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Abstract. Hypertension is a complex multifactorial disorder
that is thought to result from an interaction between genetic
background and environmental factors. Although various loci.
and genes have been implicated in predisposition to hyper-
tension by genetic linkage analyses and candidate gene
association studies, the genes that confer susceptibility to this
condition remain to be identified definitively. We examined
the relations of nine candidate gene polymorphisms to blood
pressure (BP) and the prevalence of hypertension in a
population-based study. The 2238 subjects (1110 women,
1128 men) were aged 40 to 79 years and were randomly
recruited for a population-based prospective cohort study of
aging and age-related diseases in Japan. BP was measured
with subjects having rested in a sitting position for at least
15 min. Genotypes for the 160C-T (Arg54Trp) polymorphism
of QPCT, the C~T (Prol98Leu) polymorphism of GPXI, the
137,346 T~C polymorphism of FYN, the -344C-T polymor-
phism of CYPIIB2, and the A~G (Ser49Gly) polymorphism
of ADRBI were determined with a fluorescence-based allele-

specific DNA primer assay system; those for the A~G -

polymorphism of CNR2, the I/D (22,375delAC) polymorphism
of CAVI, and the -1213T~C polymorphism of ESR2 by
melting curve analysis, and that for the (GT), polymorphism
of COL1A2 were determined by DNA fragment analysis. The
polymorphism of FYN was associated with systolic and
diastolic BP in women. In men, polymorphisms of CNR2,
QPCT, GPXI, COLIA2, CYPIIB2, and ESR2 were
associated with systolic and diastolic BP, those of CAVI and
FYN with systolic BP, and that of ADRBI with diastolic BP.
The polymorphisms of QPCT and CYPI11B2 were also
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associated with the prevalence of hypertension in men. These
results suggest that polymorphisms of QPCT and CYP11B2
are determinants of BP and the development of hypertension
in Japanese men.

Introduction

Hypertension is a complex multifactorial disorder that is
thought to result from an interaction between an individual's
genetic background and various environmental factors (1). -
Given that hypertension is a major risk factor for coronary
heart disease, stroke, and chronic renal failure, personalized
prevention of hypertension is an important public health goal.
One approach to personalized prevention of, and selection of
the most appropriate treatment for, hypertension is to identify
genes that confer susceptibility to this condition. Although
genetic linkage analyses (2-5) and candidate gene association
studies (6-9) have implicated various loci and genes in the
predisposition to hypertension, the genes that confer genetic
susceptibility to this condition remain to be identified
definitively. In addition, because of ethnic divergence of gene
polymorphisms as well as of environmental factors and
lifestyle, it is important to examine polymorphisms related to
hypertension in each ethnic group.

We have been attempting to identify genes significantly
associated with blood pressure (BP) in Japanese women or
men with a population-based approach. In the present study,
we selected nine candidate genes that might be expected to
contribute to the regulation of BP (Table I) and examined the
relations of polymorphisms of these genes to BP, even though
there was no apparent biological link among these genes. Our
aim was to identify a single polymorphism significantly
associated with BP for each gene. Among several polymor-
phisms previously identified, we selected those that might be
expected to affect gene function. We thus examined the
relations of these polymorphisms to BP and the prevalence of
hypertension in community-dwelling Japanese women and
men.

Materials and methods

Study population. The National Institute for Longevity
Sciences, the Longitudinal Study of Aging, is a population-
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Table L. The nine gene polymorphisms examined in the present study.

Locus Gene Symbol Polymorphism dbSNP
1p36.11 Cannabinoid receptor 2 CNR2 A-G rs2501431
2p22.2 Glutaminyl-peptide cyclotransferase QPCT 160C-T (Arg54Trp) rs2255991
3p21.3 Glutathione peroxidase GPX1 C-T (Pro198Leu) rs1050450
6q21 FYN oncogene related to SRC, FGR, YES FYN 137,346T-C 15706895
7q22.1 Collagen, type I, a-2 COLIA2 (GT), ND
7q31.1 Caveolin 1 CAVI I'D (22,375delAC) rs3840634
8q21-q22 Cytochrome P450, subfamily Y XIB, polypeptide 2 CYP11B2 -344C-T 11799998
10924-q26 B-1-adrenergic receptor ADRBI A-G (Ser49Gly) rs1801252
14q23.2 Estrogen receptor 2 ESR2 -1213T-C ND

ND, not detected in dbSNP.

based prospective cohort study of aging and age-related
diseases (10). The subjects were unrelated individuals stratified
by both age and sex, and were randomly selected from resident
registrations in the city of Obu and town of Higashiura in
central Japan (11-13). The lifestyle of residents of this area is
typical of that of individuals in most regions of Japan. The
numbers of men and women recruited were similar and the age
at baseline was 40-79 years, with similar numbers of
participants in each decade (40, 50, 60 and 70s). The subjects
are being followed up every 2 years. All participants were
subjected at a special center to a detailed examination, which
included not only medical evaluation but also assessment
of exercise physiology, body composition, nutrition, and
psychology. Individuals with ¢oronary heart disease, valvular
heart disease, cardiomyopathies, or renal or endocrinologic
diseases that cause secondary hypertension were excluded
from the present study. We thus examined the relations of
gene polymorphisms to BP or the prevalence of hypertension
in 2238 individuals (1110 women, 1128 men). Individuals
whose genotypes were not successfully determined were
excluded from the analysis. The study protocol complies with
the Declaration of Helsinki and was approved by the
Committee on Ethics of Human Research of the National
Institute for Longevity Sciences. Written informed consent
was obtained from each subject.

Measurement of BP. BP was measured with an automatic
sphygmomanometer (BP-203RV-II; Colin, Tokyo, Japan) in
subjects having rested in a sitting position for at least 15 min.
BP in each subject was confirmed with the measurement
made by a physician with a mercury manometer according to
the guidelines of the American Heart Association (14).
Normal BP was defined as both a systolic BP of <140 mmHg
and a diastolic BP of <90 mmHg. Hypertension was defined
as a systolic BP of =140 mmkHg or a diastolic BP of =90 mmHg
(or both), or the use of antihypertensive medication.

Determination of genotype. Genotypes for polymorphisms of
QPCT, GPX!1,FYN, CYP11B2, and ADRBI were determined
with a fluorescence-based allele-specific DNA primer assay
system (Toyobo Gene Analysis, Tsuruga, Japan) (15).
Primers and other conditions for genotyping are shown in

67

Table II. The polymorphic region of each gene was amplified
by the polymerase chain reaction (PCR) with allele-specific
sense primers labeled at the 5' end with either fluorescein
isothiocyanate or Texas red and with an antisense primer
labeled at the 5' end with biotin. The reaction mixture (25 ul)
contained 20 ng of DNA, 5 pmol of each primer, 0.2 mmol/l
of each deoxynucleoside triphosphate, 2.5-4 mmol/1 MgCl,,
and 1 U of rTaq DNA polymerase (Toyobo, Osaka, Japan) in
polymerase buffer. The amplification protocol comprised
initial denaturation at 95°C for 5 min; 35 cycles of de-
naturation at 95°C for 30 sec, annealing at 60-70°C for 30 sec,
and extension at 72°C for 30 sec; and a final extension at 72°C
for 2 min. The amplified DNA was incubated with strepta-
vidin-conjugated magnetic beads in the wells of a 96-well
plate at room temperature, and the plate was then placed on a
magnetic stand. The supernatants from each well were
transferred to the wells of a 96-well plate containing 0.01 mol/l
NaOH and were measured for fluorescence with a microplate
reader (Fluoroscan Ascent; Dainippon Pharmaceutical, Osaka,
Japan) at excitation and emission wavelengths of 485 and
538 nm, respectively, for fluorescein isothiocyanate and of
584 and 612 nm, respectively, for Texas red.

