BENMRFTED-_1— U V/E

30.7%, EHE3BIB T 20 RIcZ2RA6hTr -
fz. 7 T VBARIRIERNOME S ADIZEANLS
CEEHELARIAREERAE, 297 8077 1Y)
R ABED PT-INR 28-<, PT-INR 2412 U8 THK
ZASETOHRMEBRER T THRALI S,
VKORCI #81# ZOBMIZKE{EEE51 . CYP209
ERHREEL oy onY, BRRICASETOTHHEE
{2, Non-A/Nom-A 81 15 H, Nom-A/A 8 11 B, A/4
WiHTSHH A/ABROREIABIZEREA~OBITA
Bz, HEAIZIZ Non-A/Non-A B2 1% LA &6
T, HEADBBIZA/ANTHE0T, OEAIZH
BBAOBITHERTHHBENENT LTS 7L
T ) HERADTIILT ) v RESEEF S TLST
DX anaMEehTED (hup:/ /wwwwarfarindosing.
org), £AH53 HRICESBAMET S 7L TY XA
EREEZhTIIEY,

G, 7077 ) YOBAORIEHIZ»2HSBIET
B, BESICHGCIEHTSHAMHMLT 280
LEbhs, bhbhd (707 7)) Y ERERCHT
SMEFENE-ARORFOEN | The Study on the
Contribution of Genetic Factors or Dietary Vitamin K
Intake to Individual Warfarin Dosage (Godward Study) | %
BEL ., HAEICET B 77 7)) v OEYLERENE
TREEIZ DNV T, Bt EETEoTV3

2 | PAREU VBN
(aspirin-resistance)

TAEY 23, DREECERLEOT 7o 400
BEOTHELLT, BRLSHZATLIMM/NRET
H5, MBEREONA JZ28FLES L4200
HERBEDO 2 2 7F Y ATH, TAEY 258

(20,652 ) O 2 F£MOEHMM PO £ <2 b (LT,

RalEZE, EOEMNEEE) BREFI2120%THD . JHE

58¥(29.743 B) TR 160% TH =L |MEEh T BY,

LSBT, ZOXTHI 31BN TAEY 2D R4
Xy FOREMHYREELIONS, 0Lz, AR
BEATHFNLRI2ED, TOHEMMENTEIATVS
L0, ZORBR»S, TRV ERBLTY,
J22REFO R A1 A (129%) (32 FWTA~Y b
AHELTVUAZIELELD, REOREALLTHL 2%

50 (410)
71 a7 4%

%0 BELHTFAEY AERMOHEE (42 DHROD
X S
{(Hovens MM et al 2007" £ D 5| H)
TR R IR ;

'_:'ﬁh £ "

27.1 (21.5~32.6)

s 23.8 (19.5~28.0)

WEE
PFA-100 281 (22.2~339) 290 (23.1--348)
APFA 189 (12.1~258) 262 (18.6~33.9)
LTA 15.4 (7.86~23.0) 21.3 (15.1~27.5)
Rest 350 (8.0~84.0) 31.8 (21.6~42D)
HRER
CAD 224 (175~274) 229 (17.0~28.7)
Stroka 26.0 (16.3~35.7) 321 (22.4~418)
Rest 27.3 (9.5~451) 263 (16.5~36.0)
HE
=100mg 27.1 (18.7~356) 356 (2B.1~43.2)
101~299 mg 296 (21.8~375) 282 (20.9~35.8)
=300 mg 21.7 (11.8~81.7) 186 (11.3~26.0)
Unknown 19.8 (10.7~288) 258 (16.2~354)

FAEN AL RS -ANNKECRRAG A LNEE HBER, AR
KRB TPAEN LA L-20MRERD . PFA-I100 £
APFA (3, MECHCRE (FXEM). A o/MEUBREORR
&, 95% Cl: 953%BmMIEmM

"MEE HREE, SRTMELS

OBHAEIGhEY. FO—@EELT, 7ZAEY VIS
RE2hDMIREIILZ 7 ) 22382, £=
AN ZEBEZ DT, —ERTHS2hBILHEL
feth, TZEY YOBRICEAZENED SN S Z LAYE
MEhTnsd, Ths7aE) »ODR%E I/ MREELKAE
ProxFayoAMERRLECHGTFHEL, 72
EY Y EARELTOAIZ42he T, M RMEENS
DRESFHBEEET ALY YIEYGE (aspirin-resis-
tance) LERL , TOHUEPERITOVLTHI L AHE
MML TS, BIE, 2282 b invto dL{liex
vivo MIERZHOTIEL 72 ) YEAELER L -,
WhDZBEFNT ALY ) YIEEOBIZICML T, 42
DRELWHTE b 27+ ) L 20ERYHE
HEhTa", ROUZTOERLELAE ALShA
R eEaR iR, FOEHT oM FEEhE 4 B
S PFA-100, 7 4 7Y /=¥ » L & hi il
ETa47DH- 1)y &S rapid platelet func-
tional assay (RPFA), dMey4& - HiEEEE (LTA) %
ETHB, A9T7H)L208RTE, ZhoOREE
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AMREOEAYE L RIET

%O BEFN7ACICERYEOOFERROBR ([RERNFACY AERM) FOME, x3F7+UL 2
(Snoep JD et al 2007 X 1 §1H)

Grotemeyer et al, 1993 (180) 60 (33)

Buchanan et al, 2000 (289) 158 (55)
Andersen et al, 2002 (71) 25 (35)

Eikelboom et al, 2002 NR
(448 cases, 488 controls)

Grundmann et &/, 2003 12 (23)
(35 cases, 18 controls)
Gum et al, 2003 (328) 17 (8)
Catter et al, 2004 (73) 21 (29)
Cheng et al, 2005 (422) 113 (27)
Pamukcu et al, 2006 (105) 20 (19)
Stejskal et a/, 2006 (103) 57 (55)
Mueller et al, 1997 (100) B5 (65)
Ziegler et al, 2002 (52) 5 (10)
Yilmaz et al, 2005 8 (29)
(14 cases, 14 controls)
Poston et al, 2006 (225) 22 (10)
Chen et al, 2004 (151) 29 (19)
Lev et al, 2006 (150) 19 (13)

24/80 (40)

5/114 (4)

145 (52~409)

<0.001

15/158 (10) /131 (7) 14 (0.6~3.4) 0.42
9/25 (38) 11/46 (24) 1.8 (0.6~5.2) 0.28
NR NR 1.8 (12~29) 0.01
12/35 (34) 0/18 (0) 6.8 (1.8~262) 0.004
4717 (24) 30/309 (10) 29 (09~83) 0.08
6/21 (29) 3/52 (8) 6.5 (1.5~20.3) 0.01
NR NA 29 (15~57) 0.002
9/20 (45) 10/85 (12) 6.1 (2.0~18.5) <0.001
50/57 (88) 21/48 (48) 85 (32~22.7) <0.001
8/65 (12) 0/35 (0) 10.5 (0.6~187.5) 0.048
0/5 (0) 13/47 (28) 0.2 (0.0~4,5) 0.31
7/14 (50) 1/14 (7) 13.0 (1.3~128.1) 0.03
4/22 (18) 12/203 (8) 35 (1.0~12.1) 0.06
15/28 (52) 30/122 (25) 33 (14~78) 0.004
7/18 (39) 23/126 (18) 29 (1.0~8.1) 0.045

fGF  LAWRSER /A FRIESY, 58 HREEN

TR BTN T 2 ) AR OHIBL 24% (95%
{EHXM : 20~28%) THbh, MEHE, HSEE, 7
AEY yORRTHIE L =882 27% (95% (XM
22~33%) ThHot. £, MERTIE, 100mg LITD
TAEY 75 TOT A AARREOKEIL 36%,
300mg Bl D5 TIZ 19%TH -7, BEETET R
Y YIRS kR RV A RBRTED, T
* FUBEEM/MRIERETREOHIL 6% TH -7
£, PFA-100 % RPFA #4412, Fh¥h
8%BLU19%ThHo A LWEIATHS,
ZhEORESNT ALY VIEHES, FIEEDLS
GEEEMEBRLE DN 2L TLRMEE T35,
TAEY2ERELTVLBIZE A D E T MERERES
RIELABETRERENT 2 YIBMMELERL, L+
i L =R EE2ERT 7T 2 E U ZIEHMES, BREMT Z2E Y v
MO 27T THED OWE B 2h TS,

