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[Abstract] Objective To evaluate the effect of gene polymorphisms in cytochrome P450 2C9 (CYP2C9) and vitamin K
epoxide reductase complex subunit 1 (VKORC1) on warfarin maintenance dose and plasma concentration in Chinese Han
population in Shanghai. Methods A total of 226 patients who underwent oral warfarin anticoagulation therapy after valve
replacement under cardiopulmonary bypass were enrolled in this study. The CYP2C9 1061A/C and VKORC1 —1639 G/A and
1173C/T genotypes were determined by pyrosequencing. The plasma level of warfarin was determined by the UPLC/MS-MS
method. The patients were divided into different groups based on genotypes, sex and age. The average daily dose of warfarin
and plasma concentration of warfarin were compared between different groups, and the contributions of genotype, plasma
concentration, sex and age to warfarin daily dose were calculated. Results Maintenance dose of warfarin in patients with
CYP2C9 1061A/C AA type was significantly higher than those with CYP2C9 1061A/C AC type (P<C0. 05). Maintenance dose
of warfarin in patients with VKORC1 —1639G/A AG type was significantly higher than those with VKORC1 —1639G/A AA
type (P<C0.01). Maintenance dose of warfarin in patients with VKORC1 1173C/T CT type was significantly higher than those
with VKORC1 1173C/T TT type (P < 0. 01). Significant differences of plasma warfarin concentration were also
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observed between VKORC1 —1639 G/A AA and AG as well as 1173C/T TT and CT genotypes (P<C0. 01), but not in those
with CYP2C9 1061A/C genotypes. The average daily dose of warfarin was significantly higher in male patients than in females
(P<<0. 05). The maintenance dose of warfarin was also significantly higher in patients under 60 years old than those aged above
60 years (P<C0. 05). CYP2C9 1061A/C, VKORC1 — 1639G/A, and VKORC1 1173C/T gene polymorphisms, plasma
concentration, age and gender accounted for 7. 2%, 29. 1%, 30. 4%, 6. 7%, 1. 6% and 1. 4% of warfarin dose variance,
respectively; and multi-factor combination accounted for totally 47. 2% of warfarin dose variance. Conclusion CYP2C9 1061A/
C, VKORC1 — 1639 G/A and VKORC1 1173C/T genotypes are associated with lower levels of warfarin dose. VKORC1
—1639G/A and 1173C/T genotypes also have a close relationship with warfarin plasma concentration. Sex and age are the

important non-genetic influencing factors on warfarin daily dose.
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CYP2C9(1061A/C) AA 212 2.76+0. 82 660.34+312. 9 1. 0840. 87

AC 14 1.60%1.29* 589.74281. 8 0.84+0. 43
VKORC1(—1639G/A) AA 192 1. 7640. 57 596. 14249. 6 0.95+0. 74

AG 34 2.724£1. 0284 951, 44411, 444 1.59+1. 1144
VKORC1(1173C/T) TT 183 1.81+£0.63 605. 8+269. 1 1. 00£0. 85

CT 43 2.73£1. 04AA 963. 0£378. 44 1. 4440. 694

* P<C0. 05 5 CYP2C9(1061A/C i 5, AA FEPR I 55 ; 44 P<<0. 01 55 VKORC1(—1639G/A) {7 5 AA LRI L %5 ; A P<<0. 05, AA P

0. 015 VKORC1(1173C/ )i g TT J PRI H 45

2.3 BHARMLERLELEMRORREGXEZ H
e 2 A UL, AR IR B AN BT BE IR B (Y 226 (] 8
CYP2C9(1061A/Ofr s AA BUIY & P AR R Ak
SRR R E S AC BB A E S LS
278 X (P>0. 05) ; VKORC1(—1639G/A) fif & AA
T S0 ST P AR PR R R B vk B I T AG Y
BE, ZRAS ¥ E X (P<<0. 01); VKORC1
(1173C/ O L TT Y585 - S A EE ORIk B2 Rl
BN T CT BUERH, 2R A ST B L (P<
0.05),

