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Brief Communications

Plasma MicroRNA 499 as a Biomarker of
Acute Myocardial Infarction

Taichi Adachi,” Michio Nakanishi,’ Yoritaka Otsuka,’
Kunihiro Nishimura,? Gou Hirokawa,? Yoichi Goto,"
Hiroshi Nonogi,” and Naoharu lwai’-2*

Departments of ' Cardiology and > Epidemiology, Na-
tional Cardiovascular Center, Suita, Osaka, Japan;
* address correspondence to this author at: Depart-
ment of Epidemiology, National Cardiovascular Cen-
ter, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan.
Fax +81-6-6835-2077; e-mail iwai@ri.ncvc.go jp.

BACKGROUND: MicroRNAs (miRNAs) are endogenous
small RNAs 21-25 nucleotides in length. Recently, we
reported that miRNA 208 (miR-208) is produced ex-
clusively in the rat myocardium and that plasma miR-
208 is a biomarker of myocardial injury in rats. In the
present study, we assessed the hypothesis that plasma
concentrations of myocardial-specific miRNAs can be
used to diagnose myocardial injury in humans.

METHODS: We used array analysis of miRNA produc-
tion in various human tissues to identify heart-specific
miRNAs. We assessed the plasma concentrations of
miR-499 in 14 individuals with acute coronary syn-
dromes, 15 individuals with congestive heart failure,
and 10 individuals without cardiovascular diseases.
Plasma miR-499 concentrations were measured with a
real-time reverse-transcription PCR method that used
an artificial small RNA as an internal calibrator.

REsULTS: The miRNA array analysis of various human
tissues indicated that miR-499 was produced almost
exclusively in the heart. Plasma miR-499 concentra-
tions were measurably increased in all individuals with
acute myocardial infarction but were below the limit of
detection for all individuals in the other patient groups.

concLusions: The plasma concentration of miR-499
may be a useful biomarker of myocardial infarction in
humans.

MicroRNAs (miRNAs),? endogenous small RNAs
21-25 nucleotides in length, can pair with the 3’ un-
translated region sites in mRNAs of protein-coding
genes to downregulate their expression (1), and they
play important roles in various physiological and
pathologic processes (2, 3). More than 500 human

2 Nonstandard abbreviations: miRNA, microRNA; miR-208, miRNA 208, AMI,
acute myocardial infarction; CHF, congestive heart failure; NYHA, New York
Heart Association.

miRNAs have been identified (4), and most human
protein-coding genes appear to be targeted by these
miRNAs (5, 6). miRNAs appear to function as rheo-
stats to fine-tune adjustments in the protein output
(7, 8).

The presence of miRNAs in various body fluids
has recently been reported (9-11 ), and we recently re-
ported that the plasma concentration of miRNA 208
(miR-208), a myocardial-specific miRNA in rats, is a
useful biomarker of myocardial injury (12). Other
groups have also reported that plasma miRNAs are
sensitive and specific biomarkers of various tissue inju-
ries (13, 14). In the present study, we examined which
human tissues produced miR-499 and assessed
whether the plasma concentration of miR-499 is a use-
ful biomarker of myocardial injury in humans.

We collected blood samples from 29 inpatients
and 10 healthy asymptomatic outpatients at the Na-
tional Cardiovascular Center Hospital after obtaining
their written informed consent. This study was ap-
proved by the Ethics Committee of the National Car-
diovascular Center.

The acute coronary syndromes group consisted of
9 patients with acute myocardial infarction (AMT) and
5 patients with unstable angina pectoris. All acute cor-
onary syndrome patients underwent coronary angiog-
raphy and percutaneous coronary intervention. The
blood samples from the acute coronary syndrome pa-
tients were obtained within 48 h of the last onset of
chest pain. We also obtained blood samples from AMI
patients before their final discharge when their clinical
status was stable. The congestive heart failure (CHF)
group consisted of 8 patients with old myocardial in-
farction [New York Heart Association (NYHA) class
I11], 4 patients with dilated cardiomyopathy (NYHA
class IT), and 3 patients with valvular diseases (1 patient
in NYHA class IIT and 2 in NYHA class IT). The blood
samples of patients in the CHF group were obtained
while they were in NYHA functional class II or III. The
control individuals consisted of asymptomatic healthy
and/or borderline hypertensive outpatients who were
visiting the hospital for regular health checkups. Crea-
tine kinase MB was increased in the patients with AMI
and not in the patients with unstable angina pectoris
(Table 1).