S FREMER  vol. 7

2O 2007 EIZRFENARFFOT ALY VEHR
HEOMEREBOER (BEAT ALY Vg &
OPEAEZMEF LA FTH) L ZAOBREETTY.,
BT 16 DRRBOT—22HVWTWES, ZhoOE
BEFTLHrE, FTOX 9 LMt 3.8 (95%SHXM :
23—~61) ThHH, 7AY ) YIEEBFIZB T, @D
WROMESZREOIZHH 2 h THALRETIE, DR
CHS2 ATV A RFIZC X, LMEREBOFRE
NI LAREEINS, 2008 FFIZEERD A FT Y
Y ZORRAEEY TS OHEE, A EERR,
hotEde, RERE Ml IRFZAL T (percutaneous coronary
intervention : PCI) . @)/ 1 2 21, MEHKBIZHL
TZRPHELTTAEY v 25 Ehi-BBzgT3
TAE SEHMEARETL 2 20 RERICH S B2 x5 7+
Yo2Tah, 7TAE) Y85 RIE 75mg/BH 6 325
mg/HTH -2 HOshilpRRERETT 2K

51 (411)
no.4 2008
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BROAMERED= 21—~ K

F0 FAEUEBRHOAHZZ L

(De Gaetano G et al | Aspirin resistance | a revival of platelet aggregation
tests? J Thromb Haemost 1 : 2048-2050, 2003.% b 3| )

15

PREV -DUSA AXTFAASEUF

oM T2,

eTAE BEROFTE,

esalicylate CWMICE ST ALY -0 COX-1 BERTANORBRINGE
CEAFOT FRAAEEOEBRBICLSZFRE) L OBEOGE

e 7O H - THEBBICLEIFAE ) QL AT FSEY T+ DRDP

- MRREE

s ENHKMI-_LEPAEY AES2ATVE VL VIR ik~ OB
oEf L (R & hMAMESRD COX-2 DRERODRL
QADP & 05— ¥ Al MG BB INS

CiMiETEY

emEIT— ¥ - BEREORETSY

S COX-1, COX-2, TXAAEME, 753+ FoMAIMNEORETSY

eMAIRT + TN/ = -FEBEGPIID/ NaMET S8

1. BEARTALCY 0L P SEOEEORRIC D% 5 S FXI Valadleu
MiEFHE

. e MIPER P ERERER & M JIROBEFE

o FMIPICL B MIEFRIEDT+ 3 GER

OTAEMBEAALM/E:MWHBOMICEZZ37 5% FrMMOEEM
[t d ]

e MH-v7O7 7 — UK TxA,

o M/VR TRAOMBIE LT COX-1/COX-2 TSR T3 PGL 4 L EMED t-
PA (YR

. fBOEF

CARTERCOHEMR FLRACLEI/NLTEZ T A ROMN

. 2F

ML FLAETS* F-MEMFOTAMLIC S TERTIEN 2D 8-
is0~PGF,, M

OFPREYZETEFNAY AZL-TEL I —B{LER (NO) DM iIEHEE &
NEERFEOEENFRR

JAEL AME N B BN 2HD 28%T, ET0LA

TAEY ~ii,

COX-1 O Ser529 % 7 & F A{k L it

D 39%TLOMEAS <y P MRELYE. —F. TAEY ¥
CHLTREMAETRLARETE, LOEAXY FPOR
¥ RIT16%BTH-oLHEZh, T2 ) AR
BEUAOMEA Ny FREDA - XHiE, 3.85 (95%1(2
XM : 3.08~4.80) TH -7,

TAEU XL, 7ux e 7509 04 HET
SILIZENERENERERAETS. Joazrs
DUyDEAERIE, RAFYS-FANEY) SRy T
TFF/BEERTAZETRLES.
Bii7ozxs75 -7, (PG) H £HMFEIZLD PGG,
zgpeh, 25 RISEOABELARMEMRIZLD
PGH, L %3, ZMO PGH ARMTILL 204 %L 5+~
¥ (COX) & Lifh, COX-1 & COX-2 s hd,

IDTIFFY

52 (412)

ot 1 WL I 5

vol. 7

DI R A—a VELEREIL, BRTHE7 75
FYy@ADEENHE 0, TORE PGHES K
T3, TAEY »0O COX-1 OHFHRIL COX-2 DIHE
FL 04170 fEE . TREY ¥it bo v
FFY v RFEOMDRFEE LT 5.

TAE) O OFEE LT, /MRS LEER,
ORGSR TAL, AF I LTS
. adenosine diphosphate (ADP) i+ 7:#l
RSk AMmhEETE LS LY, 22 IITOERE
AEWEhTHAAS, P orEsd G0
EHEESIL TE , M MRS R0 —3 & 5 L
THUAIZBELLILYFAGHS, Thiizd, B
EEEELTAC) VEMED A =X LG

e < =4

Ol = I <

BT,

no. 4 2008
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WEhTn 3 (#O),

EFNEOEHT, RBALLOERFEELELHRIC
LT. REFH7TAEY YERE-BEFSR. &<IC
COX-1AEFEREDMRIDLTLHEEATH
W g, ADPRERTS 5 P2Y,,OBIZT EH
L7 2 VERARORET 7% F B RE
BELOBMIZOLTEBEh T3,

HAEIZELTE, TAY Y AEMECET@ 0.
HEMNRERERTOHEY, Zhizkd e, 720 VR
EpEFE0a7 -y o BEMDFEEELMNSH (quar-
tile) 1244115 &, BERENREBRTLTOAEHR, o
BLOHEIZA <Y PRENED - (1HF— FIE=8)
E@EThTWS, bhbhé | R/ —aitiEmneg
e oIt EEREI NI 3 " ATFHELTT 2
R EZITLIRERLNRIC, DAEIZETS
TAEY YEHROHE, TOTRESCICRIETHE
EBGHICT A0, BHuarkEIN = BEHE (7
A VEHEOREX S VIZZOBREFHRICHT S
%% (The Study on Profile and Genetic factors of Aspirin
Resistance | ProGEAR study) =%l , #EHHETT

LT3, 5%, BHk2 FROREA <Y F2EBHL,

HAEIZEWTT I Y EHREIEROERE L OO
MEF,, $2ELEL, EDLSEHER (BIETH
REZHT) VEENT ALY RN L #ICRBRT
ELORESH, BREEBZ LS TETHS.

T ALY AR HT Aol e LT, REFENT
A AEHABAETLASEICH LT, taofif i
ICEEA A Ik D Py 50REESEH 5,
KEIOLI v M LD ARRY »E
HBEhTED, BREEHT A ViR ETTREIC
HLT, MOMMIREIEETT S I L THETFHRINU
B2 eMI0LI ARG TIEHAS T, il
IMRBEO B LI REREF U TL 3L Bbh D,

3 20K FIVIVERE

Fx /¥ 22 (Thienopyridine) {E&WMTH S5 20
F#Luid, ADP 5K PY 2 RAMICHETS L
T, M/MREEE &I 4. FEE O £ OIZi3Hin )
fERIZ L <, B TRM EhiEtE ik > TIILWT
M MEfEHERET 5 oV 792 TH 5.

RO EOERE & RIET

s FZLz2o0 TS 2O RGeSz R
AL DOBAEYSHSZEAERERTLEYY, £
oIz, SR U RESET & v/ ADP Bl
fhREE, FOENTTomhmeEREZ2#HETS
PFA-100, 7 ¢« 7V /=¥ s HEHEILEhAE T
{70H—1Y y ZFERHLS RPFA , 2 GIZIERENZY
BEFZLLIzES PY 2RI R A M@ aTaEL
vasodilator-stimulated phosphoprotein (VASP) @ 1 > EE{E
A2HETSAEEENHGERTVS, THOBHOE
RAZEHEESNTED, WEAE L TREIZLO
O, REZHZ O F 7 LLEHE, $habbsul |
FUREESERTOEA, A/RBEES ZhREY I
EhTHAVBEOHEIL 5%, 6 UUDETH -
f‘:lG?ZﬂJ'