2.4 MR ARG AR TR 2R K
F R 3 WL BB OIRAETE AR 2550
Tt ERA R L (P<<0. 05) ; A A 1
)48 v AR I 25 ok 25 S o gE i X (P>
0.05), FEFIEITH G, 60~69 B 70 Z L) F4
HEPMAERFF AL T 60 2 LUF & F 4. 2 5 A5
T2 R (P<C0. 05) 5 AN [F] AF % 2H W) 1 1 24 v 2 2
SEG I E X (P>0.05),

2.5 AT A s R A AE R kAR R A B 40 BT Ak
£ ORHZ u &M B E St 4 H 45 8 CYP2C9



555 WL B¢ 52,55, CYP2C9 Fl VKORC R 2 A5V X A Bk AR BT BE S8 B2 (45 1)

e 643 -

(1061A/C), VKORC1 ( — 1639G/A). VKORC1
(1173C/T) KD 22 5Pk B A8 bR ML 245 Vi B | 4F 1% A1
PRSI 5 AR AR S ) B AH S IR0 i B A A B
7.2%.29.1%.,30. 4%.6. 7% 1. 6% F1 1. 4% [y 4E
DRARFN 22 5 . A BRI G PRAFFAE XS A7 AR
Fel B TTHR AR IR 4.

R3 ARMEHNMEREBELERBHRA
FEREMZKESMIFER

Tts
sehT H —Vﬂﬂﬁmiﬂji Jﬂlﬁﬁﬁﬁ?ﬁfﬁi
(mg+d1) os/(ng+mlL" 1)
PE 5

B 104 2.7240. 69 895. 35+390. 22
ik 122 2.13%1. 11~ 729.11+363. 36

R CB)
=70 17 2.114+0. 322 551.95+183. 41
60~69 23 2.1440. 604 561.59+158. 51
50~59 45 2.69%0.77 647.10+187. 16
40~49 59 2.297%0. 25 892. 09+£289. 60
30~39 49 2.6440.18 819. 84+326. 96
20~29 16 2.584+0.59 762.44+310. 44
<19 17 2.75%+0.71 732.17+142.51

* P<C0. 05 5B LA A P<<0. 05 5 60 2 DUF AR W2 LA

x4 ERRIGAFENEERQER ERTTHE

S PRG3R AIE R?
CYP2C9(1061A/C) 0. 072
CYP2C9(1061A/C)+VKORC1(—1639G/A) 0.322
CYP2C9(1061A/C)+VKORC1(—1639G/A)+ 0. 390
VKORC1(1173C/T)
CYP2C9(1061A/C)+VKORC1(—1639G/A)+ 0.442

VKORC1(1173C/T) + I 254k i
CYP2C9(1061A/C)+VKORC1(—1639G/A)+ 0. 461

VKORC1(1173C/T) + I 249 & +4E %
CYP2C9(1061A/C)+VKORC1(—1639G/A)+ 0.472

VKORC1(1173C/T) + Il 245 %& J3 + 49 444 5]

3 Wi

EIRITIG AR (A ATk MO Fi SR I MR R- 48
R B e S A e, S AT ARBL BE T PR 2
R-AETEMRI 3~5 4% . B R T BRAATE 1A P Bl AN [] ) 20
Jifd 825 P450 (cytochrome P450, CYP) [a] T Jiffid 1o &
FALAR A AR TG PEF= 4. S AR AR 8526 L) 1
CYP2CO Rt R TG PR 6-F1 7-F24b =4y 5 1t R-4E
MR EBZ CYP3A4. 1AT . 1A2 fR, e ik
UM, CYP2C9 FE PR 22 25t X A vk b )
MK, Higashi 7 HElGE T CYP2C9 (13

