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AT BF AR E (B BRERELX2T M) —F A = ARSI EEHE)
SRR E

| Mﬂ%ﬂ%ﬂ::faﬁ b3 VSLCOlBl K NCYP3A mRNA EHED AEE
SEMFsEE THE OE TERPERFEREEE

MEEE

FRE 1T HEEZ, BAALBBARROE R A=y (AFTafT AU IA) OFFE
fka vy, SLCO1B1 R CYP3AmRNA BHEZ Z DD AEHTHE LT, ZTORRE.
AEIRIETT o 72 3 ABIZRVTiE, SLCOIB1 mRNA HEEIZ K& RBEAERNEFET D
HLOD, NEMICIIKRERERITED LRV EBALNE Rotz, BAZORERELE L
T-11187G>A @ SLCOIB1 mRNA BBEIZHTHEELHE LB, BAEBAANT
AU BV TE SNP HRAHE (heterozygote) & FELRFH (wild type D homozygote) ] T,
SLCO1B1 mRNA H#IHEA~DOH B RZIZRD S Rh o 7z, —77, CYPSAAmRNA {2 DWW T,
BET 21T o7z 3 NEM CEEICRE RENED O, AAE>ARA> LA R=y I D
JECHBEEDIEHENKEhoTr, TNHDABEIIIRBEEDEVRAEOEISNEH X
NTWABERREDLNZZ LD, SBRINLOBENED LS RERICL > THRAE
DIETRBERBIENTVENEELNICTEISERL D bDLEL BN,

A. FFEREH KRB LA &, OATPIBI 2 Xk 3 E£Ei
EEVETEEZLDOHRERDHB, ZDO&

t MMTHEICRERTIEYBRVIAARA T HIZ OATPIBl OERTFLEREIC X HlmxlE
VAR —H — T ¥ b Organic Anion MHDEAZEL, FOEEL 2HELLE

Transporting Polypeptide 1Bl Yo NERIckEhEELPEXHLDOL
(OATP1B1/OATP-C, gene symbol SLCOI1BI) Exzbhb,
i, FFRICRRRANCHE L, O OATP 7 % cypsa 13, %< OEKEORSIT

7 XY — LB U D RBREDNE mmmp g4 273 CYP subfanily TH Y |
W2 ERFESNTN S, E£72 OATPIBI  (yp3a4, CYP3AS, CYP3AT, CYP3A43 O 4 4y F7&
E, BN R EOEGRBHECTAT nphsd, chbLOSFEOFCERRLD
HMG-CoA BILBRIAERR LS ORY (g bEBE2OIE CYP3AM TH Y, CYP
DFFIg~DOBM YV IAHIZEELTVWD I LD R =T 50 50%8L BT
b, BRx RALEHOITFBRRABITZHET w2 L shcuva, cYP3ad OFFEICIIT 5
PHEHBER NI VAR—F—Tb b, FEEIT 10-50 BOIFHLHEBHY, 7V
O r7 ARG —ILBAZZELD 75020 1148 BOEHLOEXBH B,

FEIZIE, ZOERBELHEARICBITISEAN - oEEO—o L UCBREFSEOFEN
%753"‘:%‘7:’_ BF}’LZ)O Zﬂi’ﬂ: OATP1B1 iZ %nﬁén——cb\éﬁg‘ :ﬂi’(‘&:‘ *&%éﬂ
SHEETEMD ~HESE (sngle w3 crpus BETFICETHERERE
nucleotide polymorphism, SNP) 3EEERE mEeox I 3pARBlcoOWTEFSLELD
SNTV5, BRTH, REGEFRNICT o, BRASBAEICET 2 E#RIZD
R BBBREMNED SNP ODUEDOTH D 720N,

521T>C %, OATP1B1 DOffifalE LIz % AHFZCIt. AA. BEABIOE 28
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= 7I1Z8BIF 5 SLCOIB1 & TRCYP3A4 D
BAZEL NEESE, 2O AFEOFTHHRE
IZBIT 5 mRNARBREZ T HZ &Ik
DRRETL., SO EREBETEE LD
BRhHLELE L,

B. BFFEJiA

1 kR

B AFETHE (Caucasian liver, CL, n =
25) BEL UV A= w7 fF{E (Hispanic
liver, HL, n = 5) [&¥. Human and Animal
Bridging WS bHEEB-71-, Ltk
{KIZ. National Disease Research Interchange
2 LTCHEBEREAEOE FFHRERS X
VTR TH 5, HARANTEITIRE (Japanese
liver, JL, n = 31) BX e A= v 7 [Tk
& (HL, n= 1%, EXEREREVZ—B
FOESLB A &7 — BB bR 55
oz, FEBEE. ZhbHORERICBWT
T % 21T 7= BE OCIRIFRERR O 1E F AL
Thbd, AFFRIZEBT 2N ORIEDOHR
*‘Jﬂ% %, TERFRZFARMEEERR

