B FE R 2011 4F 8 A 32 B 8 http://www. ajsmmu. cn
Academic Journal of Second Military Medical University, Aug. 2011,Vol. 32,No. 8

« 822 -

DOI.10. 3724/SP. J. 1008. 2011. 00822 ° %} % °

St op21 M 1p13 LEZFREAMMCASHFEAHIEONESR
HIXEL: HERMEOERR

FOELE ZULAORY, EXFL R BLA LAY
L LSBT 2 Be & v B R B RAM O LA R e B3 0 A ST L L BT 100037

2. db R E i R B WF ST BT L dE AT 100039

(HEZE] 8 HiThEARROE op21 M 1p13 X 1 £ 25 M (SNP) 7 45 5 2t 0 WU FE CAMD 1) 5 Bk 3
BE L LA B XU SNP 37 a5 A9 25 007 36 AR - A6 b [ ARG AR L R B 3 MIXBAREZ M 25, F ek RADR GBI IEBFIT, s
1999~2003 4F-4] & 2 PEC WUAEFE 9 82 1 148 BIAE A B 41, SE 8RO A8 0 J8 38 BUE % N 1185 Bl VR %t BRAL , 3 4R 8 15 1k
SIHEATUCEL, ST 9p21.1p13.,1p32,1g41,10q11,19p13 %% 6 A~ K3 20 4~ SNPs i 2%, FI A Tllumina GoldenGate $% AR 1
BeadStudio B F 417 SNP 432 , #| ] SAS/genetics.SAS/STAT #l Haploview B F X 45 R #4740 Hr fIE L k), 4 %
9p21 X4 4 4~ SNPs Hl 1p13 X 2 4> SNPs 5 v [ A B 2 4k 0 WU B8 & 0 XK 77 78 2 BE P (£ T Logistic [ 1, P <<
0.000 1), H:H SNP rs10757274 5 2P0 WUEE P8 5C B P £ 38 (P = 0. 006), 9p21 X I 4 4~ SNPs(rs10757274, rs2383206,
rs10757278 Fl rs1333049) i GG 4B AR T 20tk O WUEE BB /Y & 95 WL (OR=1. 40,95 % CI: 1. 10~1. 79;0R=1. 33,95%
CI: 1.04~1.69;0R=1.35,95%CI. 1.07~1.72;0R=1. 34,95%CI: 1. 06~1.71), {HEAWIEIH K &M 1p32.1q41.10q11.
19p13 X3 9 4~ SNPs v 5 5 2k 0 WU FEAE 7 B B 5G|, 76 1E & % B4 o 2 M0 WU FE 40, b ] AR b 0 g 7 b X B SNP
rs646776 [ G A B BUR T TAL T HIX L 22 A Bt 2878 L(P<<0.05), £ #  SNP rs10757274 & E A BE 2k 0 U6 &
A 10 Iy IR ALL

[ERER] DN BT TR 2 S iR b

[RESFES] R542.22 [XHEFRERD] A [XEHS] 0258-879X(2011)08-0822-08

Association of single-nucleotide polymorphisms on chromosome 1p13 and 9p21 with acute myocardial infarction

in a Chinese population: the AMI study in China

GUO Jin', LI Wei'” , LIU Xin*, WANG Xing-yu’, WANG Yang', LIU Li-sheng'*

1. Division of Biometrics, National Center for Cardiovascular Diseases, Cardiovascular Institute & Fuwai Hospital, Peking
Union Medical College & Chinese Academy of Medical Sciences, Beijing 100037, China

2. Beijing Hypertension League Institute, Beijing 100039, China

[Abstract] Objective To determine whether the single nucleotide polymorphism (SNPs) on chromosome 9p21 and 1pl3
were associated with acute myocardial infarction(AMID) in a Chinese population, and to compare the allelic frequencies of risk
SNP between populations living in northeast China, north China, and southeast China. Methods We conducted a case-control
study. Cases were those developed initial AMI (=1 148) between 1999 and 2003; controls (=1 185) were randomly selected
age- and sex-matched non-cardiovascular disease patients or normal controls. Twenty SNPs sites in 6 domains (9p21, 1pl3,
1p32. 1g41, 10q11 and 19p13) were studied using the Illumina GoldenGate technology and the BeadStudio software package.
SAS/genetics, SAS/STAT and Haploview were used for result analysis and for completing the drawing. Results = Four SNPs
in 9p21 and 2 SNPs in 1pl3 were associated with AMI risk in Chinese population (Global P value for multiple logistic
regression, < 0. 000 1), with rs10757274 showing the strongest association with AMI(P=0. 006). GG carriers of four SNPs
(rs10757274, rs2383206, rs10757278 and rs1333049) in 9p21 were associated with higher risk of AMI (OR=1. 40, 95% CI:
1.10-1.79; OR=1.33, 95% CI: 1.04-1.69; OR=1.35,95% CI: 1.07-1.72; OR=1.34, 95% CI. 1. 06-1.71). The present
study failed to find a significant association of 9 SNPs in 1p32, 1q41, 10qll, and 19pl3 regions with AMIL. In the control or

