
Abstract. Dyslipidemia is an important risk factor for
myocardial infarction (MI). We previously showed that gene
polymorphisms associated with MI differed among individuals
with different lipid profiles. We further examined whether
genetic variants that confer susceptibility to MI might differ
among individuals with low or high serum concentrations of
triglycerides, high density lipoprotein (HDL)-cholesterol, or
low density lipoprotein (LDL)-cholesterol. The study
population comprised 5270 Japanese individuals, including
1188 subjects with MI and 4082 controls. The 150 polymor-
phisms examined in the present study were selected by
genome-wide association studies of MI and ischemic stroke
with the use of the Affymetrix GeneChip Human Mapping
500K Array Set. The initial Chi-square test revealed that the
A→G polymorphism (rs12632110) of SEMA3F was signifi-
cantly (false discovery rate <0.05) associated with MI among
individuals with high serum HDL-cholesterol or among those
with low serum LDL-cholesterol. Subsequent multivariable
logistic regression analysis with adjustment for covariates
revealed that rs12632110 was significantly (P<0.01) associated
with MI in individuals with high serum HDL-cholesterol or
with low serum LDL-cholesterol. The genetic variants that

confer susceptibility to MI differ among individuals with
different lipid profiles, and the genetic component for the
development of MI is more apparent in individuals at low-
risk (high HDL- and low LDL-cholesterol levels) compared
to those at high-risk. Stratification of subjects according to
lipid profiles may thus be important for personalized
prevention of MI based on genetic information.

Introduction

Myocardial infarction (MI) is a complex disease resulting from
an interaction between genetic and environmental factors.
Disease prevention is an important strategy for reducing the
overall burden of MI, and the identification of markers for
disease risk is essential both for risk prediction and for
potential intervention to reduce the chance of future events.

Although recent genetic association studies (1-6) have
implicated several loci and candidate genes in predisposition
to MI, the genes that contribute to genetic susceptibility to MI
remain to be identified definitively. We previously showed
that genetic variants that confer susceptibility to MI differed
between men and women (7,8), between individuals with or
without conventional risk factors for atherosclerosis (9), or
between individuals with different lipid profiles (10). To
further examine whether the association of polymorphisms
with MI is influenced by the baseline lipid profiles, we
performed an association study of 150 polymorphisms of
144 candidate genes (11) and MI in 5270 Japanese individuals
with low or high serum concentrations of triglycerides, high
density lipoprotein (HDL)-cholesterol, or low density lipo-
protein (LDL)-cholesterol. The purpose of the present study
was to identify genetic variants that confer susceptibility to
MI in Japanese individuals with different lipid profiles
independently and thereby to assess the genetic risk of MI in
such individuals separately.
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Materials and methods

Study population. The study population comprised 5270
unrelated Japanese individuals (2949 men, 2321 women)
who either visited outpatient clinics of or were admitted to
one of the participating hospitals (Gifu Prefectural General
Medical Center and Gifu Prefectural Tajimi Hospital in Gifu
Prefecture, Japan; and Hirosaki University Hospital,
Reimeikyo Rehabilitation Hospital and Hirosaki Stroke
Center in Aomori Prefecture, Japan) between October 2002
and March 2008 because of various symptoms or for an annual
health checkup, or who were recruited to a population-based
prospective cohort study of aging and age-related diseases
in Gunma Prefecture, Japan. The 1188 subjects with MI
(930 men, 258 women) all underwent coronary angiography
and left ventriculography. The diagnosis of MI was based on
typical electrocardiographic changes and on increases both in
the serum activities of enzymes such as creatine kinase,
aspartate aminotransferase, and lactate dehydrogenase and in
the serum concentration of troponin T. The diagnosis was
confirmed by the presence of a wall motion abnormality by
left ventriculography and identification of the responsible
stenosis in any of the major coronary arteries or in the left
main trunk by coronary angiography. The 4082 control
individuals (2019 men, 2063 women) were recruited from
community-dwelling healthy individuals or patients who
visited outpatient clinics regularly for treatment of various
common diseases. They had no history of MI or coronary heart
disease (CHD), ischemic or hemorrhagic stroke, peripheral
arterial occlusive disease, or other atherosclerotic, thrombotic,
embolic, or hemorrhagic disorders. The subjects with MI and
the controls either had or did not have conventional risk
factors for CHD, including hypertension (systolic blood
pressure of ≥140 mmHg or diastolic blood pressure of
≥90 mmHg, or taking antihypertensive medication) and
diabetes mellitus [fasting plasma glucose level of ≥6.93 mmol/l
or blood glycosylated hemoglobin (hemoglobin A1c) content
of ≥6.5%, or taking antidiabetes medication]. Among the total
study population, the 3506 and 1764 individuals had low
(<1.70 mmol/l) or high (≥1.70 mmol/l) serum concentrations
of triglycerides, respectively, and the 948 and 4322
individuals had low (<1.03 mmol/l) or high (≥1.03 mmol/l)
serum concentrations of HDL-cholesterol, respectively. The
values for LDL-cholesterol were calculated by the Friedewald
formula: serum concentration of LDL-cholesterol = (serum
concentration of total cholesterol) - (serum concentration of
HDL-cholesterol) - [0.2 x (serum concentration of triglycer-
ides)]. Among the total study population, the 4040 and 1230
individuals had low (<3.63 mmol/l) or high (≥3.63 mmol/l)
serum concentrations of LDL-cholesterol, respectively.