ICBWTERNCARB I T3,

2 b MTRERRD B D total RNA OfH B &
N first strand cDNA DA%

b AT B D total RNA DI IE
SV Total RNA Isolation System (Promega,
Madison, WI, USA) ZH\WTr ha—u
BV IR inoT, #930 mg DAFHERLI
& V& BTz total RNA X, Ultrospec 4000
UV/Visible Spectrophotometer (Amersham
Pharmacia Biotech, Uppsala, Sweden) % F\>
T 260 nm 33 KO8 280 nm DESEE A FES
HZLICEVERLZ, Total RNA DfiE
i, SNVAT AT B REWS VERIKENC
& Y 288 ribosomal RNA (rRNA) & 18S
tRNA DhZE LB LICLVEERLL, %
724/ 2 DNA B ADFEIL, AmpliTaq
Gold (Applied Biosystems, CA, USA) & table
1 & = L 7  oprimer (human
glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) forward and reverse) (Proligo,
Boulder, CO, USA) AW/ PCRIZE VIS
ZRW 5 ) A DNA DIRBADBED b2 b
DI DWW T DNase I (TaKaRa Bio, Shiga,
Japan) LB LV 77 ADNA ZRE LTz,

First strand c¢DNA @ & K X
Ready-to-Go RT-PCR Beads (Amersham
Pharmacia Biotech) AW T/ 2 h=a—
NBVIZBZIpolz, Total RNA 2 pg .|
random hexamer (Amersham
Pharmacia Biotech) 2.5 pL #{B& L72i&
& VT RIZaAT PCR iz X v #is
B ERBIRoT : 42°C 30 min, 95C
5 min,

3 Real time PCR {£&

PCR 3 & U DNA HIEDO#H T, ABI
PRISM® 7000 (Applied Biosystems) % >
TR Igol, BUNMKIX. 77 v—he
LT ¢cDNA 1 pL. 2XReal time PCR
Master Mix (TOYOBO, Osaka, Japan) 12.5 pL.
TagMan probe 33 X WX primer % & T SLCOIBI
B CYP344 #E /5T D TagMan® Gene
Expression Assays (Applied Biosystems) 1.25
pL, & HICNERERYER/S T O probe & primer
% & t» TaqMan® PreDevelopped Assay
Reagents (Applied Biosystems) 1.25 pL Zi&
A L. BHE MilliQ TE2E% 25 ul & L7
ORIGHEERWT, LTIRARTHRHET
PCR ZRBZ o7,

95°C 1 min
95C  15sec —— .

42 cycles
60°C 1 min —

mRNA FHEEOFMIEHFEIL, Vandesompele
5 (2002) R Jacques H (2005) DW|EESE
%L LT, SLCOIB] BinTOREAEL 4H
ORNEHEHEE ST (human GAPDH, human
cyclophilin (Cyc) . human B-glucuronidase
(GUS)#3 & U human acidic ribosomal protein
(PO) ) DREMBDEHHETEID Z LIZLY
FIE L7z,

.21.



4 b PFERED S DF ) S DNA HHE

b MFEB - D5 7 - DNA #itHiE, &
N FFAE#ER 30 mg A5 ChargeSwitch®
gDNA Micro Tissue Kit (Invitrogen,
Carlsbad, USA) Z W T7ua ha—/#&Y
128 Z 72572, DNA OE IS J OWiE DOH
£ 1% . Ulrospec 4000 UV/Visible
Spectrophotomete ~ (Amersham  Pharmacia
Biotech) % HV T 260 nm 35 & T 280 nm @
RAEEEZRET D LKV B o,

5 Genotyping %

SNP @ genotyping 1Z 4 A L7 hi—o =
VABIZE VB Rolz, HEID SNP &&
{efEIL e RIFS / A DNA % template & L,
primer % fAV 7 PCR ¥EIC X W #EIE LT, K
J W& 1. template DNA 2 pL. 10 XPCR
Buffer for KOD -Plus- 5 pl., dNTP mixture
5 pL. 10 pM primer 1.6 pL, KOD -Plus- DNA
Polymerase (TOYOBO) 1.0 L #{E& L. &
B MilliQ T4&&% 50 uL & L7-, PCR &)
U TIORTHECL VB ol

94°C 2 min
94°C 15 see—
54°C 20 sec 40 cycles
68°C 35sec —
68°C 3 min

/ol PCR EMIX, 2.5% 7T Ha—RY
N W TESIKE L. Promega Wizard®
SV Gel and PCR Clean-Up System (Promega)
LR LT,