We isolated total plasma RNA with the mirVana™
PARIS Kit (Ambion) according to the manufacturer’s
protocol. Before purification, we added a fixed amount
of a small synthetic RNA to the plasma samples for a
dual assay to verify the RNA-purification procedures.
Details of the procedure are described in the Supple-
mental Data file available in the Data Supplement that
accompanies the online version of this Brief Commu-
nication at http://www.clinchem.org/content/vol56/
issue7.
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2 Data are expressed as the mean (SD) where indicated.

 Table 1
AMI® (n = 9) UAP (n = 5)
Blissn L g s
Age, years 66.8 (9.28) 70.2 (16.2)
CKMB.UAS 122049 189066
BNP, ng/L< ND ’ ND
_ Log miR-499 copies/100 ul 40

b AMI, acute myocardial infarction; UAP, unstable angina pectoris; CHF_lll, congestive heart failure in NYHA class Ill; CHF_Ii, congestive heart failure in NYHA class
II; Normal, healthy control individuals; CKMB, creatine kinase MB; BNP, brain natriuretic peptide; ND, not determined.
< CKMB (reference interval, 0-23 U/L) and BNP (reference interval, <18.4 ng/L) were measured in the AMI groups (AMI and UAP) and the CHF groups, respectively.

CHF_lIll (n = 9) CHF_Il (n = 6) Normal (n = 10)
i ~ e s
71.6 (6.6) 61.5 (16.4) 41.5 (8.0)
N e
674 (341) 175 (142) ND
il

<2.38 oan e

To identify myocardial-specific miRNAs, we used
the ABI TagMan MicroRNA Arraykit (Applied Biosys-
tems) according to the manufacturer’s protocol for
profiling the production of miRNAs in various human
tissues and cultured cells.

To measure miR-499 concentrations, we used a
TagMan microRNA real-time RT-PCR kit (Applied
Biosystems) (15) according to the manufacturer’s pro-
tocol. We simultaneously assessed the concentration of
the internal reference small RNA in a single tube. The
limit of detection for miR-499 was 240 copies/100 wL.
All assays were performed in duplicate. Calibration as-
says with various amounts of synthetic miR-499 were
performed on each assay plate. Details of the statistical
analyses are described in the Supplemental Data file in
the online Data Supplement.

The miRNA array analyses of 671 species of
miRNAs in various tissues and cells indicated that miR-
499 is produced almost exclusively in the human heart
(see Supplemental Table in the online Data Supple-
ment). miR-208a and miR-208b concentrations ap-
pear to be very low in the human heart (see Supple-
mental Table in the online Data Supplement), and
these 2 miRNAs appear not to be useful as plasma
biomarkers.

Fig. 1 summarizes the data for plasma miR-499
concentrations in the study population. Plasma miR-
499 concentrations were below the limit of detection in
the control and CHF groups; however, plasma miR-
499 concentrations were measurably increased in pa-
tients with AMI in the acute phase (within 48 h of the
last onset of chest pain) and became undetectable be-
fore hospital discharge, whereas this miRNA was not
detected in the plasma of patients with unstable angina
pectoris. The large variation in the plasma miR-499
concentration in AMI patients was most likely related
to variation in the time of blood collection. Our pre-
liminary investigation indicated that the peak plasma
miR-499 concentration occurred between 6 hand 12h

1184 Clinical Chemistry 56:7 (2010)

of the onset of myocardial infarction (data not shown).
A positive correlation between creatine kinase MB ac-
tivity and plasma miR-499 concentration was clearly

