EA SR ETERENS (EKR - ERSEELXa5 kU —I 1 = 2 RAHEFE)
AR

EHROEHERARBONBEZICEDL I #EFERICET 555 .
YRy COFFRYIARIZEFEET D b I U AR—F —DFRE & NBEDRT

SEMREE TE T TERFRFREE

MRES

Y'Y vk Interferon-a DBFRFEIRESWEDRELRTZ LMD, CBFRDOIZELEMNIE
BIEL 2o TCnD, KFETIRIY ALY VOFRYARICEETD bV AR—F— %R
FL., BAATRBICBITARBELBAZCETIRMEZITO &Ik, UREY VD
FENRBUBAZPNEZAFEREZHALNCTE L EHIZ, VALY VORGSR BICEET
57 UAR—F —IERCARERFETINENEHAL N T D OEBARN 21T
o7, E£T. HAR MDCK MREZEZBERHEA TRIR L., NEEZER LT v AR —MEHE
DIRVIHILEMHHIAE 2 BEE L7, B 572 MDCK-NTD22 HIlIC 81 5 U U DU B D IALTE
PR L Z A, MDCK-NTD22 #ifan 7 U VD AAIEM X B AR MDCK #IRD
15501 ETETLTOWAZERHELNE R, AHEBERDEER k5 v AR —F — 0%
EHEEZFMET ABOKRR MEjaL LTERTHAZ LITRENTZ, KRIZ, UAREY 2
ETOEEBE NS VAR—Z—SFRBERET IO, cDNA 7 u—=v ko Eoni-
hENTI1, hENT2, hCNT2 38 K ' hCNT3 OZERBEREZ AWV TI ALY VIV IARIZH T 53
EREITERB I irole, TORE, VAVY oML ICEET AT v AR
— 4 X hENT1, hCNT2 B XU hCNT3 TH ¥ | 222>TH hENT1 B L UKRFED + T AR
—Z—RNt MTEIZBIT I AR VORYVIARIIKELSFELTWAZ EBHALNE R
STz, EHIT, BAERAFRE (n=18) 123317 5 hENT1 mRNA BRHREZHE LA, B
B TH 5.6 (FFDZEMFRD B, REIZIIT 5 hENT1 # 237 BEEIZTITH 2.9 2@ A
ERRDOLNT, 5%, REED FS VAR—F—DRIEBLOCHFY ALY U SRR
—Z—DBEBIOBRREBEOBAZORIEZB I 25 L L bz, AAFRELZAVCHEE
DRFEITOZEITEY., INACY VOENBFICEET I NIV AR—F —FiD
ANEZEOFEEZHLNIT L TN 2,

A. HFFEEAEY /NBEDORMGEFRIZ IV T Na+Di B 2ES
Y /3 Y L Interferon (IFN) -a O HFH ZBERE )& 5 concentrative nucleoside
FHAIL IFN BRSRIE & B U TRV ED transporter (CNT, SLC28A) 2 ASHERIPNEX
RBERTZEND, C BIFROIZHERGE DIAFTEET B RIS RIS N TA
L RoTWE, UNEY Ui, Y HDHT, {ERENLTH A FBICEIT 3
B LT IO THRY s VA ER % UANEY ORYABIZEFEETH T
RTEBZBNTWVWARZ D, UAY AR—F—TH S TRV, KBTIk
U VB R D 7o DI IR IYANEY COFRYAHRICEHEETD T
CRDIAENDILERH D, VALY v VAR—F—EFEL, O AR
7T UBEETHY, BN RITL2HEABRLEAZCET BN
NIz DA b A DEEER & U C TR To7z,
RICRDIAEND LEZBNAN, Z
£ T, FRMBERIZB VT equilibrative
nucleoside transporter (ENT, SLC29A) 1 23, B. BHRGIE
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¥ig b5 v AR— MR Madin Darby
Canine Kidey (MDCK) —-NTD (Nucleoside
Transport Deficient) 22 MIBRERIT 2 DO
MAFEAZAWRBRICI D BB L,
hENT1, hCNT2,hCNT3 3 £ ' hENT2 @
¢DNA 7 u—=7%, & MR cDNA
BXUt MEHF cDNA # VW TPCRE
koo, b 4 FED cDNA
P URT =2 varEic kv
MDCK-NTD22 HIfEIZ b T v R T7 =0 ¥
gL, BERHARFERLE, Thb
A W T . [BH]uidine B X O
[3H]-ribavirin DHIREPI~DEREIEME &R
K vFrL—varhyrsd—%RNT
BELEERBNT A—F (KmBLV
Vmax) ZBH L%, v MFBICRBIT 5%
BT v AR—F —DFBRIL RT-PCR {&
ik ugst L7z, b bPEEETHRB LT
Bk 5 v AR—Z —FROEERZH
WT, NatFEE T EREFET TO
[3H]-ribavirin O FFHRERRPA~DEEIEMIC
X AHEDREZRE L, BERNITR
& =18) X v cDNA ZFHAK L.
SLC29A1 #ixTF3BlE% real-time PCR
EBIZXVERELE, BAARIZRBITS
hENT1 # /37 BELEIL western blot ¥E
XV EELE,