6 HEEHEMT

REHFEATIZLL T OGEZ AW TR IR -
2o BA. BAA BEUPEAR=w I D
3 DODOANERICIIT D mRNA BEE D
¥, one-factor ANOVA (analysis of variance
between groups) # W T B Z it o Iz
(P<0.025) , HA, BAAB IO A=Y

7 FETIIT D SNP ORAE & IERAE

? mRNA FEELE O i id  Mann-Whitney U
test # VTR Z R o7z (P<0.05) , V77

= T —8T v A IERIBIT A EREEEE{LEE

DZELX, Student’st-test IZ X o T Z oz

(P<0.05) , W OHETIZIBWT S P {ED

0.05 LTOBABTBWTHEEEDY L LT,
FEROBEEE L, Statcel =7 EIVHREFY

7 b (A—=x LA, Tokyo, Japan) % FHv>

TRBIRoT,

C. HFoeiER

1. AA. BEAB IO 2= v 7 OFF
2315 SLCO1B1 mRNA BEREDOEA
7=

b MFRAEIZISIT 5 SLCOIB1 mRNA 3
REZHELERHR, v MiF 62 =i
(Caucasian, n = 25; Japanese, n = 31; Hispanic,
n=6) MHPTCL4PHEHIEVEEZR LT,
ke, ZORIEMEEE (=1) & LTHHE
BIZ DWW THER I (arbitrary units) & & 2
NPl DY ,

AAFEFIZEIT 5 SLCOIB1 mRNA FEH
B B U7 SR, BT T 30 fFDEDR
BHOLNE (Fig. 1) » 20D HELLIZFEHR
BOEVRED 2 ik (CL 4, CL 23) . %#
HWEOEYMEN %2 R E0 24 (CL 21,
CL28) FELTz, T b AREERRIERY
DORAEE T+ 5 & . SLCO1B1 mRNA %
HEZELTE 3 FoESiidbhiz, H
A ANFEFIZ 31T 5 SLCOIB1 mRNA HH &
B U RER, REF TR 45 BOER
AL (Fig. 2) o 2D HELIIER
BOEVVRED 2 ik (L 34, JL 38) #1E
Lize 25 2 BEZERL R OREHT
4% & SLCO1B1 mRNA ZELEICBI L
TR 3 FBOERFEDONT, B A=Y 7
FFIZ331F 5 SLCO1B1 mRNA FIRE S g
LR, BIEMTH 17 FoEPED DL
ni= (Fig.3) » BA, BAABX OB AR
=7 ®D 3 >OAERICKITS SLCOIBI
mRNA RHEL B LR, £O0YYE
iZEEh 1544, 18.65. 18.82 (arbitrary

- 99 -



units) 720D, T HDOMIC
Honhhole (P
ANOVA, Fig. 4) ,

ERZETR

0.34, one-factor

2. AA., BEABIOE 2,82 7 ITiC
BiF 5 SLCOI1B1 mRNA ¥ E~D SNP

(-11187G>A) DFE

b MT 62 A0S ) 5 DNA #RWVWT,
SLCOIBI #ZF 5 LHEBRIIT 5 SNP
(-11187G>A) DEFT EZ B T 72 > T FEH.
SNP (-11187G>A) & wild type (-1187G.>G)
® heterozygote i%, BARIZBWTI n=5
(#120%) . BAAFECBWOTiZ n=75 ("
16%) LAy Z7IZBWCIE n=0 (1
0%) MO LN, BV OBREIZE LT,
3T wild type @ homozygote TH o 7=,
W Z SNP (-11187G>A) @ SLCOIBI

mRNA FH BT kT 5 e it U R,

HEABBIOPBEARAABVTNIZBWTY
SNP 1% H #& (heterozygote) & FEIRA H
(wild type ¢ homozygote) [H T I
SLCO1B1 mRNA HHEEBE~DFEREITR
WD oTm (P=0.95,P=0.1, one-factor
ANOVA, Fig. 5) .

3. SNP (-11187G>A) ® SLCOIBI&=F5
EFRERICEET D OREEE~ORE

b NP E SR o HepG2 il & FLC4
R & R A MR & LT, pGL3-Basic vector
\Z SLCOIB1 BET 5 LI E MAAA
Eas A7 7 b B\ Reporter gene
assay {E%& 38 Z 72 o T fE R, HepG2 Ml I &
O FLC4 i@V hIcB TS, EEEE
ﬂdﬁb (7 wild type & mutant OFNZIXERIRE

