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Introduction

SUMMARY

Aims: With developments of etiology of cerebral small vessel disease (CSVD) and genome-
wide association study (GWAS) of stroke, the genetic studies of CSVD are focused on genes
related to blood-brain barrier (BBB) and aging. The project aims to investigate the associ-
ation between CSVD and susceptibility loci and candidate genes. Methods: All study sub-
jects admitted Beijing Tiantan Hospital from June 2009 to September 2010 including 197
cerebral small vessel disease patients(S), 198 large artery atherosclerosis control individu-
als (vascular stenotic rate >50% diameter reduction) (L), 200 hypertensive intracerebral
hemorrhage control individuals (H) and 197 stroke-free control individuals (C). 15 SNPs in
4 genes (MYLK, AQP4, NINJ2, and INK4/ARF) were genotyped using Multiplex Snapshot
assay. Each SNP was first examined between the groups S and C in different genetic models
(codominant, dominant, recessive, overdominant, and log-additive). Permutation correc-
tion was used to adjust for multiple testing. The significant SNP loci were further analyzed
in comparing S with L and H, respectively. Subgroup analysis was also performed for each
risk-factor category. Results: Among the 15 SNPs, rs2222823 and 152811712 were found
to be significantly associated with CSVD after multiple-testing adjustment. The heterozy-
gote (A/T) of rs2222823 of MYLK has an odds ratio of 0.52 (95% CI = [0.35, 0.79], P =
0.002, adjusted P = 0.031) when compared with homozygotes. The heterozygote (C/T) of
rs2811712 of INK4/ARF has an odds ratio of 1.75 (95% CI = [1.13-2.71], P = 0.004, ad-
justed P = 0.050). The SNP 152222823 was significant (P = 0.035) in comparing S with H.
In comparing S versus L, it is significant for the subgroups of patients without diabetes (P =
0.012) and drinking (P = 0.018). rs2811712 was significant in comparing S with L for the
subgroups of patients with hyperlipidemia (P = 0.029) and drinking (P = 0.04). Conclu-
sion: The heterozygotes (T/A) at the rs2222823 SNP locus of MYLK gene decreases the risk
of having cerebral small vessel disease, while the heterozygotes (C/T) at the rs2811712 SNP
locus of INK4/ARF gene increases the risk, suggesting that the MYLK and INK4/ARF are the
associated genes of cerebral small vessel disease in Han Chinese population.

in neuroimaging. In China, cerebral small vessel disease is one of
the most common stroke subtypes, accounting for more than 30%

Cerebral small vessel disease (CSVD) is an important cause of silent
stroke and vascular dementia. It results from ischemia in the per-
forating arteries supplying the white matter and deep grey matter
nuclei, and it most shows both focal lacunar infarction and diffuse
areas of chronic ischemia (white matter changes or leukoaraiosis)
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of ischemic stroke patients [1].

Previous studies of CSVD showed that it might have a back-
ground for genetic predisposition [2, 3]. Most of the focus has
been on single nucleotide polymorphisms as genetic risk mark-
ers for white matter changes or leukoaraiosis, either directly or

© 2012 Blackwell Publishing Ltd



W. Li et al.

through their interactions with other genes or medical risk factors
[4]. However, no genetic polymorphism had yet shown convinc-
ing evidence for an association with CSVD [5]. With developments
of etiology study of CSVD, the dysfunction of blood-brain barrier
was considered as one of the important reasons leading to cerebral
small vessel disease [6—9]. Recent studies showed that myosin light
chain kinase (MYLK) and aquaporin 4 (AQP4) were the key roles
in regulating the permeability of blood brain barrier [10-16]. The
New England Journal of Medicine and Nature recently published
two GWAS studies, where the INK4//ARF gene and ninjurin 2
gene (NINJ2) were reported to be associated with stroke [17, 18].

We carried out a genetic association study to examine the rela-
tionship between CSVD and the 4 candidate genes, MYLK, AQP4,
NINJ2, and INK4/ARF. The results suggest that two tag SNP loci of
MYLK and INK4/ARF genes are related with CSVD in Han Chinese
population.