C. MRERERUEE

1. BB M5 v A2AR—PFXRHE
MDCK-NTD22 #IlaDBEER L R ERR
ZEAWEY Y VR EFEET A
BrSUAR—Z—DREE

AR MDCK HMfE & ERHUEAIT
EIR L7~ MDCK-NTD22 #illz BT 5 v
Y UUVBRVALTEEEZ LB LR,
MDCK-NTD22 a0 T U ¥ VB Y AR
EMEIX B AR MDCK HIRRD 15450 1 ¥
TEFLTWAZ EBRENT, cDNA
sua—=V7IZ L% b~ hENTI,
hENT2, hCNT2 36 X (X hCNT3 DL ERIH
BERNTT Y PR ARICIRT HE
ERIT R I Rol b 2 A, BE#HE
RRRED Km ETH-oT-, ULOERL
D . MDCK-NTD22 #ifgii#&=FEAL
TPKEER b 5 VU RR—F —DEEETEME L 5T

i 20K Mg LTERTHS

21

TENTREN, RIZ, VAAEY EE
ETAEEBRIS VAR—F—LFREER
ETHEDIL, BRI VAR—F—F
EFE, MDCK-NTD22 #ija% AT U

BV VEDABRICRT D EERRAIART &

BIlholk, £ORKER, hENT1 @ Km {E
£ 357.1 OM T& Y, hENT2 {ZV "tV
VY AARTEEERE 2o, hCNT2
@ Km {Ei% 40.6 OM TH Y, hCNT3 O
Km BIFBfEOEVESIE 2.10M TH
V. BAMEDEVRSE 36.7 OM Tho
Tro IEDERIY, UAEYY VOERY
RABICEETH P AR —F —IX
hENT1, hCNT2 8 L TVhCNT3 THBH Z &
BHELMNE2oT, &4 DEBERIZTH
TdHAH M, BT hENTI, hCNT2,
WCNT3I BEBEL TWAZ &b, UAY
U ORYARIZZNDED b AR—

F—NEETREREERE 2 bk,

2. b hEBERTMIRE AW e Y
TR EERB L OB AAFRICER
i 5 hENTI mRNA BEEB IO
hENT1 # > 37 BEE DOE AN ZEDFENT

bt NEBERTHRE A AV, hENT1 JEEA]

T35 NBMPR 8 LTV hENT2 JHEAITH S
hypoxanthine ® Na+7#{E T3 & U* Na+JEAF

ETICBIT S I A v O@EEEHRE %
BREt L7, TORE, 2 ALY VYA
%9 B Nat-dependent, Na+-independent

NBMPR sensitive, Na+-independent

- hypoxanthine sensitive 33 X T

Na+-independent NBMPR insensitive (D fH5%}
HEROFELIZL, 0%, 30.0%, 0%BIT
700% Thotz, TNHDREREY,
Na+-independent NBMPR sensitive B4y (ZFH
W42 hENT1 28 Y RSB U OFFRY SAHIC

RELEFELTWBZEBHALNE 0T,

Wz B A ANIFRE (n=18) ® hENT1 mRNA
REABZRELLL A, BREMTHS.6
BEOENBD N, £, BERAFRE
(n=10) 75 EHES ZFHE L, hENT1 Z >3
I RBEEOEANEZELHRET LR, BIER
TR 295D EDTED B2, hENT1 mRNA
REE L hENT1 ¥ U 7 REE L DB %
BRatLiz &2 A, 10 RREFIZEVWCHEIER
DoENBhobDD, 6 BIEIZBWTIX



BWEESRO bz, LEORR LY,
UREY Db MRV IARIEKELS FE
4 % hENT1 ORBRBIZII KR E REAESTE
L. TORRABIIRER L CERELRE
WX VHIEESH TV LW D FREtE SRR
Ehi-, BE. ANEEEZRET A9, H
BRORR 2B ANEEFRETITo T 5,

E. f&#H
AFRLY., VALY CORFERD A&
WRELFETDIEBR IS VAR—F—
tX hENT1 TH Y, =0 mRNA BHER
FRE R BEREIIZENTNR 5.6
fER LU 29 FOBAZERDDHZ LN
BHbNERoTe, 4%, BAFRGLZHA
WCREEDORE 21TV, BALDAEE
DOFEZRHL T LIV,

F. BEaRIER oL
G. WFEERE

22

B OEER BE B, TE
E . MDCKHERRH SEFT BRI Y IA S
RIBHIPIIER b 7V AR —F — DK
EMEITICE A Th 25210 A AEWE)
KBS (EIK) 20064E11H

5) Mg mE., R EHE, TE
E . AR ST AR MEEE K
% L 7~ Mardin-Darby Canine Kidney#Hifig
(MDCK-NTD22) DFESL &+ DAF FAE,
BIE bS5 U RAR—F—FES ER) .
20064124

6) ER

4)

55E EH BE HBE.EH H
R, TE E . NEEEEBIS AR
— M &M% R & L 7zMardin-Darby Canine
Kidney#i# (MDCK-NTD22) DR : %
OF A, F127E BARFESER (B
) . 2007483 A

H. SHMEHED HE - BERE
3. WEFEE 2L

4. ERHEBGE 2L

3. £0f 7L



II. #FFERE OFIFTIC
B4 5 —&%*
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WREEOTTICET A —ER

=5
REERAL ZA b4 REFEL R—y AR
EIEER, B | CYP2CY9 &5 | gsige—E xR A18 | 64-71 2006
LLE FTERLINV | ppwnzi b &
PEDEAZE- A ‘
wERES. ’KX
REZS
BREERA | WRXEA M4 RREA B | R—v HRREE
%

Takahashi | Different contributions | Pharmacogenet. |16 | 101-110 2006
Hetal of polymorphisms in | Genomics

VKORC1 and CYP2C9

to intra- and

inter-population

differences in

maintenance dose of

warfarin in Japanese,

Caucasians and

African-Americans.
BEZR |EIMbE 72y A7 | BARLRIEMEE |17 | 430-433 | 2006

7V RE~DE | | &
Kawashima | Involvement of | Drug Metab. | 34 | 1012-1018 | 2006
et al. hepatocyte nuclear | Dispos.

factor 4{alpha} in the

different expression

level between CYP2C9

and CYP2C19 in the

human liver.
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Autoinduction of
MKC-963 metabolism
in healthy volunteers
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evaluation using
primary human
hepatocytes and
cDNA-expressed

enzymes.

