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in the gene of p21-activated kinase 2 with risk and prognosis of stroke

as well as its effect on transcription activity
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Abstract . Objective To identify the relationship between variant rs3662C>A in the gene of p21-activated kinase 2
(PAK2) and risk of stroke as well as prognosis, and to explore the effect of rs3662C>A on the transcriptional activ-
ity of PAK2 gene. Methods In a multi-center case-control study including 733 cerebral atherothrombotic stroke,
488 lacunar infarction, 435 intracerebral hemorrhage and 1 727 healthy controls, the relationship between variant
and risk of three stroke subtypes was examined using the multivariate logistic regression model. The stroke patients

were prospectively followed up for a median of 4.5 years, and the relationship between rs3662 and cardiovascular
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events as well as mortality was analyzed using the Cox proportional-hazards model. The effect of rs3662C>A on
the transcriptional activity of PAK2 gene was examined using the luciferase reporter assays. Results The
rs3662A allele was associated with a decreased risk of atherosclerotic stroke as compared with rs3662CC geno-
type, and odds ratio was 0. 67 (95% CI; 0.47~0.95,P<0.05) in a dominant genetic model. This relationship
had sex-specific difference and was significant incline to male. During the follow-up, atherosclerotic stroke
patients carrying with 1s3662A allele had a significantly higher risk of cardio-cerebrovascular events and cardio-
vascular mortality ; hazards ratio was respectively 1. 84 (95% CI. 1.16~2.92,P<0.05) and 2. 06 (95% CI.
1.05~4.04,P<0.05). The rs3662C significantly reduced the luciferase activity by 79% (P<0.01). Conclu-

sions The carriers with rs3662A allele of PAK2 gene have a reduced risk for atherosclerotic stroke but a worse

prognosis. It is found that rs3662A affects the PAK2 expression level.
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Table 1 Clinical characteristics of stroke cases and control subjects(x=s)

. control subjects thrombotic stroke lacunar infarction ICH
(n=11727) (n=733) (n=481) (n=435)

age/year 59.6x8.5 61.3+9. 3% 60. 8+8. 5% 58.0+9. 7%
male[ n(%) ] 990(57.3) 463(63.2)" 300(62.4)*% 269(61. 8)
body mass index/ (kg/m?) 24.2+3.3 24.4+3.5 24.5+3.2 24.0+3.5
systolic blood pressure/mmHg 129+17 147+23% 143+20% 152+23%
diastolic blood pressure/mmHg 8010 87+13" 86+ 12% 92+13%
fasting serum glucose/ ( mmol/L) 5.7+1.8 6.6+3. 1* 6. 1+2. 8% 6.7+3. 8%
total cholesterol/ ( mmol/L) 5.2+1.3 5.1x1.4 5.0+1. 1 4.7+1.2%
triglycerides/ (mmol/L) * 1.3(0.9-1.9) 1.7(1.2-2.3) 1.7(1.2-2.3) 1.3(0.9-2.0)
HDL-C/ ( mmol/L) 1.4+0. 4 1.2+0. 5% 1.320. 5% 1.3+0. 5%
cigarette smoking[ n( %) ]

never 1093(63.3) 358(48.8) " 267(55.5)* 225(51.7)%

former 218(12.6) 165(22.5)# 95(19.5)* 95(21.5)*

current 416(24.1) 210(28.6)* 121(25.2) 116(26.7)*
alcohol intake[ n( %) ] 530(30.7) 281(38.3)* 160(33.3) 178(40.9)*
history of family stroke[ n(%) ] 413(23.9) 232(31.7)% 139(28.9)*% 137(31.5)*
history of hypertension[ n( %) ] 457(26.5) 474(64.7)% 285(59.3)* 282(64.8)%
history of diabetes[ n(%) ] 89(5.2) 122(16.6)* 61(12.7)* 24(5.5)
history of CHD[ n( %) ] 210(12.2) 153(20.9)* 58(12.1) 43(9.9)

Abbreviations. HDL-C, high-density lipoprotein cholesterol; CHD. coronary heart disease; ICH. intracerebral hemorthage; * TG, median (25", 75");
*P<0.05, #P<0.01, stroke cases(including 3 subtypes: thrombotic stroke, lacunar infarction, and ICH) versus control subjects, respectively; 1 mmHg
=0. 133 kPa.

R2 PAK2 EET R rs3662 52 b B ERE HIHE L4

Table 2 Association between variant rs3662 at PAK2 gene and risk of stroke

allele/% genotype[ n( %) ]
rs3662( C>A)
A CC CA AA
control subjects(n=1 727) 5.6% 1546(89.5%) 167(9.7%) 14(0.8%)
thrombotic stroke(n=733) 4. 6% 672(91.7%) 54(7.3%) 7(1.0%)
lacunar infarction(n=481) 5.4% 441(90. 0% ) 44(9.2%) 4(0.8%)
ICH(n=435) 6.3% 385(88.5%) 45(10.3%) 5(1.2%)
additive genetic model (CC vs CA vs AA) Dominant genetic model (CA+AA »s CC)
1s3662( C>A)
OR(95% CI) * adjusted OR(95% CI) * OR(95% CI) * Adjusted OR(95% CI) *
control subjects(n=1 727) 1. 00 1.00 1. 00 1. 00
thrombotic stroke(n=733) 0.83(0.63-1.09) 0.72(0.53-0.99)% 0.78(0.57-1.05) 0.67(0.47-0.95)%
lacunar infarction(n=481) 0.96(0.71-1.30) 1.05(0.76-1.45) 0.95(0.68-1.32) 1.04(0.73-1.49)
ICH(n=435) 1.12(0.83-1.50) 1.33(0.94-1.88)  1.11(0.80-1.55) 1.29(0.87-1.91)