Genotypes for polymorphisms of CNR2, CAV1, and ESR2
were determined by melting curve analysis (intercalater-
mediated fluorescence resonance energy transfer probe
method). The polymorphic region of each gene was amplified
by PCR (Table II) in a reaction mixture (25 ul) containing
20 ng of DNA, 5 pmol of each primer, 0.2 mmol/l of each
deoxynucleoside triphosphate, 2 mmol/1 MgCl,, and 1.25 U
of rTaq DNA polymerase in polymerase buffer. The ampli-
fication protocol comprised initial denaturation at 95°C for
5 min; 45 cycles of denaturation at 95°C for 30 sec,
annealing at 65°C for 30 sec, and extension at 72°C for 30 sec;
and a final extension at 72°C for 2 min. A mixture (2 pl) of
10 pmol of probe and SYBR-Green was added to the PCR
products, which were then transferred to a PRISM 7700
instrument (Applied Biosystems, Foster City, CA) for
measurement of melting temperature. The program for analytic
melting comprised incubation at 95°C for 30 sec, 40°C for
1 min, and temperatures increasing to 80°C over 10 min. The
fluorescence signals were detected at excitation and emission
wavelengths of 485 and 612 nm, respectively.
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Table II. Primers, probes, and other PCR conditions for genotyping.
Gene Polymorphism Sense primer with FITC Sense primer with Texas red
QPCT 160C-T (Arg54Trp) TITGAATTCATCGGCTCTxCG TTTGAATTCATCGGCTCTXTG
GPX1 C-T (Pro198Leu) GCGCCCTAGGCACAGCTzAG GCGCCCTAGGCACAGCTxGG
FYN 137,346T-C GGAGTAATTGACAAGGCTCAxXCG AGGAGTAATTGACAAGGCT CAXTG
CYP11B2 -344C-T TATTAAAAGAATCCAAGGxCC GTCTATTAAAAGAATCCAAGGXTC
ADRBI A-G (Ser49Gly) GAGACAGCGGCTCGGGGxCT GACAGCGGCTCGGGGXTT
Antisense primer with biotin Annealing (°C) Cycles Mg?* (mM) Tag/KOD
QPCT GGTATCGCTCTATCAGCAATGG 625 35 25 Taq
GPX1 GTGTGCCCCTACGCAGGTACA 65.0 35 25 Taq
FYN CCTTTCCTCATGCCCCCTAAT 67.5 35 40 ~ Taq
CYP11B2 GGACTTTATCTTATCGTGAGATGA 60.0 35 30 Taq
ADRBI GCCGCCCGCCTCGTIG 70.0 35 35 Taq
Gene Polymorphism Sense primer Antisense primer
CNR2 A-G GGGCAGGTAGGAGACTAGTGCTGAGAG CT CACCCGTGGAAGC_}GCACTG
CAVI D (22,375delAC) AAAGGTGATGGATCATTTCCCATTATACAC TGGGCAATGGTCATCCATGACTG
ESR2 -1213T-C GAACAGGAGCCAGGGGCACAG CCTGAAGACAAGTACCTTGCAGCTGAG
Probe Annealing (°C) Cycles Mg* (mM) Tag/KOD
CNR2 _ CACATGATGCCCAGGGTC 65.0 45 20 Taq
CAVI CAAAATGTGTGTCCATTITCAGG 65.0 45 20 Taq
ESR2 AACAGTAAAATTCTGCCTGGG 650 45 20 Taq
Gene Polymorphism Sense primer with FAM Antisense primer
COL1A2 (GT), CAGCACGGTGTCTACCACTGC ATTACTCCTTAGTATCCACAGTATGTATAC
Annealing CC) Cycles Mg (mM) Taq/KOD
COLIA2 60.0 35 12 KOD

FITC, fluorescein isothiocyanate; FAM, 6-carboxyfluorescein. Oﬁgonucleotide sequences are 5'-3'.

The GT repeats [(GT),] in the first intron of COLIA2 were
amplified by PCR with a sense primer labeled at the 5' end
with 6-carboxyfluorescein and with an antisense primer
(Table ). The reaction mixture (25 ul) contained 20 ng of
DNA, 5 pmol of each primer, 0.2 mmol/l of each deoxy-
nucleoside triphosphate, 1.2 mmol/l MgSO,, and 0.4 U of
KOD plus DNA polymerase (Toyobo) in polymerase buffer.
The amplification protocol comprised initial denaturation at
94°C for 5 min; 35 cycles of denaturation at 94°C for 15 sec,
annealing at 60°C for 30 sec, and extension at 68°C for 30 sec;
and a final extension at 68°C for 2 min. The size of the
(GT),-containing PCR products was determined with a PRISM
3100 DNA sequencer and with GeneScan and Genotyper
software (Applied Biosystems).

Statistical analysis. Age and BP were compared among three
groups by one-way analysis of variance and the Tukey-
Kramer post hoc test, and between two groups by the

nnnaired Stndent'c t-teet RP valuec were analvzed in
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individuals who were not taking antihypertensive drugs. The
prevalence of hypertension was compared between two
groups (2x2) or among three groups (3x2) by the Chi-square
test in all individuals. Allele frequencies were estimated by
the gene-counting method, and the Chi-square test was used
to. identify significant departure from Hardy-Weinberg
equilibrium. A P value of <0.05 was considered statistically
significant.

Results

Relation of the A~G polymorphism of CNR2 to BP. For men,
the distribution of genotypes for the A~G polymorphism of
CNR?2 was in Hardy-Weinberg equilibrium and individuals in
the combined group of AG and GG genotypes were younger
than those with the AA genotype (Table III). Systolic and
diastolic BP were significantly higher in men with the GG
genotype than in those with the AA genotype or with the AG
genotype or in those in the combined group of AA and AG
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Table ITI. Blood pressure (BP) for male subjects according to CNR2 genotype.

" Characteristics AA AG GG AA + AG AG +GG
Number of subjects (n=874)* 295 425 154 720 579
Age (years) 60.2+0.6 58.5+0.5 59.2+0.8 592404 58.7+0.4°
Systolic BP (mmHg) 120.5x1.0¢ 120.3+0.8¢ 125.0+1.4 1204 +0.6° 1216207
Diastolic BP (mmHg) 74.8+0.6 74.9+0.5¢ 78.0+0.9 74.9+0 4" 75804
Number of all subjects (n=1122) 387 549 186 936 735
Hypertension (%) 344 335 376 33.9 346

iSubjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of AA and AG genotypes (AA +
AG) were compared with those for individuals with the GG genotype (recessive genetic model). Data for the combined group of AG and GG
genotypes (AG + GG) were compared with those for individuals with the AA genotype (dominant genetic model). "P=0.0313 versus AA; *P=0.0230,

¢p=0.0101, *P=0.0025, 'P=0.0071, ¥P=0.0065, "P=0.0010 versus GG.

Table IV. Blood pressure (BP) for male subjects according to QPCT genotype.

Characteristics cc CcT . IT cc+Cr CT+1T
Number of subjects (n=878)? 387 379 112 766 491
Age (years) 58.8+0.5 59.8+0.5 58.4+0.9 593204 59.5+04
Systolic BP (mmHg) 119509 122.4+0.9 121.7+1.7 121.1£0.6 122.3+0.8°
Diastolic BP (mmHg) 74.6+£0.5 76305 75.1+10 755:04 76.1+0.5¢
Number of all subjects (n=1128) 487 501 140 988 641
Hypertension (%) 29.2¢ 39.5¢ 35.0¢ 344 38.5¢

*Subjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of CC and CT genotypes (CC +
CT) were compared with those for individuals with the TT genotype (recessive genetic model). Data for the combined group of CT and TT genotypes
(CT + TT) were compared with those for individuals with the CC genotype (dominant genetic model). bp=0.0233, °P=0.0434, ¢P=0.0010 versus CC.

¢P=0.0027 (CC versus CT versus TT, 3x2 Chi-square test).

genotypes. The differences in systolic and diastolic BP
between individuals with the GG genotype and those in the
combined group of AA and AG genotypes (expressed as a
percentage of the larger value) were 3.7 and 4.0%,
respectively. The prevalence of hypertension did not differ
among CNR2 genotypes for men. For women, neither systolic
or diastolic BP nor the prevalence of hypertension differed
among CNR2 genotypes (data not shown).

Relation of the 160C ~T (Arg54Trp) polymorphism of QPCT
to BP. The distribution of genotypes for thel60C-T poly-
morphism of QPCT was in Hardy-Weinberg equilibrium and
age did not differ among genotypes for men (Table IV).
Systolic and diastolic BP were significantly greater for men
in the combined group of CT and TT genotypes than for those
with the CC genotype; the differences in systolic and diastolic
BP between these groups were 2.3 and 2.0%, respectively.
The prevalence of hypertension also differed significantly
among genotypes (CC versus CT versus IT), being greater
for men in the combined group of CT and TT genotypes than
for those with the CC genotype. The odds ratio of the T allele
compared with the C allele for predisposition to hypertension
was 1.3. There were no differences in systolic or diastolic BP
or in the prevalence of hypertension among QPCT genotypes
in women (data not shown).
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Relation of the C~T (Prol98Leu) polymorphism of GPXI to
BP. Among men, the distribution of genotypes for the C-T
(Pro198Leu) polymorphism of GPXI was in Hardy-Weinberg
equilibrium and age did not differ among genotypes (Table V).
Systolic and diastolic BP were significantly higher for men
with the CT genotype or for those in the combined group of
CT and TT genotypes than for those with the CC genotype.
The differences in systolic and diastolic BP between
individuals in the combined group of CT and TT genotypes
and those with the CC genotype were 3.6 and 3.7%,
respectively. The prevalence of hypertension did not differ
among GPXI genotypes for men. Among women, no
difference in systolic or diastolic BP or in the prevalence of
hypertension was detected among GPX! genotypes (data not
shown).