Methods
Subjects

The total study population includes 792 Han Chinese, where 197
cerebral small vessel disease patients (S) and 197 stroke-free con-
trol individuals (C) participated the first stage of the study; 198
large artery atherosclerosis control individuals (vascular stenotic
rate >50% diameter reduction) (L), and 200 hypertensive intrac-
erebral hemorrhage control individuals (H) participated in the sec-
ond stage of the study. All subjects including cerebral small ves-
sel disease and all control individuals were recruited from con-
secutive outpatients and inpatients admitted to Beijing Tiantan
Hospital from June 2009 to September 2010. This study was an
observational study, not focused on geographically matching. All
subjects underwent brain MR imaging with angiography or CT
scan, carotid artery ultrasound, and Trancranial Doppler. The
stroke-free control individuals were provided imaging examina-
tion (MRI or CT) in Cerebrovascular Disease Screening Test de-
partment and Health Examination Centre to rule out asymp-
tomatic brain tumor and cerebrovascular disease. The inclusion
and exclusion criteria were as follows: CSVD was defined as hav-
ing one of four imaging features (lacunar infarcts, leukoaraiosis,
microbleed, and dilatation of the pervascular spaces), while ruled
out the patients with subcortical lesion more than 1.5 cm in di-
ameter, or cortical infarct of any size, or a potential cardioem-
bolic source, or parent artery stenosis, and other large-vessel dis-
eases; large artery atherosclerosis was defined as being caused
by atherosclerosis, defined as carotid, vertebral, or basilar artery
stenosis more than 50% by carotid artery ultrasound or MR an-
giography; hypertensive intracerebral hemorrhage met the cere-
bral hemorrhage criteria of CT scan or MR image caused by hy-
pertension; stroke-free was defined as freeing from symptomatic
cerebrovascular disease (as TIA) and were normal on MR imag-
ing or CT scan. We asked about the past medical history of the
study population and the history of medications to remove med-
ications for lipid lowing, blood sugar lowing, or blood pressure
lowers.

The study was approved by the local ethics committees, and pa-
tients or their trustees gave written informed consent.
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Study Design & Genotyping Analysis

The study design was divided into two stages. To minimize the
genotyping labor and cost, the first stage only includes tag SNP
loci with minor allele frequency (MAF) >15% in the promoter
region and the reported SNP loci in the coding regions of the
candidate genes. Comparing group S with group C, fifteen SNP
loci on 4 candidate genes (MYLK, AQP4, NINJ2, and INK4/AREF,
Table 1) were screened. In the second stage, each significant SNP
loci after multiple-testing adjustment was further examined when
S was compared with L and H, respectively.

Genomic DNA was extracted from venous blood sample, using
QIAamp DNA Blood Mini Kit (Qiagen, CA, USA) according to the
manufacturer’s instructions. The primers were designed for each
SNP locus using Primer3 (http://frodo.wi.mit.edu/), and they were
listed in supplementary Table 1. Multiplex PCR reactions were per-
formed to amplify target regions containing the selected SNPs. The
PCR amplifications were carried out in a final volume of 20 ul
containing 20 ng/ul DNA, 2.4 pul of 2.5 uM dNTP mix (TaKaRa
Biotehnology Co.Ltd. TaKaRa Dalian, China), 2 ul of each primer
(1 uM), 1.2 ul of 25 mM MgCl, (Qiagen CA, USA), 0.15 ul of Taq
polymerase 5 U/ul (TaKaRa Biotehnology Co.Ltd. TaKaRa Dalian,
China), 2 ul of 10xbuffer (TaKaRa Biotehnology Co.Ltd. TaKaRa
Dalian, China) supplied with 15 mM MgCl,.The PCR conditions
were as follows: 1 cycle of 95°C for 2 min, 35 cycles of 94°C for
30 second, primer annealing(Tm-6) for 30 second, 72°C extension
for 1.5 min, followed by 15 min of final extension at 72°C, and a
4°C holding step. After amplification, 10 ul of PCR products was
purified by incubating at 37°C for 60 min with 0.2 ul of 5 U/ul Ex-
onuclease (TaKaRa Biotehnology Co.Ltd. TaKaRa Dalian,China)
and 1 ul of 1 U/ul SAP (USB), followed by enzymedeactivation
at 80°C for 15 min. Next, 3 ul of the purified PCR product was
mixed with 3 ul of SNaPshot reaction mix (Applied Biosystems,
Foster City, CA, USA), 3.8 ul of ddH,O, and 0.2 ul of the SNaP-
shot primer (10 M) in a 10 ul total volume. Primer extension
was performed on the GeneAmp PCR system (Applied Biosys-
tems, Foster City, CA, USA) for 28 cycles at 96°C for 10 second,
50°C for 5 second, and 60°C for 30 second, followed by a 4°C
hold. After the SNaPshot PCR, the unincorporated ddNTPs were
removed enzymatically by incubating samples with 1 U of SAP
(TaKaRa Biotehnology Co.Ltd. TaKaRa Dalian,China) for 60 min
at 37°C, followed by 15 min at 80°C for enzyme inactivation. All
products were separated by capillary electrophoresis in the ABI
Prism 3130XL Genetic Analyzer (Applied Biosystems, Foster City,
CA, USA) and evaluated using the GeneScan software, version 3.7
(Applied Biosystems, Foster City, CA, USA).