cases groups, G allele frequencies of rs646776 in populations living in north and northeast China were significantly higher than
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those living in south China (P<Z0.05). Conclusion SNP rs10757274 is the susceptible locus of AMI in Chinese population.

[Key words] myocardial infarction; single-nucleotide polymorphisms; haplotype; China
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Tab 1 Baseline characteristics of acute

myocardial infarction group and control group

AMI case Control

Clinical variable (N=1148) (N=1 185) P value
Age (year, T+5) 59.4+9.2 60.4+10.7 0.187 5%
Female (%) 27.87 28. 69 0.661 2
Hypertension (%) 38. 24 25.99 <£0.000 1
Diabetes (%) 11.50 4.22 <C0. 000 1
Stroke (%) 10.19 4.21 <<0.000 1
AMI family history (%) 4.01 1. 95 0.003 3
Current smoking (%) 47. 39 29.11 <£0.000 1
Alcohol intake (%) 43.58 37.58 0.003 2
Continuous stress ( %) 60. 02 54. 14 0.004 2
Depressed (%) 19. 16 9.54 <Z0.000 1
Educated >>9 years (%)  50. 39 59.07 <20.000 1
Income 87.36 86. 63 0.345 2

>USD 600/ month( %)
Body mass index

(kg e m %, 7t5)
Waist hip rate (=)

25.0043.42 24.35%2.92 <C0.000 1°

0.8740.09 0.8740.09 0. 663 3°

P-value by Pearson chi-squared test; *: P-value by ¢ test
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Tab 2 20 SNP genotypes and their probability

7E 1E H %

POR NG e SN NS N
BE SNP rs646776 G HFNEEFE R E FRIL . A
BE(P<<0.05, 2),

rs11206510 1p32 55496039 PCSK9 0.537 0.576
GG 4 (0. 34) 2€0.17) 1. 00 1. 00
AG 137(11.57) 122(10. 64) 1. 78(0. 32-9. 89) 1.26(0. 22-7. 30)
AA 1 043(88.09) 1023(89.19) 1. 96(0. 36-10. 73) 1. 35(0. 24-7. 68)
rs11591147 1p32 55505647 PCSK9 0. 480 0. 348
CC 1097(92.57) 1 068(93.19) 1. 00 1. 00
AC 88(7.43) 77(6.72) 0.90(0. 65-1.23) 0.83(0.59-1.16)
AA 0C0) 1(0.09)
rsh62556 1p32 55524237 PCSK9 0.038 0.651
GG 2C0.17) 9C 0.79 1. 00 1. 00
AG 29(2.46) 19C 1. 67) 0.15(0. 03-0.75) 0.12(0.02-0.63)
AA 1146(97.37) 1 111(97.54) 0.22(0. 05-1.00) 0.20(0. 04-0. 94)
rsb05151 1p32 55529187 PCSK9 0.481 0.223
AA 1 046(88.72) 997(87.00) 1. 00 1. 00
AG 129(10. 94) 145(12. 65) 1.18(0.92-1.52) 1.20¢0.92-1.56)
GG 4C0.34) 4 0. 35) 1. 05(0. 26-4. 21) 0.90(0. 21-3.90)
rs611917 1pl13 109815252 CELSR2- 0.014 0.0670
PSRCI1-
SORT1
GG 3(0.25) 3(0.26) 1.00 1. 00
AG 167(14.09) 118(10. 28) 0.71(0. 14-3.56) 0.74(0.13-4.10)
AA 1 015(85.65) 1 027(89.46) 1.01(0. 20-5.03) 1. 09(0. 20-5.93)
rs646776 1p13 109818530 CELSR2- 0.018 0.016
PSRCI1-
SORT1
AA 911(76. 88) 937(81.69) 1.00 1. 00
AG 228(19. 24) 177(15.43) 0.76(0.61-0.94) 0.79(0.63-0.99)
GG 46( 3.88) 33( 2.88) 0.70(0., 44-1.10) 0.69(0.43-1.12)
rs602633 1pl13 109818530 CELSR2- 0.002 0.005
PSRCI1-
SORTI1
AA 3(0.25) 3(0. 26) 1.00 1. 00
AC 169(14. 27) 110C 9.58) 0.65(0.13-3.28) 1.08(0.18-6.41)
CC 1012(85.47) 1 035(90.16) 1. 02(0. 21-5. 08) 1.74(0. 30-10. 20)
rs17465637 1g41 222823529 MIA3 0. 605 0.416
CC 435(36.77) 434(37. 84) 1.00 1. 00
AC 561(43.42) 549(47. 86) 0.98(0.82-1.17) 0.95(0. 79-1. 14)
AA 187(18.81) 164(14. 30) 0. 88(0.69-1.13) 0.90(0.70-1.17)
rs7044859 9p21. 3 22018781 CDKN2A, 0.026 0.059
CDKN2B
TT 468(39.73) 516(45.10) 1.00 1. 00
AT 569(48. 30) 502(43. 88) 0.80(0. 67-0. 95) 0.81(0. 68-0.97)
AA 141(11.97) 126(11.01) 0.81(0.62-1.06) 0.85(0. 64-1.12)
rs564398 9p21.3 22029547 CDKN2A, 0.033 0.021
CDKN2B
AA 894(75.89) 915(79. 84) 1. 00 1. 00
AG 271(23.01) 226(19.72) 0.82(0.67-0.99) 0.81(0. 66-1.00)
GG 13(1.10) 50. 44) 0.38(0.13-1.06) 0.44(0.15-1. 31)