6
| o
> 5
] ‘ ANOVA
Z P<0.0001
2 4
=3
9
<9
g !
I 3
g
g e o 0 0 o
g 2 . ;
- i .
Below the detection limit
1
T T I T I i
& & 2 A & =
- ~ % - ~ -
]
s 5 3 g g @
< Q Q 2

_r Flg L Plasma concentratlons of ml -49
popuiatlon mEa g

"VPIasma miR-499 concentratlons were assessed
| reverse-transcription PCR with a synthetnc
an. mtemal cahbrator Values are expres :

with AMI [repeatedly Meaared n's
,5 48 h (AMI 1):and at 1ust befc,” e

'II (CHF 2) and in healthy contrql»»lndlw ual
 ANOVA lndlcated that the mean R-499 val
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observed in individuals with AMI (see Supplemental
Data in the online Data Supplement).

The present study is the first to confirm that a
cardiac-specific miRNA, miR-499, can be a biomar-
ker of myocardial infarction in humans. The next
question is whether this assessment of the plasma
miR-499 concentration has any clinical significance.
We expected the PCR-based assay of plasma miR-
499 to detect possible myocardial micronecrosis in
CHEF. In fact, our study showed that this method
could not detect plasma miR-499 concentrations re-
liably in CHF patients. A more sensitive assay to de-
tect plasma miR-499 can be developed, however, and
it might establish miR-499 as a new biomarker of
cardiovascular diseases in the same way that the re-
cently developed high-sensitivity assays for tro-
ponins have become very useful for evaluating pa-
tients with cardiovascular diseases (16 ).

Accumulating evidence suggests the usefulness
of circulating miRNAs as stable blood-based bi-
omarkers for various diseases (9—11). The present
study has confirmed, for the first time, that the
plasma miR-499 concentration may be a biomarker

of myocardial infarction in humans. Our array data
indicate other intriguing candidates for clinical ap-
plications, including miR-124a for the central ner-
vous systermn, miR-122 for the liver,and miR-133a for
skeletal muscle. These observations await further
clinical investigations.
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EDITORIAL

Exercise Training in Post-CABG Patients
at Low Prognostic Risk

— Beyond Recovery From Surgery —
Yoichi Goto, MD, PhD

shown to improve exercise capacity, coronary risk

factors, and health-related quality of life (QOL), to
retard the progression of atherosclerosis, and to decrease mor-
bidity and mortality in patients with coronary artery disease
(CAD).! Based on these lines of evidence, the American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines recommend cardiac rehabilitation for all
eligible patients with CAD, including those after coronary
artery bypass grafting (CABG).2 However, among studies
focusing exclusively on a CABG population, the existing
evidence of the efficacy of exercise training is limited to
improvements in exercise tolerance and psychological sense
of well-being.23 In this issue of the Journal, Bilinska et al
report the effects of exercise training on hemodynamic and
neurohurnoral responses to static (handgrip) exercise and on
inflammatory markers in patients after CABG.* Their study
is unique in the following 3 aspects.

Article p2598

Sympathetic and Metabolic Control of Cardiovascular
Response to Exercise
The first of these is that the authors assessed the effects of
dynamic exercise training on the response to static exercise.
Static exercise is known to elicit a greater increase in systolic
blood pressure (BP) than dynamic exercise, but the effects of
exercise training on the hemodynamic and neurohumoral
responses to static exercise have not been well understood.
The finding that the increases in heart rate, systolic BP, total
peripheral resistance and plasma norepinephrine concentra-
tion during handgrip exercise were attenuated after 6-week
exercise training were anticipated, but the finding of the
greater increase in the nitric oxide (NO) level in response to
handgrip exercise after exercise training is intriguing. Recent
studies suggest that not only the sympathetic nerve system
but also NO-mediated metabolic regulation significantly con-
tribute to the control of the cardiovascular response to acute
exercise or mental stress.5-7 Therefore, hemodynamic changes,
such as increases in BP and vascular resistance during static
exercise, are the composite result of interaction between 2
regulatory systems, that is, the sympathoexcitatory a-adren-
ergic and sympathoinhibitory NO systems.