ZholMEFM 7 o F & LUK & LR
OFR (BEN2 o F 7 ULl LoMEsRE
L2=fgic 20T 4358, Z0RENMML TV 3",
MM PCl 26T 4R 39 EMI2VWT, 20l F Y
UL A# 70% %8 5 ADP B/ R SEE 21 R AF
LTWHBEWTIZ, T0%LITIHM S RT3 BN
EH¥LT, PCORRES » A% TOLME A~V P
FHE (4o X149, 95%EEEM @ 1.66~14.96) I2%
<, LMEA Y FIZBMBELTWSEFICH L THESL
BIkot#e, 2oV FrLiizittaERipi,
MY LABRATF TS LWE e TS, B
ST FREGHEETT 74 <) P ATFRELTVAM
a0 EFIZ VTR (ZER7AY)) VEEHEZ
2O FZLNid3 » AN Ehi) LARE p %
EhTWnas, ADP BIEOBRTEEH£MUHSAL (quar-
tile) (243177 (1 BF:103% 8%, 2 BF : 69% +3%,
38 :58% 7%, 48 133%E12%). 6 » AD 7 r O —
7 o ZHIMFIZ 7 BAU0MAE A < FEREL, £09
LEAR 1Y (7o F 7L LEHRMRE KL, 3D
1A 2BICELA, 3BEA 6N 4 BRCIRBEREY
Aot (p=0007). EST EARBMEEGERE T PCI
EBIAok 202 EPICENWT, P F /L LBAR
ZHWT 70% 4 A 5 ADP Fitf/ REEE A BRITL T
WHI LM, Ly A%E TOOMAES A bz L,
—r L 2 AT THaeHEY EhTvd, &
iz, 7o P ALV RREICH L, BRITATAI L
TRETRICUFENALGAS0E ) »IZHE 3 2R

53 (413)
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HEeNMEED -1 — LK

A7 ¥ & AMEERGRBAMEY EhT1 5, PCI &%
T2 406 EFDLHT, 20E FZ L) 600 mg D load-
ing dose T 5%, VASP ¥ EMEL, 50% 48413
(ThEbb20EFFLLIZES PY, B EKINEHER
HEGLY) BE 162 EFEEERIZHWO (F1F, VASP-
guided B (78 £E(A) (2, VASP {EH A 50%LL FIZIE T+
5T MAIEUBHILIZ/ 0 F ¥ LAIL 600mg
phEMESEh, 2O PClAREEZHA, 3 -
LB (B4 LEM) 12, 7O FZLLOBMES L LIS
PCl ¥ EiEEhs=. TOKR, PClE1 s AETOT 4
o—7 o FWENC, LA e R I2E I VASP-
guded T, ¥ FoO—-LFEHBL LAl -7 (0%
vs 10%, p=0.007). Tho&OBEGIE, FERBA DL
HTHh, SHELET-30FRYATID,

RFAETIHBEz N TV A 20 FZLLIERKBD 2 &
—ZLREOIZRT, CHheOREOENT, 2ulF
7L AR H T A RETEROBE Iz TREL
ERERLEEZh TS,

A2 OE FZ LA &+, ADP B/ R
REDPVASP O Bkt o fglls W Tor o
FELLDTREFML, ZhizMT3@ARLHBMT
HiET 2R, RHBRETFEHRICERShA, ADP
AR Eh oz RE LT ADPRE
KTHD P2Y,,. P2Y,, RREZEEGP Ia, 70 F
Sy THL2E FXLLOERIEKADETRIZME
+ % Cytochrome P450 T & %5 CYP3A4, CYP3A5,
CYP2C19 OERINME I NS Tho v h &/
AMBETH-7OT, HORHEBVGTHET L8
5, FIT, 70 FZLAETRE) A HRALE
1,419 £OLARERSE A HRIC ADP BiEfEE 77+
FoBEEREAME L, CYPIA4, CYP2CI9, P2Y,0%
BABAKHENAS 2 ) THHE ALY,
OMBIZT O AT CYP2CI9 DERD L ht ADP &2
HCMAERLE. ZOHL, 2774 2BREEL
52681G>ATHD, CYP2CI9°2 £ LTHIEhTIS,
HKERO A TLLFEHE L ADP ERELNTS , TOH
I T LU ABICIRIEL T, £/, ZOBREH:
ENOLTIHF EBREEGEC L MAET Ll
ETMMAENL LI CYP3AL & P2Y,DERUL, KR
Tit ADP gL Ml E T Eah o, 23 20H
CYP3A4. CYP3AS, CYP2C19 DERIAKETL

i

="

[
o,

14

M -2
= Ol

54 (414)
o al kgt

vol. 7

£O 7OEFTLMERMDAAZZA
(De Miguel A et al 2008%' £ D 5|A)

1. 70EF7L0DIA PRI EY T4
e fEETE,
e JOEFYLIRSROFE,
o A2
® Cytochrome P450 3As (234 ¥ S EMIBE 4 E
2. AEF3W
P2y RET SR
® Cytochrome P450 3As DR324
oGP | a DMIET SR
2. GPIIb/lla HREFSE
3. ADP BrHimihn
4, P2YREHEOMN
5. GSMATOMAEEHEORE
e BIETERE
e WRER/ T 2) g
® &L body mass index
6. P2y, oL v/ MER Mz S RO MR
7. P2Y CEFLTVI/MVEREEERO AR
e hOVE "L
*FO-FFH A,
[ o b Bt
eIEXTIN
. MR turm-over TR

ZOWMETE CYP2CI9 ORI G\MEETTIRERE
Zok® ZOWMARTIR, 4o Fyvakrad)y
DHEARELE I A>T RN EERNEE 603 &
X%z ADP §HE, VASP @) L EHL, MRETA~O
PL o+ ORBAEM~<S CYPCI9%2 132 hb
ThoOFE@MICHLTLEMMARL, CYP2CI9"2
ZREHHTIL ADP WM DML RTET 88
o7, ThoD@EEERETAE, ZulFTLL
RAEOMMAMREHOE= 5 — L LT ADP B/
BEELHLT27o0E F2 L LRIEARET 2 &
CYP2C19 20 2 0¥ F Y L LOGRIZMEE R, »
DEFZLARFTOFT o7 THD, BE12 CYPCI9
2l L TEfE b EngRah, EiEkEs p2v,0
Cys97 &L  P2Y 2R 7 7 r N3 2 & 12
&) ADP %A 9PF 2 3%, ZokHiz. CYPCI9
MNeaEF 7L L@ tEOERRITIZAE{hh
o TLBTEENEL SN,
HEAZUGLELA2OEFXLAOMRERIETZ
MM T2MARINETOLEIAA20 5K\,
CYP2CI9 DETIHMIZML T, HERAZHRIZHL L

no.4 2008
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R R RRRRRRRRRRRRBiRNSiiRNiisN=:sssSsssSiemmmmmw—————mrmmm™™™

MMEEOERE CBIET

FO BAAOCYP2C19 BEEOFLARE (BUIRSFELTER
BWAETHEIEL T L1253 ARSI NHN)

JOF FILAADEGE £ Eo
YP2C1
CYP2C18 “ f?? ¢ s Vs R ol T T
IO EFLb~a CYP2CI9 | genotype
05376 | 03912 | 0.0712
DRE *1°3 frequency
£ *4/*q 0.7596 0.41 0.30 0.05
*1/*3 0.2233 0.12 0.09 0.02
Eu *3/*a3 0.0165 0.01 0.01 0.00
cypz2ci19®2, *3 cYP2Cia  *1/*1 *1/%2 *2/%2
RHENTEGL
Fliv BATOHE 0.71 0.27 0.03

BFREARZOEFF L L EEEEFEAERT 3 CYP2C1O RFP TV E A EL,

FAehTEY, F<OBIHAREZATVS, &N T
&, EEESESMERRRNAIL =T 4 /4T D
P2y tO—BMELTHE IS = 2RHEEICET TR
iz, BARAZI BERBREL, NTOF TOMELT
BIkoTEh, BEAD CYP2CIY DERMEOLEK
WTHD?®, ThizkdE CYPCI9*2 DT L LKL
0.267, *3 DT LLHEIZ 0128 THS. "2 13EIFLED
A LEESIZ2 754 2BRERTHN, *3 1281k
P ki AERTHS. LI, BARIC

EAZEEES5AE MEROEEL G LICHRET S,

HEADK 40% L# CYP2CI9 OB ER AL 20T
EaEREhLS (RO). HEADH 1 8L, CYP2CI9
EEohL{RELEV ZOFERE LR IOFE
KTH5. BATIE CYP2CI9*2 DT LV ILBIEIL 016 T
BN IEFELEN, LT, BEAZ CYP2C19

EXRMTABERAEHEEICRATILEREATVS.