Drug Metab.
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950-954

2006
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of drug transporters:
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651-674

2006
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al.
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51

822-826

2006
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al.
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pharmacokinetics of
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Ther.

79

427-439

2006

Shikata E et
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warfarin sensitivity
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Eur. I »
Pharmacol.

Clin.

62

881-883

2006
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52
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Akutsu et

UDP-glucuronosyl-
transferase 1Al gene
(#60-#1IB) increases total
bilirubin concentrations
in Japanese volunteers.

Identification of human | Drug Metab. | 35 | 72-78 2007
al. cytochrome P450 | Dispos.

isozymes involved in

diphenhydramine

N-demethylation.
M. Saeki et | A combinatorial | Clin. Chem. 53 [ 356-358 | 2007
al. haplotype of the|
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I%&CWW?EE%%@&U»77UVE%%@@A%fAﬁ%

[-E-3-1. CYP2C9 BEF LRI DO EYENEE - oI RIF 5

CYP2CO (AR T X / BE:490, HEE S T B :55.6 kDa) ix b M FAHERRIZFEE L TV 5 cytochromeP450
ROK20% % 5D, FUEEE S-UAVT77 IV SWFRE), ITAPAE (Tx=F ) R
BOFHERRE (M7 I FE) REBEEHRORNEYS, ToX¥3 70 IZEFEE
B BT ynsrizl), AT oA FERFER (NSADs ; Y707 =F7728), V=7
FRE (F5€ 3 F) 2 CERMICER ST A EBORBICES LT, BiL, Thbo
CYP2CY EEEY L RFHEFESCHFEE (V77 By vRE) AL 2EMHEERLS

BHRESh TV, ’ ’
- BEXTOR, CYP2C9 BETFEEE LT CIP2CI*30 $TERET LANHES LTSN

(http:/fwww.imm ki.se/CYPalleles), CYP2C9*6 & CYP2C9*25 (7 L —b 7 M &Y CYP2CY ¥

VRIEREBR LW HAMNIT IV BERERMES 1 iﬁ%%iﬁ (Single Nucleotide Polymorphism;
SNP) ThHdD. ZNHLDOERINTaZAFRBIFICLY 6 DDONTaZ AT T70—7 (HA; 1A,
1B,1C, 1D, 2,3, RZA ; 1A, 1B, le, 1f, 1h, 3) b:/\agéh*c_wé. NTaRATPIN—F2 LTV
— 7 3 IR ENFR CYP2C9*2 & CYP2C9*3 3AB D, Fie, BEOFHMieNT v & A THITIC
LY CYP2CO & CYP2CI9 DT a5 A FRIGHEIES, H|ESNTWSD, £B2 CYP2C9 %
B LA OBBEEC I AEERED b, BAR2 (13%), 3 (7%), *11 (13%), BAZ
%2 (3.4%), *3 (1.5%), *5 (1.8%), *6 (<0.5%), 11 (23%), BEAZRELT U7 AME*3 (1.8%)
(4121 D ABFADHOBRERDH D) BERERET LALTHD. BADERT LVIZOWNT,
BART O7 NMCHEB L TT_To CYP2CI BERMOHBREEN S, ThIRHHEEOAEE
K—EWES LTV , A

In vitro AT CYP2CO RTEMER KR, HDVIMETIHZ L BEE SN TOHERIT LA

" (CYP2C9*2, *3, *4, *5,*]1 *12,*]3 *14 *15 *16,*18,*26,*28,*30) 13 LHRO LN B A, invivo TH
R UHTEM OB T AR SN TV B ERIL CYP2CI*3 & CYP2C9*6 \ZBb 5. BIL, invitro
%T CYP2CY SR L BRBIEROBETARDO b L LThH, Bx 0EEEYOENEER T
A —RBEFBEIC LY invivo DRETEMICRIFT CYP2CIEROEBOBREREYIC LY B2
5. Bz, DYFINE DL CREMERTHMERECEY (52%) T, 2577
7> A (CLtot) OFFIEBES VT 7V ATRFET B0, el x CYP2CY DR/EZEI LY T
BEZ V7R (CLinth) RMEFLEL LTS, Clot ~OFBIBEHLNTLES (BB,



BREETAE EBERY) TCIP2CINBEREZETHREDBAICOLIERMICHEEL 25 -
CLtot DR TRB I AFEMNH D). £, L AFERHIRBREIIFRBMEKETIES TH
of%,cumﬁk%w(ﬂ%mmxu)%%fm,%WWE%&@%@;CUmﬁﬁmﬁﬁgk
bIETFT 5720, BELEIC LD Clinth DL EZE CLItH LRI NBRNWZ &85 5. S biZ,
CYP2CO DA T 2RI 2B ORE LA Th>T b, T 0EMOIFRBNC CYP2CY
LS ORBBEEENBEE L TH Y, Clinth 2IZx7 25 CYP2C EEOFSNEVEY (Pru 7
=F 7R b7 I NRE) T, inviro RERTBR S CYP2CY BEFERIC L 5RBTE®RD
IE T2 D E FEEEMIC in vivo 12381F 5 CLtot 2 0 CL (CLpo) DETFIZKBE S L AR Tl
W FiZ, CYP2CY BBFERIT L Y CLtot BET L, EHIRBIZIT 2 M P E (Cpss,ave)
BERTAEHRETHoTH, TNBFHRPCENER L W o EYINEHEICEET 3 - DIC i3  ym
R E DEENRA %L EY O RYRE-DHRBERICBW TREDRICERNICZET 2HHEN (L
P — SRR X IR ICBLNS D, EEOEKOET CYP2CI SR L 0 55
DS LETHE & BSHREI 2> TOBFMIL, SDLIBETINT 7 Y RT == hA Vi
FROILVTVS.

