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Abstract

Derangement of Rho-associated kinases (ROCKSs) has been related to coronary artery disease and
stroke. ROCKZ2, rather than ROCK(1, plays a predominant role in vascular contractility. The
present study aims to test (1) the associations between ROCK?2 single nucleotide polymorphisms
(SNPs) and arterial stiffness, and (2) the molecular mechanism accounting for their effects.
Stiffness parameters including beta (), elasticity modulus (Ep) and pulse wave velocity (PWV)
were obtained by carotid ultrasonography. Seven tagging SNPs of ROCK?2 were initially
genotyped in 856 subjects and significant SNPs were replicated in another group of 527 subjects.
Two SNPs in complete linkage disequilibrium were found to be significantly associated with
arterial stiffness. The major alleles of rs978906 (A allele) and rs9808232 (C allele) were
associated with stiffer arteries. SNP rs978906 was predicted to influence microRNA(miR)-1183
binding to ROCKZ2, while rs9808232 causes amino acid substitution. To determine their functional
impact, plasmid constructs carrying different alleles of the significant SNPs were created.
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Compared to rs978906G-allele constructs, cells transfected with rs978906A-allele constructs had
higher baseline luciferase activities and were less responsive to miR-1183 changes. Oxidized-low
density lipoprotein (Ox-LDL) suppressed miR-1183 levels and increased ROCK2 protein
amounts. For rs9808232, cells transfected with C-allele constructs had significantly higher ROCK
activities than those with A-allele constructs. Leukocyte ROCK activities were further measured in
52 healthy subjects. The average ROCK activity was highest in human subjects with CC genotype
at rs9808232, followed by those with AC and lowest in AA. Taken together, the present study
showed that two functional SNPs of ROCK2 increase susceptibility of arterial stiffness in the
Chinese population. Non-synonymous SNP rs9808232 influences ROCK?2 activity, while 3' UTR
SNP rs978906 affects the ROCK2 protein synthesis by interfering miR-1183 binding.
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1. Introduction

Rho- associated coiled-coil containing protein kinases (ROCKS) play an important role in
the pathophysiology of vascular diseases [1]. ROCK is a serine/threonine protein kinase that
regulates the contraction, migration and proliferation of smooth muscle cells (SMCs) [1,2].
It can also affect vascular tone by suppressing endothelial nitric oxide synthase (eNOS)
synthesis and activity [3,4]. Besides, up-regulation of the ROCK activity can cause
endothelial dysfunction, vascular inflammation and platelet aggregation [5—7]. In human
subjects, repressing ROCK activity by its inhibitor fasudil was proposed to be a potential
target to treat hypertension, ischemic stroke, and myocardial infarction (MI) [8—10].

There are two isoforms of ROCKs, namely ROCK1 and ROCK?2. These two isoforms share
65% homology in the amino acid sequences [11], but they are not functionally redundant.
Previous studies have found that the two isoforms regulate different aspects of myosin
activity [12]. ROCK?2, but not ROCK1, plays a predominant role in SMC contractility [13].
Only ROCK2 participates in the signal cascades responsible for the up-regulation of
adhesion molecules when endothelial cells are exposed to pro-inflammatory stimuli [14].
Furthermore, single nucleotide polymorphisms (SNPs) of the ROCK2 gene have been found
to be associated with hypertension and coronary artery diseases [15,16]. All these findings
support a pivotal role of ROCK2 in vascular diseases.

Avrterial stiffness reflects the vascular compliance and is an independent predictor of
cardiovascular risks [17]. A substantial variation of arterial stiffness is attributed to genetic
factors with the estimated heritability between 0.18 and 0.66 [18,19]. Matrix
metalloproteinase-9 (MMP-9) gene, NOS3 gene (encoded for eNOS), and genes involved in
the inflammatory pathways have been found to be implicated in the pathogenesis of arterial
stiffness [19]. Since ROCK2 can inhibit eNOS expression and enhance nuclear factor-xB
(NF-xB) activity [3, 14], polymorphisms at the ROCK2 gene may confer a risk for arterial
stiffening.
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To delineate the genetic effect of ROCK2 on arterial stiffness, seven tagging SNPs were
initially genotyped in 856 subjects. Significant SNPs in the screening dataset were further
replicated in another group of 527 subjects. A series of cellular experiments and human
studies was conducted to explore the molecular mechanism of the significant SNPs.