b biehot (P =012, P = 0.18,
Student’s t-test, Fig. 6),

4. BA. BEABLOE A=y 7FIC
31T % CYP3A4 mRNA RBEHED ANFEZ

M AFEFFIZ 81T % CYP3A4mRNA B E %
Pl U7 R 5 (Fig. 7). BRARR TR 4600 {5
DOENBD BNz, ZOHIBHELLREAE

DARFREDS 6 ik, REZEDEYMER %
ARTREN I0RBEFEELE, Zhb 164k
EERBRY OBRER KT L, |
CYP3A4mRNA ZEIREIZEI LTI 13 f[F =N
AL,

I B ARAFFIZ R D CYP3A4mRNA FEE,
BL B U2 R, R T 25 fFozEDs
BObLNTE, 209 BLREHEAEOKEVWEN %
ATRED | REFEE L, ZOREBLER
{EED ORI T4 5 &, CYP3A4mRNA
FEBIZELTHILEOERRD LN,
KIZe A=y 7 FRZESIT 5 CYP3A4mRNA
REETHBLZER, RIEFE TR 318 K&
DEBRBDH bz, HREBOEVMERZ R
T 1 BREZBREY OBRBREICHET S &,
CYP3A4mRNA ZEEEIZE U CHI 8 EDEDFR
Bk, o T, WTNDOAREIZBNT
LRRABOBEVRELZ RO EHSITIE,
10 fEOME AZEFED b7,

D. Z8

AARBIZBWTIE, o< ok &t
B LE L < SLCO1Bl mRNA ¥HEDEV
BB L OIERWER 2R3 REDS 4 REE
FELEZZENDL, 2T 0oKREIZIX
SLCOIB1 mRNA RBREZ B EELMH
NOBERNFET D AREESTRR I N
(Fig. 1) . —JF BAARIZRBV T, LORR
& el LU SLCO1B1 mRNA FHHEEDEW
R 2 RTIREN 2 RIEFEE L LD,
b DREIZIE SLCO1B1 mRNA BHE
 EREXFAMONOERNFET S AEE
MATR S (Fig 2) » 2. ZHBHD
Bk % BV T SLCO1B1 mRNA HEE AL
B LI-BAICBNThH, BAAER LUHE
AFEWTRIZBVW TS SLCO1B1 mRNA %
ﬁ% ('f‘,j 3 Fr‘@%z"wu\&) L Z é:f%%
ERLFBOBERNEET B AEELE X
Bid, BLEX Y, SLCOIBI mRNA DFEHL
WIZFORBELZ D SES, T LR
SEAIBEHEORFLFEEL, EOLDIT
SLCO1B1 mRNA REHREICKEREAZEZE
A CATREMERDD Z ERHLNERST,
%= T& HIZ SLCOIB1 mRNA HEHEIZE

- -23-



BERIFLD ABERIZOVWTHRNEZRBI R
277,

mRNA ORHFBIZIVTEAERE LD
FEERNCIE, BE 28, I, MR Skkx
RERPEZEZ OND, £T, EBEFLEIC
EBLTREEZ2B o, ZHETIZ
OATPIB1 IZBWTHBOBEFEHNE
ETHZENHEINTEBY, ILF,
SLCOIB] &= ¥+ 5 LUt EIR Iz SNP
-11187G>A BEET B Z LB #HE I h T
%, Z O SNP %&te SLCOIBI haplotype @
DEDELT*17 BEaInTBY, Zo
*17 OPRA 3 Tl pravastatin @ area under the
plasma concentration curve 23 FE4RAE F 12 Eb
RKEL ERT B EOHENDH B, Pravastatin
DOIENEIREIZIZ OATPIBl BN k& < HE54
B EBBMEINTWBZ &E, SNP
(-11187G>A)73 OATP1B1 DOHEBERLR B EIZ
HEZRFILTWHWAREERE Z b,
LU 6, SEOBRIT -11187G>A
25 SLCO1IB1 mRNA RHFE~E5 2 528X

FEAERNZ EERLTEY (Fig. 5, Fig.

6, Fig. 7). Z @ SNP 2% mRNA ¥HEDE A
EZOREE o THWB AR 20N D
EEZEZ LN , Niemi HOHEQIODIZE
VT in vivo "TH B LTz pravastatin DENE)

BZEALIZDUNTIL, *17 23 SNP (-11187G>A)
IZN % T OATPIB1 & v 7 B OMRERT
S SNP (521T>C) bHFEE->TWA T
D, HBEDSNP RREREELEZ TN
HLDEEZ BT,

—J7, CYP3A4mRNA {2 DWW Tk, AAME
123V T CYP3A4nRNA FEER B OV R4S
EEOESL R EDTRY, EHEELT
FHBRERSTND, EE, b3 A
FERIZ 1T D CYP3A4mRNA R ER B D 5
FTENnFR1.843.1,4.1+2.9,7.1+7.7
(normalized values by internal standard)
ThHY ., BEEORVRIEOE G I EHE
DAEEIIFBRENTWAEHEDEEZ B
7.0 51 CYP3A4mRNA ZHE DKV VRIERIL &
D& O BRBEREFOMETH L2 T
B SN A Z &N AFEED R KRR
RNBHLDOLEEZ LN,