Invivo T CYP2C9 REFEMED LR ICBRT 2ERITKRIERER ENL TN WA, invitro EER T
REFAHICEETOIERF L LTEL OBEAZESE (CAR,PXR, RXR, VDR, GR, HNF3 o /4 o 72 &)
KBS 52 LABMESRL TS 9. LivL, CYP2CY DREFAMA L =X AQHMIIH )T
2, BT U7 AOEE, BERESIhTWAS CYP2CI BEFOEIR - FEHFREROLERDL
T T in vivo TR BB CYP2CY FEHED 10 FLLEL DR ERBAZD SBEE LHIHHAT
EBITTERW.

LE3-2. YA 7 U L ORBEEDREOEAZICEET 5RT

DA77 Y (WF) IEERUESOELE, #HATRLVEASATVATIEEERTHY, BHiC
AARCIHROBERREE—DOFERE THS. L L, HiEESHE (INR; International Normalized
‘Ratio, PT FZAIERIE T L OB THE LIcfl) OEAZNKE VLD WF OR58IT8E
BTI0ELUELRERY, BREEOREVNHBEKRLFEFCRETHS. FiZ, WFOEHREEIIH
A BACHBULTEERARFEAREDT OT7ATORL, ABEOFELFRRIN TN,
Tz ’Cﬁfx’ i3 WE #E 0858 WE 20328 5 & TOEAEIE (Pharmacokinetics; PK) =58
T HBEL, WF PAFRRARNTHLABEEDRE (NR) 2EHATIETCORZHE
(Pharmacodynamics; PD) (ZE8¥ 2B T, %hv%‘*i’b@iﬂﬁiﬂi%ﬁéﬂﬁl\ﬁﬁﬁﬁﬁbé%*
HFCOWT, BAAZELTOTA, BA, BALWIRRDAE - BEEELATSEES
HBIHEL2 ORNEZENRTE . TOHER, WFOPK & PD OEAZRIZENFLOBRICES
THERGRIEGCTFERPKRELEZELTCVDILEZHALNIC L. WF @E%imﬁkﬁcclzﬁ
fPK&PDK%bé:hB@EE%%%@%E@EEﬁb#h@,ﬁ%@%ﬁmﬁﬁé%ﬁ%v



BREDEZN/ALNLRY, ThOOBEFEHEFALCEZ S LIC L ) B WE 09I
SROBRE (T—7—A— FIEE) BTE5MHERDS.

I-E-3-3. WF OB RBICEET 2 BEFER

EYOPE, HDHVFEHERITMETEHTRE (Cu) ICKkE<EBINS. WFILIZEES
CHILEP DR SN (Fa=10), FRENCEVEERT2EY (Ae2%) THBOT, BOKS
BOEEREIZIT B WF OEH5ER Cp [Cuss,ave = (Dose/ © ) /3E#F CLpo (= CLpo,u) ] i,
BEOITNRHEE (FEEZ Y7 7R, CLinth=CLpou) THREIND. 7=, WFILk2E
MEOERBAY (T ) OMAL LTHRENTOE2%, FEEMRIL S-WF 5 R-WE
Vb3~ SERNTHD. £, WF OMEBESHRICEAZL b 6T PK FOER S LT
ﬁ,%%@SWF@ER%@%T%%cnmw%ﬁﬁé%été.ﬁﬁ@i&<,cwxmﬁﬁ
BETICBERT 2L END CYP2COERAT VI OHBHEEIIZIABEERHEEL, BACBIT3E
B7 VABEEIZBAAL D B, Tha SSWF OFREIERO AEE (BAADFAAEAL
D Clpou BREWVWEDIZ, BREB/AG ITFAABTIZIFE LV DIZ b 203b b ¥, Cussave 1L BA
ADFBREDPoT) AR LB —HEELTWATRERDSD. 72 THhaid CYP2CI DRE
EAR (*141) BEIZOWT Clpou ZBAAN - AABITHE LR, ZhTh ¥ CYP2CY £t
EHRIZAARANDEBRE Dot LT, ¥ 7 RERAIT5 L 3h5 CYP2CI D 5 Lk
DEGEFERICOVTENL, BAAEBADEEEZT-1Y. TORE, s EficsnTbE
BOBRGEFERPBO DN, TOWN 4 HFTO SNPs & CYP2CI*3 TREL, FiZRID 4 HFD
. SNPs {3 CYP2COR2 ERE L IFIETEIZY 7 LTW. Lvl, ERSER & EE L1, AR
NTOEAL FEETHBEDTH SWF RBFEMEZ AFAL AAMTHBELTY, IT0 AAA
D S-WF (T 5 REFEIES B o720, LLEORHRS D, HAL BAAMTED b5 CYP2CY
RENEHE DO ANEE IR OFREEC S’Lﬁiﬁwiﬁlﬁ%ﬁziwéﬂiﬁt%vé‘ﬁ LD ER 3 ES
543z LATRERENE.

VA ED &5 2R R % 22 NONMEM I X ) BERMET 21T -7+ =25, WF ® PK ko
RERTF THS S-WF OFFRBIENE (CLpow) IAREMAERT LEXDNAKED 0.78 Rick
BIL, CYP2CO*3ERE, 7au—hR_r X7 awnipm CYP2CY EHEEZEETAEROH
HHRAEOERE, NE (REAALAA-BA) BPEERFE L CHEIRE.