(BT
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(L F)
SNP [(;Zo(n%r;)ﬂ A[}:/?%:Z)iie Chromosome Position Ngijrty Pt pb ((gfguﬁec(/)lfft A(CE)lJSU%eéI?"R
rs1333040 9p21.3 22083404 CDKNZ2A., 0.03 0.053
CDKN2B
GG 109(9. 22) 73(6.36) 1. 00 1.00
AG 484(40.95) 476(41. 46) 1.47(1.06-2.03) 1.52(1.08-2.13)
AA 589(49. 83) 599(52.18) 1.52(1.11-2.09) 1.56(1.11-2.18)
rs10757274 9p21.3 22096055 CDKN2A, 0.004 0.006
CDKN2B
AA 343(29.04) 291(25. 46) 1. 00 1.00
AG 587(49.70) 547(47. 86) 1.10€0. 90-1. 34) 1. 110. 90-1. 36)
GG 251(21. 25) 305(26.68) 1.43(1.14-1. 80) 1.40(1.10-1.79)
rs2383206 9p21.3 22115026 CDKNZ2A, 0.037 0.022
CDKN2B
AA 329(27.81) 285(24. 85) 1. 00 1. 00
AG 588(49.70) 553(48.21) 1.09(0. 89-1. 32) 1. 09(0. 89-1. 34)
GG 266(22.49) 309(26. 94) 1. 34(1.07-1. 68) 1. 33(1.04-1.69)
rs10757278 9p21.3 22124477 CDKN2A, 0.031 0.013
CDKN2B
AA 320(27.07) 273(23.82) 1. 00 1. 00
AG 580(49.07) 550(47.99) 1.11¢0.91-1. 36) 1.13(0.91-1.39)
GG 282(23.86) 323(28.18) 1.34(1.07-1.69) 1.35(1.07-1.72)
rs1333049 9p21.3 22125503 CDKN2A, 0.055 0.016
CDKN2B
cC 316(26.71) 267(23.28) 1. 00 1. 00
CG 583(49. 28) 560(48. 82) 1.14(0.93-1.39) 1.14(0.92-1. 4D
GG 284(24.01) 320(27.90) 1.33(1.06-1.68) 1.34(1.06-1. 71
rs10811661 9p21.3 22134094 CDKN2A, 0.39 0.419
CDKN2B
GG 270(22.78) 244(21.25) 1. 00 1. 00
AG 592(49. 96) 564(49.13) 1. 05(0. 86-1. 30) 1. 01(0. 82-1. 26)
AA 323(27.26) 340(29. 62) 1.17(0.93-1.47) 1.10€0. 86-1.40)
rs501120 10q11.21 44753867 CXCL12 0. 40 0.198
GG 188(15.91) 162(14. 14) 1. 00 1. 00
AG 542(45. 85) 522(45.55) 1.12(0. 88-1.42) 1.04(0. 81-1. 35)
AA 452(38. 24) 462(40. 31) 1.19(0.93-1.52) 1.16(0. 89-1. 50)
rs6511720 19p13 11202306 LDLR 0. 41 0.143
cC 1165(98.31) 1 134(98.78) 1. 00 1. 00
AC 20(1.69) 14(1.22) 0.72(0. 36-1. 43) 0.57(0.27-1. 21)
AA 0(0) 0€0)
rs6511721 19p13 11206575 LDLR 0. 956 0. 845
GG 85(7.17) 80(6.97) 1. 00 1. 00
AG 447(37.72) 430(37.46) 1.02(0. 73-1.43) 1. 06(0. 75-1. 50)
AA 653(55.11) 638(55.57) 1. 04€0. 75-1. 44) 1. 06(0. 75-1. 48)
rs1433099 19p13 11242658 LDLR 0.59 0.263
GG 625(52. 83) 629(54. 84) 1. 00 1. 00
AG 465(39. 31) 427(37.23) 0.91(0.77-1.08) 0.90(0. 75-1. 08)
AA 93(7.86) 91(7.93)
“. P-value, significance of difference between groups were done by Pearson chi-square test, permutation=1 000; " P-value, multivariate Lo-