Statistical Analysis

Baseline characteristics, including age, gender, diabetes, hyper-
lipidemia, smoking, and drinking conditions, were summarized
as means and standard deviations or frequencies and percentages
as appropriate by the disease groups. ANOVA or the Chi-squared
test was used to compare each characteristic among the groups.
Hardy—Weinberg equilibrium was evaluated in all subjects using
QuickChi.
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Table 1 Properties of the selected gene polymorphisms for genotyping

Gene & SNP Chromosome Chromosome position SNP property Functional change Allele
INK4/ARF

rs3218020 9 21997872 5’-flanking / C/IT
rs2811712 - 21998035 5’-flanking / CIT
rs10757278 - 22124477 5-flanking / CIT
AQP4

rs162007 18 24445847 5'-flanking / cT
rs2075575 - 24446526 5'-flanking / CIT
rs162004 - 24447936 5'-flanking / GIC
MYLK

rs820463 3 123357037 Synon exon 29 p.Asn1614Asn oh)
rs3732487 - 123419573 Nonsynon exon 18 p.Asp914Glu AIC
rs3732486 - 123419733 Nonsynon exon 18 p.Leu861Pro CIT
rs3796164 - 123453061 Nonsynon exon 10 p.Val261Ala CIT
rs2222823 - 123604787 5’-flanking / AIT
rs1920221 - 123606952 5'-flanking / CIT
NINJ2

rs3809263 12 773456 5'-flanking / G/A
rs11833579 - 775199 5'-flanking / cm
rs7298096 - 776471 5’-flanking / CIT

For the first stage of the study, logistic regression models were
used to examine the effect of each SNP in comparing the group
of CSVD patients (S) with the controls (C). For each SNP, 5 ge-
netic models were considered, including the codominant model,
dominant model, recessive model, overdominant model, and log-
additive model. All models controlled for age and gender. The
Akaike Information Criterion (AIC) was calculated for each ge-
netic model and the genetic model with the smallest AIC was se-
lected. The permutation correction method was used to adjust the
results for multiple testing. The significant SNP loci (adjusted P val-
ues less than 0.05) were further analyzed in comparing S with L
and H, respectively. Subgroup analysis was also carried out to ex-
amine each risk factor. All the statistical analyses were performed
using SAS 9.2 software (Cary, NC, USA).

Results

The mean age of the study subjects was 58.05 £ 11.5 year
(Table 2). The stroke-free control subjects were younger (55.18 +
11.7 year) than the other three groups (P < 0.01, Table 2). 62% of
the subjects were male, and the control group (C) has the small-
est proportion (47.2%) of male subjects (vs. 63.5%, 65.5%, and
71.7% for S, H and L, respectively; P < 0.001). About 40% of the
L group subjects had diabetes, and the proportion was 30% for
the S group, and 19% for the H group (P < 0.001). The L group
also had the highest proportion of hyperlipidemia (P < 0.001) and
most smokers (P = 0.002). All three groups had about 40% of the
subjects who drink routinely (P = 0.620).