BEETDEI S, CYP2CI BEFOERBT LAOHTHAAIBWT WF BEICBIT 55
%\E%ﬁﬁamméhrwéﬁﬁﬁcnmwﬁ@&f%é.cwxv&ﬁ&%%?5B$A®
BETIT SWE OFFABIEEAET L, 20BN WF OFIREEOETICHEICE < KL
TW3a9 (E1).



S-WF O 8EH WF D18 ES

800

CLint,h (ml/min)
E-3
3
Dose (mg/d)
w

wiiwt  wt*3  *3/3 wtiwt  wt*3 *3/*3

1. BAANCBITS S-WF OFFREIENE (CLinth) & WF RERICRIET CYP2Co*3 BRDOYE

wt: BART VL

BRI, CYP2CO3 EREAT BAEFIHLTINR #HBFRICaY b o — T BDI %
E/2 S-WF O Cu ZFFARBFE L RRICHEODIZIE, WF OBREEFETT A 4ERLZ TR L
bDOTHS. S-WF OFFREHEROETIERAD in viro T THE SN TS CYP2C9*2 (FHED L
=5 BARNTOFERRER STV R CYP2CI*3 BRT LAD WE I RIETHEr -
VT Lancet” R JAMA' N E SN BRRRBEES T L D5 L, UTORRMNENNS.

*WF DIEREREETIL CYP2C9*2/*3 BREBENEZ (CYP2C9*2/*3 BEIZLY S-WF @
CLpo,u KT L, Cu R INR X L HT 572, BEERBD SHETHERDS).

* IO DERBBE CIIRE L ABERDE LB 5D OREN»»SE (CYP2CI*2/3 LR
C kD SWE O CLiot HET L, $BMISERL, ERRBICEET 5HMMIE 05T
BEMENRH D). , .

*ERBE T WF MABNC INR OLRZZ X5 Y 22 8%\ (SWF 0 Ca 0 LRI LS
RN H B) . . '

* ERBBEB CRYASOHMBEENBE (SWF O Cu 0 ESIC L BTN SS) .

| LE-34.WF OREHICHET 5 RETER

RIZWF DREZMEPD)ICOWTEZX THS &, WEIZFFIBICBWTE # I VK 2 4 (Vitamin
K epoxide reductase; VKOR) #FZEL, ¥ IV K T LCERRET (FIL VILIX, X) OEHE
LERETDILICLY, FUERZR INRDOLR) 2FHT5. > T WFEBE—INR BHEIC
BETORSEMERMORTF L LTI WF OBEBEOIERZ /7 Ths VKOR EMREZEL 2 5.
Fox 1 WE IS T B BEHIC OV THEESE (INR) % MIEHOWEETY S-WF BE [Cu (5)]



TEEEL L [INR/Cu (S)] ZAWTEHE L7zHER, BAADOTHEIRBASLEALY bEVE

(BZHERBEW) ThaIeZRWELEY, ZoFERE2HELNICT 27D MifH Nomal
Prothrombin & (NPT) ZHI7E L, S-WF IZ & ¥ INR 3 EH T 318 %, Cu(S)-NPT, KU NPT-INR
D 2 OOJPRATLT T, WF OBFMHIZ OWTABZOEEOREERIT L. %@?ﬁé% Cu(S)
DERIH NPT LrLBSE T 5 IBIRICIEE LV AT bIA, NPT OETFIKEY
INR 8 L84 5 BRI R ARSI b s o T (R2).

» (A) (B)
200 [ o r :
0
®
HEA L o o |o HAA
150 | o BA
| 4r
S
% 100 [ % sk
l': —t
o ok
Z 5}
F
0 1 0 -
0.1 1 10 100 1 10 100 1000
Log Cu(S), ng/mL Log NPT, ug/mL

2. MR S-WE BEEEBIE [Cu (S)]— M Normal Prothrombin B (NPT), TXNPT—
INR DR

2 DREREND, AARATIRAA, BACHELTENY Cu (S) BETHASLEALFREIC
NPT VRAVEFETCEBZZERALNE R, 5T, HERIO NPT LSV RBEEN D1
BEBEEEOR—RT L VE (AATRS—Z74 VEBBARAL Y BOATEEM), H5\ViE WF
Ic X 5 VKOR FEEM (RAA T VKOR [AEEMAAAL D EOEEE) ovThsr (b5
VIZFS) I ARESEET AR Shik. |

VKOR -2V T b 2004 £E I 9] 8 TE D —EB (VKOR complex subunit I; VKORCI) ¥ EEF b
6 AFDERET LK NatwreIHE Shie. SHNCHE SNz 6 AFTD SNPs IV TiE WF
TR RCERRFREEZRTRAINELOTHY, TOOREBRVEANTIIEEIZHT
b5, Lrl, MEODICERINE WFREFTORBABEEZRNER L L TUThERRAR T,
VKORCI O intron 1 DR (1173C>T) I & D WF BEENKRE S BDT 5 Z L3S .
DNTY VY FUKED I A —T 0B VKORCI DFRERNAT B E A PHNRERRERE Sh 19,
intron 1 DR (1173C>T) 28T 5 DDIEEFEL Y 7+ 5 SNPs 3 VKORCI O mRNA R &,
W WEF BREEORERFTHDZ EHFRENT. 2VWT, BLIX B EROHBHEENARLR
ABETIT089] THAHDIRL, BATIE0422, FIZBATI 0086 Th Y, EEHBEEEC