The study protocol complied with the Declaration of
Helsinki and was approved by the Committees on the Ethics
of Human Research of Mie University Graduate School of
Medicine, Hirosaki University Graduate School of Medicine,
Gifu International Institute of Biotechnology, Tokyo Metropolitan
Institute of Gerontology, and participating hospitals. Written
informed consent was obtained from each participant.

Selection of polymorphisms. Our aim was to identify genetic
variants associated with MI in the Japanese population with
different lipid profiles in a case-control association study. A
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total of 150 polymorphisms examined in the present study
(data not shown) were selected by genome-wide association
studies of MI and ischemic stroke (P-value for allele
frequency <1.0x10-7) with the use of the GeneChip Human
Mapping 500K Array Set (Affymetrix, Santa Clara, CA) (11).
The relation of these polymorphisms to MI were not
examined in our previous studies (7,8,10,12).

Genotyping of polymorphisms. Venous blood (7 ml) was
collected in tubes containing 50 mmol/l ethylenediamine-

tetraacetic acid (disodium salt), and genomic DNA was
isolated with a kit (Genomix; Talent, Trieste, Italy). Geno-
types of the 150 polymorphisms were determined at G&G
Science (Fukushima, Japan) by a method that combines the
polymerase chain reaction and sequence-specific oligo-
nucleotide probes with suspension array technology (Luminex,
Austin, TX). Primers, probes, and other conditions for
genotyping of polymorphisms related to MI are shown in
Table I. Detailed genotyping methodology was described
previously (13).

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  25:  607-616,  2010 609

Table II. Characteristics of subjects with myocardial infarction (MI) and controls among individuals with low or high serum
concentrations of triglycerides.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Low serum triglycerides High serum triglycerides
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Characteristic MI Controls P-value MI Controls P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of subjects 704 2802 484 1280
Age (years) 67.4±10.3 67.2±10.8 0.6549 64.9±9.8 67.3±9.6 <0.0001
Gender (male/female, %) 76.4/23.6 47.7/52.3 <0.0001 81.0/19.0 53.3/46.7 <0.0001
Body mass index (kg/m2) 23.3±3.2 23.0±3.3 0.0045 24.4±3.2 24.3±3.2 0.5960
Current or former smoker (%) 24.2 21.3 0.1030 25.8 24.6 0.5981
Hypertension (%) 68.2 50.2 <0.0001 76.2 58.0 <0.0001
Diabetes mellitus (%) 44.0 20.0 <0.0001 50.8 25.6 <0.0001
Serum triglycerides (mmol/l) 1.08±0.36 1.07±0.33 0.2379 2.53±0.71 2.51±0.84 0.1151
Serum HDL-cholesterol (mmol/l) 1.27±0.35 1.50±0.41 <0.0001 1.12±0.31 1.27±0.33 <0.0001
Serum LDL-cholesterol (mmol/l) 3.21±0.87 2.99±0.80 <0.0001 3.17±0.94 3.09±0.94 0.0862
Serum creatinine (μmol/l) 86.7±86.0 71.1±58.4 <0.0001 98.6±113.4 74.9±55.9 <0.0001
eGFR (ml min-1 1.73 m-2) 67.3±21.4 72.4±21.3 <0.0001 64.5±21.2 68.1±18.1 0.0093
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Quantitative data are means ± SD. HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular filtration rate.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Genotype distributions of single nucleotide polymorphisms (SNPs) related (P-value for allele frequency <0.01) to
myocardial infarction (MI) among individuals with low or high serum concentrations of triglycerides as determined by the
Chi-square test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene SNP dbSNP MI Controls P-value FDR
symbol (allele frequency)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low serum triglycerides
ZNF79 C→T rs10819291 0.0038 0.2622

CC 401 (57.9) 1788 (64.2)
CT 257 (37.1) 878 (31.5)
TT 35   (5.0) 120   (4.3)