Relation of the 137,346T~C polymorphism of FYN to BP. For
women, the distribution of genotypes for the 137,346T-C
polymorphism of FYN was in Hardy-Weinberg equilibrium
and age did not differ among genotypes (Table VI). Systolic
and diastolic BP were significantly higher in women with the
TC genotype or in those in the combined group of TC and
CC genotypes than in those with the TT genotype. The
differences in systolic and diastolic BP between individuals
in the combined group of TC and CC genotypes and those
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Table V. Blood pressure (BP) for male subjects according to GPX! genotype.
Characteristics cc cT T CC+CT CT+1T
Number of subjects (n=879)* 750 126 3 876 129
Age (years) 59304 58.7:0.9 59.0+6.3 59.2+0.4 58.7+09
Systolic BP (mmHg) 120.5+£0.6 125.0£1.5° 122099 121.2+0.6 125.0+1.5°
Diastolic BP (mmHg) 75004 78.0£0.9¢ 71.7+6.1 75404 77.9+0.9¢
Number of all subjects (n=1128) 971 154 3 1125 157
Hypertension (%) 34.0 37.7 0 345 369

*Subjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of CC and CT genotypes (CC +
CT) were compared with those for individuals with the 77 genotype (recessive genetic model). Data for the combined group of CT and TT genotypes
(CT + TT) were compared with those for individuals with the CC genotype (dominant genetic model). ®P=0.0188, °P=0.0072, ¢P=0.0078, *P=0.0040
versus CC.

Table VI. Blood pressure (BP) for female subjects according to FYN genotype.

Characteristics T TC cc T+ TC TC + CC
Number of subjects (n=883)2 338 423 122 761 545
Age (years) 59.0+0.5 59.6+0.5 58.1+0.9 59.3+04 59.3x0.3
Systolic BP (mmHg) 1179+1.0 121.6+0.9° 119.6+1.7 119.9+0.7 121.1+0.8¢
Diastolic BP (mmHg) 715+0.6 73.8+0.5¢ 724+10 72.8+04 73.5+0.5¢
Number of all subjects (n=1109) 426 532 151 958 683
Hypertension (%) 324 373 318 351 36.1

2Subjects not taking antihypertensive medication. Data for age and BP are means £ SE. Data for the combined group of 7T and TC genotypes (1T +
TC) were compared with those for individuals with the CC genotype (recessive genetic model). Data for the combined group of TC and CC
genotypes (TC + CC) were compared with those for individuals with the 7T genotype (dominant genetic model). "P=0.0217, <P=0.0138, $P=0.0132,
¢P=0.0104 versus 77.

Table VII. Blood pressure (BP) for male subjects according to FYNV genotype.

Characteristics T TC ccC IT+TC IC+CC
Number of subjects (n=875)2 339 409 127 748 536
Age (years) 59.0+05 594405 59.1+0.9 59.2+04 59.4+04
Systolic BP (mmHg) 119510 122.3+0.9 121.3£1.6 121.2+0.6 122.1£0.7°
Diastolic BP (mmHg) 74.7+0.6 75.8+0.5 76.1£0.9 75304 75.9+0.5
Number of all subjects (n=1122) 441 527 154 968 681
Hypertension (%) 324 36.6 318 347 355

Subjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of 7T and TC genotypes (IT +
TC) were compared with those for individuals with the CC genotype (recessive genetic model). Data for the combined group of TC and CC
genotypes (TC + CC) were compared with those for individuals with the TT genotype (dominant genetic model). °P=0.0344 versus T7.

with the TT genotype were 2.6 and 2.7%, respectively. The
prevalence of hypertension did not differ among FYN geno-
types for women.

For men, the distribution of FYN genotypes was in
Hardy-Weinberg equilibrium and age did not differ among
genotypes (Table VII). Systolic BP was significantly higher
for men in the combined group of TC and CC genotypes than
for those with the TT genotype; the difference in systolic BP
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between these groups was 2.1%. The prevalence of hyper-
tension did not differ among FYN genotypes for men.

Relation of the (GT), polymorphism of COL1A2 to BP. Given
that the mean and median numbers of GT repeats for
COLIA2 in the study subjects were 14.2 and 12, respectively,
we designated (GT),,, and (GT),,,; as short (S) and long (L)
alleles, respectively. The distribution of the S§, SL, and LL
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Table VIII. Blood pressure (BP) for male subjects according to COLIA2 genotype.

Characteristics SS SL LL SS+SL SL+LL
Number of subjects (n=854)* 252 415 187 667 602
Age (years) 59.7+0.6 59.4+0.5 58.7+£0.7 59.5:04 59.2+04
Systolic BP (mmHg) 123.1x1.1 120.4+0.9 120.6x1.3 121.4+0.7 120.5+£0.7°
Diastolic BP (mmHg) 76.8£0.7 74.7+0.5¢ 754+0.8 75.5+0.4 7 491044
Number of all subjects (n=1095) 308 543 244 851 787
Hypertension (%) 333 346 36.1 342 35.1

Subjects not taking antihypertensive medication. Data for age and BP are means + SE. S, short repeat allele {(GT), <12]; L, long repeat allele
[(GT), =13). Data for the combined group of SS and SL genotypes (SS + SL) were compared with those for individuals with the LL genotype
(recessive genetic model). Data for the combined group of SL and LL genotypes (SL + LL) were compared with those for individuals with the §§
genotype (dominant genetic model). "P=0.0460, °P=0.0341, ¢P=0.0178 versus S5.

Table IX. Blood pressure (BP) for male subjects according to CAVI genotype.

Characteristics I ID DD I+ ID + DD
Number of subjects (n=879)? 796 82 1 878 83
Age (years) 59.1x0.3 60.6x1.1 48.0 59.2+0.4 60.4x1.1
Systolic BP (mmHg) 120.8+0.6 125.0£1.9 126.0 121.2+0.6 125.1+1.9°
Diastolic BP (mmHg) 75.2+0.4 77.4x1.2 750 75.4+0.4 77312
Number of all subjects (n=1128) 1028 99 1 1127 100
Hypertension (%) 342 364 0 344 36.0

aSubjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of I/ and /D genotypes (/I + ID}
were compared with those for individuals with the DD genotype (recessive genetic model). Data for the combined group of ID and DD genotypes
(ID + DD) were compared with those for individuals with the I7 genotype (dominant genetic model). ®P=0.0325 versus 1.

genotypes of COLIA2 was in Hardy-Weinberg equilibrium
and age did not differ among genotypes for men (Table VIII).
Systolic BP was significantly higher in men with the §§
genotype than in those in the combined group of SL and LL
genotypes, whereas diastolic BP was significantly higher in
men with the SS genotype than in those with the SL genotype
or in those in the combined group of SL and LL genotypes.
The differences in systolic and diastolic BP between
individuals with the §§ genotype and those in the combined
group of SL and LL genotypes were 2.1 and 2.5%,
respectively. The prevalence of hypertension did not differ
among COLIA?2 genotypes for men. There were no differences
in systolic or diastolic BP or in the prevalence of hypertension
among COLIA2 genotypes in women (data not shown).