2. Materials and methods

2.1. Subjects

Two independent datasets were used in the genetic association study to screen and validate
significant SNPs. The screening data comprised subjects from the unselected general
population who participated in the ongoing cardiovascular genetic studies at the Kaohsiung
Medical University Hospital (KMUH) [20]. After excluding subjects with a history of stroke
or Ml, a total of 856 participants were included. The validation data comprised 527 subjects
with strong family history who were also recruited from the KMUH. A subject with strong
family history was defined by the following two criteria: (1) the participant did not have a
history of stroke or MI upon enrollment, and (2) he/or she has one first-degree relative with
a documented M1 or stroke history, or two second-degree relatives with Ml or stroke. Blood
samples from additional 52 subjects were used for the measurement of leukocyte ROCK
activity.

Each participant filled a self-administrated questionnaire which included demographic
information and previous medical histories. Fasting blood glucose, total cholesterol (TC),
high density lipoprotein-cholesterol (HDL-C), and triglyceride (TG) were measured by
using standardized enzymatic procedures (Boehringer Mannheim, Germany). The coronary
heart disease (CHD) risk at 10-year for each participant was predicted by Framingham Risk
Score [21]. This study was approved by the KMUH Institutional Review Board and
informed consent was given by each participant.

2.2. Measurement of arterial stiffness

Carotid stiffness was measured by an ultrasound with the echo tracking system (SSD-5500;
Aloka, Tokyo, Japan) equipped with a 3-12-MHz linear array transducer and a vessel wall
moving detector. Measurements were performed in the right common carotid artery 2 cm
before bifurcation. The vessel movement detector system registered at least 10 consecutive
cardiac cycles and the subsequent changes of arterial diameter. Five best visualized blood-
intima boundaries were marked and selected for computation. This whole procedure was
repeated three times and the average data were used for analysis. Three stiffness parameters,
including beta (B), elasticity modulus (Ep) and pulse wave velocity (PWV) were calculated
automatically [20]. In our lab, the intra-reader correlation coefficient was 0.98 in § and Ep
and 0.92 in PWV.

2.3. SNP selection and genotyping

Tagging SNPs of ROCK2 were selected from the release 2.0 Phase Il data of the HapMap
Project (http://hapmap.ncbi.nim.nih.gov/) using the Tagger Pairwise method [22]. Selection
criteria were (1) r2 = 0.8, (2) minor allele frequency (MAF) = 5% in the Han-Chinese
population, and (3) coverage of the entire ROCK2 genome plus 1000 base pairs (bps) up-
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and 1000 bps down-stream of the ROCK2 transcript. Seven tagging SNPs met the selection
criteria and were genotyped initially in the 856 screening subjects. The significant SNP
rs978906 was genotyped in 527 subjects in the second data to replicate the association.

Genomic DNA was extracted from the peripheral blood leukocytes using a commercial kit
(Qiagen, Hilden, Germany). Genotyping was performed by the Applied Biosystems TagMan
technology with the ABI 7900 Real Time PCR System (Applied Biosystems, Foster City,
CA). Fluorescence data were analyzed using its System SDS software version 1.2.3.

2.4. Bioinformatic prediction of SNP function

SNPinfo website (http://snpinfo.niehs.nih.gov/snpinfo/snpfunc. htm) was used to predict
which tagging SNP has a functional impact on ROCK2. For SNPs at the 3' untranslated
region (3' UTR), three algorithms were used to identify possible microRNAs (miRs) that
have binding sites where the significant SNPs are located. These algorithms were
MicroCosm Targets (http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/),
TargetScan (http://targetscan.org/) and PicTar (http://pictar.mdc-berlin.de/).

2.5. Human ROCK2 3' UTR luciferase constructs

Double-stranded oligonucleotides containing 20 bps surrounding rs978906 were
synthesized. Three reporter constructs were created: one with three tandem copies of the risk
allele A (rs978906A-allele construct), the other with three tandem copies of protective allele
G (rs978906G-allele construct), and another with three tandem copies of mutant sequencing
(complete disruption of miR-1183 binding site). The constructs were then cloned into the
pMIR-REPORT™ miRNA expression reporter vector (Applied Biosystems) using the
restriction enzyme sites Spel and Mlul. The primer sets for constructs were shown in the
Supplementary Table 1.