TSPAN9 A→G rs2011973 0.0091 0.2622
AA 103 (14.7) 520 (18.8)
AG 340 (48.6) 1334 (48.2)
GG 257 (36.7) 916 (33.0)

High serum triglycerides
SEMA3F A→G rs12632110 0.0019 0.2707

AA 122 (25.3) 255 (20.1)
AG 246 (51.0) 633 (49.8)
GG 114 (23.7) 383 (30.1)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Numbers in parentheses are percentages. FDR, false discovery rate. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Statistical analysis. Quantitative data were compared between
subjects with MI and controls by the unpaired Student's t-test.
Categorical data were compared by the Chi-square test. Allele
frequencies were estimated by the gene counting method, and
the Chi-square test was used to identify departures from
Hardy-Weinberg equilibrium. In the initial screen, the allele
frequencies of each polymorphism were compared between
subjects with MI and controls by the Chi-square test. Given
the multiple comparisons of genotypes with MI, the false
discovery rate (FDR) was calculated from the distribution of
P-values for the allele frequencies of the 150 polymorphisms
(14). Polymorphisms with a P-value for allele frequency of
<0.01 were further examined by multivariable logistic
regression analysis with adjustment for covariates. Multi-
variable logistic regression analysis was thus performed with
MI as a dependent variable and independent variables
including age, gender (0, woman; 1, man), body mass index
(BMI), smoking status (0, nonsmoker; 1, smoker), serum
concentrations of HDL-cholesterol, LDL-cholesterol,
triglycerides, or creatinine, history of hypertension or diabetes
mellitus (0, no history; 1, positive history), and genotype of
each polymorphism; and the P-value, odds ratio, and 95%
confidence interval were calculated. Each genotype was
assessed according to dominant, recessive, and additive
genetic models. Additive models included the additive 1
(heterozygotes versus wild-type homozygotes) and additive 2
(variant homozygotes versus wild-type homozygotes) models,
which were analyzed simultaneously with a single statistical
model. We also performed a stepwise forward selection
procedure to examine the effects of genotypes as well as of
other covariates on MI; each genotype was examined
according to a dominant or recessive model on the basis of
statistical significance in the multivariable logistic regression
analysis. The P-levels for inclusion in and exclusion from the
model were 0.25 and 0.1, respectively. With the exception of
the initial screen by the Chi-square test (FDR <0.05), P<0.01
was considered statistically significant in comparisons of
genotypes with MI. For other clinical background data,
P<0.05 was considered statistically significant. Statistical
significance was examined by two-sided tests performed with
JMP version 6.0 and JMP Genomics version 3.2 software
(SAS Institute, Cary, NC).

Results

Genetic variants related to MI in individuals with low or high
serum concentrations of triglycerides. The characteristics of
the subjects with MI and controls who had low or high serum
concentrations of triglycerides are shown in Table II. For
individuals with low serum triglycerides, the frequency of
male subjects, BMI, serum concentrations of LDL-cholesterol
and creatinine, as well as the prevalence of hypertension and
diabetes mellitus were greater, whereas the serum concen-
tration of HDL-cholesterol was lower, in subjects with MI
than in controls. For individuals with high serum triglycerides,
the frequency of male subjects, the prevalence of hyper-
tension and diabetes mellitus, and the serum concentration of
creatinine were greater, whereas age and the serum concen-
tration of HDL-cholesterol were lower, in subjects with MI
than in controls.
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Comparison of allele frequencies with the Chi-square test
revealed that two or one polymorphisms were related (P<0.01)
to MI in individuals with low or high serum triglycerides,
respectively (Table III). Multivariable logistic regression
analysis with adjustment for age, gender, BMI, smoking status,
serum concentrations of HDL-cholesterol, LDL-cholesterol,
and creatinine, and the prevalence of hypertension and
diabetes mellitus revealed that the A→G polymorphism
(rs12632110) of SEMA3F (additive 2 model) was signi-
ficantly (P<0.01) associated with MI in individuals with high
serum triglycerides (Table IV).

A stepwise forward selection procedure was performed to
examine the effects of genotypes for the polymorphisms
related to MI by the Chi-square test as well as of age, gender,
BMI, smoking status, serum concentrations of HDL-choles-
terol, LDL-cholesterol, and creatinine, and the prevalence of
hypertension and diabetes mellitus on MI (data not shown).
For individuals with low serum triglycerides, gender, diabetes
mellitus, serum HDL-cholesterol, serum LDL-cholesterol,
and smoking, in descending order of statistical significance,
were significant (P<0.01) and independent determinants of
MI. For individuals with high serum triglycerides, gender,
diabetes mellitus, serum HDL-cholesterol, hypertension, age,
and the serum concentration of creatinine, in descending order
of statistical significance, were significant and independent
determinants of MI.