ELVABZSRBOONDZLERE LY. BIZZOZEN S-WF @O Co-INR BRIZEIFTE
BIIOWTHARALBABE L HRICHBRFT LEER, AABKICZOLEREOEEIC L v e
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Different contributions of polymorphisms in VKORC17 and
CYP2C9 to intra- and inter-population differences in
maintenance dose of warfarin in Japanese, Caucasians and

African-Americans
Harumi Takahashi?,

Grant R. Wilkinson®, Edith A. Nutescu®, Takashi Morita®,

Marylyn D. Ritchie®, Maria G. Scordo, Vittorio Pengo¥, Martina Barban?,
Roberto Padrini", |chlro leiri', Kenji Otsubo Toshitaka Kashimal,
Sosuke Kimural, Shinichi Kijima® and Hirotoshi Echizen®

Objective To investigate pharmacokinetic and pharmaco-
- dynamilc factors associated with population differences in
warfarin doses needed to achieve anticoagulation, in
particular the possible involvement of genetic variability in
vitamin K epoxide reductase (VKOR) and CYP2C9.

Methods Warfarin maintenance dose, unbound plasma
S-warfarin concentration [Cu(S)] and INR were determined
in 157 Caucasians, 172 Japanese, and 36 African-
Americans stably anticoagulated patients. In a subset
(n=1686), fully carboxylated plasma normal prothrombin
levels (NPT) were also measured. Genotyping for seven
CYP2C9 (CYP2C9*1 through 6 and *77) and seven
VKORC1 variants were performed in 115 Caucasians and
64 Japanese patients and 66 healthy African-Americans.
Multivariate analysis was performed to identify covariates
assoclated with warfarin requirement.

Results The relationship between NPT and Cu(S) indicated
Japanese are more susceptible to inhibition of NPT
production by S-warfarin than the other two populations,
VKORC1 1173 C>T had a greater frequency In Japanese
(89.1%) than Caucasians (42.2%) and African-Americans
(8.6%). CYP2C9 variants with reduced metabolizing ability
were less frequent In Japanese compared to the other two
populations. The median warfarin dose was significantly
higher in Caucasians than Japanese patients (5.5 versus
3.5 mg/day), however, when matched for CYP2C9*1
homozygosity, no difference in dose was observed
between VKORCT genotype-matched groups. Furthermore,
VKORC1 1173C>T and CYP2C9 (*2/*3/*11) genotypes,
age and weight were identified as independent covariates
contributing to interpatient variability in warfarin dosage.

Introduction

Warfarin is the mainstay of anticoagulation therapy,
worldwide. Its clinical use, however, is complicated by
the fact that it has a narrow therapeutic index with
associated adverse effects that are potentially serioiss, i.c.,
bleeding, and the dosage requirement to produce a

1744-6872 © 2006 Lippincott Williams & Wilking

Conclusions Both VKORCT and CYP2C9 polymorphisms
contribute to inter-population difference in warfarin doses
among the three populations, but their contribution to
intra-population variability may differ within each
population. Pharmacogenetics and Genomics 16:101-110
© 2006 Lippincott Williams & Wilkins.
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required degree of anticoagulation varies widely between
patients. The reason for the latter is multifactorial and
includes determinants such as age [1-3], diet [4], and
race [5-10]. Additionally, genetic factors determining the
activity of CYP2C9 have been recently demonstrated
to be important. This cytochrome P450 is largely

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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responsible for the metabolism of S-warfarin, which is the
enantiomer predominantly responsible for the drug’s anti-
coagulant activity [11] — warfarin is administered as a
racemate. In particular, two structural variants, CYP2C9.2
and CYP2C9.3, have greatly reduced catalytic activity
compared to the wild-type enzyme, CYP2C9.1 [9,12], and
retrospective studies have shown associations between the
various genotypes and warfarin dose requirement and adverse
effects [1-3,9,12-14]. It is apparent, however, that other
factors, also possibly genetic, are important because, even
when matched according to’ GYP2(Y genotype, the dosing
requirements for a similar degree of anticoagulation varies
across populations and appear to be related to racial ancestry.
For example, patients of Asian descent (Chinese [5,8,10],
Japanese [9] and Malay [8,10]) require a lower maintenance
dose of warfarin than Caucasians and Indians; by contrast, a
higher dose is needed in African-Americans [6,7].

Warfarin’s anticoagulant activity results from inhibition of
hepatic vitamin K epoxide reductase (VKOR) that affects
the synthesis of various coagulation factors. Recently,
variants of the vitamin K epoxide reductase complex
subunit 1 gene (VKORCGT) have been described to have
potentially functional consequences [15-21]. For instance,
Rieder er 4/. [21} identified five major haplotypes (H1, HZ,
H7, H8 and H9) based upon 10 common single nucleotide
polymorphisms (SNPs) of VKORCI in Caucasian and Asian
populations and found that those having either H1 or H2
haplotypes required significantly lower dose of warfarin
than those having H7, H8 or H9. In addition, these
VKORC! haplotypes were correlated with the level of
expression of mRINA of VKORCT in human liver.

Collectively, genetic polymorphisms involved in both
pharmacokinetic ~ (CYP2C9) and pharmacodynamic
(VKORCI) factors, therefore, appear to interplay in the
overall interindividual variability of warfarin doses; more-
over, the contribution of each factor may differ among
different ethnic populations. In this context, we initially
studied the pharmacokinetics and pharmacodynamics of
warfarin separately in a large number of patients having
different ethnic backgrounds to assess population differ-
ence in the pharmacokinetic and pharmacodynamic
phenotypes of warfarin among Caucasians, Japanese and
African-Americans. We then examined the contribution of
genetic polymorphisms of CYP2GY9 and VKORC! in smaller
subsets of patients in order to study whether differences in
the frequencies of CYP2C9 and VKORC! variants would
provide a possible explanation for the difference in warfarin
requirements between these populations after taking other
clinical covariates (e.g,, demographics) into account.