2.6. Luciferase assays and RNA interference

MiR-1183 was predicted to bind to ROCK2 3' UTR at the site where rs978906 is located. To
test whether rs978906 can influence miR-1183 binding, human aortic smooth muscle cells
(HASMCs; Cascade Biologics, Portland, OR) were transfected with either one of the pMIR-
REPORT constructs (rs978906A-, rs978906G-allele constructs or mutant construct; 600 ng)
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA). The pEGFP-C1 vector (100 ng) was
co-transfected as the internal control. In the meantime, HASMCs were transfected with one
of the following miRs: mimic control, inhibitor control, miR-1183 mimic (MH13324,
mirVana®, Applied Biosystems), or antagomiR-1183 (MC13324). Three different doses (1
nM, 5 nM and 10 nM) of miR-1183 mimic and antagomiR-1183 were used. A constant dose
of 5 nM was used for mimic control and inhibitor control. After transfection for 24 h,
luciferase activity was measured using the Luciferase Assay System (Promega, Madison,
WI1). To determine the effect of oxidized-low density lipoprotein (ox-LDL) on ROCK2
expression, HASMCs carrying either one of the pMIR-REPORT constructs (rs978906A-,
rs978906G-allele or mutant constructs) were incubated with or without 60 pg/ml ox-LDL.
After treatment for 48 h, luciferase activity was measured as described.
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2.7. Quantitative PCR (gPCR) and western blot

After HASMCs were transfected with mimic control, inhibitor control, miR-1183 mimic or
antagomiR-1183 for 24 h, ROCK2 mRNA levels were measured by qPCR. Western blot was
performed with rabbit anti-ROCK2 (1:1000; abcam, Cambridge, UK) and mouse anti-p-actin
antibodies (1:10,000; Santa Cruz, Dallas, Texas). The detailed methods for qPCR and
western blot were shown in the Supplementary materials.

To test whether ROCK2 and miR-1183 levels are altered during atherosclerotic process,
HASMCs were incubated with or without 60 pg/ml ox-LDL. MiR-1183 levels were
measured by gPCR using TagMan microRNA assays (Applied Biosystems) with
normalization to RNA-U6B. ROCK2 protein amount was quantified by western blot.

2.8. Human ROCK2 expression vector constructs

Two ROCK?2 expression vectors (rs9808232C- and rs9808232A-allele constructs) were
created. ROCK2/pCMV6 entry plasmid (major C allele at rs9808232) was purchased from
ORIGENE (category no: RC217764) which contained the 4167 bps of ROCK2 cDNA open
reading frame. To induce a single nucleotide C to A substitution at rs9808232 in mutant
construct, wild type construct was used as a template for site-directed mutagenesis by
QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA). The primers for
mutagenesis were shown in Supplementary Table 1.

U20S cells (human osteosarcoma cell line; ATCC) were transfected with pcDNAS3 (negative
control), vector with wild type construct (rs9808232C-allele), vector with mutant construct
(rs9808232A-allele), or CAT-ROCK (positive control). The cell lysates were obtained 32 h
after transfection, and proteins were used for the measurement of total ROCK activity.

2.9. Measurement of ROCK activity

Total ROCK activity was measured in (1) peripheral blood leukocyte from 52 healthy
subjects, and (2) U20S cells transfected with plasmid constructs. Total ROCK activity was
assayed by measuring the amount of phospho-Thr8%3 in the myosin-binding subunit (MBS)
of myosin light chain phosphatase (MLCP) as described elsewhere [23,24]. NIH 3T3 cell
lysates under the stimulation of 10 umol/l lysophosphatidic acid were used as a positive
control to standardize the results of western blot. Equal amounts of cell extracts were
subjected to 7.5% SDS-PAGE and transferred to nitrocellulose membranes. Membranes
were incubated with rabbit anti-phospho-specific Thr853-MBS polyclonal antibody
(provided by Dr. James K. Liao), rabbit anti-MBS polyclonal antibody (Covance, Princeton,
NJ), or anti-actin monoclonal antibody (Sigma-Aldrich). Bands were visualized using the
ECL system and the band intensities were quantified using National Institutes of Health
Image 1.61. ROCK activity was expressed as the ratio of phospho-Thr823-MBS (p-MBS) in
each sample to p-MBS in each positive control divided by MBS in each sample per MBS in
each positive control.