Sugawara et al reported that, after exercise training, in-

C ardiac rehabilitation with exercise training has been

creased NO-mediated vasodilatation is counterbalanced by
enhanced e-adrenergic vasoconstriction, resulting in an un-
changed basal limb blood flow.? Additionally, the Bilinska
study demonstrated that both attenuated norepinephrine
release and enhanced NO release may be involved in the
attenuated increases in systolic BP and peripheral vascular
resistance during handgrip exercise after exercise training.*
These findings may be important for explaining the mecha-
nism of the beneficial cardiovascular effects of exercise
training, because there is a view that high levels of baseline
sympathetic outflow are not dangerous per se, but that high
levels of sympathetic outflow in conjunction with endothe-
lial dysfunction may have synergistic and detrimental effect
in terms of cardiovascular risk.? If so, a plausible scenario is
that the vicious cycle of autonomic dysfunction and endo-
thelial dysfunction can be prevented or ameliorated by regu-
lar exercise training.

Eftect of Exercise Training on Systemic Inflammation
Secondly, Bilinska et al demonstrate that exercise training
results in a significant reduction in inflammatory markers in
post-CABG patients. Although previous studies have reported
a reduction in inflammatory markers after exercise training
in CAD patients,!%11 this is the first report in post-CABG
patients. It is conceivable that, in post-CABG patients, even
after active myocardial ischemia is extinguished, the remain-
ing atherosclerotic plaques at the original sites may continue
to be a source of chronic inflammation.

The precise mechanisms by which exercise training ame-
liorates systemic inflammation is unclear, but Handschin
and Spiegelman proposed peroxisome proliferative-activated
receptor y (PPARY) coactivator 1a (PGC-1«) as a key factor
in the beneficial effect of exercise.’? PGC-1q is a critical
coordinator of the activation of metabolic genes control-
ling substrate use and mitochondrial biogenesis, and accord-
ing to Handschin and Spiegelman, regular exercise induces
PGC-1a in skeletal muscles, which in turn suppresses the
production of proinflammatory cytokines such as inter-
leukin-6 or tumor-necrosis factor-« in muscles.'? Conversely,
a sedentary lifestyle would decrease PGC-1« expression in
skeletal muscles, resulting in elevation of proinflammatory
cytokines and hence, chronic systemic inflammation.
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Interval vs Endurance Mode of Exercise Training

Thirdly, the study being discussed is unique because the
investigators used interval training rather than endurance
(continuous) training. Recent studies have demonstrated that
high-intensity interval training is more effective than contin-
uous moderate exercise training in enhancing exercise capac-
ity, PGC-1a level, and endothelial function in patients with
metabolic syndrome or chronic heart failure.3! If interval
training proves to be more effective than endurance training
in gaining cardiovascular benefits, the mode of exercise train-
ing, and hence, the style of contemporary cardiac rehabilita-
tion, will be greatly changed.

Remaining Issues

The study population was highly selected, young male pa-
tients after off-pump CABG with preserved left ventricular
function and without myocardial ischemia, uncontrolled
coronary risk factors, or comorbidities; that is, the patients
were at very low prognostic risk, which means it is not easy
to confirm that the observed beneficial effects will translate
into meaningful clinical outcome, because the long-term event
rate in this population should be very low. In addition, it
remains unknown whether the presented findings obtained in
a highly selected population can be generalized to real-world
patients with multiple risk factors and comorbidities.