abbreviations. ICH, intracerebral hemorrhage; OR. odds ratio; CI. confidence interval; * OR(95% CI) was obtained with logistic regression analysis, and
adjusted OR(95% CI) was further adjusted for age, sex, body mass index, blood pressure, serum glucose, lipid profiles, cigarette smoking, alcohol in-
take, and history of hypertension and diabetes; *P<0. 05, stroke cases(including 3 subtypes: thrombotic stroke, lacunar infarction, and ICH) versus

control subjects, respectively.
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Table 3 Sex-specific difference for association between variant rs3662 at PAK2 gene and risk of stroke
additive genetic model ~ dominant genetic model
1s3662( C>A) gonotypeln(%) ] (CCvs CA ws AA) (CA+AA vs CC)
A/ % cC CA AA P*  adjusted OR(95% CI)*  adjusted OR(95% CI)*
men
control subjects(n=990) 5.5  888(89.7) 95(9.6) 7(0.7) 1.00 1.00
thrombotic stroke(n=463) 3.1 436(94.2) 25(5.4) 2(0.4) 0.02 0.54(0.34-0.85) " 0.50(0.31-0.83)*
lacunar infarction(n=300) 6.0 265(88.3) 34(11.2) 1(0.5) 0.53 1.20(0. 80-1.81) 1.26(0.81-1.96)
ICH(n=269) 6.3  237(88.1) 30(11.2) 2(0.7) 0.75  1.16(0.73-1.86) 1.16(0. 69-1.94)
women
control subjects(n=737) 5.8 658(89.3) 72(9.8) 7(0.9) 1.00 1.00
thrombotic stroke(n=270) 7.2 236(87.4) 29(10.7) 5(1.9) 0.45 0.97(0.62-1.53) 0.91(0.54-1.54)
lacunar infarction(n=181) 4.4  168(92.8) 10(5.5) 3(1.7) 0.15  0.85(0.50-1.47) 0.73(0.38-1.38)
ICH(n=166) 6.3 148(89.1) 15(9.0) 3(1.7) 0.61 1.49(0.89-2.50) 1.42(0.78-2.60)

abbreviations. ICH, intracerebral hemorrhage; OR, odds ratio; CI, confidence interval; *P values were calculated by X? test for comparisons of genotype

frequencies between stroke cases versus control subjects; *adjusted OR(95% CI) was obtained with multivariate logistic regression analysis by adjusting

for age, body mass index, blood pressure, lipid profiles, serum glucose, cigarette smoking, alcohol intake, and history of hypertension and diabetes;

#P<0. 01, stroke cases(including 3 subtypes: thrombotic stroke, lacunar infarction, and ICH) versus control subjects, respectively.
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Table 4 Association between variant rs3662 at PAK2 gene and risk of CVD events and mortality in stroke cases

CVD events CVD-related mortality all-cause mortality
1s3662( C>A)
CC(ref. ) CA+AA P CC(ref.) CA+AA P CC(ref.) CA+AA P
thrombotic stroke
end-points(n) 130 22 10 121 17
person-years 2914.9 259.5 2923.1 258.3 2 805.5 239.2

adjusted HR(95% CI) * 1.00 1.84(1.16-2.92) 0.01

lacunar infarction

end-points(n) 99 13
person-years 1 868.7 209.2 1905.0
adjusted HR(95% CI) * 1.00 1.12(0.61-2.04) 0.73
ICH
end-points(n) 98 11
person-years 1 665.1 211.0 1 605.7

adjusted HR(95% CI) * 1.00 1.03(0.55-1.94) 0.92

1.00 2.06(1.05-4.04) 0.04

1.00 0.93(0.42-2.06) 0.86

1.00 1.60(0.96-2.66) 0.07

0 49 3
221.0 1 865.2 215.5
1.00 NA 1.00 0.63(0.19-2.02) 0.43

7 88 12
213.8 1549.7 205.8
1.00 1.09(0.59-2.00) 0.78

abbreviations. CVD, cardiovascular disease; ICH. intracerebral hemorrhage; HR. hazards ratio; CI. confidence interval; * adjusted HR(95% CI) and P

values were calculated by the Cox regression model adjusted for age, sex, body mass index, blood pressure, cigarette smoking, alcohol intake, and history

of hypertension and diabetes.

PAK2-3" UTR-1s3662C 5'... AAGAGAAAAUUGCAAAAAGACAA..3'

hsa-miR-511-5p 3 ’ACUGACGUCUCGUUUUCU(I}UGF

PAK2-3" UTR-1s3662A 5’ AAGAGAAAAUUGCAAAAAGAAAA..3'

The variant rs3662 is an C to A change and indicated
by red color fonts in the seed binding region
1 EEER rs3662 i F miR-511 5 PAK2 £ R
3'UTR FIIHE & XE
Fig 1 Variant rs3662 occurs in the binding site
for miR-511 in the 3'-UTR of PAK2 gene
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The C-allele of rs3662 suppressed luciferase activity of
pMIR-rs3662C plasmid cotransfected with miR-511 in
HEK293T cell line; * P<0.01 compared with pMIR-
1s3662C+NC
B2 #EETER rs3662 C>A Xt miR-511 iF#z
PAK2 BEREFHFE R0
Fig 2 Effect of rs3662C>A on the PAK2 transcriptional
activity regulated by miR-511(x+s, n=3)
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