2.10. Statistical analysis

All statistical analyses were performed with SPSS statistical software (version 16.0).
Genotype distributions were tested for Hardy—Weinberg equilibrium (HWE). Each stiffness
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parameter was adjusted for age, sex, diabetes, hypertension, hypercholesterolemia, smoking
and body mass index (BMI) by multivariate regression. The adjusted stiffness parameters
were used for genetic statistical analyses. ANOVA and Student's t-test were used to compare
the means of each stiffness parameter across different genotypes. Linear regression was used
to quantify the effect of risk genotype based on an additive model of inheritance. A nominal
p value of 0.05 is considered statistically significant, and the significant SNPs were further
tested in the validation data to reduce type | error.

The homogeneity test was used to compare the effect size (um) of a SNP tested in both
screening and validation datasets. The effect size (um) represented the difference of stiffness
parameters with one extra copy of risk allele of a significant SNP. The um and the standard
error (SE) of um were obtained from the regression analysis of each dataset. Weight of each
data was calculated by 1/SE2. Under the assumption of a constant genetic effect, um should
be homogeneous across different datasets. The formula to calculate the p value for the
homogeneity test was described elsewhere [25]. A p value of greater than 0.05 indicated a
constant genetic effect across two datasets; therefore, the two data can be combined to obtain
an overall p value.

For the cellular experiments, Student's t-test or ANOVA was used to compare the variables
between different treatment groups. Kruskal-Wallis test or Mann-Whitney U test was used
to compare leukocyte ROCK activity among 52 subjects with different genotypes. A
nominal p value less than 0.05 is considered statistically significant. All experiments were
performed at least three times with technical duplicates in each sample.

3. Results

3.1. Genetic association studies

The demographic characteristics of the study subjects are shown in Table 1. The genotype
distribution was in HWE for any of the seven SNPs. Five of the seven tested SNPs were
significantly associated with at least one of the three stiffness parameters in the screening
data (Supplementary Table 2). Among them, the non-synonymous SNP rs9808232 yielded
the most significant results. Major allele C of rs9808232 exerted an additive effect to cause a
detrimental effect on arterial stiffness. The average Ep was highest in the CC genotype of
rs9808232, followed by AC and then lowest in AA (105.2 + 31.7, 103.0 £ 30.8, and 98.1

+ 27.4 kPa, respectively). Consistent with the results in Ep, the C allele exerted a dose-
dependent effect to have a higher value of p and PWV. The 3' UTR SNP rs978906 was also
significantly associated with Ep (p = 0.031) and PWV (p = 0.038), and had a borderline
significance for 3 (p = 0.063). Similar to rs9808232, the highest value of stiffness parameters
was for major homozygote AA of rs978906, followed by AG, and then GG.

The LD map of the tested SNPs is shown in Supplementary Fig. 1. The two most significant
SNPs (rs978906 and rs9808232) were in complete linkage disequilibrium (LD) (D' = 0.99
and r2 = 0.97). Haplotype analyses failed to find any significant result.
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3.2. Validation data of genetic association studies

Since rs978906 and rs9808232 were in high LD, we only genotyped rs978906 in the 527
subjects in the validation data. The genotype distribution of rs978906 was similar between
the screening and validation data (Table 1). Consistent with the screening data, the A allele
of rs978906 was associated with a higher value of stiffness parameters in the validation data
(Table 2). The effect sizes (um) of the validation data were very similar to those in the
screening data. For example, one extra copy of A allele at rs978906 was associated with an
increment of 3.20 and 3.59 kPa in Ep in the screening and validation data respectively
(homogeneity test p = 0.90). Similarly, the effect size was approximately 0.20 for 3, and
approximately 0.09 for PWV in both data (homogeneity test p = 0.71 and 0.95). Since the
homogeneity test suggested that the two data had a consistent direction, they were combined
to yield more reliable and significant results (p = 0.02, 0.03, and 0.02 for Ep, 8, and PWV
respectively).