Genotype frequencies of all fifteen SNPs were in
Hardy—Weinberg equilibrium for both S and C groups (P >
0.05, Table 3. Controlling for age and gender, only two SNP loci,
1s2222823 and rs2811712, in comparing S with C passed the
permutation correction for multiple testing, where the adjusted
P values were, respectively, 0.031 and 0.050 (Table 3). The AIC
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values of the overdominant model were the smallest for these two
SNP loci (Figure 1). For SNP 2222823, age (OR = 1.13 per 5 years
older, 95% CI = [1.03, 1.24], P=0.011), and gender (OR = 1.98,
male vs. female, 95% CI = [1.31, 2.98], P = 0.001) were both
significantly in the overdominant model. For SNP 2811712, age
(OR = 1.13 per 5 years older, 95% CI = [1.03, 1.24], P = 0.013)
and gender (OR = 2.00, male vs. female, 95% CI = [1.33, 3.02],
P = 0.001). For rs2222823, the odds ratio was 0.52 (95% CI,
0.35-0.79) for the heterozygous genotype (A/T) when compared
with the homozygous genotypes (A/A and T/T). For rs2811712,
the heterozygous genotype (C/T) was associated with a higher
likelihood of having CVSD than the homozygotes (OR = 1.95,
95% CI = [1.13, 2.71]). Power analysis was performed based
on the logistic regression models (overdominant) used in the
first stage of the study. The sample size of 394 (197 per group)
had a power of 80% to detect an odds ratio of 0.57 or 1.83,
assuming that the prevalence rate is 60% for the homozygotes
or heterozygotes, and gender and age are not associated with the
genotypes.

In comparing S with H, the odds ratio was 0.90 (95% CI = [0.81,
0.99], P = 0.035, heterozygotes vs. homrozygotes, Table 4) for the
SNP rs2222823 in the overdominant model. This SNP also had a
significant effect in patients without diabetes (OR = 0.88, 95%
CI = [0.78, 0.99], P = 0.028). In comparing S with L, this SNP
does not have an overall significant effect. For the subgroup of pa-
tients without diabetes, the odds ratio was 0.85 (95% CI = [0.76,
0.96], P = 0.012). Similarly, for the subgroup of drinking patients,
the odds ratio was 0.83 (95% CI = [0.72, 0.97], P = 0.018). For
the SNP rs2811712, there were no overall significant differences
between the homozygotes and heterozygotes in comparing S with
L or H, but the heterozygotes show significantly high risk in two
subgroups (Figure 2). For the subgroup of patients with hyperlipi-
demia, OR was 1.15 (95% CI = [1.02, 1.30], P = 0.029, Table 4);
for the drinking subjects, OR was 1.18 (95% CI=[1.01, 1.37], P=
0.040).

© 2012 Blackwell Publishing Ltd
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Table 2 Summary to baseline characteristics by all study subjects

Large artery Intracranial

Cerebral small Stroke-free atherosclerosis hemorrhage

vessel disease control subject control subject control subject

(n=197) (h=197) (n=198) (h=200) P value
Gender (Male), n (%) 125 (63.45%) 92 (47.21%) 142 (71.72%) 131 (65.50%) <0.001
Age, median +5D 57.85+10.87 55.18 +£11.70 61.21 +£9.83 58.01+£12.73 <0.001
Diabetes, n (%) 57 (29.53%) N/A® 80 (40.26%) 38(19.29%) <0.001
Hyperlipidemia, n (%) 106 (54.36%) N/A 151 (76.62%) 94 (47.24%) <0.001
Smoking, n (%) 82 (41.84%) N/A 117 (59.39%) 95 (47.74%) 0.002
Drinking, n (%) 72 (37.70%) N/A 83 (42.13%) 83 (41.71%) 0.620
@N/A, No data are available.
Discussion erozygosis genotype (T/A) at 152222823 SNP locus had protective

effect for cerebral small vessel disease, while the heterozygosis

Our study showed that the two SNP loci in two different genes genotype (C/T) at rs2811712 SNP locus had promoting effect for
(MYLK and INK4/ARF genes), 152222823 and rs2811712, were

significantly associated with cerebral small vessel disease. The het-

cerebral small vessel disease. In further comparison between S and

Table 3 Association of 15 SNPs in comparing cerebral small vessel disease subjects with stroke-free controls in overdominant models®