Relation of the I/D (22,375delAC) polymorphism of CAVI to
BP. For men, the distribution of genotypes for the 22,375 I/D
polymorphism of CAVI was in Hardy-Weinberg equilibrium
and age did not differ among genotypes (Table IX). Systolic
BP was significantly higher for men in the combined group
of ID and DD genotypes than for those with the II genotype;
the difference in systolic BP between these groups was 3.4%.
The prevalence of hypertension did not differ among CAVI
genotypes for men. For women, neither systolic or diastolic
BP nor the prevalence of hypertension differed among CAVI
genotypes (data not shown).
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Relation of the -344C-T polymorphism of CYP11B2 to BP.
The distribution of genotypes for the -344C-T polymorphism-
of CYP11B2 was in Hardy-Weinberg equilibrium and age did
not differ among genotypes for men (Table X). Systolic and
diastolic BP were significantly higher in men with the CT
genotype or with the TT genotype or in those in the combined
group of CT and TT genotypes than in those with the CC
genotype. The difference in systolic or diastolic BP between
individuals in the combined group of CT and TT genotypes
and those with the CC genotype was 4.9%. The prevalence of
hypertension also differed significantly among genotypes
(CC versus CT versus TT), being greater for men in the
combined group of CT and 7T genotypes than for those with
the CC genotype. The odds ratio of the T allele compared
with the C allele for predisposition to hypertension was 1.2.
Although there were no differences in systolic or diastolic BP
among CYPI1B2 genotypes in women (data not shown), the
prevalence of hypertension differed among genotypes [CC
(26.6%) versus CT (33.9%) versus TT (38.3%}), P=0.0333],
being greater for women in the combined group of CT and
TT genotypes (36.0%) than for those with the CC genotype
(26.6%, P=0.0272) as well as greater for women with the 7T
genotype (38.3%) than for those in the combined group of
CC and CT genotypes (32.3%, P=0.0387). The odds ratio of
the T allele compared with the C allele for predisposition to
hypertension was 1.3. '
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Table X. Blood pressure (BP) for male subjects according to CYPI1B2 genotype.
Characteristics cc cT T CC+CT CT+1T
Number of subjects (n=876) 109 418 349 527 767
Age (years) 59.5+1.0 59.1+05 59.2+0.5 59.2+04 59.1:0.4
Systolic BP (mmHg) 1159+1.7 122.6+0.8° 121.1+0.9¢ 121.2+0.8 121.9+0.64
Diastolic BP (mmHg) 722410 76.2+0.5¢ 75.5+0.6f 75305 75.9+0.4¢
Number of all subjects (n=1125) 130 541 454 671 995
Hypertension (%) 239 35.3 36.61 33.1 35.9h

*Subjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of CC and CT genotypes (CC +
CT) were compared with those for individuals with the TT genotype (recessive genetic model). Data for the combined group of CT and TT genotypes
(CT + TT) were compared with those for individuals with the CC genotype (dominant genetic model). *P=0.0010, °P=0.0171, ¢P=0.0007, °P=0.0014,
tP=0.0115, sP=0.0007,"P=0.0053 versus CC. ‘P=0.0188 (CC versus CT versus IT, 3 x 2 Chi-square test).

Table XI. Blood ‘pressure (BP) for male subjects according to ADRBI genotype.

Characteristics AA AG GG AA + AG AG + GG
Number of subjects (n=876)* 627 233 16 860 249
Age (years) 59.1£0.4 59.7+0.6 59.2+2.4 59304 59.7+0.6
Systolic BP (mmHg) 120.610.7 122.6+1.1 1259443 121.1+0.6 122.8+1.1
Diastolic BP (mmHg) 75.0£04 76.4+0.7 79.5+2.7 75404 76.6+0.7°
Number of all subjects (n=1125) 804 301 20 1105 321
Hypertension (%) 337 359 450 343 36.5

sSubjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of AA and AG genotypes (4A +
AG) were compared with those for individuals with the GG genotype (recessive genetic model). Data for the combined group of AG and GG
genotypes (AG + GG) were compared with those for individuals with the AA genotype (dominant genetic model). ®P=0.0430 versus AA.

Relation of the A-~G (Ser49Gly) polymorphism of ADRBI to
BP. For men, the distribution of genotypes for the A-G poly-
morphism of ADRBI was in Hardy-Weinberg equilibrium
and age did not differ among genotypes (Table XI). Diastolic
BP was significantly higher for men in the combined group of
AG and GG genotypes than for those with the AA genotype,
the difference in diastolic BP between these groups being
2.1%. The prevalence of hypertension did not differ among
ADRBI genotypes for men. Although systolic and diastolic
BP did not differ among ADRBI genotypes for women (data
not shown), the prevalence of hypertension differed
significantly among genotypes [AA (32.6%) versus AG
(41.4%) versus GG (29.6%), P=0.0270], being greater for
women in the combined group of AG and GG genotypes
(40.3%) than for those with the AA genotype (32.6%,
P=0.0156). The odds ratio of the G allele compared with the
T allele for predisposition to hypertension was 1.3.

Relation of the -1213T-C polymorphism of ESR2 to BP. In
men, the distribution of genotypes for the -1213T-C poly-
morphism of ESR2 was not in Hardy-Weinberg equilibrium
and age did not differ among genotypes (Table XII). Systolic
and diastolic BP were significantly higher in men with the
TC genotype or in those in the combined group of TC and
CC genotypes than'in those with the TT genotype. The

differences in systolic and diastolic BP between individuals
in the combined group of TC and CC genotypes and those
with the TT genotype were 3.3 and 4.2%, respectively. The
prevalence of hypertension did not differ among ESR2 geno-
types for men. For women, there was no difference in systolic
or diastolic BP or in the prevalence of hypertension among
ESR2 genotypes (data not shown).

Discussion

The regulation of blood pressure involves the integration of a
variety of biological systems that control the structure and
tone of the vasculature as well as the volume and composition
of body fluid. It also involves the adaptation of these systems
to constantly changing physiological needs (16). We have
now examined the relations of nine candidate gene poly-
morphisms to BP and the prevalence of hypertension in
community-dwelling Japanese women and men. Our results
show that the polymorphism of FYN was associated with
systolic and diastolic BP in women as well as with systolic
BP in men; the polymorphisms of CNR2, QPCT, GPXI,
COLIA2, CYPI1B2, and ESR2 with systolic and diastolic BP
in men; and those of CAVI and ADRBI with systolic and
diastolic BP, respectively, in men. The polymorphisms of
QOPCT and CYP]1B2 were also associated with the prevalence
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Table XII. Blood pressurz (BP) for male subjects according to ESR2 genotype.

TC+CC

Characteristics T TC cC IT+TC

Number of subjects (n=879) 773 97 9 870 106
Age (years) 59.4+03 574+1.0 61.7+3.3 59.2+04 57.7£09
Systolic BP (mmHg) 120.7+0.6 125.5+1.7° 1172+£57 121.2+0.6 124.8£1.7°
Diastolic BP (mmHg) 75.0:04 79.0+1.1¢ 70.9+3.5 75504 78.3%1.0°
Number of all subjects (n=1128) 991 126 11 1117 137
Hypertension (%) 335 42.1 273 345 409

sSubjects not taking antihypertensive medication. Data for age and BP are means + SE. Data for the combined group of 7T and TC genotypes (17 +
TC) were compared with those for individuals with the CC genotype (recessive genetic model). Data for the combined group of TC and CC
genotypes (TC + CC) were compared with those for individuals with the 77T genotype (dominant genetic model). ®P=0.0257, °P=0.0212, 4p=0.0014,

°P=0.0027 versus 77.

of hypertension in men. These observations thus suggest that
polymorphisms of QPCT and CYPI1B2 are determinants of
BP and the development of hypertension in Japanese men.

Given that selection bias can influence the results of
genetic association studies, it is important that study
populations be genetically and ethnically homogeneous. Our
study subjects were recruited randomly from individuals
residing in the city of Obu and town of Higashiura in central
Japan, where the population is thought to share the same
ethnic ancestry and to possess a homogeneous genetic back-
ground. We also showed that, with the exception of ESR2,
the genotype distributions of the examined polymorphisms
were in Hardy-Weinberg equilibrium in the study population.
We thus appeared to avoid admixture and selection bias.

We detected associations of all nine polymorphisms with
BP in men, whereas only the FYN polymorphism was
associated with BP in women. The reason for this sex
difference remains unclear. It might, however, be attributable,
at least in part, to the difference in the plasma concentration
of estrogen between men and women, given that estrogen
exerts various favorable effects on vasomotor function,
including stimulation of the production of nitric oxide and
prostaglandin I, as well as inhibition of the release of
endothelin-1 by vascular endothelial cells (17).

The formation of amino-terminal pyroglutamate from its
glutaminyl precursor is an important posttranslational or
cotranslational event in the processing of numerous bioactive
neuropeptides, hormones, and cytokines during their
maturation in the secretory pathway. These regulatory peptides
require the amino-terminal pyroglutamate to develop the
correct conformation for binding to their receptors or to
protect their amino termini from exopeptidase-mediated
degradation (18,19). The glutaminyl cyclases are acyl-
transferases that catalyze this posttranslational modification
(20,21). They are abundant in mammalian neuroendocrine
tissues, such as the hypothalamus and pituitary gland (21,22),
and are highly conserved from yeast to humans. In humans,
the glutaminyl-peptide cyclotransferase (glutaminyl cyclase)
gene (QPCT) is located at chromosomal position 2p22.2.
Ezura et al (23) examined the relations of 13 polymorphisms
in this region to bone mineral density (BMD) in adult women
and detected associations between the genotypes of six

polvmorphisms and BMD for the radius. The 160C-T
" 73

(Arg54Trp) polymorphism of QPCT showed the most
pronounced association, with the T allele being associated
with low BMD. These results indicate that genetic variation
in QPCT is an important determinant of BMD in adult
women and may therefore contribute to susceptibility to
osteoporosis. We have now shown that the 160C-T
(Arg54Trp) polymorphism of QPCT was associated both
with systolic and diastolic BP and with the prevalence of
hypertension in Japanese men, with the T allele being
associated with high BP. The effect of this polymorphism on
gene expression or protein function has not been determined.
This is the first demonstration of an association of this poly-
morphism of QPCT with BP or the prevalence of hypertension,
but the underlying molecular mechanism of the association
remains to be elucidated.