3.3. Functional test for SNP rs978906

Both rs9808232 and rs978906 were predicted to have biological functions. Bioinformatic
analyses implied that the 3' UTR SNP rs978906 is located at miR-1183 binding site (Fig.
1A). The G-allele of rs978906 was predicted to bind more strongly with miR-1183 than the
A-allele. For HASMC:s transfected with rs978906G-allele constructs, miR-1183 mimic
reduced the luciferase activity by 52.4% in comparison to those transfected with control miR
(Fig. 1B, p < 0.001). Similarly, miR-1183 mimic reduced the luciferase activity by 29.9% in
rs978906A-allele constructs (Fig. 1B, p < 0.001). AntagomiR-1183 caused a greater increase
of luciferase activity by 17.1% in G-allel than an increase by 8.4% in A-allele (Fig. 1C, p =
0.003 and 0.03 respectively). Similarly, ox-LDL treatment increased the luciferase activity
by 27.9% in G-allele and 10.7% in A-allele (Fig. 1D, p = 0.0007 and 0.01 respectively).
Mutant construct lost the miR-1183 binding site did not have any change under either one of
following conditions: ox-LDL treatment or transfection of antagomiR-1183 or miR-1183
mimic. Taken together, miR-1183 mimic could knock down ROCK2 expression in both A-
and G-allele constructs. AntagomiR-1183 and ox-LDL increased ROCK2 expression in both
A- and G- allele constructs. Among the three conditions (control miR, mir-1183 mimic, and
antagomiR-1183), cells carrying rs978906A-allele constructs had higher luciferase activities
than those with G-allele constructs. Disruption of the miR-1183 binding site aborted the
effects of miR-1183, antagomiR-1183 or ox-LDL on ROCK2 expression.

ROCK?2 expression levels were then compared across HASMCs transfected with control
miR, miR-1183 mimic or antagomiR-1183. There was no significant difference in mRNA
levels (data not shown), but the ROCK?2 protein amount differed among the treatment
groups. MiR-1183 mimic dose-dependently decreased ROCK?2 protein (Figs. 2A and C);
while antogomiR-1183 significantly increased the ROCK2 protein levels (Figs. 2B and D).
The ox-LDL effects on ROCK2 protein amounts and miR-1183 expression were also
examined. Compared to the control group, ox-LDL substantially increased ROCK?2 protein
level by 7.32 fold (p = 0.0013, Figs. 2E and F) accompanied with a reduced miR-1183 level
by 77.7% (p = 0.006, Fig. 2G).
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3.4. Functional test for rs9808232

SNP rs9808232 (aka Thr431Asn, has been merged into rs2230774) may affect ROCK
activity since it causes the amino acid substitution from threonine (Thr) to asparagine (Asn).
ROCK?2 protein amount and ROCK activity were measured in U20S cells rather than
HASMCs to facilitate the transfection efficacy of plasmids. The amount of ROCK2 protein
was similar between U20S cells transfected with rs9808232C- or rs9808232A-allele
constructs (Figs. 3A and B). But, a greater amount of p-MBS was observed in cells
transfected with the C-allele constructs (Figs. 3A and B). It suggested that substitution from
C-allele to A-allele at rs9808232 caused a reduction in ROCK enzyme activity.

The leukocyte ROCK activity was measured in 52 subjects (22 men and 30 women, age:
50.7 + 7.5 years) to confirm the biological effect of rs9808232 in vivo. The total ROCK
activity was significantly different among subjects with different rs9808232 genotypes (Figs.
3C and D). The average ROCK activity was highest in CC genotype, followed by AC and
then lowest in AA (249.6 + 137.2, 102.2 £ 82.9, and 79.4 £ 61.6 respectively). None of
cardiovascular risk factors was associated with the ROCK activity in the peripheral blood
leukocytes (Supplementary Table 3).