R =
E. &

AMFEOFER L Y SLCO1B1 mRNA I,
BIZIIREREAERFEETINAERT
IRBABICREREZERIIFELRNVI LA
AEINT, £, BAZDORREE LT
-11187G>A @ SLCO1B1 mRNA ¥HE|Z
T HEEL B LN, BAEEAAN
FTHIZIBNT S SNPIREFE (heterozygote)
LIEREE (wild type @ homozygote) [T
i%.SLCO1B1 mRNA FH|EB~DHFBEREIX
O LN oTz, XbiZ, SLCOIBI Bix
F 5 EREREMHASAATTE A T 7 K
% FHV T~ Reporter gene assay =2 B 2 720
TeFESR. HepG2 MR ds L OV FLC4 MRV

RIZRBWT Y, EREEM(LEEIC-11187G>A

@ wild type & mutant DEIZIZIHE B RZEITFR
DRI Ehb, 20 SNP AR

SLCO1B1 mRNA ORI EOME AZICELR
LTWAEEEHIZEWELD EEZ LT,
- —J5. CYP3A4mRNA IZ DWW Tk, Bit%
1To7 3 NFER CEBHEIZ KX 2ENTD
bh. BAB>BAA>E R =v 7 DJE
THRABOFLHEPKE DT, ZTHHOD
ANEEIZIIRBFEOEOBREOEI S B
ENTWAERRBO LN b, &
BINODOBRENEDIL I RBRIZL-T
REBOK TR &R SN TWaA1nEH
ONCTEIURERLL LD EEZ DI,

F. fERfaRER 2L

G. s
BICER

1. Kameyama Y, Yamashita K, Kobayashi K,
Hosokawa M, Chiba K: Functional
characterization of SLCO1B1 (OATP-C)
variants, SLCOIB1*5, SLCOIBI*15 and
SLCOIBI*15+C1007G, by using transient
expression systems of HelLa and HEK293
cells. Pharmacogenet Genomics. 15:513-22,
2005.

. HEIREEME D R - BRI
. BERSE el
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2. EHAFRREGE L
3. O L
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SLCO1B1 mRNA (Arbitrary Units)

“w B

=

CL CL CL CL CL CL CL CL CL €L CL CL CL CL CL CL CL CL CL CL CL €L CL G CL

4 B A B % 6 09 & 4 1B H W B WU DB N B S B
Sample Name

Fig. 1. SLCO1B1 mRNA expression levels in Caucasian liver (CL) samples.
mRNA levels in liver samples (n=25) were determined by real time PCR. Results were nommalized by
using the mean value of four human endogenous genes as an internal control (see materials and methods).
The arbitrary units were calculated as the lowest value of mRNA levels (CL 4} is set to unit = 1 (see
result section). The values are expressed as the mean &= §D. of three separate determinations.
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Functional characterization of SLCO1B7 (OATP-C) variants,
SLCO1B1*5, SLCO1B1*15 and SLCO1B1*15+ C1007G, by
using transient expression systems of HeLa and HEK293 ceIIs
Yoshio Kameyama®P®, Keiko Yamashita®, Kaoru Kobayashi?,

Masakiyo Hosokawa® and Kan Chiba®

Objectives SLCOTB1*5 and SLCO1B1*15 have been re-
ported to reduce the clearance of pravastatin in heaithy
volunteers. However, there remains controversy in the
effects of SLCO71B1*5 on the activity of OATP1B1 in vitro.
In addition, the effect of SLCO1B71*15 on the function of
OATP1B1 has not been studied using cDNA-expression
systems. Object of the present study was to study the
influence of SLCO1B1%5, *15 and *15+ C71007G, a novel
haplotype found in a patient with pravastatin-induced
myopathy, on the functional properties of OATP1B1 by
transient expression systems of HEK293 and Hela cells
using endogenous conjugates and statins as substrates.

Methods Transporting assays for endogenous substrates
were performed using tritium labeled estradiol-17§-p-
glucuronide and estrone-3-sulfate. Quantitation of pravas-
tatin, atorvastatin, cerivastatin and simvastatin were carried
out using HPLC tandem mass spectrometry.