RS AP BES T A% L 2 [ B &R R B
H CYP2C9 « 2 BUFN CYP2CY » 3 il g 3 4 27 A v
MIBIT 45 5 K A= W Ml FF & iE . Margaglione 45 B
81 CYP2C9 He AR S A8 MR 1t DL K S il 9
FERIOCFR L B RFW A CYP2C9 x 1 RIUFASAIAS
W &5 A o T A CYP2C9 x 2 AL
CYP2C9 » 3R EAARAR AR 1 9 & B i
T /e =, LRgs RN, #5707 58 A8 5 FE A 1)
e S NIV R ORISR dE =¥ SR N
MRS CYP2C9 FE P 2225 R M T i 1 3 4 53
TAMRZES: . ARBEGOKG 226 5 A FH AR PR ) 5 1
CYP2CI(1061A/C) FE PR BIFEA T /321, LEE A5 M
WIS R A AA BB E IR LMY R T
AC B (P<C0.05), BB CYP2C9(1061A/C)
J R 2 3 M R ) b DX DU N AR Rl 75 o
WEEREZ —, RATEEI CYP2CI(1061A/C)
AA FEFTELE AC JEPRT 2 [a] A g pROs ik B R i 5
WL LU A 22 R O Ge T2 7 S T AA 5k IR 8 i 4
T i ) 3% e 1 T AC 35 PRI 7R o 4 % il 1) 35 1 o AT
VR FHAE S S P AR AR S 2, e & B0 R AL
AU R I IR AR AR BV B T I 25 5%
VKORC1 &4 2 K JEH i OB . A2 K
Al iz Ee i BT 4 2k R K U FE XS 5%
AT 0 e 0 B T ) T A 4 A 3R K R E I IR -
0. VIS XS X9 o g 3 1, AT 7™ 2E T 38 7 H.
VKORCT it DX 1 A 4 5 X A7 78 K8 1 2 AL
A, VKORC1(—1639G/ M TRz FIX, HEE
2 E R E , VKORCL (—1639G/A) 748 S Al S5
G R] EAFARARER HA R 2
GG+GA BB H AR AR A PR E & T AA A
BEY; Obayashi Z A58 1 H A Bl iy 1 o XS
# VKORC1(—1639G/A) £ 25 5 ki sk y7
B R R W R I GA LR YR E I s AR ik R4 5
Him T AA LR S HFH VKORC 3 H 2345
PERT R BE 16, 500 48 1 bR 4k F5 ) A 1R R] 22 5
VKORC1(1173C/ DA T4 1 N & F X, HERZ
B SH T RENY A, CC BT AL
HHCT R TT BImt ™, AREFIEXF 226 51 1]
e MR B F 4 VKORC1(—1639G/A) AG #1 AA
FEI BRI T o3 A5 S5 R R B AN FEPRI AR B8 35 i
W PP A R 7 i 3 AG JER B i D
(P<<0. 05) ; [l A TiEXF VKORC1(1173C/T) CT
ATT PR AU GEAT 0 21 00 58 HL AR vk M 4 5 1 1 22



e 644 -

BRI 2016 45 1.5 3T

S BRI TT J R 7 BB 3 T 1 F S5 42 R
FEAERFR S CT BUR D (P<<0. 05) . x4 R 3E
B I M X 3% A VKORC1 (— 1639G/A) Fi
VKORC1(1173C/T) K& PRI 58728 42 52 Wil £8 35 8 bR 4
eI BRI 22—, 305 I A vk bRt 24 R 5
% VKORC1(—1639G/A) AA LA B H 5 AG
FRE DRI 0 1B 3 A L A BRI e B R i S ok P A
1%, [FIBT A & 3 VKORC1 (1173C/T) TT 3L A 1
H5 CT SRR F A F AR bRt 2% vk 3 R i 5
W B2 S X 5 HL T R AR R e R e — B

AR LRI BN B AR R 25 7 5k
PR IR AEFF R AT — 2 B AH DM AR I =60 4 1)
BE PRI T 60 H LT BE, AR
BB 2 T A P B OIS TR R oy 2 2
AR PR TR 3R R A PR ) A 1 22 5 1) ot R TR
FIEAAZAN . AT AERS R | 124 e BE LA
J VKORC1 F1 CYP2C9 %& [N £ 25 1 S5 I 2 X4~k
25 5 W o1 Bk R AT O L 45 R R B VKORC1
(1173C/T) a] fi# & 30. 4% By & 2 bR 2 22 .
VKORC1(—1639A/G) Al fift & 29. 1%, i LR Ay
PSSR IE SEX AR AR e e R . B DA B 3k
PURNAFR S PEBIR A n] ffe B A7, 200 R £ 5. I
A H A TR U 45 SR A5 31 1 24 k58 HEAE A7 % LA R
ST TE 5 RO DA Ay I 245 e JEE X 8 75 AR 551 1 52 i
FAREFPERN . (HAHXF CYP2C9(1061A/C) FE A
RUHSZ AT/

