ 5 2
EARDBND. £ZT, DCF, DBF, OG, 8-FcA, BLWFL Z4t7n—7HE L
LCERL, -\ CHEREERANZ2EEIEN%Z7R L7 CsA, ritonavir, RIF,
erythromycin, GEM, 35 X O* probenecid @ OATP1B1 (%9 % Kiffiz K, [PH]E.G @
f o & bl U 7= (Figure 18) . E DFESR, WMo EIHE  PHIEG & F%E D KifE % 5-
Z, PHIEG & FRERICIHEMFERA ZEBICHRIETE 22 R bholc. DD,
OATP1B1 /9 2 HikiE 3 e b <, control i & OATP1BL F&ELlifin T s ik
FEDE A b vy DCF 2 OATP1BL PRERBRICHW OO EE & L GEEL, S5
% < OREANC SV CRLERE A Mist L 7= (Figure 19 38 X O Table 11) . DCF & [PH]E.G %
FEEELTEON: KEZKKR LT EZ A, MEOMICEIF: 11 OFEERERD b
7= (Figure 20) . & 512, CsA, RIF, B X O'GEM (¥ X O GEM-glu) @ Kifif & v Clif
JEToD DDl U A7 3l L7=fE %, DCF &[PHIEG IX[A% D RIEEZ 5%, ZHbHMHE
FODDI Y A7 i+ 52 LN TET- (Table 12) . LI EX Y, E,G & DCFixDDI Y

2 T OBLED O b EMR T n— T HE TH D LiEmOT 7.
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Figure 18. Comparison of K;i values between [*H]E.G and DCF (A), [*H]E.G and DBF (B),
[®H]E.G and OG (C), [®H]E.G and 8-FcA (D), and [*H]E.G and FL (E).

The solid line and the dashed lines represent the line of unity and the lines of 1:10 and 10:1
correlations, respectively. 1, CsA; 2, ritonavir; 3, RIF; 4, erythromycin; 5, GEM; 6, probenecid.
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Figure 19. Inhibitory effects of 15 compounds on OATP1B1-mediated uptake of DCF.

Uptake of DCF (3 uM) mediated by OATP1B1 was examined for 5 min at 37°C in the presence
and absence of (A) E:S (0.01-10 uM), (B) CsA (0.01-10 uM), (C) BSP (0.01-10 uM), (D)
ritonavir (0.01-10 uM), (E) RIF (0.01-10 uM), (F) tacrolimus (0.01-10 uM), (G) erythromycin
(1-1000 uM), (H) E2G (0.01—100 uM), (1) ketoconazole (1-100 uM), (J) GEM-glu (0.1-100 uM),
(K) TCA (1- 1000 uM), (L) verapamil (1-300 uM), (M) GEM (1-500 puM), (N) probenecid
(1-1000 uM), and (O) cimetidine (1-1000 uM). The data are taken from two independent
experiments with six samples per concentration and are shown as % of control as described in the
Experimental Section. Solid lines represent fitted lines for the inhibition of DCF uptake by the
inhibitors that were obtained by a nonlinear least-squares regression analysis based on Egs. 3 or
5. Each point represents the mean = SD (n = 6).
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Table 11. K; values of test compounds for OATP1B1-mediatd uptake of DCF

OATP1B1-mediated uptake of DCF (3 uM) was determined for 5 min in the presence and absence
of inhibitors (Figure 19), and the ICso values were obtained by a nonlinear least-squares regression
analysis based on Eqgs. 3 or 5. Using the ICso values, the K, value of DCF for OATP1B1 (5.29
UM), and substrate (DCF) concentration (3 uM), the K; values were calculated according to Eq.
6. Each value represents parameter estimate + computer-calculated SD.

Inhibitors Ki (uM)

EiS 0.0449 + 0.0039
CsA 0.116 + 0.015
BSP 0.102 + 0.012
Ritonavir 0.320 = 0.024
RIF 0.355 + 0.061
Tacrolimus 0.533 + 0.046
Erythromycin 527 = 0.63
E2.G 6.63 *+ 0091
Ketoconazole 115 + 09
GEM-glu 945 + 134
TCA 897 + 197
Verapamil 153 = 23
GEM 181 + 3.9
Probenecid 398 + 44

Table 12. Prediction of OATP1B1-mediated DDIs using [*H]E.G and DCF as substrates
following a static model

R-values of CsA, RIF, GEM, and GEM-glu were determined using K; values obtained from each
probe substrate and [I] (Cmax OF [1]uinietmax) based on Egs. 7 and 8. The K; values were taken from
Table 4 and Table 11.