BHOIC

ZZx T, Hme¥oERiFizonT, F-7—441

Fo(EIE) EaENED TR DM Sl TE LA,

IS EAEMMEIZIL T, VEARKMIZZIT AR

ERTLIBLiFN AN FokEEkMRELT,

in vivo {2317 3 M/MRBAEEA SHRBEUZFM T2 invito &
L < it ex vive M/ iRWEEMERIZVEEWTENTSE
6F, WEMIZRLOILEEDH 9 F A TEDRE

tTEAVAYL, ThsERRMIEOBETERLEY T
ETWELIZEMMERE N TVIB, 24, HMBRIEIZR
6F, EARFERTLIRTOBEADTSH DT
B\, LAkdoT, BARNEHIE L ERET(Z “teatment
failure” (FHBEAEIN) &3 RET, BBlLEEL LTY
My spERsnE A hTVS, 261z, AR
O TFAT /AR METILENSHEI L, Fi,
MR, MMEREOLICEE T30 TR,
EEXFABEERICHERET A28, P/ RS /R EE
iz b HRERRO - —20ORBEHA S
BEFOI LA EOBBT, RlVMEEISAEKTHGE
EOZLAKMBRNTHIS LRI h TS, LA
MoT, BRRTEROMERaELHEL T, TOBRE
Lo THM/MEREIZ T AT A T L AREBRB TH 4
INETIRAVWIELE, BRLTEELW. &, bh
bhaEBLTWAHREED T, BasRE1ED S
h, Fiz, BEIEERICED, 6 cHDTEELIM
BREALIEND Z L& MFL AL

(8]

ZORMLOMBRO—EIE, EFBEHARARBYES &
U (5 EEEBMEIRMERTFIC S5 LR REE
BRTEZ L7

o e

1) Yin T et al © Warfarin dose and the pharmacogenomics of
CYP2C9 and VKORCI-rationale and perspectives, Thromb
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Aspirin Resistance
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Shigeki Miyata', Toshiyvuki Miyata®, Akiko Kada®, Kazuyuki Nagatsuka®

Abstract

Aspirin inhibits platelet activation through the permanent inactivation of the eyclooxygenase (COX)
activity of prostaglandin H synthase-1 (referred to as COX-1), and consequently inhibits the biosynthesis of
thromboxane A. (TXA:), a platelet agonist. Recent meta-analysis has revealed that long-term aspirin
administration has clear benefits for the secondary prevention of cardiovascular diseases with an odds
reduction of 23% and an absolute risk reduction of 3.1% over 2 years. However, this indicates that not all
individuals respond equally to aspirin therapy and cardiovascular events may occur during aspirin therapy,
this is often denoted as “clinical aspirin resistance”. Several reports have, indeed, suggested that the effect
of aspirin administration varies considerably among the patients at high risk for cardiovascular events,
Approximately one forth of the patients showed persistent platelet reactivity in vifro despite the use of
aspirin (denoted “laboratory aspirin resistance”), this was determined by laboratory tests including the test
for arachidonic acid-induced platelet aggregation and the assays using point-of-care devices. Recent
clinical studies have proposed that resistance to aspirin (laboratory aspirin resistance) can relate to the
cardiovascular outcomes in patients treated with aspirin (clinical aspirin resistance). A systematic review
and meta-analysis on aspirin resistance have indicated that patients who are resistant to aspirin are at a
greater risk (odds ratio: 3.85) of clinically important cardiovascular morbidity than patients who are
sensitive to aspirin. However, many issues are yet to be resolved in order to apply the concept of “aspirin
resistance” to actual clinical practice, The relevance of the various ex vivo functional indexes of platelet
capacity to m viwo platelet activation and the precise mechanisms underlying aspirin resistance are still
largely unknown. To assess what kind of laboratory assays is the best predictor for cardiovascular events
and the risk factors of aspirin resistance, including non-compliance, concurrent intake of other drugs such
as nonsteroid anti-inflammatory drugs, and polymorphism of COX-1, we have conducted a multicenter,
prospective cohort study (ProGEAR study). We hope that these results will contribute to an individualized
antiplatelet therapy through the identification of aspirin nonresponders as a high-risk group for cardiovas-
cular events.

Key words ! antiplatelet therapy, aspirin resistance, cyclooxygenase-|, laboratory assay, cardiovascular events
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ERThHIEgmEah TV,

BIRMFT TR, BEHEOBED R 7 — F A2z 8BEE
%, HEHAR T CHEFEaMS i #E L i3 2 Mg
DFFED, MR OVMBEREI LA L 25, Litho
T, 77T o0—LAMBECHT 2R LEENLEDEER,
/MREEE 25, TOPT, TALY »id, £0OE
MEERE, FEEBERCRVE IR LFEE2TE
LTED, BffAE LUHEEHm, 7ALY »lBLk
FEERTAREALZLY, Fx /) VU REFTRE
Tar52mtEmMEE L EEREMA (thrombotic
thrombocytopenic purpura : TTP), MBRERE, PR
e COERLAEACET 2ESHR D n
i, BYEHEZATWAHRMRETH 2,

RENMBEEETHLI7AL7 7)) Vi, TOHRERE
KBWT, ZO%R% PTINR (Prothrombin Time-
International Normalized Ratio: 7o } o » £ »§F
fll—EpEEER{EL) STE=2 ) 7 LMo RE
L, HMETI. —FH, TALY yeEBEEhEH
MR}, =% & %fTbT, —ERTHS 2L
BILENEG, LML, 7AYol
BRI REAZENSH S, LOmEMNLUFILEEEH
T8, TAEV >OUBRPET 35=7 ) > 7OLE
HiowTiERETsELES 2,

W, ZOT7 ALY yoldRREENZ RT3
fBAZD, BERGLERER >OTREVWY, Thbb,
FACY YBEEZPTWA K bhnb 6T, MiEH#
REMIBIZIRSFBERE7 ALY VEHRM (aspirin
resistance) E EE LS, TAEY Ytk - TEEMN
MAMREEERET LTV A 7R ) v EBESgE0BE
EHBLT, TAEY AEHER T, [LIEA <> b
DEREHEECLS(EHLND LOWMELWINL,T7 A
Y YiEHiE (aspirin resistance) ) & >3 S AR T
HHERD I LI L ZOBSIE, BEALLE-
LERAzLSCESRE, TOoMREE=F ) /LT
BoERATIIET, BRRKRCEHT, »2RIFRAOL
LOEREHET 2EIEES AT B Ic o3
ZELHD, 2EXELBNMTENTETVE,

ARTH, 7AEY AR (aspirin resistance) 1=
M 2BBSTORNICDOTEESZEE L2, T
SHTH>TWAT ALY VEFHECHT 2 R
FMERBHARTHS "7AL) AEHEOREES 5 A
TOMETHRCPT AW% (The Study on Profile
and Genetic factors of Aspirin Resistance: ProGEAR

study)y Z220T, ALz,
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TABY ¥, 7oRP ¥R HEEL
BHEPERE*RET 2, 7RSS0V 0ESE
if, FAFYN—FANRBY) YIBEA»E7 73 F - Ei%x
YT A2 ELTHES, COT7FFBRR7orsy 7
7Y (PG) HEXBRIC LD PGG, icF#fizhn, &
SiIRBROBRBEEBEE/ERICLY PGH, k23, 20
PGH 8iBRIZ> 2704 4 F—€ (COX) & ML
i, COX-1 £ COX-2HHIoN 5, COX K&V EmEEh
7: PGH; 2, PGl (FuAx #4471 ) Proris
YA, (TXA) ~EZTRFhOAREBERICL VTR
i, /MRS IE M/ M TR B IERF AL & icm
MEEMEACTER/ MEFRBIGEER 2 R+ 2, L7
HoT, RLTZFFEBTH, MMRRS T S{C8E
Y (TXA,) e, mEREHER (PGL)
T it Mtz @ < v,

COX-113¥, ®, m¥ER, MIMRE VS, TXTO
RN RELTWS, 7AEY Y i, COX-1D
Ser529 27 £ F ML LEDLOMEET{EEECL, &
BTH3277%FrB~0OBacHETLIC LT,
PGH, EE£ %M+ 3, 7AE Y >0 COX-1 FAEZHE
IFCOX-2METI N 170 EH#Hwv, 2D LS5, TAE
Uit ko R Y IREE O MMRIS L2 HE T 5
ZET, HlvMEER 2R+ 5, COX-1 OlE¥i 7o
A8 /4 FROBEENLERENHT 20T, LEHE
EHMEE () Lo tBfFREsEZ T I 453,
BOESENLTAC ) Y3 W E/NBOREES & FR L
BR=N5E, 7 AEY ¥ REEH 20 4P Mg
Hah, 30~404LARKCE—2 b, 1EMEACm
AMEBRAE# IR+ 5, M/MECOX-1 BT AE ) »hig
BIWBT 3RICMIRT7 e F s hii s hs, 7
ZEN X IEBEOERNT, BEEOrsD, TERLHE
CGHEATES.E/:.HOpH LD TT7AE) v
A #ELf/NRICINz Shvs, —8, BigH iz Iggo
LHTHIHTOTpH @, 7AENV @G T b >
fEEICC SREZEBDIC S WIRME L A D RUY = 411z §
Vi, LIzdioT, BEAIII7ZAY ) > OBREMEL, %
DUBRFRLE