Lastly, despite the established and additional potential ben-
efits, the use of outpatient exercise training/cardiac rehabilita-
tion remains very low in Japan.!s Considering the significant
impact of exercise training on both the NO and PGC-1a sys-
tems that regulate fundamental cardiovascular pathophysi-
ology, this important therapeutic modality warrants more
widespread application.
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Association of the Functional Variant in the 3-Hydroxy-

3-Methylglutaryl-Coenzyme A Reductase Gene
With Low-Density Lipoprotein-Cholesterol in Japanese

Yumiko Hiura, PhD*; Yasuharu Tabara, PhD**:t; Yoshihiro Kokubo, MD1;
Tomonori Okamura, MD'; Yoichi Goto, MD#; Hiroshi Nonogi, MD#;
Tetsuro Miki, MD"#; Hitonobu Tomoike, MD?'; Naoharu Iwai, MD*-#

Background: The association between single nucleotide polymorphisms (SNPs) at 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMGCR) and low-density lipoprotein-cholesterol (LDL-C) levels has been well replicated
in genome-wide association studies (GWAS) of white populations. Recently, the common intronic SNP of HMGCR

(rs3846662) has been reported to be a functional variant, influencing the altemative splicing of exon 13. The aim of
this study was to examine the association between rs3846662 of HMGCR and the level of LDL-C in Japanese.

Methods and Resuits: Significant differences in LDL-C levels were observed among the genotypes of
rs3846662 (P=0.0002 (n=2,686) and P=0.004 (n=2,110)) for the Suita and Ehime samples, respectively. The G
allele of rs3846662 was associated with higher LDL-C levels (8, 3.56; P=4.91x10-5). Consistent with this obser-
vation, the risk G allele at rs3846662 was more prevalent in subjects with myocardial infarction (M) (n=701) than
in subjects without Ml (n=3,118); 0.559 and 0.511 in MI cases and controls, respectively (nominal P=0.0038).
The odds ratio adjusted for age, sex, diabetes, hypertension, and drinking and smoking habits was 1.15 (95%
confidence interval 1.04-1.28; P=0.0075).

Conclusions: The previously reported association of rs3846662 with LDL-C levels was replicated in the pres-
ent Suita and Ehime samples. The LDL-associated SNP, rs3846662, appears to confer susceptibility to Ml in

Japanese. (CircJ 2010; 74: 518—-522)

Key Words: Genetics; Lipids; Myocardial infarction; Polymorphism

rosis Society (JAS) guideline for diagnosis and pre-

vention of atherosclerotic cardiovascular diseases
for Japanese,! elevated levels of low-density lipoprotein-
cholesterol (LDL-C) are an important risk factor. LDL-C is
known to be determined by both genetic and environmental
factors. Substantial progress has been made toward detecting
genes influencing circulating levels of LDL-C. In a recently
published genome-wide association study (GWAS, n=19,840)
with subsequent replication in 20,623 individuals,? 7 pre-
viously reported loci (APOE/C1/C4/C2, APOB, HMGCR,
LDLR, PCSK9, CELSR2/PSRC1/SORT1, CILP2/PBX4),3>8
as well as 4 novel loci (ABCGS8, TIMD4/HAVCR1, MAFB,
HNFIA) have shown genome-wide significant association
with LDL-C levels. Although GWAS of lipid and lipoprotein

!- s outlined in the 2007 edition of the Japan Atheroscle-

levels have been predominantly conducted in populations of
European ancestry, there have been only a few replication
studies conducted in non-European populations.4%-11

The association between single nucleotide polymorphisms
(SNPs) of 3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase (HMGCR) and LDL-C levels has been well replicated
in GWAS of white populations.3412 HMGCR is the rate-
limiting enzyme in cholesterol synthesis, and inhibitors of
HMGCR have been widely used as cholesterol-lowering
drugs.'? Recently, the common SNP in intron 13 of HMGCR
(rs3846662) has been reported to be a functional variant,
influencing the alternative splicing of exon 13.' In that
study, lymphoblastoid cells from subjects homozygous for
the major A allele showed higher levels of an alternatively
spliced isoform missing exon 13 compared with those from
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Table 1. Clinical Characteristics of the Study Populations
Suita sample Ehime sample