Methods

Patients

Three hundred and sixty-five patients (157 Caucasians,
172 Japanese and 36 African-Americans) participated in

the present study. The majority of them (140 Caucasians
and 90 Japanese had been previously investigated with
regard to S-warfarin metabolism [9,12]. Further analysis
was performed in 179 patients in whom genetic informa-
tion was available for both CYP2C9 and VKORCI. Each
patient received warfarin orally once daily for at least one
month with the dose being titrated to an international
nomalized ratio (INR) target value of 2.0 to 3.0 for
Caucasian and African-Americans [22] and 1.5 to 2.5 for
Japanese patients [23]. Clinical indications for anti-
coagulant therapy were prevention or treatment of
thromboembolic disease (e.g., atrial fibrillation, deep
vein thrombosis, or prosthetic valve replacement).
Standard clinical laboratory tests indicated that all of
the patients had normal liver function but three had
impaired renal function (creatinine clearance ranging
from 12 to 23ml/min). Concurrent medications with
potential to affect S-warfarin’s metabolism included .
amiodarone (#=4), NSAIDs (»=3), cimetidine
(n=12), thyroid hormone (#=6) and carbamazepine
(n=1).

Study protocol

Blood (5~10ml) was obtained 12 to 16h after adminis-
tration of the last dose of warfarin, during a routine clinic
visit. Separated plasma was stored at —70°C until
analyzed whereas the buffy coat was maintained at 4°C
until extracted for DNA. The study protocol was
approved by the IRBs of the respective institutions and
written informed consent was obtained from each
patient.

Pharmacokinetics and pharmacodynamics of warfarin
The plasma concentrations of warfarin’s enantiomers
were determined by a chiral high-pressure liquid
chromatography-based method as previously described
[24]. The extent of plasma protein binding was measured
using ultrafiliration [24], which permitted estimation of
the steady-state unbound plasma concentration [Cu(S)]
and unbound oral clearance of S-warfarin [CLpo,u(S)]
[9,25].

In addition to the INR value, warfarin’s anticoagulant
effect was also assessed in 166 patients (54 Caucasians,
91 Japanese and 21 African-Americans) through measure-
ment of the plasma concentration of fully carboxylated or
normal prothrombin (NPT) by the carinactivase-1
method [26]. A ‘warfarin sensitivity index’ [INR/Cu(S)]
was also estimated for all patients.

VKORCT1 and CYP2C9 genotyping

DNA was extracted from the buffy coat of blood using a
commercially available kit (Qiagen, Tokyo, Japan).
Genotyping for variants in all coding regions and intron/
exon boundaries of VKORC! (GenBank accession number
AY587020) was performed by PCR and direct sequencing
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using described primers to identify VKORCI 129G > T,
97T >G, 1173C>T, 1196G>A, 1331G>A,
3462C > T and 3730G > A [15,16,21]. In the present
study, the position of a nucleotide was numbered
according to a previously described system [16]:
the A of the ATG initiation codon of AY587020
being denoted as position 1. Thus, the positions of
381, 3673, 6484, 6853 and 7566 of the reference sequence
(AY587020) correspond to —4931, ~1639, 1173, 1542 and
2255, respectively. Allelic variants of CYP2C9 (CYP2(9*1
through CYP2C9*6, and CYP2C9*11) were determined by
either RFLP analysis or direct sequencing [9,271.

Genotypes for both VKOR(C! and CYP2(C9 were available
for 179 patients (115 Caucasians and 64 Japanese).
Because no DNA samples were available from African-
American patients on warfarin, blood was commercially
obtained from 64 healthy African-American subjects
(ProMedDx, LLC, Norton, Massachusetts, USA) for
analysis of the frequencies of the two gene’s allelic
variants. The patient haplotypes and their frequencies
were estimated by PowerMarker (Ver. 3.23) and a
haplotype association test was performed according to
the method of Rieder e 4/ [21], which allowed
classification of each patient into either Group A
(comprising either H1 or H2 haplotypes) or Group B

(comprising either H7, H8 or H9 haplotypes). Because .

the nucleotide at position 861 according to the Rieder’s
system was not examined, patients with the H7
haplotype were not distinguishable from those with an
HS8 haplotype. However, this did not affect classification
of such individuals into Group B. A log-transformed
maintenance dose adjusted for age, sex, body weight and
CYP2C9 genotype and warfarin sensitivity index [INR/
Cu(8)] were compared between the patient groups with
different haplotypes.

Race and bgenetic varlability affect warfarin dose Takahashi et al. 108

Statistics

Multiple comparisons between the mean values for the
pharmacokinetic, pharmacodynamic and demographic
data obtained from three populations were performed
by ANOVA followed by the Tukey-Kramer test. Relation-
ship between Cu(S) and INR in patients with different
VKORCI (1173C>'T) genotypes was examined by the
Pearson’s correlation test. Genetic data for deviation from
the Hardy-Weinberg proportions were tested using the
chi-square test. Multiple comparisons for allelic frequen-
cies of VKORC1 and CYP2(9 variants between Caucasian,
Japanese and African-American patients were performed
by the chi-square test followed by the Tukey-Kramer
test. Spearman’s rank correlation test followed by the
stepwise multiple regression analysis were performed to
assess the contribution of patients’ covariates {i.e., age,
sex, body weight, racial ancestry (Caucasian versus
Japanese) and genotypes (wild-type versus heterozygote
versus homo- or the combined homozygote) of VKORG!
and GYP2(9] to the overall variability of maintenance
doses of warfarin. Squares of the adjusted correlation
coefficient (%) and Akaike’s Information Criterion (AIC)
were employed to evaluate the goodness of model fitting.
Data are presented as- means & SD or medians and the
upper and lower quartile ranges (25 and 75 percentiles)
where appropriate. A P-value of less than 0.05 was
considered statistically significant for all analyses.