TAEY »OMPOEFEIGEFI 2053 TH LM, R %
THEBBE LV EG, MME3EF S wOTHRL
LERCERTERZ LA, 7 ALY ) » 8510 £ 3 COX
DT aLERy 2 SR, M RO EGAR 228510 8
HIHESE T 4.
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I. ZREY>OEME

7T AE Y OME A <> b ZRFHIC 2
e2wnTiR, BRI THRT TR,
MEEERED ) A7 28288 (RIEES—8ER
EMEFOBRE 2 BE, (HEKEE, T0RES
HOBELY) 250V ACBTREBO A7+
PANREBNWT, TALY AR5 (29,652:8) Tit,
BEF 2 SEMTO A A b GLHHEE, REX, BT
KH) OFEWESIE129%THD, 2 Po—LFE
(29,743 %) TR16. 0% THo L LFESN T3, L
feioT, CheBEBHCHNTLIATFHELT, TA
E Ui 23% 04 v XA, 19% 0N Y A 2 8P,
31%0N 2 7RIBBHENE L LS,

LALZhs, CheoDPEEFWMELERTASLLE,
TAEY i, MBRBEBIEONAS VAZBETOL LY
FARESSO4LE B1%) A5 EHNTETWE
big §7:, MBEREOAAYVAZBEDEALZLA
(12.9%) 4, 2FEMIZTALY) Y E2MATVIZ L
boTARYPERELI:ZLERS,

ZOEHHWMEBAFRNS, T, TACY viEMICE
WTARYFPOBREBSCEDTERVBEELNFE
FEOH,E, BHER DI BTN, TTALY &
OfMmAMEE R ICREAZREDH 613, LORE-D
2o Lz, 7AYY »iEHtE (aspirin resistance) &
IMENEETHTER,

. 7XEVViEHRE (aspirin resistance)
DESH

TALY OB EMAREELAED b o > HF9 AR
MEYREE AR WTIHEL, TACY »E2BEL T
Zicbdmbs ¥, M/MNMRBAENHREH-BERE
T ALY ~ERME (aspirin resistance) L EXEL, FO
HESCEEC DLWTHRNLA-8SSEINL TV 5,

EIR, sg¥xxinvitro b L <k ex vivo MIEER%
AOwTHEL7 ALY AEREEE#EL:, bWl
EFHTACY YERFOHECMLT, L208B:S
HTTbh AT HI VY ADOERVEEEELTL
%%, Table | K EDOFRET L. By ol Mv/MRER
fEFfliz i, a7z -4 /2837 vEa—F4 7
Lizd— b Yo #EBul, FOEATTom/MIgEE
REZBE T % &£ vib i Ty 3platelet functional
analyzer-100 (PFA-100), @7 4 7Y / —# »HiEH{E
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Table ]| BMERNT7 ALY AEHMEOME
(32 OEFEO £ ¥R (SCELG £ 0 g1HD

HirE
Not adjusted Adjusted®
".n {.q‘-}r]q C[' "o ‘193"0 CI}
i 23.8 (19.5-28.00  27.1 (21.5-32.6)
e
PFA-100 28.1 (22.2-33.9) 29.0 (23.1-34.8)
RPFA 18.9 (12.1-25.8) 26.2 (18.6-331.9)
LTA 15.4 ( 7.8-23.0) 21.3 (15.1-27.5)
Rest 35.0 ( 6.0-64.0) 31.8 (21.6-42.0)
X §uzin
CAD 22.4 (17.5-27.4) 22.9 (17.0-28.7)
Stroke 26.0 (16.3-35.7) 32.1 (22.4-41.8)
Rest 27.3 ( 9.5-45.1) 26.3 (16.5-36.0)
M

=100 mg 27.1 (18.7-35.6) 35.6 (28.1-43.2)
101-299 mg 29.6 (21.8-37.5) 28.2 (20.9-35.6)
=300 mg 21.7 (11.8-31.7) 18.6 (11.3-26.0)
Unknown 19.8 (10.7-28.9) 25.8 (16.2-35.4)
TALY XYL Y29 »A0MEERS - MER, SR
B ARICATT7TACY VI AT ADMEEERD T,
PFA-100 & RPFA i, PisEICHW/-BREE (3088 LTA ©
M/ REEREOMBE . 95% Cl : 95% (X
‘BERE, NRES, BRTWMIELL

SN E—ZXBATLEETIA TOA—= Vv I%
Hvafe rapid platelet functional assay (RPFA), @7
FHEFvELREER2T7I=A + £ LTHGHES 20
REEgE: (LTA) R ETHE, AFTHIVADERT
i3, INLDHEETEKDLBEFNT7 ALY ANt
DFFEIT 24% (9% EHXEM 20~28%) THD, BIEA
&, SRER, TACY CoOFRTHIELCHEER 2T%
(95% EEREM 22~33%) THo7:, Fh, WIEETH,
100mg/BUTO7AE Y Y BETOT7T AL »EHiE
OB 36%, 300mg/ B EORETIE19% T, &5
BTOEEESNBY SN, BEETL7TAL) YER
HOoBEEEARLRLBZENTED, T7% F o HE
EimAdREEMEE (5558 TREOAER6%THo:
L D@, PFA100 (22 E8) % RPFA (6 5E) AW
AR, FRTh BUB I 1% THh- T LBEER
Twd, &7z, TAC) YBESEE- - XRERE, d
WiRER (LEAEZE, i, SRRMTHEREL L),
R (et heiesE, —BEREmMBIEL E), £0Ofl
(RHBIRER L L) ica ol 7A8) ~Eilo
BECREEZERELoh o,

SOAFTF Y ATIE, BE (compliance) DRI
KOWTRRIRTE Thizni®, 7TAP ) B
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non-compliance W EM LT WA I L RXTETEL

kg

V. 7REY 8% (aspirin resistance) @
FRARBIE S

INOHDOREFNT ALY VEREYN, EBEDLS
HHENEELFODIC 2L THRENTEATYLS,
TAEY ZE2BEL TS CLhbET, MBERE
PEELLBEBERERN T AL LMEELEERL,
FRL 2-EFRR7 ALY ViR, BERTALY
ROV AIHETFEL S LORENLZENTLS,

TAEY il 325 mg/B% 7HUE) 22, fho
MMMEE 2 REH TERSEE L -ERBEE 54
, A&l LAHRBEEH 5, EHRERT
60% L EOMMAIFIH XN T 2 BE, LK, R
HOBREYH 2 BE, OITHERFXZITw2BFLEN
iz, AESLCRBLUBAY T -7V BEENTHEREL
BE MBI BER L, B (GEMRMERIZ 6791185 H)
L7:$ETHD, 7AL U B, diMEEEH %
A, 10 uM @ ADP BT T0% LA E% &5 T2 0.5 mg/
mLOD7 7% FrEBEET 0% U LLOEEEED -8B
FBELTEESN,5.2%0BENT A ) Vit
Wrani® ZoRBROFEFMEER L LT, L, L
3R, 24 FFMILL L < ERMBNEREOMS = F it
A4 bHEERNR, TAY) YiEHiRRER, 7AEY >~
BREFEHBELT, LRSS FHA Y MISELR
FEni@r otz (24% vs 10%, ~¥F—FH3.12, 95%
{EHEE 1.10~8.90) £ 7z, MHIHZMARTIC & 0 /b
WY, F#, LT2, 7TAC) HERENMTI LBk
BT (7 ALY YEBHAKONY— FH4.14, 95%EEHE
[11.42~12,06) THoL EHBEY 2TV 3,