R-value (=1+[1]/Kj)

Inhibitors E.G DCF

[1] = Crmax [17 = luintetmax [1] = Crmax [1] = luintetmax
CsA 9.05 11.2 9.19 11.3
RIF 40.3 18.1 65.8 29.2
GEM + GEM-glu 8.99 1.58 13.94 1.99
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Figure 20. Comparison of K; values for OATP1B1 between DCF and [*H]E:G.

Ki values determined with DCF and [®H]E.G as substrates were obtained from Table 11 and Table
4, respectively. Each point represents parameter estimate + computer-calculated SD. The solid
line and dashed lines represent the line of unity and the lines of 1:10 and 10:1 correlations,
respectively. 1, E;S; 2, CsA; 3, BSP; 4, ritonavir; 5, RIF; 6, tacrolimus; 7, erythromycin; 8, ExG;
9, ketoconazole; 10, GEM-glu; 11, TCA,; 12, verapamil; 13, GEM; 14, probenecid.
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Figure 21. Mutual inhibition of OATP1B1-mediated uptake of DCF and [*H]EG.

B OFE A BHEVEH % #5 L7z (Figure 21 33 X Of Table 13) .
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(A) Concentration-dependent uptake of [*H]E2G (0.002 to 100 uM) for 5 min in the absence

(closed circles) or presence of DCF at 3 (open squares) or 10 uM (open diamonds).

(B)

Concentration-dependent uptake of DCF (0.1 to 100 uM) for 5 min in the absence (closed circles)
or presence of unlabeled E,G at 3 (open squares) or 10 uM (open diamonds). Representative data
from three independent experiments are shown as Eadie-Hofstee plots. Each point represent the
mean + SD (n = 3). Fitted lines were obtained by a nonlinear least-squares regression analysis
based on the Eqg. 1 in the Experimental Section.
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Table 13. Kinetic Parameters of OATP1B1-Mediated Uptake of [°*H]E.G and DCF in the
Presence and Absence of DCF and Unlabeled E,G

Kinetic parameters were estimated by nonlinear least-squares regression analysis based on Eqg. 1
in Experimental Section and are presented as mean + SD of three independent experiments.
Concentration-dependent uptake of [*H]E2G (0.002—100 uM) for 5 min was examined in the
absence and presence of DCF at 3 or 10 uM. Concentration-dependent uptake of DCF (0.1-100
uM) for 5 min was examined in the absence and presence of unlabeled E>G at 3 or 10 uM. ***P
< 0.001 compared with parameters determined without any inhibitors.

Substrates

Inhibitors [PH]E.G DCF

Km Vimax Km Vimax

UM pmol/min/mg protein UM pmol/min/mg protein
No inhibitor 796 =+ 160 259 + 76 482 + 123 68.3 * 131
DCF (3 uM) 107 = 17 254 + 66 NA NA
DCF(10puM) 166 * 25 213 + 44 NA NA
E:G (3 uM) NA NA 6.38 + 1.30 503 £ 10.2
E>G (10 uM) NA NA 126 + 12 633 + 123

NA, not applicable.
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Figure 22. Comparison of hepatic uptake clearance of DCF and E,G obtained with 7 batches of
human cryopreserved hepatocytes.
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| —f&  Materials and Methods

[H]E.G (48.9 — 50.3 Ci/mmol), [PH]E:S (45.6 — 54.3 Ci/mmol), and [*H]cholecystokinin
octapeptide (CCK-8) (80.0 Ci/mmol) were purchased from PerkinElmer Life Sciences (Boston,
MA). [*H]BSP (5.5 Ci/mmol) was synthesized by Hartmann Analytic GmbH (Braunschweig,
Germany). Unlabeled BSP, DBF, E,G sodium salt, EiS sodium salt, gemfibrozil (GEM),
ketoconazole, probenecid, rifampin (RIF), repaglinide, sodium taurocholate (TCA), and
verapamil hydrochloride were purchased from Sigma-Aldrich (St. Louis, MO). Cimetidine,
cyclosporin A (CsA), erythromycin, pitavastatin calcium, pravastatin sodium, and glibenclamide
(glyburide) were obtained from Wako Pure Chemical Industries (Osaka, Japan). BCECF, calcein,
and fluo-3 were from Dojindo (Kumamoto, Japan). Atorvastatin calcium trihydrate, rosuvastatin
calcium, tacrolimus, and valsartan were purchased from LKT Laboratories (St. Paul, MN), and
fluvastatin sodium, fexofenadine hydrochloride, gemfibrozil 1-O-B-glucuronide (GEM-glu), and
bosentan were purchased from Toronto Research Chemicals (Toronto, ON, Canada). DCF, FL,
and torasemide were obtained from Tokyo Chemical Industries (Tokyo, Japan). CDCF mixed
isomer and OG were obtained from Invitrogen (Carlsbad, CA). Nateglinide, 5-CF, 6-CF, 8-FcA,
and ritonavir obtained from Tocris Bioscience (Minneapolis, NM), Calbiochem (Darmstads,
Germany), AnaSpec (Fremont, CA), Biolog Life Science Institute (Bremen, Germany), and
Abbott Laboratories (Abbott Park, IL), respectively. All other chemicals were of analytic grade