Genetic variants related to MI in individuals with low or high
serum concentrations of HDL-cholesterol. The characteristics
of the subjects with MI and controls who had low or high serum
concentrations of HDL-cholesterol are shown in Table V. For
individuals with low serum HDL-cholesterol, the frequency
of male subjects, the prevalence of diabetes mellitus, and
serum concentrations of LDL-cholesterol and creatinine were
greater, whereas age and the serum concentration of HDL-

cholesterol were lower, in subjects with MI than in controls.
For individuals with high serum HDL-cholesterol, the
frequency of male subjects, serum concentrations of
triglycerides, LDL-cholesterol, and creatinine, as well as the
prevalence of hypertension and diabetes mellitus were greater,
whereas the serum concentration of HDL-cholesterol was
lower, in subjects with MI than in controls.

Comparison of allele frequencies with the Chi-square test
revealed that five or four polymorphisms were related
(P<0.01) to MI in individuals with low or high serum HDL-
cholesterol concentrations, respectively (Table VI). Among
these polymorphisms, the A→G polymorphism (rs12632110)
of SEMA3F was significantly (FDR<0.05) associated with MI
in individuals with high serum HDL-cholesterol. Multi-
variable logistic regression analysis with adjustment for age,
gender, BMI, smoking status, serum concentrations of
triglycerides, LDL-cholesterol, and creatinine, and the
prevalence of hypertension, and diabetes mellitus revealed that
the A→G polymorphism (rs6594664) of MCC (dominant and
additive 1 models), and the A→G polymorphism (rs526897)
of USP37 (dominant model) were significantly (P<0.01)
associated with MI in individuals with low serum HDL-
cholesterol, and that the A→G polymorphism (rs12632110) of
SEMA3F (dominant and additive 1 and 2 models), the A→G
polymorphism (rs1109751) of MEF2D (dominant and
additive 1 models), and the A→G polymorphism (rs2011973)
of TSPAN9 (dominant and additive 2 models) were signi-
ficantly associated with MI in individuals with high serum
HDL-cholesterol (Table VII).

A stepwise forward selection procedure was performed to
examine the effects of genotypes for the polymorphisms
related to MI by the Chi-square test as well as of age, gender,
BMI, smoking status, serum concentrations of triglycerides,
LDL-cholesterol, and creatinine, and the prevalence of
hypertension and diabetes mellitus on MI (data not shown).
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Table V. Characteristics of subjects with myocardial infarction (MI) and controls among individuals with low or high serum
concentrations of HDL-cholesterol.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Low serum HDL-cholesterol High serum HDL-cholesterol
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Characteristic MI Controls P-value MI Controls P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of subjects 372 576 816 3506
Age (years) 64.7±10.4 68.2±10.3 <0.0001 67.1±10.0 67.1±10.5 0.2764
Gender (male/female, %) 89.3/10.7 70.5/20.5 <0.0001 73.3/26.7 46.0/54.0 <0.0001
Body mass index (kg/m2) 24.4±3.1 24.0±3.3 0.0858 23.5±3.2 23.3±3.3 0.1292
Current or former smoker (%) 32.3 29.5 0.3706 21.5 21.2 0.8590
Hypertension (%) 67.7 65.6 0.5003 73.2 50.5 <0.0001
Diabetes mellitus (%) 48.4 32.1 <0.0001 46.1 19.8 <0.0001
Serum triglycerides (mmol/l) 1.89±0.94 1.89±0.97 0.4981 1.57±0.85 1.46±0.83 0.0003
Serum HDL-cholesterol (mmol/l) 0.87±0.12 0.88±0.11 0.0264 1.36±0.29 1.52±0.36 <0.0001
Serum LDL-cholesterol (mmol/l) 3.12±0.95 2.96±0.83 0.0244 3.22±0.87 3.03±0.86 <0.0001
Serum creatinine (μmol/l) 94.4±97.4 84.3±94.8 <0.0001 90.2±98.6 70.3±48.7 <0.0001
eGFR (ml min-1 1.73 m-2) 65.9±21.9 69.0±22.8 0.0825 66.2±21.1 71.4±20.0 <0.0001
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Quantitative data are means ± SD. eGFR, estimated glomerular filtration rate.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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For individuals with low serum HDL-cholesterol, gender,
diabetes mellitus, age, serum LDL-cholesterol, MCC geno-
type (dominant model), USP37 genotype (dominant model),
and SORCS2 genotype (recessive model), in descending
order of statistical significance, were significant (P<0.01) and
independent determinants of MI. For individuals with high

serum HDL-cholesterol, diabetes mellitus, gender, hyper-
tension, serum LDL-cholesterol, smoking, SEMA3F geno-
type (dominant model), MEF2D genotype (dominant model),
serum concentration of creatinine, and TSPAN9 genotype
(dominant model), in descending order of statistical signifi-
cance, were significant and independent determinants of MI.