The cytochrome P450, subfamily Y XIB, polypeptide 2
(aldosterone synthase) gene (CYP11B2) encodes an enzyme
that participates in the terminal steps of aldosterone synthesis
in the zona glomerulosa cells of human adrenal glands, and its
expression is regulated by angiotensin II and potassium (24).
The candidacy of this gene in the present study is based on its

' pathogenic role in the syndrome of glucocorticoid-remediable
aldosteronism (25). Several common polymorphisms of
CYP11B2 have been described (26-28). The -344C-T
polymorphism, which is located in a putative binding site for
a steroidogenic transcription factor, has been associated with
hypertension (29-31) and with other hypertensive intermediate
phenotypes such as plasma aldosterone level (32), urinary
aldosterone excretion rate (30), and the aldosterone/renin
ratio (27,28). Although some studies have not confirmed
these relations (33,34), this locus may be important in the
regulation of BP and the development of hypertension (35).
We have now shown that the -344C-T polymorphism of
CYP11B2 was associated with both systolic and diastolic BP
and the prevalence of hypertension in Japanese men, with the
T allele being associated with high BP. Our results are thus
consistent with previous observations (29-31).

Given the multiple comparisons of genotypes with BP or
the prevalence of hypertension in the present study, it is not
possible to completely exclude potential statistical errors
such as false positives. It is also possible that one or more of
the polymorphisms associated with BP or the prevalence of
hypertension in our study are in linkage disequilibrium with
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other polymorphisms of the same genes or of nearby genes
that are actually responsible for the development of high BP.
Furthermore, the relevance of the identified polymorphisms
to gene transcription or to protein structure or function was
not determined in the present study.

In conclusion, our results implicate QPCT and CYPI1B2
in the regulation of BP and the development of hypertension
in Japanese men. Determination of genotypes for these poly-
morphisms may prove informative for assessment of the
genetic risk for hypertension and may contribute to the
personalized prevention of this condition. Given that multiple
variants, each having a small effect, will likely ultimately be
found to be responsible for a large fraction of the genetic
component of essential hypertension, identification of
additional hypertension susceptibility genes will allow more
accurate assessment of the genetic component of this condition.

Acknowledgements

This work was sﬁpported in part by Research Grants for
Longevity Sciences (18C-02) from the Ministry of Health,
Labor, and Welfare of Japan (to Y.Y.,F.A.,and H.S)).

References

1. Lifton RP, Gharavi AG and Geller DS: Molecular mechanisms
of human hypertension. Cell 104: 545-556, 2001.

2. Caulfield M, Munroe P, Pembroke J, et al: Genome-wide
mapping of human loci for essential hypertension. Lancet 361:
2118-2123, 2003.

3. Gong M, Zhang H, Schulz H, et al: Genome-wide linkage
reveals a locus for human essential (primary) hypertension on
chromosome 12p. Hum Mol Genet 12: 1273-1277,2003.

4. de Lange M, Spector TD and Andrew T: Genome-wide scan for
blood pressure suggests linkage to chromosome 11, and
replication of loci on 16, 17, and 22. Hypertension 44: 872-877,
2004.

5. Wallace C, Xue MZ, Newhouse SJ, et al: Linkage analysis
using co-phenotypes in the BRIGHT study reveals novel
potential susceptibility loci for hypertension. Am J Hum Genet
79: 323-331, 2006.

6. Cusi D, Barlassina C, Azzani T, et al: Polymorphisms of a-
adducin and salt sensitivity in patients with essential
hypertension. Lancet 349: 1353-1357, 1997. ’

7. Siffert W, Rosskopf D, Siffert G, et al: Association of a human
G-protein 3 subunit variant with hypertension. Nat Genet 18:
45-48,1998.

8. Izawa H, Yamada Y, Okada T, Tanaka M, Hirayama H and
Yokota M: Prediction of genetic risk for hypertension.
Hypertension 41: 1035-1040, 2003.

9. Yamada Y, Matsuo H, Segawa T, er al: Assessment of the
genetic component of hypertension. Am J Hypertens 19:
1158-1165, 2006.

10. Shimokata H, Ando F and Niino N: A new comprehensive study
on aging - the National Institute for Longevity Sciences,
Longitudinal Study of Aging (NILS-LSA). J Epidemiol 10: S1-S9,
2000.

11. Yamada Y, Ando F, Niino N and Shimokata H: Association of
polymorphisms of interleukin-6, osteocalcin, and vitamin D
receptor genes, alone or in combination, with bone mineral
density in community-dwelling Japanese women and men. J
Clin Endocrinol Metab 88: 3372-3378, 2003. »

12. Yamada Y, Ando F, Niino N and Shimokata H: Association of
polymorphisms of androgen receptor and klotho genes with
b(c;ne mineral density in Japanese women. J Mol Med 83: 50-57,
2005.

13. Yamada Y, Ando F and Shimokata H: Association of a micro-
somal triglyceride transfer protein gene polymorphism with
%c())%d pressure in Japanese women. Int J Mol Med 17: 83-88,

14. Perloff D, Grim C, Flack J, et al: Human blood pressure
determination by sphygmomanometry. Circulation 88: 2460-2470,

1001
74

683
15. Yamada Y, Izawav 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.

- 16. Lalouel J-M and Rohrwasser A: Development of genetic

hypotheses in essential hypertension. J Hum Genet 46: 299-306,
2001.

17. Koh KK: Effects of estrogen on the vascular wall: vasomotor
function and inflammation. Cardiovasc Res 55: 714-726, 2002.

18. Van Coillie E, Proost P, Van Aelst I, et al: Functional
comparison of two human monocyte chemotactic protein-2
isoforms, role of the amino-terminal pyroglutamic acid and
processing by CD26/dipeptidyl peptidase IV. Biochemistry 37:
12672-12680, 1998. :

19. Hinke SA, Pospisilik JA, Demuth HU, et al: Dipeptidy!l
peptidase IV (DPIV/CD26) degradation of glucagon. Character-
ization of glucagon degradation products and DPIV-resistant
analogs. J Biol Chem 275: 3827-3834, 2000.

20. Fischer WH and Spiess J: Identification of a2 mammalian
glutaminyl cyclase converting glutaminyl into pyroglutamyl
peptides. Proc Natl Acad Sci USA 84: 3628-3632, 1987.

21. Busby WHIJ, Quackenbush GE, Humm J, Youngblood WW and
Kizer JS: An enzyme(s) that converts glutaminyl-peptides into
pyroglutamyl-peptides. Presence in pituitary, brain, adrenal
medulla, and lymphocytes. J Biol Chem 262: 8532-8536, 1987.

22. Sykes PA, Watson SJ, Temple IS and Bateman RC Jr: Evidence
for tissue-specific forms of glutaminyl cyclase. FEBS Lett 435:
159-161, 1999. )

23. Ezura Y, Kajita M, Ishida R, et al: Association of multiple

nucleotide variations in the pituitary glutaminy! cyclase gene

(QPCT) with low radial BMD in adult women. J Bone Miner

Res 19: 1296-1301, 2004.

Clyne CD, Zhang Y, Slutsker L, Mathis JM, White PC and

Rainey WE: Angiotensin Il and potassium regulate human

CYP]1B2 transcription through common cis-elements. Mol

Endocrinol 11: 638-649, 1997.

25. Lifton RP, Dluhy RG, Powers M, et al: A chimaeric 118-
hydroxylase/aldosterone synthase gene causes glucocorticoid-
remediable aldosteronism and human hypertension. Nature 355:
262-265,1992.

26. Kumar NN, Benjafield AV, Lin RC, Wang WY, Stowasser M
and Morris BJ: Haplotype analysis of aldosterone synthase gene
CYP11B2 polymorphisms shows association with essential
hypertension. J Hypertens 21: 1331-1337, 2003.