A+ icB13 5 HOPE %8 (The Heart Qutcomes
Prevention Evaluation study) @ 24— rRr—22 >
Po—nffR ELT, SHEMO7 2 0—7 v 7+
2, TAEY »BEE2ZFTVLIICZLEbaT, Ll
HEZE, [ghnge, EPEMEMEAE - LB 88 M0
&b 11.dehydro thromboxane B, ##lEL, 7 A Y »
B ERLLBEYD S, 188 G0 £ 55l %
?oFI3arro—n (FALYAZRBBL, LB
fisE, Rofd, FCEMEMELRE - 2 Ao BH) %
filiiH L 2z, IBE WO J8 12, BRP 11-dehvdro throm-
boxane B. fifi % 4 530 (quartile) (24 (G728, LifnE
g, Rdfide, BEMERYOME - F e
2B, IR 11-dehvdro thromboxane B, a6 { &

5 i S S = 4|

BRAIN and NERVE

il

ZE2N0T, FOWEHEML 2, 1, RY 11-dehydro
thromboxane B, % 4 I (quartile) E3PT—F&
LR, —FEVBELEELTESF3f > biont
T54 A3 1.8 (95%EHERM : 1.2~2.7) THYH,
LEREER D 4 v XM 2.0 (95%EHEEM : 1.2~2.7), &
FEMERED A » AH 3.5 (5% EEEM : 1.7~7.4) T
HolttBEENTWS,

i, FEpo b, TAL) YRBEREOIF -4 >~
ERMAREEEEES 4 HMIc AT 2 &, BBENBLE
FLTWAHKE, ORI DEECA <Y b RESE
Mot (NYF—=Fl=8) LREPEIhTVS,

INSOWMENRBELZD, 2O, RHOWEHHE
K, Bfl, CheBEDVATFF 4y vEa—
TV, BEFH7AC) YEft e LOBEREEDE
B (BENTACY ABHl) oMEERS LA
THU Y AOBRYB|EE LY., ZORETE. BES
LA, A EERS, R, percutaneous coro-
nary intervention (PCI), BEIIR- <4 /* 285, MEER
KHLTZRFHELTT ALY Y4285 5shi-BEw
WEST7T ALY ABGTEERE L A 20 D5 (2,930 iE
) oF—sBBEFTENL (Figl)s TAE ) > i
75~325 mg/ H DS/ N, 6 DORBTH, 7
A Y A OMMIMREE L BRI RS TR,
NOEDEREE LD B &, B10iEH (28%) BT ALY >~
B EEEEATVS, 7AE) ViERME, ait%k
SUERRERERECEr ot ah T W3, 7
A AEHMEERE L BERTI, 39%IC.0MmEA <
YIrEHeROEHL, TAE) XEEFHBETIH
16% s MEA > rHBHSNT, TO4 v Xl
3.85 (95%{BWILLEL | 3.08~4.80) THolz, FEA
¥Rl T S, FEETIR, 4 v XH5.99 (95%(8%
FEik © 2.28~15.72), BERFEERTIE 4.06 (95% 38
Bl 1 2.96~5.56), # 7 7 +PA%E (graft failure) i3,
4.35(95% fB#RRC L © 2.26~8.37), ¥ilumeE 1~ b
£ 3.78 (059 {BHARSHE ¢ 1.25~11.41) = EhL¥hicBw
Th, TAE ) XIREBREFICEWT, MHOBRGEH D
RS S T e LBHETH, ZRMCHERLT
LABEICHEA, LMEREBOBRELE O I LR
BEHd17: (Tablel),

V. ZAEYU VEREDRER

FAE ) AR OREA L L T, MRSt CiERs i,
borEFt fFEROARS T, AT 30T 22,
R I A 'I.’l[

b a2, adenosine diphosphate (ADP) £ L

Mis 11 H
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FALY FALYL

ERERIz mEBMENC Aw X 7y XL
- HitdA4~ HlirdaA (95%(EMEM) 'lnlglll (95%{BFAEE)
HE ShRER  URRER 0%
Thromb Res 1993, 71 397 24/60 5/114 — 2.63 14.53 (5.16 to 40.89}
Platelets 2008, 16268 2/22 1//25 = » 1.09 2.40 (0.20 to 28.45)
Thromb Haemost 199778 1003 Bfa1 0/55 _ ) 0.44 2B.14(1.57 1o 503.85)
Can J Cardiol 2006;22 149 15/158 9/131 — 11.41 1.42 (0.60 1o 3.36)
Thramb Res 2003108 37 %/25 11/46 ———— 6.35 1.79 (0.62 10 5.17)
1 Neurol 2003,250 63 12/12 23/41 —_— s 0.55 19.68 (1.09 10 354.69)
1 Am Coll Cardiol 200341961 417 30/309 e—— 3.06 2.86 (0.88 to 9.33)
Am ] Cardial 2005,96 760 19/29 470122 _—— 7.97 3.03 (1.30 10 7.08)
Am Heart ] 2004,147:293 1/9 3/52 s » 1.0t 2.04 (0.19 10 22.13)
Platelets 2004,15.9 1/2 1/28 T 0.09 27.00(0.89 to 821.79)
Vmtrni Lekarstvi 2004:8.591 61/73 1/30 » 0.30 142.42(18.28 to 1186.69)
Thromb J 2005.3:10 17120 15/44 —_—) 1.B0 10.96 (2.77 to 43.40)
1 Am Coll Cardiol 2004431122 10/22 17/95 —_—) 4.47 3.82 (1.42 10 10.29)
Circulation 2003;107:2008 27145 11/146 - 2.66 18,41 (7.82 10 43.35)
Tohoku J Exp Med 2005,207-59 42/69 62/135 —— 21.02 1.83(1.02 ta 3.30)
Thromb Res 2005,115:25 7/8 7/20 _ 0.64 13.00 (1.32 to 128.11)
Chin I Cardiol 200533 695 167 67/189 —8— 17.43 287 (1.62 b 5.10)
Acta Neurol Scand 200611331 1/30 8/210 - 2.48 0.87 (0.11 to 7.22)
J Thoracic Cardiovasc Surg 2006,31:122  7/49 9/146 E 4.57 2.54 (0.89 1 7.22)
Blood Coagul Fibrinolysis 2007.18 187 8/52 20/182 —_—— 9.63 1.47 (0.61 ©3.57)
Total (95% C1) 810 2120 B 100.00 3.85 (3.08 to £.80)
Test for heterogeneity:
1'=60.69, df=19, Pc0.001, '=68.7% 01 02 05 1 2 5 10
Test for overall effect: z=11.93, £(0.001 b Lok - 10 Yo
Fig.1 ZAE AEHREFFRLARECSFZ LTI~ DY RY
(3Z#k 13 £ V3| H)
Table? 7AEY ERB¥LRTRERCEIICNF
B & B M/MTSHAGEERS 2 &, % % X 32 OIStk 17 tOYRZ7 (XM13 L D3IA)
G & 4 7 > &2 \ A9 Xk
HHESHTwaRH, bofEd AAREEOD/IME Ao b Fises mEm [95?1‘%%;“}“ il
EHEAEEHFIL TH, MAMRIEEERO —E s L — e e
7 F T O 20 2,930 3.8 <0.001
! Sy Fval & & A b Y P A Y " .
TRERTEZVI LN HL oS, 21z, b 4} (3.08~4.80)
non-compliance 8 7 A »ERE0EEL 772 - 4 728 5.00 <0.003
—""i;i:'; ZEMIERANTWE™, PP o %IR3E (2.28~15.72)
AERERE 9 .27 ! <0.00
LTw SMBEL 12 700 &0 LBRA 7 — 7 AARE £ M RRREN s . P .
& —~23.20
&@%‘ BN LLER, BHTE 692 4%, 680 &M 757 AR 3 420 4.35 <0.001
MroxiFy B, DETLHED N, 24, @% (Graft failure) (2.26~8.37)
ArEROMM o v E54 2B, DERTL, 755 PRk mE 4 30 3.78 <0.02

A4~ b (1,25~11.41)
FrBEEm/  REEE @B ALZH 5T, non ———— e ——

comp]iance BRATHI EFLONL B 12 4Ti,
ETLTWALOD 10ng/mLUET, 73%F BE¥

Elm-l\ﬁ&!!&%f&ﬁaar:q s BEREC, ex vivo ENRTVwEYN, 4 770722 K OEAFOL Fi
T7ACV Y EFMFT 3L, TRUOBETTI7FF RIEFER ED, 7ALY 20 COX-1 DES 2 EHHE
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Genetic Polymorphisms of L-Type Calcium Channel alc and
alp Subunit Genes are Associated With Sensitivity to
the Antihypertensive Effects of L-Type Dihydropyridine
Calcium-Channel Blockers

Kei Kamide, MD; Jin Yang, MD*; Tetsutaro Matayoshi, MD; Shin Takiuchi, MD;
Takeshi Horio, MD; Masayoshi Yoshii, MD; Yoshikazu Miwa, MD; Hisayo Yasuda, MD;
Fumiki Yoshihara, MD; Satoko Nakamura, MD; Hajime Nakahama, MD;
Toshiyuki Miyata, PhD*; Yuhei Kawano, MD

Background: The response of blood pressure (BP) to L-type dihydropyridine calcium-channel blockers (dCCBs)
differs among individuals.