Men Women Men Women
No. of subjects 1,468 1,760 1,062 1,319
Age (years) 66.0+10.7 63.8£10.5 58.6+£15.3 62.1+13.2
BMI (kg/m?) 23.4+2.9 22.4+3.2 23.5+3.0 23.3+3.3
Total cholesterol (mg/dl)* 198.7+31.6 217.4+£32.5 190.6+34.6 208.1+33.5
HDL-C (mg/dl)* 54.8+14.3 64.6+15.0 58.1+14.8 64.0+15.6
LDL-C (mg/dl)* 121.2+28.5 134.3+30.4 130.4+102.1 123.2+30.2
Triglycerides (mg/dl)* 119.0+84.8 93.0+55.6 59.8+7.3 103.7+55.5
% Medication for dyslipidemia 11.0 18.5 3.7 6.7
% Smokers 28.8 5.3 38.2 2.1
% Drinkers 67.2 27.3 85.0 33.9

Continuous variables are meanzstandard deviation.
*Subjects with lipid-lowering medication were excluded.

BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol.

homozygotes for the minor G allele. The alternatively spliced
isoform of HMGCR has been detected in various human
tissues, including kidney, liver, heart, spleen, lung, placenta,
skeletal muscle, ovary, peripheral blood leukocytes, small
intestine, bone marrow, brain, spinal cord, testes, thyroid
gland, and uterus.!#415 The proportion of the alternative splic-
ing variant to the total HMGCR mRNA has been suggested
to be tissue-specific.! In a recent pharmacogenetic study, in
vitro upregulation of alternative splicing induced by statin
treatment was inversely associated with the in vivo statin
response and was partly determined by the genotypes of
rs3846662.16 Given the difference in allele frequencies and
linkage disequilibrium (LD) patterns across the populations,
it remains to be determined whether the previously reported
functional variant, rs3846662, in HMGCR is associated with
LDL-C levels in a Japanese population.

Methods

Study Populations

Suita Sample The study design of the Suita Study has
been described previously.!™2* In brief, the sample consisted
of 14,200 men and women (30-79 years of age at enroll-
ment), stratified by sex and 10-year age groups (10 groups
and 1,420 subjects in each group) who had been randomly
selected from the municipal population registry. They were
all invited by letter to attend regular cycles of follow-up
examination (every 2 years). Subjects were asked to estimate
the amount and frequency of their alcohol intake per week,
expressed as ethanol (g) per day.

To investigate the association of a genetic variation deter-
mining the LDL-C level with the risk of myocardial infarc-
tion (MI), genotyping of rs3846662 was carried out in 701
patients with MI randomly selected from in- and outpatients
with documented MI and who were enrolled in the Division
of Cardiology at the National Cardiovascular Center between
May 2001 and April 2003. Those who were free from MI
(n=3,118) served as controls.

Only those who gave written informed consent were
included for the study. The study protocol was approved by
the Institutional Ethics Committee and the Committee on
Genetic Analysis and Gene Therapy of the National Cardio-
vascular Center.

Ehime Sample Ehime sample comprised subjects from
the Nomura study of Ehime University, which is a longitu-

dinal epidemiological study based on the Nomura Town
residents.?S Subjects were recruited through a community-
based annual medical check-up process. Anthropometric and
biochemical parameters were obtained from personal health
records evaluated during the annual medical check-up. Infor-
mation on smoking and drinking habits was obtained by
interview. Subjects were asked to estimate average alcohol
consumption per occasion expressed as ‘gou’, equivalent to
22.5g of ethanol. All the study procedures were approved
by the Ethics Committee of the Ehime University Graduate
School of Medicine. Informed consent was given by each
participating subject.

Genotyping Assays
Genotyping was performed by TagMan allelic discrimina-
tion assays (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions. Deviation from
Hardy-Weinberg equilibrium and the degree of LD were
analyzed using HaploView 4.0 (http://www.broad.mit.edu/
mpg/haploview/).26

The exons 1-20 of HMGCR were sequenced in 48 sub-
jects with low or high LDL-C levels using a 3730 DNA
analyzer (Applied Biosystems) according to the manufac-
turer’s instructions.