27. Lim PO, MacDonald TM, Holloway C, et al: Variation at the
aldosterone synthase (CYPI1B2) locus contributes to hyper-
tension in subjects with a raised aldosterone-to-renin ratio. J
Clin Endocrinol Metab 87: 4398-4402, 2002.

28. Nicod J, Bruhin D, Auer L, Vogt B, Frey FJ and Ferrari P: A
biallelic gene polymorphism of CYPIIB2 predicts increased
aldosterone to renin ratio in selected hypertensive patients. J
Clin Endocrinol Metab 88: 2495-2500, 2003.

29. Brand E, Chatelain N, Mulatero P, er al: Structural analysis and
evaluation of the aldosterone synthase gene in hypertension.
Hypertension 32: 198-204, 1998.

30. Davies E, Holloway CD, Ingram MC, et al: Aldosterone
excretion rate and blood pressure in essential hypertension are
related to polymorphic differences in the aldosterone synthase
gene CYP11B2. Hypertension 33: 703-707, 1999.

31. Barbato A, Russo P, Siani A, et al: Aldosterone synthase gene
(CYP11B2) C-344T polymorphism, plasma aldosterone, renin
activity and blood pressure in a multi-ethnic population. J
Hypertens 22: 1895-1901, 2004.

32. Russo P, Siani A, Venezia A, et al: Interaction between the
C(-344)T polymorphism of CYP1IB2 and age in the regulation
of blood pressure and plasma aldosterone levels: cross-sectional
and longitudinal findings of the Olivetti Prospective Heart
Study. J Hypertens 20: 1785-1792, 2002. .

33. Brand E, Schorr U, Ringel J, Beige J, Distler A and Sharma AM:
Aldosterone synthase gene (CYPI1B2) C-344T polymorphism
in Caucasians from the Berlin Salt-Sensitivity Trial (BeSST). J
Hypertens 17: 1563-1567, 1999.

34. Schunkert H, Hengstenberg C, Holmer SR, er al: Lack of
association between a polymorphism of the aldosterone
synthase gene and left ventricular structure. Circulation 99:
2255-2260, 1999.

35. Davies E and Kenyon CJ: CYP1IB2 polymorphisms and
cardiovascular risk factors. J Hypertens 21: 1249-1253, 2003.

24,



BONE

www elsevier.comdlocate/bone

Bone 40 {2007) 1623 - 1629

Effects of the interaction between lean tissue mass and estrogen
receptor o gene polymorphism on bone mineral density in middle-aged
and elderly Japanese

Itsuko Kitamura »*, Fujiko Ando ?, Michiko Koda > Tomohiro Okura ¢, Hiroshi Shimokata *

2 Deparmeni of Epidemiology. National Instinge for Longevity Sciences, National Center for Geriatrics and Geroniology, 36-3 Gengo,
Morioka-cho. Obu. Aicki. 474-8522, Japan
® Department of Nutrition, Facuity of Wellness, Chukyo Women's Universitv. dichi. Japan
€ Graduare School of Comprehensive Human Sciences, Universiry of Tadkuba, Tsukitha. Jupan

Received 11 October 2006; revised 29 January 2007: accepted 13 February 2007
Available online 23 February 2007

Abstract

Because both genetic and envirommental factors influence bone mass, it is important to examine the effect of gene-environment interactions on
bone mineral density (BMD) for the prevention of osteoporosis at an individual level. Estrogen recepior e (ERa) plays an important role in
increasing BMD via mechanical strain and muscle mass is a reflection of the forces the muscle applies to the bone. The aim of this study is to
investigate the effect of the interaction between lean tissue mass (LTM) and the ERee polymorphisms T—C (Pvull) [dbSNP: 1$2234693] and
A—G (ADal) [dbSNP: 159340799] on BMD in middle-aged and elderly individuals. Subjects were 2209 community-dwelling Japanese men and
women, ages 40 to 79 years. ER« polymorphisms in the first intron. T— C and A — G were identified and lumbar spine and femoral neck BMD
and LTM were measured by dual-energy X-ray absorptiometry. Both T— C and A— G polymorphisms were divided into two genotype groups
(TT vs. TC/CC: AA vs. AG/GG). In postmenopausal wonien, the effect of LTM on femoral neck BMD was significantly larger for those with the
TC/CC genotype than for those with the TT genotype for the T— C polymorphism, and larger for those with the AG/GG genotype than for those
with the AA genotype for the A — G polymorphism. This gene—-LTM interaction was observed at the femoral neck, but not at the lumbar spine.
For men and premenopausal women, no gene~LTM interaction was found. [n conclusion, there was an interaction between LTM and the ER«
T—C and A — G polymorphisms with respect to their effect on femoral neck BMD in postmenopausal women and those with the TC/CC and
AG!/GG genotypes had larger effects of LTM than those with TT and AA genotypes.
© 2007 Elsevier Inc. All rights reserved.

Kewwords: Single nucleotide polymorphism: Estrogen receptor alpha; BMD; Lean tissue mass: Posunenopausal women

Introduction

It is generally accepted that dynamic loading acts as an

osteogenic stimulus [1] and that the forces applied to bone are’

primarily the result of muscular contraction [2]. Therefore, mus-
cular weakness is an important factor contributing to osteoporosis
[3]. The importance of skeletal muscle in preserving bone [4] and
the relation between low skeletal mass and poor structural
parameters of bone in elderly men (3] have been reported. A
previous study suggested that physical exercise maintains bone

* Corresponding author. Fax: +81 562 #4 6393.
E-mail address: wsukoggnilego.jp (1. Kitamara).

§756-3282/S - sce front matter & 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/4.bone. 2007.02.016
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mineral density (BMD) in postmenopausal women {6]. Vainion-
paa et al. showed that the intensity of exercise was significantly
correlated with BMD changes [7] and Kerr et al. reported that
postmenopausal bone mass can be significantly increased by
strength training, but not by endurance training [¥].

Animal studies have suggested that mechanical strain
stimulates osteoblast proliferation through estrogen receptor
a (ERa) [9], and osteoblast-like cells from ERc knockout
mice have deficient responses to mechanical strain [10]. Thus,
it is thought that ERa plays an important role in increasing
BMD via mechanical strain [11,12]. Although the association
between ERa genotype and the risk of osteoporosis in humans
remains controversial [13], many studies have suggested a

oo
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relation between ERa polymorphism and BMD [14-16]. A
study previously carried out in our laboratory also showed that
the ERoa gene was a susceptibility locus for reduced bone
mass, especially at the femoral neck, in elderly Japanese
women [17].

Because the effects of environment on individuals might
differ in accordance with individuals® different genetic make-
ups. it is bnportant to examine the effects of the gene-
environment interaction on BMD, particularly for the preven-
tion of osteoporosis at an individual level. Some studies have
investigated the effect of ERa polymorphism on the relation-
ship between exercise and BMD. These studies have shown an
effect of the ERa gene (Pyull)-exercise interaction on BMD in
middle-aged men [18] and prepubertal and early pubertal girls
[191. '

Because magnetic resonance imaging (MRI)-measured
muscle area correlates with muscle strength {20}, and the
differences between MRI-measured and dual-energy X-ray
absorptiometry (DXA)-predicted skeletal muscle mass are small
{21}, DXA-predicted total body lean mass can be legitimately
used as an index of skeletal load. As mentioned above, a few
studies have investigated the effects of the ER« gene—exercise
interaction on BMD. However, the effects of the ERa gene-—
lean tissue mass (LTM) interaction were unknown. Further-
more, these previous siudies involved single-sex populations
within a limited age range. This study investigated for the first
titne the effects of the interaciion between LTM and the typical
ER« polymorphisms T— C (Pvully and A —G (XbaD) on BMD
in both men and women in a large population.