Methods and Results: A pharmacogenomic analysis was undertaken in 161 patients with essential hypertension
who were treated with dCCBs 10 study whether genetic polymorphisms of the calcium channel el¢ and elo
subunit genes, CACNAIC and CACNAID, are associated with the antihypertensive effects of dCCBs. Respond-
ers were defined as those in whom systolic BP (SBP) was lowered by more than 20 mmHg or diastolic BP (DBP)
was lowered by more than 10mmHg after treatment with dCCBs, Eleven sequence-proven polymorphisms of
CACNAIC and 5 common polymorphisms of CACNA 1D chosen from a public database were subjected to geno-
typic analysis. The comparison of polymorphism prevalence between responders and nonresponders showed
significant differences in CACNAID rs312481G>A and r53774426C5T, and in CACNAIC 527974G>A. There
were significant differences in SBP or DBP between alleles in these single nucleotide polymorphisms (SNPs). A
much more significant reduction in BP was observed for the combined presence of these SNPs,

Conclusions: Three SNPs in CACNAID or CACNAIC are genetic polymorphisms conferring sensitivity Lo the
antihypertensive effects of L-type dCCBs in patients with hyperension. The BP reduction by L-type dCCBs
might be predicted by evaluating these polymorphisms.

Key Words: Essential hyperiension; Genetic polymorphism; L-type calcium channel gene; L-type dihydropyri-

dine channel blockers

of the L-type dihydropyridine (DHP) subclass, are

widely used to reat hypeniension because they are
better able to lower blood pressure (BP) than are other
types of antihypertensive agents! The DHP CCBs (dCCBs)
complement the BP-lowering ability in both salt-sensitive
and salt-resistant forms of hypertension (HT), and clderly
patients generally respond well to dCCBs? Recently, a
number of trials, including VALUE? ALLHAT# ASCOT?
Syst-Eur? and STONE] and most correctly performed meta-
analyses have demonstrated that dCCBs effectively reduce
the incidence of stroke events in older patients with HT%?
and could be the preferred agents for treating HT in patients
with ischemia heart diseases because of their vasodilatory
cffects on the coronary aneries? Y Moreover, dCCBs dem-
onstrate additive effects on BP reduction by most other

Caicium-channcl blockers (CCBs), especially those
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2009)
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kinds of antihypertensive agents, especially angiotensin-I-
converting enzyme inhibitors, angiotensin-ll-receptor
blockers, [#-blockers, and thiazide diuretics, with few side-
effects? 10 Because of these advantages of dCCBs, several
groups that establish international guidelines have recently
endorsed them as an initial therapy option in patents with
essential HT (EHT), and as an important component of
most multidrug regimens for BP control according to a
Japanese guideline (JSH2004)!" However, the response of
BP to dCCBs differs among individuals, so, w lower BP
more effectuvely, determining an individual's sensitivity to
a dCCB before prescribing it would be useful.

Recent studies indicate that the heterogeneity of a
patient’s responses to antihypertensive treatment is, at least
in part, genetically determined!? This finding underscores
the role of pharmacogenetic research to identify either func-
tional genetic vanations or vanations inhented in linkage
disequilibrium (LD) with these vanations as markers to
enable more individualized evaluation and selection of
agents for treating HT in each drug class!*

In Japan, more than a dozen dCCBs, particularly DHP
denvatives, are available for clinical use. These DHP denv-
atives bind to receptors on the al subunits of DHP-sensi-
tive voltage-gated (L-type) calcium channels to exert their
antihyperiensive effects and are believed to play a central
role in the excitation—contraction coupling for cardiac and
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Table 1.  Comparison of Characteristics of Responders and N

KAMIDE K et al

jers to L-Type CCBs

R=ASBP>20mmHg

R=ADBP>10mmHg

Responder Nonresponder

(£SD) (=5D) Exsing (£8D) (£SD) Fii
n 48 113 56 105
Age (years) 62.7£108 66.749.0 0016 63.9£11.3 66.4£8.6 0.124
Sex (M/F) 23/25 62/51 0419 W 51154 0.140
BMI (kg/m?) 211479 21,4186 0849 225470 20.749.0 0zo1
Pre-SBP (mmHg) 169.7£18.8 151.2£18.5 <0.001 16184238 1540£17.8 0.020
Pre-DBP (mmHg) 10298115 93.6£10.0 <(1.001 1024£12.1 932494 <0001
Pre-MBP (mmHg) 125.2412.2 1128492 <0.001 12224130 1134296 <0001
Pre-HR (beats/min) 68.629.3 69.6£10.9 0.585 68.649.3 69.6+10.9 0.585
Post-SEP (mmHg) 137.6514.2 146.3£15.1 <0001 137.7£142 14691150 <0.001
Post-DBP (mimHg) RH44073 B8 4499 0.243 B44x104 896489 0.001
Post-MBP (mmHg) 103.549.3 107.749.7 0012 102.249.3 108.7£9.2 <0.001
Post-HR (heatg/min) T2L6£9.8 7182128 0.708 726408 TI.8£12.8 0.708
Monotherapy (%) 315 212 0.035 304 28 037
Type of CCB (%)
Amlodipine 9.6 442 0.584 429 42.9 1,000
Nifedipine 229 18.6 0533 232 18.1 0.442
Nicardipine 10.4 13 0840 54 143 007
Manidipine 83 9.7 0778 0.7 8.6 0.659
Nilvadipine 6.3 8 0.700 8.9 6.7 0.607
Bemdipine 21 27 0.829 1.8 29 0.669
Nitrendipine 42 1.8 0.392 1.8 29 0.669
Bamidipine 0.0 1.8 0232 0.0 1.9 0.189
Cilnidipine 21 09 0.548 1.8 0.9 0.657
Efonidipine 21 0.0 0.9 1.8 0.0 0.145

Responder defined as SBP reduction (ASBP)>20 mmHg or DBP reduction (ADBP)>10 mmHg, respectively, afier taking L-type

CCB.
CCHs, calcum-channel blockers: R,

P SBP, lic blood p

DBP, diastolic blood BMI, body mass index;

Pre-SRP, SAP before treatment; Pre-DBP, DBP before treatment; Pre-MBP, mean blood pressure before treatment; Pre-HR, hean
rate before treatment; Post-SBP, SBP after treatment; Post-DBP, DBP after treatment; Post MBP, mean blood pressure after treat-
ment; Post-HR, heart rate after treatment; Monotherapy. prevalence of monotherapy

smooth muscle! L-type calcium channels are formed by 1
of 4 principle pore-forming a1 subunits [«ls (Cavl.1), alc
(Cavl.2), alp (Cavl.3), and alf (Cavl.4)], which are
encoded by different individual genes, in association with
several auxiliary subunits!® Expression of als and of alF is
restricted to skeletal muscle and retina, respectively, but
azlc and a«lp are widely expressed in neuronal and
(neuro)endocrine cells and in electrically excitable cells in
the cardiovascular system, including cardiac muscle and
vascular smooth muscle!® In most cases, both channel types
are found in the same cells, with «1c usually being the pre-
dominant isoform!” Although previous studies have shown
that the effects of dCCBs on the contractility of ventricular
muscle and aortic smooth muscle are exclusively mediated
by elc (not by «1p)!® and that alp might control physio-
logical processes, such as diastolic depolanization in sino-
atrial node cells and neurotransmitter release and neuronal
excitability!? the physiological effects of these subunits are
largely unknown. Considering their expression patterns,
the central role of alc on the contractility of heart muscle
and of vascular smooth muscle, and the important role of
the neuroendocrine system in the pathophysiology of HT?0
genes encoding a1¢ (CACNAIC) or aln (CACNA D) might
be candidates for influencing the antihypertensive effects
of L-type dCCBs.