gistic regression model was used to control the influence of BMI, smoking, drink, hypertension, diabetes, stroke, AMI of family, stress; ©
Crude Odds ratio (OR) was obtained by univariate Logistic regression analysis; ¢: Multivariate Logistic regression model was used to adjust the

crude OR value
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F3 P2l R IANSNP U AEFRS AMI HXBEEN S ESH
Tab 3 Stratified analysis of association between 3 SNPs in 9p21 genotype and AMI

rs10757274 [OR(95% CD]

rs2383206 [OR(95% CD ]

rs10757278 [OR(95% CD]

AA AG GG AA AG GG AA AG GG
BMI(kg + m™?%)
<25 1. 00 1. 00 1.34 1. 00 1.03 1. 26 1.00 1.03 1.25
(0.76-1. 31) (0.97-1. 84) (0. 78-1. 36) (0.92-1. 74) (0.78-1.31) (0.91-1.72)
=25 1. 00 1.28 1.48 1. 00 1.19 1. 40 1. 00 1.28 1.48
(0.94-1.75) (1.03-2.13) (0. 87-1.62) (0.97-2.01) (0.93-1.75) (1.03-2.12)
Hypertension
No 1. 00 1. 06 1. 30 1. 00 1. 00 1.17 1. 00 1.02 1. 19
(0. 83-1.37) (0.97-1.74) (0.78-1.29) (0. 87-1.56) (0.79-1.31) (0. 89-1.58)
Yes 1.00 1.16 1.53 1. 00 1. 26 1.62 1.00 1. 34 1.61
(0. 81-1. 66) (0.99-2. 36) (0. 88-1.8D) (1. 05-2.49 (0.94-1.93) (1. 05-2. 48)
All P for interaction, >>0. 05
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Fig 1 Eight SNPs in 9p21 linkage
disequilibrium in control group

The numbers in table are linkage disequilibrium coefficient (D”) X100

F 4 9p21 X% 4 4> SNPs AT HE#9 X A B2 U K ST 3R
Tab 4 4 SNPs in 9p21 possible haplotype frequency

Haplotype frequency

Haplotype ! 2 ’ ! All Case  Control
Hapl A A A C 0.470 0. 448 0.492
Hap2 G G G G 0.463 0.482 0. 444
Hap3 A A G G 0.024 0.026 0.023
Hap4 A G G G 0.011 0.008 0.012
Hap4 G A A C 0.010 0.012 0. 007
Others 0.022 0.024 0.022

1: rs107572745 2: rs2383206; 3: rs10757278; 4: rs1333049

x5 HEREMEAB SNP rs646776 i £ F 7 R
Tab 5 SNP rs646776 allele frequency

of different regions in China

. Control AMI case
Region
G A G A
Northeast China 0.113 0. 887 0. 085 0.915
North China 0.166 0. 834 0.131 0. 869
South China 0.099 0.901 0.061 0.939

2 EENBAHKERARBMERSE 44
SNPs {5 /) % {i B & 71 % (MAF)
Fig 2 Minimum allele frequency( MAF) of 4 SNPs
in control group according to stratification
of different regions in China