YOSHIDA et al:  GENETIC VARIANTS AND MYOCARDIAL INFARCTION612

Table VI. Genotype distributions of SNPs related (P-value for allele frequency <0.01) to myocardial infarction (MI) among
individuals with low or high serum concentrations of HDL-cholesterol as determined by the Chi-square test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene SNP dbSNP MI Controls P-value FDR
symbol (allele frequency)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low serum HDL-cholesterol
MCC A→G rs6594664 0.0020 0.1139

AA 305 (84.2) 517 (90.9)
AG 55 (15.2) 51   (9.0) 
GG 2   (0.6) 1   (0.1)

PIGQ C→G rs1045274 0.0023 0.1139
CC 335 (90.5) 517 (90.9)
CG 35   (9.5) 51 (9.0)
GG 0   (0.0) 1 (0.1)

SORCS2 A→G rs2285780 0.0025 0.1139
AA 1   (0.3) 2   (0.3)
AG 58 (16.0) 51   (9.0)
GG 303 (83.7) 517 (90.7)

LAMA3 A→G rs12373237 0.0040 0.1419
AA 8   (2.2) 7   (1.2)
AG 90 (24.4) 100 (17.6)
GG 271 (73.4) 463 (81.2)

USP37 A→G rs526897 0.0096 0.2657
AA 307 (84.8) 443 (77.7)
AG 52 (14.4) 120 (21.1)
GG 3   (0.8) 7   (1.2)

High serum HDL-cholesterol
SEMA3F A→G rs12632110 0.0002 0.0314

AA 210 (25.9) 713 (20.6)
AG 401 (49.4) 1728 (49.8)
GG 201 (24.7) 1028 (29.6)

MEF2D A→G rs1109751 0.0038 0.1468
AA 363 (44.8) 1767 (50.7)
AG 366 (45.2) 1417 (40.7)
GG 81 (10.0) 300   (8.6)

TSPAN9 A→G rs2011973 0.0038 0.1468
AA 119 (14.7) 648 (18.7)
AG 391 (48.1) 1664 (48.0)
GG 302 (37.2) 1157 (33.3)

CLEC16A C→T rs9925481 0.0039 0.1468
CC 651 (80.0) 2603 (75.1)
CT 152 (18.7) 801 (23.1)
TT 11   (1.3) 62   (1.8)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Numbers in parentheses are percentages. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Genetic variants related to MI in individuals with low or high
serum concentrations of LDL-cholesterol. The characteristics
of the subjects with MI and controls who had low or high
serum concentrations of LDL-cholesterol are shown in
Table VIII. For individuals with low serum LDL-cholesterol,
the frequency of male subjects, BMI, serum concentrations
of triglycerides, LDL-cholesterol, and creatinine, as well as
the prevalence of hypertension and diabetes mellitus were
greater, whereas age and the serum concentration of HDL-
cholesterol were lower, in subjects with MI than in controls.
For individuals with high serum LDL-cholesterol, the
frequency of male subjects, the percentage of smokers, the
serum concentration of creatinine, as well as the prevalence
of hypertension and diabetes mellitus were greater, whereas
the serum concentration of HDL-cholesterol was lower, in
subjects with MI than in controls.

Comparison of allele frequencies with the Chi-square test
revealed that different sets of three polymorphisms were
related (P<0.01) to MI in individuals with low or high serum
LDL-cholesterol concentrations, respectively (Table IX).
Among these polymorphisms, the A→G polymorphism
(rs12632110) of SEMA3F was significantly (FDR<0.05)
associated with MI in individuals with low serum LDL-
cholesterol. Multivariable logistic regression analysis with
adjustment for age, gender, BMI, smoking status, serum
concentrations of triglycerides, HDL-cholesterol, and
creatinine, and the prevalence of hypertension, and diabetes
mellitus revealed that the A→G polymorphism (rs12632110)
of SEMA3F (dominant and additive 2 models) and the C→T
polymorphism (rs2232504) of MON1B (dominant and
additive 1 models) were significantly (P<0.01) associated
with MI in individuals with low serum LDL-cholesterol. No
polymorphisms were significantly associated with MI in
individuals with high serum LDL-cholesterol (Table X). 