4. Discussion

The present study showed that ROCK2 polymorphisms were significantly associated with
arterial stiffness in a Chinese population residing in Taiwan. The two significant SNPs
(rs9808232 and rs978906) are in strong LD and both SNPs have functional consequences.
Therefore, a person who carries the risk C-allele at rs9808232 will also carry the risk A-
allele at rs978906. Non-synonymous SNP rs9808232 influences ROCK2 activity, while 3'
UTR SNP rs978906 affects the ROCK2 protein synthesis by interfering miR-1183 binding.
For rs9808232, the risk C-allele is associated with a higher ROCK activity and a stiffer
carotid artery. The risk A-allele of rs978906 has an elevated ROCK2 expression level and a
worse stiffness profile. Taken together, our study indicated that the ROCK2 polymorphisms
can influence arterial stiffness by affecting ROCK2 levels and activity, which can eventually
affect the risk of vascular diseases.

Our study is the first to demonstrate a significant association between ROCK2
polymorphisms and stiffness parameters. In coherent to our findings, Noma et al. found a
positive correlation between leukocyte ROCK activity and PWV values in human subjects
[26]. Our functional studies confirmed that the two LD SNPs (rs9808232 and rs978906)
have individual biological effect. The feasibility of using these two SNPs as a marker of
cardiovascular risks warrants further investigation. ROCK2 SNPs have been related to
hypertension [15,27]; however, both our and another studies failed to find any association
between blood pressure and ROCK2 polymorphisms [28].

Although rs9808232 has been related to several human diseases [15, 29,30], the present
study is the first to demonstrate that this non-synonymous SNP could affect ROCK activity
in vivo. The C to A substitution at rs9808232 leads to the amino acid change nearby the
coiled-coil region of ROCK?2 protein. The coiled-coil region acts like a hinge that opens up
the hairpin structure of ROCK and exposes the kinase domain [31]. Our study showed that
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the C to A substitution at rs9808232 caused a lower ROCK activity in both U20S cells and
leukocytes of human subjects. SNP rs9808232 might affect the ROCK enzyme activity via
influencing the function of coiled-coil region.

Another intriguing finding is that miR-1183 may modulate the atherogenic process by fine
tuning the expression of ROCK2. The pivotal role of miRs in the cardiovascular diseases
was just revealed recently [32,33]. Our study showed that ox-LDL increases the ROCK2
gene expression via reducing miR-1183 levels. We further demonstrated that two different
alleles (A and G alleles) of the single nucleotide polymorphism (rs978906) at the 3' UTR
could affect ROCK2 protein expression via interfering with miR-1183 binding. The A allele
of rs978906 had reduced repression of miR-1183 resulting in significantly higher ROCK2
expression levels than the G allele. Therefore, people carrying the A allele are prone to
arterial stiffness because their ROCK?2 levels tend to be high, especially when miR-1183 is
suppressed by ox-LDL.

The present study had several limitations. Since both the screening and validation subjects
were recruited from Han Chinese residing in Taiwan, the association between ROCK2 SNPs
and stiffness might not be generalized to other ethnic groups. According to a recent study
investigating the population admixture and phylogenetic system of the Han Chinese residing
in Taiwan [34], the genetic information is homogeneous among the Taiwanese
subpopulations. The above evidence reduces the concern of spurious association due to
population stratification. We did not apply the multiple testing corrections for the statistical
analysis because the seven SNPs were in strong LD and the three stiffness parameters are
intimately correlated. We acknowledged that the lack of significance in the validation cohort
is likely to be due to insufficient power in a modest sample size. Our overall sample size
provided a power of 89% with an alpha level of 0.05 according to the GWASpower/QT
software for power estimation [35]. However, the power is only 55% for the validation data
(N =527) and 73% for the screening data (N = 856). From the biostatistics “central limit
theorem”, the means of the point estimate (i.e. beta in the linear regression) are likely to
maintain constant. However, the p value is the function of sample size and tends to increase
while sample size decreases. The effect size (um) between the screening and validation data
remains constant. Furthermore, the cellular experiments confirmed biological functions for
these two SNPs, which provide an additional line of evidence. Since there was no assay for
ROCK2-specific activity, we could only measure the total ROCK activity in cells or humans
subjects with ROCK2-deficient genetic background.