Results The transporting activities of cells expressing
SLCO1B1*5, *15 and *15+ C1007G decreased
significantly but those of SLCO1B71*1b, *Ta + C1007G and
*1b + C1007G were not altered for all of the substrates
tested except for simvastatin. Kinetic analysis of
pravastatin and atorvastatin showed that K, values were
not altered but V,, .« values decreased significantly in
cells expressing SLCO1B1+#5, *15 and *15+ C1007G.
Immunocytochemical study showed that SLCO7B71*5,

introduction

For hepatic eliminating drugs, uptake into hepatocytes
from the portal vein is a prerequisite step for subsequent
metabolism and/or biliary excretion. Many transporters
are expressed at the basolateral membrane of hepato-
cytes, such as organic anion-transporting polypeptides,
organic anion transporters, organic cation transporters and
sodium-dependent taurocholate transporting polypeptide
[1]. Among them, OATP1B1 (gene, SLC21A46/SLCOIBI),
also known as OATP-C, liver specific transporter-1 [2] or
OATP?2 [3], plays a crucial role in the hepatic uptake of a
variety of structurally divergent compounds [4].
OATP1B1 can transport endogenous and a wide variety
of exogenous substances, such as pravastatin [3],
benzylpenicillin [5], bromosulfophtalein [6], [D-penicil-

1744-6872 © 2005 Lippincott Williams & Wilkins

*15 and *15 + C1007G proteins are localized not only at the
plasma membrane but also in the intracellular space.

Conclusions These findings suggest that 5277>C, exist-
ing commonly in SLCO7B71*5, *15 and *15+ C71007G, is the
key single nucleotide polymorphism (SNP) that determines
the functional properties of SLCOTB71*5, *15 and

*15+ C1007G allelic proteins and that decreased activities
of these variant proteins are mainly caused by a sorting error
produced by this SNP. Pharmacogenetics and Genomics
15:513~522 © 2005 Lippincott Williams & Wilkins.
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lamine®”|enkephalin, BQ-123 [7], methotrexate [8],
rifampicin {9], cerivastatin [10] and rosuvastatin [11].
Accordingly, genetic polymorphisms of SLCOIBI could
give rise to remarkable alteration of pharmacokinetics of
certain drugs if they are substrates of this transporter.

Tirona e 4/ [8] first reported 16 single nucleotide
polymorphisms (SNPs) and haplotypes designated as
SLCOIBI*1b to *14 and the effects of those variant
alleles on the transporting activity of OATP1B1 deter-
mined by using a transient expression system of Hela
cells. They found that six of these variant alleles,
including SLCOOIBI*5, reduced the transporting activity
of OATP1B1 for estradiol-17-p-glucuronide and estrone-
3-sulfate to less than 50% of that in the case of
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SLCOIBI*1a (reference allele). Based on their findings,
they suggested that SLCGOIBI*5 represents a heretofore
unrecognized factor influencing drug disposition since
the frequency of this allele is relatively high in European-
Americans [8]. In accordance with their suggestion,
Mwinyi er @l [12] recently reported that SLCOIBI*5
remarkably decreased the non-renal clearance of pravas-
tatin in Caucasian subjects. Contradicting these findings,
however, Nozawa ez 2. [13] reported that SLCOIBI*5 did
not alter the transporting activity of OATPIB1 for
estrone-3-sulfate when it was expressed in HEK 293
cells. Therefore, controversy remains regarding the
effects of this variant allele on the activity of OATP1BI.
On the other hand, in the same report, Nozawa ¢z a/. [13]
also described a novel haplotype of SLECOIBI possessing
388A> G in addition to the mutation of SLCOIBI*5
(5217 > Q), which is designated SLCGOIBI*15. Since the
frequency of this allele is relatively high in the Japanese
population [13], this variant allele of SLCOIBI could
represent a factor influencing drug disposition in
Japanese or other Asian subjects. In fact, Nishizato ez @/.
[14] subsequently reported that SLCOIBI*I5 signifi-
cantly reduced non-renal clearance of pravastatin in
Japanese subjects. However, there have been no reports
on the effect of SLGOZBI*15 on the transporting activity
of OATP1B1 determined by using a ¢cDNA expression
system.

In the present study, we examined the effects of
SLCGOIBI*S and *15 on the functional properties of
OATP1B1 using transiently expressed systems of Hel.a
and HEKZ293 cells with typical substrates of OATP1B1,
estradiol-17B-p-glucuronide and estrone-3-sulfate. We
also examined the effects of SLCOIBI*15+ C1007G, an
allele possessing 1007C > G in addition to the mutation
of SLCOIBI*15 (388A > G and 521T > C), which was
found in a Japanese patient with hypercholesterolemia
who experienced muscle pain and loss of muscle strength
after taking pravastatin. In addition, we studied the
effects of these variant alleles on the transporting activity
of OATP1B1 for pravastatin, atorvastatin, cerivastatin and
simvastatin using a HPL.C tandem mass spectrometry.
Moreover, the effects of these variant alleles on the
intracellular localization of OATPI1B1 protein in Hel.a
and HEKZ93 cells were also studied.