A stepwise forward selection procedure was performed to
examine the effects of genotypes for the polymorphisms
related to MI by the Chi-square test as well as of age, gender,
BMI, smoking status, serum concentrations of triglycerides,
HDL-cholesterol, and creatinine, and the prevalence of
hypertension and diabetes mellitus on MI (data not shown).
For individuals with low serum LDL-cholesterol, gender,
diabetes mellitus, serum HDL-cholesterol, hypertension,
smoking, MON1B genotype (dominant model), age, and
SEMA3F genotype (dominant model), in descending order of
statistical significance, were significant (P<0.01) and
independent determinants of MI. For individuals with high
serum LDL-cholesterol, age, diabetes mellitus, serum HDL-
cholesterol, and hypertension, in descending order of statistical
significance, were significant and independent determinants
of MI.

Finally, we examined whether the genotype distributions
for the six polymorphisms related to MI were in Hardy-
Weinberg equilibrium. The genotype distributions for these
polymorphisms were all in Hardy-Weinberg equilibrium in
controls (data not shown).

Discussion

We examined the possible relations of 150 polymorphisms of
144 candidate genes to the prevalence of MI in individuals
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Table VIII. Characteristics of subjects with myocardial infarction (MI) and controls among individuals with low or high serum
concentrations of LDL-cholesterol.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Low serum LDL-cholesterol High serum LDL-cholesterol
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Characteristic MI Controls P-value MI Controls P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of subjects 841 3199 347 883
Age (years) 66.7±10.2 67.5±10.5 0.0021 65.5±10.0 66.3±10.3 0.1785
Gender (male/female, %) 81.7/18.3 51.6/48.4 <0.0001 70.0/30.0 41.7/58.3 <0.0001
Body mass index (kg/m2) 23.8±3.2 23.3±3.3 0.0009 23.9±3.2 23.7±3.3 0.3466
Current or former smoker (%) 25.3 23.9 0.3945 23.6 16.7 0.0046
Hypertension (%) 70.9 51.9 <0.0001 72.9 55.4 <0.0001
Diabetes mellitus (%) 46.7 20.8 <0.0001 47.0 24.1 <0.0001
Serum triglycerides (mmol/l) 1.69±0.93 1.51±0.90 <0.0001 1.62±0.79 1.57±0.72 0.3994
Serum HDL-cholesterol (mmol/l) 1.20±0.35 1.43±0.41 <0.0001 1.22±0.31 1.41±0.38 <0.0001
Serum LDL-cholesterol (mmol/l) 2.76±0.57 2.70±0.57 0.0025 4.25±0.63 4.20±0.61 0.2082
Serum creatinine (μmol/l) 92.5±104.0 72.0±52.3 <0.0001 89.2±82.8 73.3±73.9 <0.0001
eGFR (ml min-1 1.73 m-2) 65.9±20.9 71.3±20.0 <0.0001 66.7±22.5 70.2±21.9 0.0143
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Quantitative data are means ± SD. eGFR, estimated glomerular filtration rate.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IX. Genotype distributions of SNPs related (P-value for allele frequency <0.01) to myocardial infarction (MI) among
individuals with low or high serum concentrations of LDL-cholesterol as determined by the Chi-square test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene SNP dbSNP MI Controls P-value FDR
symbol (allele frequency)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low serum LDL-cholesterol
SEMA3F A→G rs12632110 7.7x10-5 0.0115

AA 221 (26.4) 659 (20.8)
AG 416 (49.7) 1585 (50.1)
GG 200 (23.9) 923 (29.1)

MON1B C→T rs2232504 0.0016 0.1196
CC 563 (67.7) 2354 (74.0)
CT 254 (30.6) 766 (24.1)
TT 14   (1.7) 59   (1.9)

LAMA3 A→G rs12373237 0.0095 0.4725
AA 16   (1.9) 42   (1.3)
AG 194 (23.2) 635 (19.8)
GG 628 (74.9) 2499 (78.9)

High serum LDL-cholesterol
GAS7 A→C rs16958993 0.0062 0.4270

AA 0   (0.0) 0   (0.0)
AC 36 (10.5) 52   (5.9)
CC 305 (89.5) 823 (94.1)

MYO7B C→T rs13015157 0.0064 0.4270
CC 252 (73.9) 706 (80.7)
CT 83 (24.3) 162 (18.5)
TT 6   (1.8) 7   (0.8)

CAMTA1 C→G r rs845206 0.0093 0.4270
CC 328 (96.2) 861 (98.4)
CG 12   (3.5) 14   (1.6)
GG 1   (0.3) 0   (0.0)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Numbers in parentheses are percentages. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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with low or high serum concentrations of triglycerides, HDL-
cholesterol, or LDL-cholesterol. Our association study with
three steps of analysis (Chi-square test, multivariable logistic
regression analysis with adjustment for covariates, and
stepwise forward selection procedure) revealed that the A→G
polymorphism (rs12632110) of SEMA3F was significantly
associated with MI in individuals with high serum HDL-
cholesterol and in those with low serum LDL-cholesterol.