Statistical Analysis

Data are expressed as mean+standard deviation. Continuous
variables were tested for normality of distribution, and loga-
rithmic transformation was applied to those with skewed
distributions. Residuals, defined as the observed minus pre-
dicted values on the basis of confounding factors, were used
for the genotype—phenotype association analysis by 1-way
analysis of variance (ANOVA) tests. Covariates included
in the model were derived from multiple logistic regression
analysis and used to calculate a residual value for each vari-
able. Genotype frequencies between control and MI cases
were compared by chi-square test. Odds ratio (OR) and 95%
confidence interval (CI) for the risk allele were estimated by
logistic regression analysis with adjustment for covariates.
Statistical analysis was performed using a JMP statistical
package 7.0 (SAS Institute, Cary, NC, USA).

Results

Clinical characteristics of the study populations are shown in
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 Tahle2. Logistic Regression Analysis of MI
Risk allele Genotype frequency . . .
rs3846662 frequency AR AG a6 P value HWE OR?# (95%Cl) P value
Control (n=3,118) 0.511 0.232 0.514 0.254 0.0038 0.119  1.15(1.04-1.28)  0.0075
MI cases (n=701) 0.559 0.193 0.496  0.311 0.905

*Genotype frequencies between control and MI cases were compared by chi-square test.

tDeviation from HWE was analyzed by an exact test and P values are presented.

tOR and 95%Cl for the risk allele were estimated by logistic regression analysis with adjustment for age, sex, dia-
betes, hypertension, and drinking and smoking habits. BMI and the presence of hyperlipidemia were not significant

predictors for Ml and not included in the model.

MI, myocardial infarction; HWE, Hardy-Weinberg equilibrium; OR, odds ratio; Cl, confidence interval; BMI, body mass

index.

Table 1 and Figure summarizes the association of rs3846662
genotypes with LDL-C levels in the Suita and Ehime sam-
ples. Significant differences in residual values of LDL-C
were observed among the genotypes of 13846662 (P=0.0002
(n=2,686) and P=0.004 (n=2,110)) for the Suita and Ehime
samples, respectively. In accordance with the previous re-
port,!2 the G allele of 13846662 was associated with higher
LDL-C levels in the Suita sample (3, 3.56, P=4.91x10-> with
adjustment for sex, body mass index (BMI) and ethanol con-
sumption). Although the association was in the same direc-
tion in both the Ehime and Suita samples, the frequency of
the risk G allele was more common in the Suita than in the
Ehime sample (0.511 among the Suita sample, 0.495 among
the Ehime sample). In the Ehime sample, homozygotes for the
A allele had significantly lower levels of LDL-C (8, —3.22,
P=0.001 with adjustment for age, sex, BMI and ethanol con-
sumption).

To examine the association between rs3846662 and the
risk of MI, genotype frequencies were compared between
patients with MI (n=701) and those free from MI (Table 2).
The risk G allele of rs3846662 was more prevalent in sub-
jects with MI than in subjects without MI (0.559 and 0.511
in MI cases and controls, respectively; nominal P=0.0038).
The OR adjusted for age, sex, diabetes, hypertension, and
smoking and drinking habits was 1.15 (95%CI 1.04-1.28;
P=0.0075).

In order to assess whether a functional rare variant of
HMGCR with a large effect is involved in influencing the

variation in LDL-C levels in Japanese, we sequenced the exon
regions of HMGCR in 48 subjects with low (n=18; residual
LDL-C adjusted for sex, BMI and daily ethanol consump-
tion: —=71.76 to —4.25 mg/dl) or high (n=30; residual LDL-C
adjusted for sex, BMI and daily ethanol consumption:
54.05-135.87 mg/dl) LDL-C levels. The sequencing analysis
revealed 1 synonymous mutation on exon 17 (Thr758Thr)
and 2 non-synonymous mutations on exon 9 (Tyr311Ser)
and 19 (GIn824Lys). The minor allele frequency (MAF)
for Thr758Thr, Tyr311Ser and GIn824Lys were 0.01, 0.03
and 0.01, respectively. Exons 11-20 are known to.encode a
catalytic domain.?” Because only 1 subject with low LDL-C
(uncorrected LDL-C: 46 mg/dl; residual LDL-C adjusted for
sex, BMI and daily ethanol consumption: —71.8 mg/dl) had
GIn824Lys, further genotyping of GIn824Lys on exon 19
was carried out in 192 subjects. However, we did not find
any other subject with this mutation. Overall MAF (n=240)
for GIn824Lys was 0.002.