Northeast area: Heilongjiang(n="7), Jilin(n=2), Liaoning (n =
755); Northern area: Beijing(n=179), Tianjin(n=095), Hebei(n=
105), Henan(n=40), Shanxi(n=182), Shandong(n=1323), Inner
Mongolia(n=216), Gansu(n=4), Shannxi(n=6); Southeast area:
Jiangsu(n=232), Shanghai(n=15), Zhejiang(n=15), Anhui(n=
11), Jiangxi(n=3), Hubei(n=125), Hunan(n=10), Sichuan(n=
10), Guizhou(n=1), Yunnan(n=1), Guangxi(n=1), Guangdong
(n=3), Fujian(n=4), Hainan(n=1); Not reported(n=7)

3 it i

IR LB B 20 T —2% SNP 5.0
WIAEBE (MD) & A= KBS A7 70 QB . W9 o 9 AN IX
5 MI &5 KU A7 76 52 Bk . MRPS6-SLC5A3-KC-
NE £ H T 21922 X3, PHACTRI1 #£H 6p24 X
B, WDR12 3 N 2¢33 X #, 9p21 X i, CELSR2-
PSRC1-SORT13 A 1p13 X 8k , CXCL 1235 [H B ikt
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10q11 X4, MIA3 FEH 1g41 X3k, LDLR 3 K [ it
1p32 X3, PCSK9 Rz 9p13 Xk 7101

ek 9p21 DX Il v G 45 20 M ) 9] 2R AR O
T4t A1 ) 59) B4 2 A R 81 CDKIN2A Fil CDKN2B, 5
Sk RERE L R I L BRI RERE fL J2 M 11
B A4 E . McPherson 22X %4k 23 000
il & N5 & B, A6 Y 6 0k 9p21 X B Y
rs10757274.,rs2383206 i h, 5 AA 4i &1 AN B
# L AG 246 F ANBE R A Bk 50 9% (CHD) 19 X
SN 15% ~20% ., GG #i & F ANFERIIN 30% ~
40 %6 , SR T ELAE XS 2 A FE DA G B DO Y 5 CHD #47
KR IT A K B G 5 IX A 55 CHD 778 R BE 1
XFF 9p21 KIS CHD Y BT 57, 4 BR H A AF 5%
gh I R . rs1333049 (18 AN HF 58, OR = 1. 23)
rs10757274(17 M5, OR=1. 24) ,rs2383207(6 14~
W55, OR = 1. 28), rs2891168 (4 A~ fff 5%, OR =
1.29),rs10757278 (2 WP, OR=1. 27), ¥ 5
CHD 1 & KUK A7 78 5 — 28 FR B A9 R B, 78 1
MARER, B A PG B8 rs1333049 CH A, D |
rs10757274Ch ) (rs10757278 (P D 5.0 A SEAE
FE— 8RB ARBESE 25 G E T N
& 9p21 X3 3 4~ SNPs 5 AMI A 56 1 25 5%, i HL
IR rs564398. 152383206 1 1] AE & AMI & i K
G A SR, e L rs10757274 BN B L BE , AE
J63& A B W58 HapMap 204 B 7% . rs10757274 Al
rs2383206 fii TY K 9p21 X IR 20 kb . 7 K 54
B E  FR (2 =0. 8D, LATE o [ A BERT
55 1, 5 4~ SNPs ( rs2383206, rs2383207,
rs10757274,rs10757278 . Fl rs1333049) £ [a] — /> ¥
RIS XS & BTl RE(D ) =1, 00, FEAR
WFgE s FRATE E T o E RS F 9p21 K — 4~
& B (rs10757274, rs2383206, rs10757278 Al
rs1333049) . 45 I L T b 36 A BE A9 B 44 AL 5T,
ULAFE R A S 5T 78 9p21 X 3 CDKN2A Fl CD-
KN2B 3 B 4 i 75105 2 RO R R W AFTE & —
ORI DL RS IR R ], 9p21 KEfE Z R &
AP R AT BE R HEAR R ME . i — P B
07 v 7 S 9 S5 9 1 R AL

SR B 98 R . rs646776 LA 1p13 X
B A7 55 % BE B 2 1 I & 8 (LDL-C) 4% g
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AN 176 By 4 M FEAS 1 5% 5 43 B & B SORT1 H& A 1y

PG 250 PR £ 0 55 SORT1 % IR Y 26 3k, M1 i
I3t LDL-C & &, 34 hn 5 AR 3l Bk vk 0 BE
(CAD) iy & 5 %% | SORT1 3 74 sortilin &
AT DL B I 2 35 B LDL 2% 55— 400
JH AR AR 1) 4 35 R AH OB 43 i R W1, LDLC /) & 48
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