Sema domain, immunoglobulin domain, short basic
domain, secreted, 3F (SEMA3F) is a secreted member of the
semaphorin III family. All the family members have a
secretion signal, a 500-amino acid sema domain, and 16
conserved cysteine residues (15). During the developmental
process, SEMA3F plays a pivotal role in axon guidance in
the peripheral and central nervous system by interacting with
its receptor, neuropilin 2 (NRP2) (16). The SEMA3F-NRP2
signaling pathway guides axonal extension by means of a
chemotactic repulsing effect on the axons (17). SEMA3F was
isolated from a region of 3p21.3 involved in homozygous
deletions in small-cell lung cancer cell lines and was
recognized as a candidate tumor suppressor gene, given that
p53 inhibits tumor vessel formation and cell growth through
the SEMA3F-NRP2 pathway (18). Genetic variants of
SEMA3F have not been associated with MI or CHD. We have
now shown that the A→G polymorphism (rs12632110) of
SEMA3F was significantly associated with the prevalence of
MI in individuals with high serum HDL-cholesterol and in
those with low serum LDL-cholesterol, with the G allele
protecting against MI, although the underlying mechanism
remains unclear.

Our results suggested that another five polymorphisms
were also candidate susceptibility loci for MI: the A→G poly-
morphism (rs6594664) of MCC and the A→G polymorphism
(rs526897) of USP37 in individuals with low serum HDL-
cholesterol; the A→G polymorphism (rs1109751) of MEF2D
and the A→G polymorphism (rs2011973) of TSPAN9 in
individuals with high serum HDL-cholesterol; and the C→T
polymorphism (rs2232504) of MON1B in individuals with
low serum LDL-cholesterol. None of these polymorphisms
have previously been shown to be associated with MI. The
variants of MCC have been reported as a candidate for the
putative colorectal tumor suppressor gene located at 5q21
(19). USP37 is a member of the ubiquitin-specific protease
gene family, which affect the fate and degradation of intra-
cellular proteins and are essential for maintenance of cell-
free ubiquitin pools (20). MEF2D, expressed in limited areas
of the central nervous system, is a member of the myocyte-
specific enhancer binding factor 2 (MEF2) gene family (21).
MEF2D may thus be involved in either the differentiation
process or the function of the neurons. The protein encoded
by TSPAN9 is a member of the transmembrane 4 super-
family, also known as the tetraspanin family. Most of these
members are cell-surface proteins that are characterized by the
presence of four hydrophobic domains. The proteins mediate
signal transduction events that play a role in the regulation of
cell development, activation, growth, and motility (22). The
MON1B protein consisted of 547 amino acids and had a
significant homology in six eukaryotic species. On the basis
of its structure, it was identified as a member of the SAND
protein family (23). Given that the functional relevance
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remains unclear, further studies will be required to identify the
underlying mechanisms of the relations between these genes
and the pathogenesis of MI.

Our study has several limitations. i) It is possible that one
or more of the polymorphisms associated with MI in the
present study are in linkage disequilibrium with other poly-
morphisms in the same gene or in other nearby genes that are
actually responsible for the development of this condition. ii)
The functional relevance of the identified polymorphisms to
gene transcription or to protein structure or function was not
determined in the present study. iii) Although we adopted the
criterion of FDR <0.05 for association to compensate for the
multiple comparisons of genotypes with MI, it is not possible
to exclude completely potential statistical errors such as false
positives. (iv) Given that the results of the present study were
not replicated, validation of our findings will require their
replication with independent subject panels.

In conclusion, genetic variants that confer susceptibility
to MI differ among individuals with different lipid profiles,
and that genetic component for the development of MI is
more apparent in individuals at low-risk (high HDL- and low
LDL-cholesterol levels) compared to those at high-risk.
Stratification of subjects according to lipid profiles may thus
be important for personalized prevention of MI based on
genetic information. Given that our present study may be
considered as hypothesis generating, validation of our findings
will require their replication with independent subject panels.

Acknowledgements

This work was supported in part by Grants-in-Aid for
Scientific Research from the Ministry of Education, Culture,
Sports, Science, and Technology of Japan (nos. 18209023,
18018021, and 19659149 to Y.Y.).

References

1. McPherson R, Pertsemlidis A, Kavaslar N, et al: A common
allele on chromosome 9 associated with coronary heart disease.
Science 316: 1488-1491, 2007.

2. Helgadottir A, Thorleifsson G, Manolescu A, et al: A common
variant on chromosome 9p21 affects the risk of myocardial
infarction. Science 316: 1491-1493, 2007.