and commercially available.

% 81 Transporter-expressing cells

The open reading frame of OATP1B1/SLCO1B1, OATP1B3/SLCO1B3 or OATP2B1/SLCO2B1

was subcloned into the Kpnl/Xhol sites of expression vector pcDNA3.1/Hygro (+) (Invitrogen,
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Carlsbad, CA), and the inserted sequence was confirmed by DNA sequencing. The expression
vector with or without cDNA of OATP1B1, OATP1B3, or OATP2B1 was transfected into human
embryonic kidney 293 (HEK293) cells using Lipofectamin 2000 (Invitrogen) according to the
manufacturer’s protocol. HEK293 cells stably expressing OATP1B1, OATP1B3, or OATP2B1
were obtained by hygromycin B selection. The cells were grown in Dulbecco’s Modified Eagle
Medium (Invitrogen) supplemented with 10% (v/v) of fetal bovine serum, penicillin (final
concentration, 100 units/mL), streptomycin (100 pg/mL), and hygromycin B (80 ug/mL) in a

humidified incubator with 5% CO, at 37 °C.

F=H1 Uptake and Inhibition Studies Using Transporter-expressing

Cell.

For cell seeding, the cells were trypsinized and uniformly suspended in the designated volume of
the culture medium to provide 4 x 10° cells/mL. One mL of the cell suspension was added to
each well of a poly-D-lysine—coated 24-well plate (BD Biosciences, San Jose, CA), and the cells
were further cultured in the incubator for 48 hours. The transport study was carried out as
described previously®. In brief, cell culture medium was replaced with prewarmed Krebs
Henseleit (KH) buffer (118 mM NaCl, 23.1 mM NaHCOs3, 4.83 mM KCI, 0.96 mM KH,PO4, 1.20
mM MgSO., 12.5 mM HEPES, 5.0 mM glucose, and 1.53 mM CacCl,, pH 7.4), and the cells were
preincubated for 5 min at 37°C. The preincubation buffer was aspirated, and the uptake reaction
was initiated by addition of 250 pL of a prewarmed KH buffer containing a substrate with or
without an inhibitor. For inhibition studies with CsA, BSP, ritonavir, RIF, tacrolimus, E>G, and
GEM, each of the dimethylsufoxide (DMSQ) original solutions was prepared, serially diluted
with DMSO, and 1,000-fold diluted with KH buffer containing a substrate (final DMSO
concentration 0.1%). KH buffer containing a substrate and 0.1% DMSO without any inhibitors

was used as the solvent control. For E;S, erythromycin, TCA, probenecid, and cimetidine, each
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of the compounds was directly dissolved in KH buffer containing a substrate and serially diluted
with KH buffer containing the substrate. For ketoconazole and verapamil, each of the compounds
was completely dissolved in KH buffer containing a substrate at acidic pH to prepare the original
solution, which was serially diluted with KH buffer containing the substrate to prepare the
working solutions. The pH of the working solutions was adjusted at 7.4 before the inhibition
assays. KH buffer containing a substrate without any inhibitors was used as the control for
inhibition studies with E;S, erythromycin, TCA, ketoconazole, verapamil, probenecid, and
cimetidine. At the designated time, the buffer was aspirated, and the cells were washed twice

with 1 mL of ice-cold KH buffer.