Materials and methods
Subjects

Study subjects were 1119 men and 1090 women, ages 40-79 years, who
participated in the first wave (from April 1998 to March 2000) of the National
Institute for Longevity Sciences-Longitudinal Study of Aging (NILS-LSA).
which is a population-based prospective cohiort study of aging and age-related
diseases. Participants in the NILS-LSA were randomly selected age and sex
stratified individuals selected from the pool of independent residents in the NILS
neighborhood, Obu city and Higashiura cown. Aichi Prefecture, central Japan.
Details of the NILS-LSA have been given elsewhere [22]. The study protocol
was approved by the Committee of Ethics of Human Research of the National
Center for Geriatrics and Gerontology. Written informed consent was obtained
from all subjects. :

Anthropomeuric variables
Body weight was measured to the nearest (.01 kg using digital scales, height

was measwred to the nearest 0.1 om using a stadiometer, aud body mass index
(BMI) was calculated as weight (kg) divided by height squared (m).

s

Menstrual siatus

Menopause was confirmed as the absence of menses by a questionnaire.
Dual-energy X-ray absoiptiometiy

Whole-body fat mass, LTM, bone mineral content (BMC), and BMD of

the femoral neck and lumbar spine (L2-4) were assessed by DXA (QDR-
4300: Hologic, Madison, OF. USA). Lean tissue mass is equal to the fat-free
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mass minus BMC, and is assumed to be an index of the amount of muscle
mass. '

ERx genorype analysis

DNA was extracted from peripheral blood lymphocytes by using a standard
procedure. ERee genotypes were determined in accordance with a smudy by
Yamada et al. [1 7} The ER« genotypes were analyzed by using an awomated
fluorescent allele-specific DNA primer assay system (Tovobo Gene Analysi
Tsuruga, Japan). To determine the T—C (Pully genotype. the polymorphic
region of the gene was amplitied by polymerase chain reaction (PCR) using
allele-specific sense primers labeled ar the 5’ end either with flugrescein
isothiocyanate (3-AGTTCCAAATGTCCCAGXTG-37) or with Texas red (37-
AGTTCCAAATGTCCCAGXCG-2’) and an antisense primer Jabeled at the 3
end with biotin (3'-TCTGGGAAACAGAGACAAAGC-3"). The reaction -
mixwure (25 uly contained 20 ng DNA, 5 pmol of cach primer, 0.2 muol!] of
each deoxynucleoside triphosphate. 2.5 mmoll MgCls, and U DNA
polymerase (rTaq: Toyobo, Osaka. Japan) in rTaq buffer. The amplification
protocol consisted of initial denamration at 95 *C for 53 min; 35 cycles of
denaturation at 95 °C for 30 5, annealing at 62.53 °C for 30 s. and extension at
72 °C for 30 s: and a final extension at 72 °C for 2 min. For determination of the
A—G (Xbal) genotype, the polymorphic region of the gene was amplified by
PCR using a sense primer labeled at the 57 end with biotin (5'-CTGTITTCCCA-
GAGACCCTGAG-3') and aflele-specific antisense primers labeled at the &
ends either with fluorescein isothiocyanate {(3'-CCAATGCTCAT-
CCCAACTXTA-3") or with Texas red (3'-CCAATGCTCATCCCAACTRCA-
3). The reaction mixture (with the exception of the primers) and the
amplification protocol (with the exception that the annealing temperaure was
63 °C) were identical to those used for genotyping of the T— C polymorphism.

Amplifiecd DNA was incubated in a solution containing streptavidin-
conjugated magnetic beads in the wells of a 96-well plate at room temperanure.
The plate was placed on a magnetic stand and the supernatant was discarded.
After two washings. 0.01 M NaOH was added to the wells and mixed well. The
plate was placed on a magnetic stand again and the supematants were Fansterred
1o the wells of a new 96-well plate. The tluorescence was measured by using a
microplate reader (Fluotoscan Ascent: Dainippon Pharmaceutical, Osaka,
Japan) at excitation and emission wavelengths of 483 uw and 538 am, res-
pectively, for fluorescein isothiocyanate, and 584 nm and 612 nm. respectively,
for Texas red.

Huployype analysis

The haplotype disnibution was caleulated by using Haplotyper, a software
program for haplotype inference, with the Bavesian algorithm {23.24].

Statistical analysis

Values are expressed as the mean®standard ervor (SE). The chi-squared test
was used to identify significant departures from Hardy-Weinberg equilibrium.
Both T—C and A — G polymerphisms were divided into two genotype groups
(TT vs. TCICC; AA vs. AG/GG). The differences between genotype groups
were analyzed using one-way analysis of variance and the Tukey-Kramet post
hoc fest. A general linear model was employed to evaluawe the effect of the
LTM-genotype interaction on BMD (adjusted for age and BMI). When the
effect of the interaction on BMD was significant for both T—C and A—G
polymorphisms, further analysis (in accordance with haplotype groups) was

Table |
Distribution of T—C and A — G genotypes of the ER«x gene
AA AG GG Towal
I % n %o n 3 ” %
" 787 35.6 i 0.1 0 0.0 788
TC 384 264 463 211 5 0.2 1034
cC 120 54 174 7.9 i3 33 367
Toral 1491 67.5 640 29.0 3.5 2209
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Table 2

Physical characteristics of subjects with reference o the T—C and A —G genorypes of the ERax gene

1623

Men (n=1119)‘

Premenopatsal women (1=278)

Postmenopausal women (1=3812)

TT (#=398) TC/CC (1=721) TT (n=98) TCICC (n=180) TT :=292) TC:CC (n=320)
Age {vears) 38.9=0.6 392204 46.2=0.5 46.2=0.3 62.8=0.3
Weight (ke) 62. 3 53.9+08 54.7£0.6 325203
BMI (kg/m2) © 22901 22,503 229x0.2 231202
LT™ (kg) 46.6%0.2 36.3=04 36.5+03 33.90.2
L2-4 BMD (kgiem”) 0.9820.01 1.03+0.0t 1.02£0.01 0.82=0.01
Femoral neck BMD (g.-"crnz_) 0.75=0.004 0.78=0.01 0.77=0.01 0.06=0.01 0.6420.004*

AGIGG (1=350)

AA (1=192)

AG/GG (n=%6)

AA {(n=3530)

AG/GG n1=282)

39.1£05
619203

Age (years)

Weight (kg)

BMI (kg/m?)

LTM (ke

L2-4 BMD tkgfem®)
Femoral neck BMD (giem?)

46.3=0.3 46.0=0.3 63.7x0.4

53.5=05 51903

22.3£0.2 22.920.1.

36.1=03 7.0£0.35

1.03=001 1.02£0.01 0.81=0.01
0.77=0.01 0.78+0.01 0.64=0.01

Data are mean=SE. *5<0.08 vs. TT genotype, **p<0.01 vs. AA genotype.

carried out. Values of p<0.05 were considered to indicate statistical
significance. Data were analyzed with the Seatistical Analysis System (SAS)
release 8.2 (SAS Institute Inc.. Cary, NC, USA).

Results
Distribution of ERa genotypes

The distribution of genotype combinations was examined
(Table 1). The distributions of ERe T—C and A—G
genotypes were both in Hardy—Weinberg equilibrium. There
were no subjects with the TT and GG genotypic combination
and few with the TT/AG or TC/GG genotypic combination.

Physical characterisiics

Physical characteristics of the subjects were compared with
reference to the ERa T C and A — G genotype groups (Table
2). For men and premenopausal women. age, weight, BML
LTM, L2—-4 BMD, and temoral neck BMD did not differ
between subjects with the TT and TC/CC genotypes. In contrast,

Table 3

in postmenopausal women, age was signiticantly higher and
femoral neck BMD was significantly lower in individuals with
the TC/CC genotype than in those with the TT genotype. After
adjusting for age. statistical significance was not achieved for the
difference in femoral neck BMD in postmenopausal women
(data not shown). In men and postmenopausal women, there
were no differences in age and physical characteristics between
subjects with the AA and AG/GG genotypes. In premenocpausal
women, age, weight, LTM. and BMD did not difter between
subjects with the AA and AG/G( genotypes, whereas BMI was
significantly greater in those with the AG/GG genotype than in
those with the AA genotype. After adjusting for BMI, the
relationship of L2—4 and femoral neck BMD between AA and
AG/GG genotypes still did not show a significant difference in
premenopausal women (data not shown).

ERe: genotype and association between LTM and BMD
To investizate whether an interaction between ERa genotype

and LTM had an effect on L2—4 and femoral neck BMDs,
general tinear models for BMD were analyzed using LTM, ERet

General linear model for bone mineral density {BMD) with interaction between the ERe genotype and LTM

Dependent Independent variables Men Premenopausal women Postmenapausal women
variables F p value F p vahe IS o value
L2-4 BMD LT™ 45.65 <{(.0001 24.73 <0.0001 25.53 <0.0001)
T—C genotype 0.91 ns 1.36 ns 2.41 ns
LTM X (T—C genotype) 0.83 0s 1.29 ns 2.53 ns
Femoral neck LT™ 63.90 <0.0001 15.07 <0.0001 2333 <(.0001
BMD T—C genotype 0.03 ns 0.13 ns 815 0.004
LTM (T —C genotype) .03 ns 0.00 ns 7.48 0.007
[.2—4 BMD LT™M 45.27 +<0.0001 24.36 <0.0001 2541 <0.0001
A~ genotype 0.10 ns 0.16 ns 2.20 ns
LTM % (A—G genotype) 0.03 ns (.26 ns 24 ns
Femoral necl M 64.07 <0.0001 14.95 <0.0001 <0.0001
BMD A— G genotype 0.38 ns 0.07 ns 813 0.00%
LTM #{A — G genotype) 0.43 ns 0.05 ns .03 0.005

ns=not significant, Adjusted for age and BMI.
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genotype. and the interaction between ERw genotype and LTM
as independent variables, adjusting for age and BMI (Table 3).
Lean tissue mass was significantly associated with L2—4 and
fermoral neck BMDs in both sexes and irrespective of menstrual
status. In postimenopausal women, genotype and the interaction
between genotype and LTM were significantly associated with
femoral neck BMD for both the T—C and A— G genotypes,
but not with L2—-4 BMD. In men and premenopausal women,
the effects of geunotype and the interaction between genotype
and LTM on BMD were not significant.