The aim of the present study was to evaluate CACNAIC
and CACNA 1D, which encode L-type calcium-channel sub-
units alc and «1p, respectively, in relation to the respon-
siveness of patients with EHT to treatment with L-type
dCCBs. We focused on evaluating the effects of the alc
subunil. First, we screened for possible genetic polymor-
phisms in the promoter region, all exon regions, and a small

part of the intron regions of CACNAJC in 48 patients with
HT. Next, we performed genotyping of the missense muta-
tions and representative common polymorphisms of
CACNAIC found with direct sequencing or common single
nucleotide polymorphisms (SNPs) of CACNAID chosen
from a public database in 161 patients with EHT who were
treated with L-type dCCBs. Finally, we examined the asso-
ciation of these genetic polymorphisms with the responsive-
ness of patients with EHT to treatment with L-type dCCBs.

Methods

Study Subjects

Peripheral blood samples for genetic analysis were col-
lected after written informed consent was given by Japanese
patients with EHT at an outpatient clinic of the Division of
Hypertension and Nephrology, National Cardiovascular
Center, Suita, Japan. The study protocol was approved by
the Ethics Committee of the National Cardiovascular
Center. A total of 161 patients (85 men, 76 women), for
whom L-type dCCBs had been newly prescribed as mono-
therapy or in addition (o other antihypertensive agents and
for whom BP data could be obtained from records of 3 con-
secutive outpatient visits before and after the stant of treal-
ment with L-type dCCBs, were retrospectively enrolled. BP
was measured in the subjects after they had rested while
seated for at least 10min. Systolic BP (SBP) and diastolic
BP (DBP) values were the means of 3 physician-obtained
measurements. All subjects visited the outpauent clinic
every month. The L-type dCCBs prescribed were amlodip-
ne (43.5%), mledipine (19.9%), meardipine (11.8%), mani-
dipine (9.3%), milvadipine (7.5%), benidipine (2.5%),
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Table 2.  Characteristics of Genetic Polymorphisms Identified by Direct Sequencing or Genotyping With TagMan PCR

Gene, location SNPs LD aalnfo Repon  Allelel  Hetero  Allele 2 Total Allele | freq.  Allele 2 freq. TagMan
CACNAIC®  395458G5A AIT4A  Exond 43 5 0 48 0.948 0.052
12p133 3G55T0G>A a Intrond  29(102) (7(48) 2(11) 48(161) 0.781(0783) 021907 OK
3I95572T>C a Intron 4 29 17 2 48 0781 0219
439886C>A Intron 7 45 k) 0 48 0.969 0.031
459184G>A b Inron 8 35(137) 13(22) Ol 48(160) 0.865(0919) 0.135(0.081) OK
496317delG c Intron 9 30 14 1] 44 0.841 0.159
496354G>T c Intron @ 3001017 18(55) O(5)  48(161) 0813 (0.798) 0.187(0202) OK
S13074G>A b.c Intron 12 32 13 o 45 0.856 0,144
513955C-T d Intron 12 Li] 2 46 48 0.021 0.979
527974 G>A ce Intron 13 4(8) 20(62) 24(91)  48(161) 0.292(0.242) (.708 (0.758) OK
520438 T>G el Intron 15 1 2 23 46 0.261 0.739
S30778G=C Intron 15 47 | 0 48 0.990 0.010
531126A>G Introm 16 47 I 0 48 0.990 0.010
531910C-T f D8I2D  Exon 17 18 24 k] 45 0.667 0.333
539757G=A AB79A  Exon 19 47 | [1] 48 0.590 0.010
542532G>T g Intron 20 47 1 0 48 0.990 0010
S51409T>C h Intron 22 47 | 0 48 0.990 0010
S52959AG d Intron 24 46 2 0 48 0979 0,021
5S54886G>A Intron 26 47 1 0 48 0.990 0.010
557206C>T d Intron 28 a6 2 1] 48 0.979 0.021
557231C>T Intron 28 47 1 0 48 0.990 0.010
S58260T>C f Intron 28 14 27 f 47 0.585 0415
558409 C>T f FI262F Exon29 14(58) 27 {79] 6(24)  47(161) 0.585(0.606) 0415(0.3%4) OK
594891C>G Intron 30 45 1] 48 0.969 0.031
595028 T>C i Intron 31 8(9) 18 (601 22(92)  4B(161) 0.354(0.242) 0.646(0.758) OK
SO54IT>C i Intron 31 8 (] 2 48 0354 0.646
595054C>T 1 Intron 31 8 8 vs] 48 (1354 0.646
597980 G>A 1] Inron 31 4(14)  17(39) 23(108) 44(161) 0.284(0.208) 0.716(0.792) OK
5982309delA j Intron 32 4 17 23 4“4 0.284 0.716
615494delT B Intron 38 47 1 0 48 0.990 0.010
615546-61554TinsC & Intron 38 32 15 0 47 0.840 0.160
624139G>A h Intron 40 43 1 0 44 0989 0.011
624330 C>T k Intron 41 33(105) 15(46) 0(10) 48(161) 0.844(0.795) 0.156(0.205) OK
626151G>A TI78TT Exon 43 B 17 16 41 0.402 0.598
632652 G>A RI9IOQ Exond5  45(159)  3(2) 0(0) 48 (161) 0969 (0.994) 0.031 (0.006) OK
635110 G>A G20048  Exon46  35(160)  1(0) 0(0) 6 (160) 0986 (1.000) 0.014 (0.000) OK
637259C>T 5l Intron 46 28 17 3 48 0.760 0.240
638741-638742insT | 3-UTR 28 17 3 3 0875 0.125 Failed
CACNAID®* 3774414 O5T Intron 2 64 78 18 160 0.644 0.356 0K
Ip 143 5219847 G>A Intron 2 40 82 38 160 0.506 0494 OK
5312481 G>A Intron 3 131 26 3 160 0.900 0.100 OK
53774425 G>A Intron 3 73 72 16 161 0677 0323 0K
s3774426 C>T Intron 3 118 15 7 160 0847 0.153 0K
*Genenc polymorphisms of CACNAIC were firstly d in 48 randomly chosen hyy subjects, and then rep e polymorphisms were geno-
typed in 161 f with | hyp who were treated with L-type CCBs.
Data in parentheses ( ) bused on genotyping results for CACNAJC,
Based on the seq ing result, the app LD, defined by r20.5, was indicated by a-1.
The A of the ATG of Ihclmuum' Met codon is denoted nucleotde +1, as rec ded by the Ni lature Working Group (Hum. Mut., 11, 1-3, 1998),

The nucleonds ber wis ding o the ref

GenBank Accession [D: NT_009759.15.
Sequence for promoter region, exon 44, and exon 47 of CACNA/C was abortive
**Common SNPs of CACNA 1D were chosen from JSNP database and genotyped in 161 p

1 h

with who were treated with L-type CCBs.

PCR, polymerase chain reaction; LD, linkage disequilibrium; SNPs, single nucleotide puiyrnm-phmm Other abbreviation see in Table I,

nitrendipine (2.5%), bamidipine (1.2%}), cilnidipine (1.2%),
and efonidipine (0.6%) (Table 1). Patients who could
achieve a SBP reduction greater than 20mmHg or a DBP
reduction greater than 10mmHg afier taking L-type dCCBs
were defined as responders, and those who could not were
defined as nonresponders. These criteria are often used in
the clinical trial of new antihypertensive drugs in Japan.

DNA Studies

Direct Sequencing for Detection of Polymorphisms in
CACNAIC Genomic DNA was extracted using an NA-
3000 nucleic acid isolation system (Kurabo, Osaka, Japan)
and stored at =80°C until use. Human CACNAJC, located
on chromosome 12 at pl3.3, consists of 47 exons. We
sequenced 48 samples from Japanese pauents with HT,

using a direct sequencing method described previously?!
Briefly, all exons with their flanking sequences and approx-
imately 1,000bp of the upstream region of exon |, which
would include promoter regions of CACNAIC, were indi-
vidually amplified with the polymerase chain reaction
(PCR) and sequenced with a ABI PRISM 3700 DNA ana-
lyzer (Applied Biosystems, Foster City, CA, USA). We
failed to sequence the promoter region and exons 44 and 47
of CACNAIC because of amplification problems by the
PCR. Information on the primers and the PCR conditions is
available on request. The polymorphisms were identified
with Sequencer software (Gene Codes Corporation, Ann
Arbor, MI, USA), followed by visual inspection,
Genotyping of Polymorphisms The TagMan-PCR
method was used for genotyping sequence-proven genetic