Results :
The Caucasian patients were slightly older than the other
two populations and there were also differences in body
weight between the groups (Table 1). The- daily
maintenance dose of warfarin and its associated unbound
concentration of the S-enantiomer were higher in African-
Americans than in Caucasians who, in turn, had larger
values than the Japanese; the reverse ranking was present

Table 1 Demographic characteristics of study patients
Parameter African-American Caucasian Japanese
Number of patients studied

Dose-Cu(S)-INR relationship 36 187 172

Plasma normal prothrombin 21 54 91

Genotyping of CYP2C9 and VKORCT 64" 115 64
Gender (M/F) 12/24 87/70 101/71
Age (years) 61%11 665+13 81x10!
Body weight (kg) 89.5+26.4% 73.7+17.1 56.5+10.9%
Dose of racemic warfarin {mg/day) 63126 47124 3.5%1.6%
Cu(S) (ng/mi) 6.76 £2.97¢ 4.00£2,08 2.19+1.26%
Clpou(S) (mi/min) 3147%163.1% 469.41294.4 654.3+376.8%
INR 2.67+0.81 2.50+0.89 1.84:10.59%
INR/Cu(S) (ml/ng) 0.46+0.21% 0.76£0.45 1.06+0.568%
Normal prothrombin level (zg/ml) 54.6+23.2 60.3+36.1 52.5+26.1

Abbreviations: Cu(S), plasma unbound concentration of S-warfarin; CLpo,u(S), unbound oral clearance of S-warfarin; INR, international normalized ratio of prothrombin

time. :

Data are mean values 8D,

"DNA samples were obtained from heslthy subjects.’

'P<0.01 between the Caucasian and Japanese groups.
P<0.01 between the Japanese and African-American groups.
£P<0.05 between the Caucasian and African-American groups.
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in the oral clearance of unbound S-warfarin (Table 1). No
apparent differences in unbound S-warfarin’s oral clear-
ance were observed between patients who were given
either amiodarone (458 = 98ml/min, #=4) or thyroid
hormone (330 = 119 mi/min, 7»=6) with warfarin and
those were given warfarin alone. There was a significant
(P <0.0001) correlation between the oral clearances of
S-warfarin and R-warfarin (r = 0.706).

Population differences were also apparent in the asso-
ciated measures of anticoagulation (Table 1) with INR
values in the Japanese patients being lower than in either
of the other two populations. However, the ‘warfarin
sensitivity index’ — a measure of the degree of anti-
coagulation normalized for the unbound S-warfarin
plasma concentration — was higher in Japanese compared
to Caucasians or African-Americans. No significant
differences were present in the NPT concentrations
between the populations, however, the distribution of
NPT levels in the Japanese patients relative to the
unbound plasma concentration of S-warfarin was shifted
to the left compared to that in the Caucasian and African-
American populations (Fig, 1a). On the other hand, the
relationships between the NPT level and INR value in
the three populations overlapped each other (Fig. 1b).

Seven allelic variants in the VKORC! gene were identified
and these all exhibited differences in frequency between
the populations studied (Table 2). With the exception of
the 1173C > T transition in Japanese, Hardy-Weinberg
equilibrium was present. A synonymous 3462C>T
transition (Leul20Leu) in exon 3 was selectively present
in African-Americans and two heterozygous cases of an
exon 2 substitution (1331G > A, Val66Met) were also
found in this population. In contrast, the transitions at
129C > Tin exon 1, 497T > G in intron 1 and 1196G > A
in intron 1 appeared to be present in Caucasians at a low
frequency and the allelic frequencies of the transition at
3730G > A in the 3'-downstream region was significantly
higher in African-American and Caucasians compared
with Japanese. The most common allelic variant with a
significant difference in frequency in all three popula-
tions was an 1173C > T polymorphism in intron 1 which
was found in 8.6% of African-Americans, 42.2% of
Caucasians and 89.1% of Japanese. Population differences
in the allelic frequencies of the various CYP2(C9 variants
were also found (Table 2); CYP2C9 variants with reduced
metabolizing ability were present at higher frequencies
in Caucasians and African-Americans compared with
Japanese.

Low but statistically significant (P <0.05) correlations
were present between the INR value and the unbound
plasma concentrations of S-warfarin in VKORCI 1173
C>T heterozygotes and variant homozygotes but not
homozygote wild-type in the collective results from all
patients (Fig. 2). For any given genotype, the data from
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Relationships between plasma unbound concentrations of S-warfarin
[Cu(S)] and plasma concentrations of fully carboxylated normal
prothrombin (NPT) (a) and those between plasma concentrations of
NPT and INR (b) in Caucasian (open circles), Japanese (grey or
halftone circles) and African-American (closed circles) patients.

the Caucasians and Japanese patients overlapped. Ad-
ditionally, the slopes of the relationships were steeper in
the heterozygous and homozygous variant groups (0.163
and 0.183 ml/ng, respectively) than in the wild-type
population (0.021 ml/ng). Regarding the novel VKORC!
1196 G > A transition, all four such Caucasian patients
had an INR value greater than 2.5 at an unbound plasma
concentration of S-warfarin < 5ng/ml (i.€.,, they had
increased warfarin sensitivity). Three of them also carried
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