3. Wellcome Trust Case Control Consortium: Genome-wide
association study of 14,000 cases of seven common diseases
and 3,000 shared controls. Nature 447: 661-678, 2007.

4. Samani NJ, Erdmann J, Hall AS, et al: Genomewide association
analysis of coronary artery disease. N Engl J Med 357: 443-453,
2007.

5. Erdmann J, Grosshennig A, Braund PS, et al: New susceptibility
locus for coronary artery disease on chromosome 3q22.3. Nat
Genet 41: 280-282, 2009.

6. Myocardial Infarction Genetics Consortium: Genome-wide
association of early-onset myocardial infarction with single
nucleotide polymorphisms and copy number variants. Nat Genet
41: 334-341, 2009.

7. Yamada Y, Izawa H, Ichihara S, et al: Prediction of the risk of
myocardial infarction from polymorphisms in candidate genes.
N Engl J Med 347: 1916-1923, 2002.

8. Yamada Y, Matsuo H, Segawa T, et al: Assessment of genetic
risk for myocardial infarction. Thromb Haemost 96: 220-227,
2006.

9. Nishihama K, Yamada Y, Matsuo H, et al: Association of gene
polymorphisms with myocardial infarction in individuals with
or without conventional coronary risk factors. Int J Mol Med 19:
129-141, 2007.

10. Yoshida T, Yajima K, Hibino T, et al: Association of gene
polymorphisms with myocardial infarction in individuals with
different lipid profiles. Int J Mol Med 20: 581-590, 2007.

11. Yamada Y, Fuku N, Tanaka M, et al: Identification of CELSR1
as a susceptibility gene for ischemic stroke in Japanese
individuals by a genome-wide association study. Atherosclerosis
(published online).

12. Yamada Y, Kato K, Oguri M, et al: Genetic risk for myocardial
infarction determined by polymorphisms of candidate genes in a
Japanese population. J Med Genet 45: 216-221, 2008.

13. Itoh Y, Mizuki N, Shimada T, et al: High-throughput DNA
typing of HLA-A, -B, -C, and -DRB1 loci by a PCR-SSOP-
Luminex method in the Japanese population. Immunogenetics
57: 717-729, 2005.

14. Benjamini Y and Hochberg Y: Controlling the false discovery
rate: a practical and powerful approach to multiple testing. J
Royal Stat Soc Ser B 57: 289-300, 1995.

15. Kolodkin AL, Matthes DJ and Goodman CS: The semaphorin
genes encode a family of transmembrane and secreted growth
cone guidance molecules. Cell 75: 1389-1399, 1993.

16. Chen H, Chédotal A, He Z, Goodman CS and Tessier-Lavigne M:
Neuropilin-2, a novel member of the neuropilin family, is a high
affinity receptor for the semaphorins Sema E and Sema IV but
not Sema III. Neuron 19: 547-559, 1997.

17. Chen H, Bagri A, Zupicich JA, et al: Neuropilin-2 regulates the
development of selective cranial and sensory nerves and
hippocampal mossy fiber projections. Neuron 25: 43-56, 2000.

18. Futamura M, Kamino H, Miyamoto Y, et al: Possible role of
semaphorin 3F, a candidate tumor suppressor gene at 3p21.3, in
p53-regulated tumor angiogenesis suppression. Cancer Res 67:
1451-1460, 2007.

19. Kinzler KW, Nilbert MC, Vogelstein B, et al: Identification of a
gene located at chromosome 5q21 that is mutated in colorectal
cancers. Science 251: 1366-1370, 1991.

20. Quesada V, Díaz-Perales A, Gutiérrez-Fernández A, Garabaya C,
Cal S and López-Otín C: Cloning and enzymatic analysis of 22
novel human ubiquitin-specific proteases. Biochem Biophys
Res Commun 314: 54-62, 2004.

21. Ikeshima H, Imai S, Shimoda K, Hata J and Takano T:
Expression of a MADS box gene, MEF2D, in neurons of the
mouse central nervous system: implication of its binary function
in myogenic and neurogenic cell lineages. Neurosci Lett 200:
117-120, 1995.

22. Protty MB, Watkins NA, Colombo D, et al: Identification of
Tspan9 as a novel platelet tetraspanin and the collagen receptor
GPVI as a component of tetraspanin microdomains. Biochem J
417: 391-400, 2009.

23. Dong S, Dong C, Liu L, et al: Identification of a novel human
sand family protein in human fibroblasts induced by herpes
simplex virus 1 binding. Acta Virol 47: 27-32, 2003.

YOSHIDA et al:  GENETIC VARIANTS AND MYOCARDIAL INFARCTION616

607-616.qxd  24/2/2010  03:09 ÌÌ  Page 616



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Standard 1'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