Stroke-free Cerebral small Overdominant model
control subjects vessel disease H-W
SNP Genotype (%) subjects (%) P value OR P value Adjusted P value
rs10757278 CIC-TIT 103 (50%) 103 (50%) 0.251 1.04 0.844 1.000
cr 94 (50%) 94 (50%) - (0.69—1.56) - -
rs11833579 CIC-TIT 95 (46%) 112 (54%) 0.993 1.41 0.095 0.901
cr 102 (55%) 85 (45%) - (0.94-2.13) - -
rs162004 CIC-GIG 107 (50%) 108 (50%) 0.834 1.08 0.727 1.000
CIG 90 (50%) 89 (50%) - (0.71-1.61) - -
rs162007 CIC-TIT 104 (51%) 98 (49%) 0.901 0.88 0.531 0.693
cIT 93 (48%) 99 (52%) - (0.58-1.32) - -
rs1920221 CIC-TIT 118 (55%) 98 (45%) 0.062 0.68 0.065 0.904
cIT 79 (44%) 99 (56%) - (0.45-1.02) - -
rs2075575 C/IC-TIT 141 (54%) 121 (46%) 1.000 0.65 0.050 0.572
cIT 56 (42%) 76 (58%) - (0.42-1.00) - -
152222823 AA-TIT 126 (57%) 94 (43%) 0.872 0.52 0.002 0.031°2
AIT 71 (41%) 103 (59%) - (0.35-0.79) - -
rs2811712 C/IC-TIT 114 (45%) 142 (55%) 0.240 1.75 0.004 0.0502
cIT 83 (60%) 55 (50%) - (1.13-2.71) - -
rs3218020 CIC-TIT 104 (49%) 110 (51%) 0.061 1.12 0.585 1.001
cIT 93 (52%) 87 (48%) - (0.75-1.32) - -
rs3732486 C/IC-TIT 97 (51%) 92 (49%) 0.564 0.86 0.468 1.000
CIT 100 (49%) 105 (51%) - (0.57-1.30) - -
rs3732487 A/A-CIC 96 (51%) 93 (49%) 0.762 0.91 0.632 1.001
AIC 101 (49%) 104 (51%) - (0.60-1.39) - -
rs3796164 CIC-TIT 109 (51%) 103 (49%) 0.583 0.85 0.435 1.002
c 88 (48%) 94 (52%) - (0.56-1.28) - -
rs3809263 A/A-GIG 100 (48%) 110 (52%) 0.642 1.18 0.448 1.000
AlG 97 (53%) 87 (47%) - (0.78-1.75) - -
rs7298096 CIC-TIT 91 (44%) 114 (56%) 0.681 1.64 0.018 0.523
T 106 (56%) 83 (44%) - (1.09-2.44) - -
rs820463 C/IC-TIT 102 (48%) 109 (52%) 0.733 1.18 0.425 0.842
cIT 95 (52%) 88 (48%) - (0.79-1.79) - -

#Models control for age and gender.
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Figure 1 AIC values of five genetic models in relating each SNP loci to the cerebral small vessel disease and control groups. The stars show there are
significant differences between cerebral small vessel disease patients and stroke-free controls, adjusted P value less than 0.05, at SNP loci, rs2811712 and
rs2222823, and the AIC values of overdominant model are smaller than other genetic models.
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Figure 2 The figure shows the genotype frequencies at rs2222823 and
rs2811712 SNP loci in overdominant model among S, L, and H. The stars
show there are significant differences in comparisons, P < 0.05.

H or L, these two SNP loci also showed statistically significant as-
sociation in several risk-factor categories.

These results suggested that MYLK and INK4/ARF genes were
related with cerebral small vessel disease. Firstly, 12222823 and

562 CNS Neuroscience & Therapeutics 18 (2012) 558-565

152811712 SNP loci were respectively located the tagSNPs in pro-
moter region of the 5'flanking of MYLK and INK4/ARF genes.
Since those SNP loci were important function structures of two
genes and had powful associations with MYLK and INK4/ARF
genes. Second, many recent studies supported this suggestion.
Wang et al. (2007) revealed MYLK gene was related with
atherosclerosis disease in their studies [19]. Su et al. found the in-
creased activation of myosin light chain kinase could enhance vas-
cular endothelial permeability [20]. And recent studies about re-
gion of INK4/ARF gene found it had closely association with aging
and related aging diseases, such as myocardial infarction, stroke,
and type 2 diabetes [21-23]. Thence, the MYLK and INK4/ARF
genes were associated with the dysfunction of blood brain barrier
and aging atherosclerosis, which was highly correlated with the
pathophysiological changes of CSVD. Because CSVD was an aging
arteriosclerosis microangiopathy resulted in increased permeabil-
ity of blood-brain barrier.