When the RI-labeled substrates ([*H]E.G, [*H]E:S, and [°’H]BSP) were used, cells were lysed with
0.5 mL of 0.1 N NaOH overnight at room temperature. The resulting cell lysate was neutralized
with 50 pL of IN HCI. A 400-pL sample of the aliquot was mixed with 4 mL of scintillation
fluid (Hionic-Fluor; PerkinElmer Life Sciences), and the radioactivities associated with the cells
and incubation buffer were measured with a liquid scintillation counter (Tri-Carb 3100TR;
PerkinElmer Life Sciences). Remaining neutralized cell lysate samples were used to quantify

protein concentrations (BCA Protein Assay Kit; Thermo Fisher Scientific, Waltham, MA).

For the cellular uptake studies with unlabeled substrates (pitavastatin, atorvastatin, fluvastatin,
rosuvastatin, pravastatin, repaglinide, nateglinide, glibenclamide, bosentan, valsartan, torasemide,
and fexofenadine), the cells were vigorously mixed and deproteinized with 250 pL of methanol
containing an appropriate internal standard, which was followed by centrifugation. The obtained
supernatant was filtrated, and the resulting filtrates were subjected to high-performance liquid
chromatography with tandem mass spectrometry analysis. Chromatography was performed using
an Atlantis T3 column (3.0 um, 2.1 mm i.d., 50 mm; Waters, Milford, MA) at a flow rate of 0.3
mL/min. Distilled water containing 0.1% formic acid (solvent A) and acetonitrile containing
0.1% formic acid (solvent B) were used as the mobile phases. The initial condition was 100%

solvent A; the percentage of solvent B was linearly increased to 80% over 3 min, then to 100%
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over the next 0.01 min, and was maintained at this level for 1 min. The column was equilibrated
with the initial mobile phase before each injection (injection volume, 10 yL). A Quattro Premier
mass spectrometer (Waters) was used for the detection. The analytes were ionized by electrospray
ionization in positive or negative (only for pravastatin) ion mode, and the selected ion monitoring
transitions were: 422.2 > 274.0 for pitavastatin, 559.3 > 249.9 for atorvastatin, 412.2 > 265.9 for
fluvastatin, 482.4 > 258.0 for rosuvastatin, 423.3 > 320.9 for pravastatin, 453.3 > 230.0 for
repaglinide, 318.3 > 68.7 for nateglinide, 494.3 > 368.9 for glibenclamide, 552.3 > 201.8 for
bosentan, 436.4 > 180.0 for valsartan, 349.3 > 263.9 for torasemide, and 502.7 > 466.3 for
fexofenadine. In the studies with unlabeled substrates, extra cells were prepared to quantify the

protein amount per well.

For the fluorescent compounds (FL, OG, DCF, DBF, 5-CF, 6-CF, CDCF, BCECF, calcein, fluo-
3, and 8-FcA), the cells were lysed overnight with 0.1 N NaOH (500 pL/well) at room temperature,
and 200 pL each of the cell lysate samples was directly used for measuring the fluorescence
intensity with a microplate spectrofluorometer (SpectraMax M2; Molecular Devices, Sunnyvale,
CA). Calibration curves were prepared by spiking each fluorescent compound solution to 0.1 N
NaOH (0.1 to 1000 nmol/L). For calcein or fluo-3, 4 uL of 50 mM CaCl, was added to 200 puL
of the cell lysate and samples for calibration curves before measuring the fluorescence intensity
because they require Ca?* to emit fluorescence under the alkaline condition. The fluorescence
intensity of all dyes was measured at 515 nm with excitation at 490 nm. Remaining cell lysate
samples (300 pL/well) were neutralized with 30 pL of 1N HCI, and used to quantify protein

concentration.

U  Determination of Kinetic Parameters

Uptake of a substrate was expressed as the uptake volume (uL/mg protein), which was given as

the amount of the substrate taken up into the cells (dpm or pmol/well) divided by the product of
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the substrate concentration in the incubation buffer (dpm or pmol/uL) and the protein amount (mg
protein/well). Transporter-mediated uptake was obtained by subtracting the uptake into control

cells from the uptake into transporter-transfected cells.

Concentration dependence of the uptake of a substrate mediated by OATP1B1 was analyzed using

the following Michaelis-Menten equation:

Vi XS
V =
Ky +S

where v, S, K, and Vmax represent uptake velocity of the substrate (pmol/min/mg protein), the

(1)

substrate concentration in the incubation buffer (uM), Michaelis constant (uM), and the maximum
uptake rate (pmol/min/mg protein), respectively. When nonsaturable component was observed,

the following equation was used for the analysis:

V S
= Vi X + Py xS 2)
K_+S

m

where Pgif represents nonsaturable uptake clearance (uL/min/mg protein). Fitting was performed

by a nonlinear least-squares regression method using MULTI program®.