Methods

Reagents

[’H]-Estrone-3-sulfate ammonium salt (1702 GBq/
mmol) and [*H]-estradiol-17B-p-glucuronide (1498.5
and 1665 GBg/mmol) were purchased from PerkinElmer
Life Science, Inc. (Boston, Massachusetts, USA). Zero
Blunt TOPO PCR Cloning Kit and pcDNA3.1/Zeo were
obtained from Invitrogen (Carlsbad, California, USA).
Pravastatin, atorvastatin, cerivastatin and simvastatin
were kindly donated by Sankyo Co. (Tokyo, Japan).

Rabbit anti-human LST-1 (OATP1B1) antibody was
purchased from Alpha Diagnostic International, Inc.
(San Antonio, Texas, USA). All other reagents were
commercially available and of reagent grade. HEKZ93
cells were purchased from Health Science Research
Resources Bank (Osaka, Japan). Hela cells were kindly
donated by Dr. Tomohito Kakegawa, Department of
Biochemistry, Graduate School of Pharmaceutical
Sciences, Chiba University.

Full-length cDNA cloning

Full-length human OATPIB1 (also known as LST-1,
OATP2 and OATP-C, gene SLC2IA6/SLCOIBI) coding
sequences corresponding to nucleotides 67-2247 of
GeneBank accession No. AF205071 was amplified from
human liver ¢cDNA using the primer pair- 5-AATC-
CAGGTGATTGTTTCAAACTGAGCATC-3"  (forward)
and 5-TGGAAACACAGAAGCAGAAGT-3  (reverse).
The polymerase chain reaction (PCR) was performed
using KOD-Plus-DNA polymerase (Toyobo, Osaka, Ja-
pan) according to the following schedule: 2 min denatura-
tion/activation at 94°C, followed by three cycles with 30's
denaturation at 94°C, 30s annecaling at 66°C, 90s
elongation at 68°C, three cycles with 30s denaturation
at 94°C, 30s annealing at 63°C, 90s clongation at 68°C,
three cycles with 30s denaturation at 94°C, 30s
annealing at 60°C, 90s elongation at 68°C, three cycles
with 30s denaturation at 94°C, 30s annealing at 57°C,
90 s elongation at 68°C, and, subsequently, 28 cycles with
30s denaturation at 94°C, 30s annealing at 54°C, 105s
elongation at 68°C, and a final elongation at 68°C for
3 min. The amplicon was subcloned into pCR-Blunt II-
TOPO vector and the sequence was verified as coding
SLCOIBI*Ibh  wusing dye terminator sequencing
(CEQZ000XL DNA Analysis System, Beckman Coulter,
Inc., Fullerton, CA). SLCOIBI*16 cDNA, located be-
tween Kpnl and Nosl multiple cloning sites, was
subcloned into pcDNA3.1/Zeo.

Site-directed mutagenesis '

Point mutations were introduced into SLCGOIBI*1b/
pcDNA3.1/Zeo using KOD-Plus DNA polymerase fol-
jowed by digestion of the template DNA with Dpnl.
Oligonucleotides containing 388A>G and 521T>C
were used to create SLCOIBI*la and SLCOIBI*I5
expression vectors, respectively. 521T >C was also
introduced into SLEOIBI*1a vector in order to create
SLCOIBI*5 expression vector. Similarly, 1007C>G
mutated vectors were constructed from SLCOIBI*Ia,
SLGO1BI*16, SLCO1IBI*5 and SLCOIBI* 15 vectors. The
presence of the mutations was verified by full sequen-
cing. Obtained SLCOIBI variant vectors are shown in
Table 1. Primers used for site-directed mutagenesis were
as follows: A388G, 5-GAAACTAATATCAATTCATCA-
GAAAATTC-3 (forward) and 5'-GAATTTTCTGATGA-
ATTGATATTAGTTTC-3' (reverse); T521C, 5-CATG-
TGGATATATGCGTTCATGGGTA-3  (forward) and
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Table 1 SLCOT1B1 allelic variants prepared by site-directed mutagenesis
Mutation (amino acid substitution)
A388G (Asn130Asp) T521C (Val174Ala) C1007G (Pro336Arg)

*1a A T C
*1b G T C
*5 A C C
*15 G C C
*1a+C1007G A T G
*1b+C1007G* G T G
*5+C1007G* A C G
*15+C1007G G C G

*These alleles have not been reported as naturally occurring variants.