Our study confirmed and refined the results of the GWAS that
the INK4/ARF gene and NINJ2 gene were related with stroke.
Burton PR et al. and Samani NJ et al. reported the region of
INK4/ARF gene on chromosome 9p21.3 was related with coro-
nary artery disease in genomewide association analysis [18,24],
and Jazdzewski K et al. confirmed the region on chromosome
9p21.3 was also increased the risk of stroke [25]. Those studies
revealed SNP rs1333049 near the region of INK4/ARF gene was
closely associated with both coronary artery disease and stroke.
Our results showed SNP rs2811712 locus at the INK4/ARF gene
was related with the subtype of cerebral small vessel disease in
Chinese population. There was a different SNP locus with the re-
sults of Jazdzewski K et al. studies, which might be resulted from
ethnical difference, while our result supported the conclusion

© 2012 Blackwell Publishing Ltd
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Table 4 Association of two selected SNPs, rs2222823 and rs2811712, in comparing S with H and L, respectively?

OR P value
SNP Genotype S H L Sversus H Sversus L Sversus H Sversus L
rs2222823 Overall AIA-TIT 126 107 109 0.90 0.91 0.035° 0.058
TIA 71 93 89 (0.81-0.99) (0.82-1.00) - -
No diabetes AIA-TIT 90 85 60 0.88 0.85 0.028° 0.0122
TIA 46 74 58 (0.78-0.99) (0.76-0.96) - -
Diabetes AIA-TIT 32 19 49 0.96 1.03 0.679 0.726
TIA 25 19 31 (0.79-1.16) (0.87-1.22) - -
No hyperlipidemia AIA-TIT 59 58 29 0.89 0.96 0.126 0.641
TIA 30 47 18 (0.78-1.03) (0.82-1.22) - -
Hyperlipidemia A/A-TIT 66 48 80 0.90 0.91 0.129 0.109
TIA 40 46 71 (0.78-1.03) (0.8-1.02) - -
No smoking AIA-TIT 75 57 48 0.90 0.95 0.151 0.481
TIA 39 45 33 (0.79-1.04) (0.83-1.08) - -
Smoking AIA-TIT 50 48 61 0.90 0.90 0.177 0.135
TIA 32 47 56 (0.78-1.04) (0.79-1.03) - -
No drinking AIA-TIT 76 63 69 0.90 0.97 0.132 0.671
TIA 43 53 45 (0.79-1.03) (0.85-1.11) - -
Drinking A/A-TIT 46 43 40 0.88 0.83 0.105 0.018?
TIA 26 40 43 (0.75-1.03) (0.72-0.97) - -
rs2811712 Overall T/T-C/IC 114 121 129 1.03 1.09 0.564 0.100
cr 83 79 69 (0.93-1.14) (0.98-1.20) - -
No diabetes T/T-C/IC 85 100 83 1.01 1.10 0.930 0.134
cr 51 59 35 (0.83-1.14) (0.97-1.25) - -
Diabetes T/T-CIC 28 18 46 0.99 1.10 0.943 0.277
cr 29 20 34 (0.81-1.23) (0.93-1.30) - -
No hyperlipidemia T/T-CIC 55 64 26 0.99 0.96 0.898 0.655
cr 34 41 21 (0.85-1.15) (0.82-1.14) - -
Hyperlipidemia T/T-C/IC 58 56 103 1.04 1.15 0.567 0.0297
cr 48 38 48 (0.91-1.20) (1.02-1.30) - -
No smoking T/T-C/IC 69 67 55 1.05 1.1 0.464 0.154
CIT 45 35 26 (0.92-1.20) (0.96-1.28) - -
Smoking T/T-C/IC 45 51 74 1.00 1.11 0.957 0.154
cr 37 44 42 (0.86-1.16) (0.96-1.28) - -
No drinking T/T-C/IC 72 73 73 1.02 1.06 0.749 0.366
cr 47 43 41 (0.89-1.16) (0.93-1.22) - -
Drinking T/T-C/IC 38 47 56 1.04 1.18 0.615 0.040°
cr 34 36 27 (0.89-1.22) (1.01-1.37) - -