ICso of an inhibitor was estimated by examining the inhibitory effect on the uptake of a substrate

(% of control) using the following equation:

CL
uptake (% of control ) = — x 100 = P 3
CL 14 |

IC,,

where CL and CL; represent the uptake clearance in the absence and presence of an inhibitor,
respectively, and | (UM) is the concentration of the inhibitor. P was set as a free parameter to
achieve the best fit in the nonlinear iterative least squares regression analysis. To the inhibitor

which showed biphasic inhibition for OATP1B1, the following equation was applied:

uptake (% of control ) = ill__l x100 = + 4)
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where 1Cs1 and 1Cs> represent 1Cso values for high- and low-affinity components, respectively.
P, and P, are parameters for high- and low-affinity components, and P1/ (P1 + P2) and P./ (P1 +

P,) represent the contribution of high- and low-affinity components, respectively.

For the inhibition of OATP1B1-mediated uptake of DCF by E:S, the data were fitted to the

following equation to estimate the 1Cso value:

L
uptake (% of control ) = L 100-—P +P, ®)
CL 1 [1]
+
IC,,

where P represents the non-inhibitable component that was observed even at the maximum tested

concentration of E;S. P and Po (initial value of P + Po = 100) were set as free parameters.

When the substrate concentrations were sufficiently lower than their Ky, values in the inhibition
studies, ICso values of inhibitors theoretically approximates the K regardless of inhibition
mechanisms, except in the case of uncompetitive inhibition®. When the substrate concentrations
were not sufficiently lower than their Ky, values, the inhibition constant (K;) was estimated by the

following equation with the assumption of competitive inhibition*":

K, = Cs_ (6)
1+ S
K

m

where S’ and K, represent the substrate concentration in the incubation buffer used for inhibition
studies and Michaelis constant of the substrate for OATP1B1, respectively. The parameters were
estimated by a nonlinear least-squares regression method using the MULTI program® and

expressed as the mean + computer-calculated SD.

FHET Statistical Analysis

The data are presented as mean = SD. One-way analysis of variance followed by Dunnett’s post
hoc test was used to identify significant differences between groups where appropriate. P <0.05

was considered significant.
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%581 Prediction of OATP1B1-mediated Drug-drug Interactions with

a Static Model

The degree of inhibition of OATP1B1-mediated hepatic uptake (R-value) was calculated for 4
inhibitors (CsA, RIF, GEM, and GEM-glu) based on the DDI guidelines and draft guidance
materials released by regulatory agencies in U.S.,%” E.U.,?® and Japan.?® The decision tree of U.S.
FDA for the inhibition of hepatic uptake transporters including OATP1B1 consists of 2 steps and
recommends to evaluate the inhibition potential of an investigational drug on OATP1B1 using

the following R-value as the first step:

R=1+Y o (7)
Ki
where Cmax represents the maximum systemic total (bound + unbound) plasma concentration of
the inhibitor. U.S. FDA (the second step), EMA, and MHLW recommend to evaluate the
inhibitory potential of an investigational drug on OATP1B1 using the following R-value:
11
R _ 1+Z [ ]u}inlet,max (8)

where [1]u,inletmax represents the estimated maximum unbound inhibitor concentration at the inlet

to the liver and is defined as follows:%

)

k, xF, xF, x Dose
[I ]u,inlet,max = fu X Imax +

Qs
where f, is the unbound fraction of an inhibitor in blood, which was calculated from the unbound

fraction in plasma assuming the blood to plasma concentration ratio to be unity in this study, Imax
is the maximum circulating blood concentration of an inhibitor, ka is the absorption rate constant
of the inhibitor, F is the fraction of the inhibitor dose absorbed, Fq is the fraction of the absorbed
inhibitor dose escaping gut wall extraction, Dose is the inhibitor dose, and Qx is the hepatic blood
flow rate (97 L/h). 2° To minimize the risk of false-negative DDI prediction, ka = 0.1 min** and
FaxFg = 1 were applied to the [I]uinermax Calculations in this study. Dose, fu, Cmax, and [1]u,intet,max

of CsA, RIF, GEM, and GEM-glu are given in Table 5.
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