5'"-TACCCATGAACGCATATATCCACATG-3 (reverse);
C1007G, 5-CATCCTTACTAATCGCCTGTATGTTA-
TG-3' (forward) and 5'-CATAACATACAGGCGAT TAG-
TAAGGATG-3' (reverse). The PCR site-directed muta-
genesis was performed under the following conditions:
2min denaturation/activation at 94°C followed by 12
cycles with 20s denaturation at 95°C, 30s annealing at
50°C and 8 min elongation at 68°C.

Cell culture and expression

For transient expression, the transfection of plasmids into
HEK293 cells or Hel.a cells was performed using
Lipofectamine 2000 (Invitrogen) or Lipofectamine Plus
(Invitrogen), respectively, according to the manufac-
turer’s protocol. Brigfly, HEKZ93 cells seeded at a density
of 2-4 % 10° cells per well in a poly-p-lysine coated 12-
well plate were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and transfected with complexes of 1.5 pg of
plasmid and 3 pl of Lipofectamine 2000 reagents diluted
in OPTI-MEM I (Invitrogen). Hel.a cells seeded at 1-
1.2 % 10° cells per well in a 12-well plate were cultured in
RPMI-1640 medium supplemented with 10% FBS and
penicillin-streptomycin. At 1 day after seeding, the cells
were exposed to antibiotics-free  DMEM containing
serum and then transfected with complexes of 0.5 pg of
plasmid, 3 u! of Lipofectamine and 2 pl of Plus reagent in
DMEM. At 3h after the initiation of transfection, the
medium was changed to complete RPMI-1640 medium.
At 1 day prior to assays, cells were treated with sodium
butyrate to enhance the expression of OATP1B1 proteins.
HEK293 cells and Hel.a cells transfected with the
pcDNA3.1 vector alone were used to obtain background
activity (termed mock). The expression of OATP1B1 was
verified by reverse transcriptase (RT)-PCR.

RT-PCR analysis

Total RNA was extracted by using Trizol reagent
(Invitrogen) from transfected cells that had been exposed
to sodium butyrate for 1 day. After treatment with DNase
I (TaKaRa, Kyoto, Japan), cDINA synthesis was performed
by using Ready-To-Go RT-PCR beads (Amersham Bio-
sciences Corp., Piscataway, New Jersey, USA) with oligo
d(T)i515 primers and 1U of RNaseOUT (Invitrogen)

according to the manufacturer’s protocol. ‘Then, the PCR
reaction was performed using Ex-Taq (TaKaRa) as
follows: 2min denaturing at 94°C, 37 cycles with 15s
denaturing at 94°C, 30s anncaling at 49°C, 40s elonga-
tion at 72°C, and a final elongation for I min at 72°C. The
specific primer pairs for OATP1B1 designed by Tamai
et al. [15] and glyceraldehyde-3-phosphate-dehydrogen-
ase (GAPDH) were as follows: QOATP1B1, 5'"TGTCATT-
GTCCTTTTACCTATTAT-3 (forward) and 5'-TGTAA-
GTTATTCCATTGTTTCCAC-3 (reverse); GAPDH,
5 TGCACCACCAACTGCTTA-3 (forward) and 5'-GG-
ATGCAGGGATGATGTTC-3' (reverse). Products were
run with 3% agarose gel. SLCOIBI*15/pcDNA3.1 vector
and distilled water were used as templates for positive
and negative contirols, respectively.

Transport assays

For transport assays, the transfected cells in 12-well
plates were treated with sodium butyrate for 1 day. The
medium was changed to DMEM free from both
antibiotics and serum without a substrate. To assess
transport, the medium was removed and the same
medium containing a substrate was added. The mono-
layers were incubated for 1-5min depending on the
substrate, and then cells were rapidly washed once or
twice with ice-cold DMEM containing 5% FBS and three
times with ice-cold DMEM. For [°H]-labeled substrates,
cells were lysed in 500 pl of 0.2% sodium dodecyl sulfate,
and 400-pl aliquots were transferred to scintiliation vials
and 25-ul aliquots of cell lysate were used to determine
protein concentrations by the method of Lowry with
bovine serum albumin (BSA) as a standard. Radioactivity

" was measured by a liquid scintillation counter (LSC 6100,

Aloka Co., Tokyo, Japan). For un-radiolabeled substrates,
500 pul of ice-cold solution consisting of sodium acetate
(pH 4.5; 10 mMm)-acetonitrile-methanol (2:1:1, v/v/v) was
added, and the solution containing cells was transferred
to a centrifuge tube and then the substrate accumulated
in cells was extracted by sonication for 10 min at 4°C.
After centrifugation at 17 000 g for 10 min at 4°C, a 400-pl
aliquot of the supernatant was transferred to Ultrafree-
MC (Millipore, Billerica, Massachusetts, USA) and
filtered by centrifugation at 5000g for S5min at 4°C,
and the obtained filtrate was stored at -80°C until

.84.