@Models control for age and gender.

that the region of INK4/ARF gene on chromosome 9p21.3 was
associated with stroke, very likely with cerebral small vessel dis-
ease. Ikram MA et al. carried out an analysis of genomewide
association data generated from four large cohorts composing
the Cohorts for Heart and Aging Research in Genomic Epidemi-
ology consortium, including 19,602 white persons (mean [+/-
SD] age, 63+/-8 years) in whom 1544 incident strokes (1164 is-
chemic strokes) developed over an average follow-up of 11 years.
Two intergenic single-nucleotide polymorphisms (rs11833579 and
rs12425791) on chromosome 12p13 and within 11 kb of the gene
NINJ2 were associated with stroke (P < 5x10(-8)) [17]. In Ikram
MA'’s study, the SNP rs11833579 locus at NINJ2 gene were re-
alized that was associated with stroke (all types stroke, includ-
ing ischemic, hemorrhagic, or of “unknown” type on the basis
of clinical and imaging criteria), except the results of an under-

© 2012 Blackwell Publishing Ltd

powered analysis of the smaller black cohort. However, our result
didn’t found association between rs 11833579 and CSVD. Tong Y
et al. found there was association between two SNPs (rs11833579
and rs12425791) on chromosome 12pl3 and ischemic stroke
[26]. Matsushita T et al. revealed rs11833579 had no associa-
tion with atherothrombotic stroke and rs12425791 on chromo-
some 12p13 was a genetic marker for atherothrombotic stroke in
multiethnic population [27]. While Lotta LA et al. found there
wasn'’t association between two single nucleotide polymorphisms
(rs11833579 and rs12425791 of the NINJ2gene) on chromosome
12p13 with early-onset ischemic stroke [28]. Same as Olsson S
et al. and Ding H studies [29,30]. And International Stroke Genet-
ics Consortium showed their well-powered meta-analyses did not
validate associations between two SNPs (rs12425791 and
rs11833579) and stroke [31]. Therefore, we considered that the
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SNP locus (rs11833579) at NINJ2 gene hadn’t an association with
CSVD in Chinese population.

In genotype analysis, the AIC of five genetic models was cal-
culated and the data suggest the overdominant model. Although
overdominance can be observed for many human traits [32], few
cases of stroke susceptibilities due to an overdominant model of in-
heritance have been reported. However, in some studies of cancer,
the polymorphisms turned out to be strongly associated with can-
cers under the overdominant models [33, 34]. Further research
is desired to confirm whether CSVD was in accordance with the
overdominant model. There were several reasons that might lead
to such bias toward the heterozygotes. Technically, this could ap-
pear in using inaccurate restriction enzymes, but was unlikely to
occur in the ABI assay for genotyping using SnaPshot technique.
Molecularly, it was also possible that the variant allele might have
a very strong dominant effect, so that there was little difference be-
tween the effects of the variant homozygotes and heterozygotes.
However, this needs to be further tested in indepth molecular
mechanistic studies in the future. Statistically, because of the rela-
tively small numbers of the variant homozygotes observed in both
cases and controls, the effect of the variant homozygotes might be
subject to selection bias or other unfavorable genotypes than that
of the heterozygotes, or simply there was not enough statistical
power to detect the real effect among the variant homozygotes,
which only could be corrected by much larger studies in the fu-
ture. There was no affect to diagnoses the phenotype of cerebral
small vessel disease whether the patients were first ever stroke or
recurrent stroke, so we didn’t get concerned about this condition.
But the situation of first ever stroke or recurrent stroke will be
helpful to assessing risk factors of CSVD, so we will deeply anal-
yses the risks of CSVD distinguishing these two conditions in the
future study,

In conclusion, the heterozygotes (T/A) at rs2222823 SNP locus
of the MYLK gene decreased the risk of having cerebral small ves-
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pandemic [35]. Genetic research represents a promising tool for
stroke, especially CSVD patients, in both pathway of pathogenesis
and the search for new molecular preventive therapy.
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