Discussion

We have replicated the previously reported association of
3846662 within intron 13 of HMGCR with LDL-C level
in 2 independent Japanese populations: the Suita and Ehime
samples. Furthermore, rs3846662 was found to be associated
with the risk of ML The risk allele frequency for rs3846662
was more common in patients with MI than in those without
MI. The OR adjusted for age, sex, diabetes, hypertension,
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and smoking and drinking habits was 1.15 (95%CI 1.04-1.28,
P=0.0075).

Results of our GWAS? conducted in 900 Japanese men and
women using the Illumina Sentrix HuomanHap550 BeadChip
(Illumina Inc, San Diego, CA, USA) are also in line with
our current observation (see Supplement for more details).
Among the 368,274 SNPs with a call rate >90% and MAF
>0.1, rs3846662 of HMGCR was 1 of the top 38 SNPs
exceeding the arbitrary threshold of —logi0P >4.0. Of 38 top-
ranked SNPs, 20 were genotyped in the remaining Suita
sample (n=1,000-1,500) for validation of the associations
detected in the initial subpopulation (n=900). Although the
strength of the association for the 20 SNPs genotyped in the
additional Suita sample was weakened by increasing the sam-
ple size, the strongest association for LDL-C was observed
for rs3846662, indicating this SNP as a good candidate for
replication. Although it is possible that unrecognized genes
or loci influencing LDL-C levels could be newly identified
by increasing the sample size of the initial screening, the
observation that none of the markers (n=368,274) achieved
genome-wide significance after Bonferroni correction sug-
gests that there is no master gene involved in determining
LDL-C levels.

Because it can be speculated that multiple rare alleles with
a much greater effect may contribute to variations in LDL-C
levels in Japanese, we sequenced the 20 exons of HMGCR
in 48 subjects with high or low LDL-C levels. Despite our
anticipation, we failed to identify any unrecognized SNP with
a larger effect.

One of the limitations of the current study is the use of the
Friedewald formula to estimate LDL-C levels.?® However, a
recent study conducted in 27,331 women®” demonstrated a
significant correlation between the fasting LDL-C concen-
tration by Friedewald equation and the direct method. Nearly
identical results were obtained for fasting LDL-C levels by
the 2 methods in terms of the ability to predict cardiovascular
disease, questioning the advantage of the direct method over
the Friedewald formula. Therefore, it is unlikely that the use
of the Friedewald formula altered the outcome of the results
significantly.

We have replicated the association of rs3846662 with
LDL-C in 2 independent Japanese populations. In contrast
to the remarkable effect of HMGCR inhibitors as a choles-
terol-lowering drug, the effect of rs3846662 on LDL-C is
rather small, explaining only a fraction. The physiological
and functional importance of a gene may not necessarily be
reflected by an effect size of a commonly occurring genetic
mutation. There have been many reports investigating the
effect of genetic polymorphisms on MI using a candidate
gene approach.33! Although our findings need to be tested
in a larger sample, the LDL-associated functional SNP,
rs3846662, identified through GWAS appears to confer sus-
ceptibility to MI in Japanese. The GWAS approach is a
powerful tool for identifying genes involved in pathogenic
pathways and will provide new clues to fundamental strat-
egies for disease prevention and therapy. The possible can-
didate for future validation may be found in the GWAS data
included in the Supplement.

In conclusion, the previously reported association of
1s3846662 with LDL-C levels was replicated in Japanese
populations.
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