25 LR O TR B AR IR T RUR IR 2
R 36 97 KU, A 2 2ok CYP2C9 (1061A/C)
VKORC1(—1639G/A) ¢ VKORC1 (1173C/T) &
22 25 ARSI 2 [ A Shy B i ik 2 245 701 o AR 4 4 57
R RIKE . AR R TRARE /N X
TS T b b DX AR o AR S LR i o) () A,
PR IAR R D TR — 2P R AR i I8 X
SEE BE IS ], A 90 81 22 DR 119 22 2 PR 0 48
M AN BRI A2 5 A 5 el I 4 R R AR A
HVEE SR ER R GG T RIS RS
SRR AR TRTT P EE AR

(& % 3T W]

[1] Ansell J, Hollowell J, Pengo V, Martinez-Brotons F,
Caro J, Drouet L. Descriptive analysis of the process
and quality of oral anticoagulation management in real-
life practice in patients with chronic non-valvular atrial

fibrillation: the international study of anticoagulation

[2]

[3]

[4]

[5]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

management (ISAM) [J]. ] Thromb Thrombolysis,
2007, 23: 83-91.

Redman A R. Implications of cytochrome P450 2C9
polymorphism on warfarin metabolism and dosing[ ] ].
Pharmacotherapy, 2001, 21 235-242.

Breckenridge A, Orme M, Wesseling H, Lewis R ],
Gibbons R. Pharmacokinetics and pharmacodynamics
of the enantiomers of warfarin in man [ J]. Clin
Pharmacol Ther, 1974, 15 424-430.

SRAETE, B TLLT, BRI AR L 5K 3. 4. FREIU AR
EAPUEERIT R M R K MR DiC R R AR
B R Z SO0 ] E AR, 2010,
13:3987-3989.

ok R E TR RS = B 5T WA A1
{1, 3R P4502C9-Leu359 FEH A% 5 15 A b MRATTEE VR I7 BF
FELT L. O A A e Bl i » 2001, 1. 21-23.

Takahashi H, Echizen H.
warfarin elimination and its clinical implications[ ] ].
Clin Pharmacokinet, 2001, 40. 587-603.

Higashi M K, Veenstra D L, Kondo L M,
Wittkowsky A K, Srinouanprachanh S L, Farin F M,

et al. Association between CYP2C9 genetic variants

Pharmacogenetics  of

and anticoagulation-related outcomes during warfarin
therapy[J]. JAMA, 2002, 287; 1690-1698.
Margaglione M, Colaizzo D, D’ Andrea GG, Brancaccio
V, Ciampa A, Grandone E, et al. Genetic modulation
of oral anticoagulation with warfarin [ J]. Thromb
Haemost, 2000, 84. 775-778.

Miao L, Yang J. Huang C, Shen Z. Contribution of
and CYP2C9 and VKORCI1

genotype to the anticoagulant response to warfarin:

age, body weight,
proposal for a new dosing regimen in Chinese patients
[J]. EurJ Clin Pharmacol, 2007, 63. 1135-1141.
Obayashi K, Nakamura K, Kawana J, Ogata H,
Hanada K, Kurabayashi M, et al. VKORC1 gene
variations are the major contributors of variation in
warfarin dose in Japanese patients[]]. Clin Pharmacol
Ther, 2006, 80: 169-178.

Yuan HY, Chen] J, Lee M T, Wung J C, Chen Y F,
Charng M J, et al. A novel functional VKORC]
promoter polymorphism is associated with inter-
individual and inter-ethnic differences in warfarin
sensitivity[ ] |.  Hum Mol Genet, 2005, 14 1745-
1751.

D’ Andrea G, D’ Ambrosio R L, Di Perna P, Chetta
M. Santacroce R, Brancaccio V, et al A
polymorphism in the VKORC1 gene is associated with
an inter-individual variability in the dose-anticoagulant

effect of warfarin[ J]. Blood, 2005, 105: 645-649.
[(AxmE\E] =