In conclusion, the present study identified two ROCK2 polymorphisms as genetic
determinants of arterial stiffness. SNP rs9808232 leads to amino acid substitution and
influences ROCK enzyme activity. SNP rs978906 is located in the miR-1183 binding site
and its allele difference influences the miR-1183 effect on ROCK2 expression. Modulating
miR-1183 levels might be a potential therapeutic strategy in ROCK2 related cardiovascular
diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

SNP rs978906 affects luciferase activities in HASMCs. (A) The upper plot shows the
luciferase reporter with one construct carrying three copies of rs978906G-allele or

Gallele Aallele Mutant

Page 13

rs978906A-allele or mutant sequence. The lower plot shows the theoretical mMIRNA:MRNA
duplex pairing between miR-1183 and the ROCK2 3' UTR. The G, A and mutant alleles are
highlighted with an asterisk (*). (B, C) Luciferase activities were measured in HASMCs
expressing either A-allele, G-allele or mutant construct that were treated by control miR,
miR-1183 mimic or antagomiR-1183. (D) After incubated with 60 pg/ml ox-LDL for 48 h,
luciferase activities were measured in HASMCs transfected with either A-allele, G-allele or
mutant construct. *p < 0.05, **p < 0.01, NS: non-significant compared between treatment

group and control group.
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Fig. 2.
M?R—1183 inhibited ROCK?2 expression in HASMCs. (A, B) Western blot analysis of
ROCK?2 protein amount in HASMCs transfected with miR-1183 mimic or antagomiR-1183
in different doses. (C, D) Densitometric quantification of the protein expression levels of
ROCK2 in HASMCs transfected with miR-1183 mimic or antagomiR-1183. (E, F) Western
blot and quantification plot showed that ox-LDL treatment caused an increase in ROCK2
protein amount. (G) Ox-LDL treatment reduced miR-1183 mRNA levels. *p < 0.05, **p <
0.01.
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Fig. 3.

AA (N=11)
rs9808232 genotype

SNP rs9808232 affects total ROCK activity. (A) Western blot for ROCK2, p-MBS at Thr853,
total-MBS and p-actin. U20S cells were transefcted with pcDNA3 (negative control), wild
type human ROCK2 expression vector (rs9808232C-allele constructs), mutant ROCK2
vector (rs9808232A-allele construct), or CAT-ROCK (positive control). Wild type construct
was used as a template to induce C to A substitution at rs9808232 in the mutant construct by
site-directed mutagenesis. (B) Densitometric quantification to compare the ROCK2 protein
amount and ROCK activity (i.e. p-MBS at Thr8%3/total-MBS) between rs9808232-C and A
allele constructs. (C, D) Representative blot data and quantitative analysis of leukocyte
ROCK activity measured in 52 healthy persons with different genotypes at rs9808232.
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Table 1

Demographic characteristics of study participants.

Screening data (N = 856)

Validation data (N = 527)

Age (year) 51.2+10.9
Men (%) 48.0%
Hypertension (%) 33.4%
Diabetes (%) 8.9%
Hypercholesterolemia (%) 24.9%
Current and ever smoker (%) 19.4%

CHD risk at 10-year predicted by
Framingham Risk Score

Low risk/intermediate risk/high risk  83.1%/15.2%/1.8%

Ep (kPa) 97.3+39.4
B 75+27
PWV (mls) 59+1.1
ROCK?2 tagged SNPs (3' to 5)
SNP Location M/m MM/Mm/mm (%)
rs978906 3'UTR AIG 36.5/46.4/17.1
rs1515223 Intron32  CIT 84.1/15.3/0.6
1s9808232 Exon 10 CIA 36.1/47.1/16.9
rs10167277 Intron 6 AIT 31.0/49.4/19.6
rs10168084 Intron 6 T/IC 36.9/46.8/16.3
1s12479227 Intron 3 CIT 73.9/24.0/2.1
rs4669700 Intron 3 CIT 30.0/49.6/20.4

55.1+9.23
46.9%
50.9%3
16.1%3
48.2%3
25.8%3

73.1%/21.6%/5.3%3
112.0 + 48.43
8.7+3.73
6.3+1.23

MM/Mm/mm (%)
33.5/49.2/17.3
NA

NA

NA

NA

NA

NA

M/m: major/minor allele, MM/Mm/mm: Major homozygote/heterozygote/minor homozygote, CHD = coronary heart disease.

*
Variables are significantly different between two data (p < 0.05).
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