To clarify the influence of LTM on femoral neck BMD for
T—C and A — G ERw genotypes in postmenopausal women. a
general linear model for BMD was analyzed by each genotype,
using LTM as an independent variable, adjusting for age and
BMI. Fig. | shows the regression lines between femoral neck

A
(g/cm?) TT vs. TCICC genotype
0B fro—c-rmmm e mm -
—TT
a — =TC/CC Pr
g 0T frmmmmmmm e c o e e
x /
[$]
g e
g 06 F--~----~ AT meTmmmmmmmme—
E -
N 7
I A e e
0.4 » - .
15 25 35 45 55
LTM (k)
B
(g/cm? AA vs. AG/GG genotype
B8p - - =mmmewmmame-e oo mo
—AA
a — -AAAG P
P N VAR
m 07 .
§ P
z 7
|- -} Sl A e e
g 0.6 >
3 7
s/
OS5 p-==mmm--mmmmmee o — e
0.4 + . . /
15 25 35 45 55
LTM (kg

Fig. 1. Relationship between temoral neck BMD and LTM with reference to
ERa T—C and A— G genotypes in postmenopausal women, adjusted for age
and BML (A) T—C genotype. Solid line, TT genotype; Dotted line, TC/CC
genotype. (B} A—G genotype. Solid line, AA genotype: Doted line, AG/GG
genotype.
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Table 4
Physical characteristics of postmenopausal women with reference to ERa T— C
and A — G haplotype

Haplotype

TA CA CG
N 965 349 307
Age (vears) 63.4+03 64.8=0.3% 64.320.3
Weight (kg) 52.2:03 316204 31.820.5
BMI (kgim’) 23.9=0.1 22.9=0.2 232202
LTM (kg) 33.8=0.1 3irz02 3602
BMD L2-4 (glem) 0.81£0.004 0.80=0.01 0.80=0.01
BMD femoral neck (giem?) (1.65=0.003 0.64=0.01 0.64=0.01

Data are meanz SE. *p<0.05 vs. TA.

BMD and LTM for the ERa T— C and A — G genotype groups
in postimenopausal women. For the T— C genotype (Fig. 1A),
the slope was significantly larger (£ <0.01) for TC/CC (slope=
0.0071, p<0.0001) than for TT individuals (slope=0.0015, not
significant). For the A—G genotype (Fig. 1B). the slope was
significantly larger (p<0.01) for AG/GG (slope=0.0081,
p<0.0001) than for AA individuals (slope=0.0033, p=0.012).

ERo haplotype and association hetween LTM and BMD in
posimenopausal women

Because there were significant genotype-LTM interactions
on femoral neck BMD for both T— C and A — G polymorph-
isms in postmenopausal women, further analysis was carried
out to cvaluate the effect of the haplotype—LTM interaction. The
distribution of haplotypes is shown in Table 4. The possible
haplotype combinations for the ERe T—C and A—G
polymorphisms were TA, CA, TG, and CG, but very few
subjects had the TG haplotype. For postmenopausal women, the
number of TA haplotype was 965; CA was 349; and CG was
307. Physical characteristics and BMD were compared with
reference to these three haplotypes (Table 4). Age was
significantly higher for those with the CA haplotype than for
those with the TA haplotype. Weight, BMI, LTM. and L2—4 and
femoral neck BMDs did not differ among haplotypes.

To clarity the influence of the interaction between ER«
haplotype and LTM on femoral neck BMD in postmenopausal
women, general linear models for BMD were analyzed using
LTM, ERa haplotype, and the interaction between ERa
haplotype and LTM as independent variables, adjusting for
age and BMI (Table 3). Lean tissue mass, haplatype, and the
interaction between haplotype and LTM were significantly

Table 5
General linear model for fomoral neek BMD with interactions between ERa
haplotype and LTM in postmenopausal women

Dependent variables Independent Postmenopausal
variables women
F i
femoral neck BMD LT™M 49.80 <(.0001
haplotype 6.63 0.001
LTM #haplotype 6.23 0.002

Adjusted for age and BML
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Fig. 2. Relationship between femoral neck BMD and LTM with reference to
ER« haplotype in postmenopausal women. adjusted for age and BML. Solid line.
TA haplotype: Dotted line. CA haplotype: Fine dotted line, CG baplotype.

associated with femoral neck BMD. To evaluate the extent of
the influence of LTM on BMD with respect to different
haplotypes, general linear models were analyzed by each
haplotype, using LTM as an independent variable, adjusting for
age and BMI. Fig. 2 presents the relationship between femoral
neck BMD and LTM with respect to the ERa haplotypes in
postmenopausal women. The slope was significantly larger
(»<0.01) for subjects with the CG (slope=0.0081, p<0.0001)
and CA (slope=0.0063, p<0.0001) haplotypes than for those
with the TA haplotype (slope=0.0035, p=0.0003), but there
was no difference between the CG and CA haplotypes.

Discussion

We found that ERa polymorphisms influence the relation-
ship between LTM and femoral neck BMD in postmenopausal
women and that the effect of LTM on BMD was significantly
larger in individuals with the TC/CC genotype ot the T—C
polymorphism than in those with the TT genotype, and larger in
those with the AG/GG genotype of the A— G polymorphism
than in those with the AA genotype. Haplotype analysis
revealed that the effect was significantly Jarger for those with
the CG and CA haplotypes than for those with the TA
haplotype. This is the first study to investigate the effect of ERa

gene—LTM interaction on BMD and to reveal the significant -

interaction in postinenopausal women.
In this study, a significant gene~LTM interaction in
postinenopausal women was found at the femoral neck, but
not at the lumber spine. Ii has been reported that hip joint
compression forces reach 2.5 to 3 times body weight during
walking {25.26]. The significant results found only at the
femoral neck could be explained by the fact that high loading
occurs at this site even in ordinary daily life.
We also analyzed data for different combinations of
genotypes (TC/TT vs. CC; AG/AA vs. (GG) (data not shown).
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fn premenopausal woinen, no significant gene-LTM interaction
was found. In postmenopausal women, significant interaction
was found at femoral neck between TT/TC and CC genotype
groups; however, no significant genotype—LTM interaction was
found between GG and AA/AG genotype groups. This might be
due to the small number in the GG genotype group (#=28). In
men, when divided into TT/TC and CC genotypes, significant
interaction was found at L2-4 and the femoral neck (L2-4.
p=0.04; femoral neck, p=0.02) and the effect of LTM on
BMD was larger for those with CC genotype than for those with
TC/TT genotype. However, these significant interactions in
men were weak in spite of the large number and the coefficients
of detenmination (R?) in the analysis model were low in men
compared with postmenopausal women (men at the femoral
neck, 0.28; men at L2—4, 0.18; postinenopausal women at the
femoral neck. 0.38). Therefore, there might be other related
factors in men and we considered that these results in men are
insufficient to draw a clear conclusion about the effect of ER«
gene-LTM inferaction between TT/TC and CC genotype
aroups. We will examine this problem by adding other factors
and analyzing the daia longitudinally.

There have been some human studies investigating the
effects of ERe gene polymorphism on exercise-induced effects
on BMD. In a 4-year exercise intervention study. Remes et al.
[18] reported that middle-aged Finnish nen with the Pp (TC) or
PP (CC) ERa genotype had increased lumbar spine BMD
values. In the study of Remes et al., the subjects were middle-
aged men, and the exercise intervention group spent 45-60 min
on prescribed aerobic exercise five times a week for 4 years.
Because we did not intervene as in the research of Remes etal., .
there might not have been a significant interaction between TT
and TC/CC genotype groups in men.

Suuriniemi et al. [19] found that prepubertal and earlv
pubertal Finnish girls with the Pp {TC) ERx genotype and high
levels of physical activity had significantly higher bone mass
and BMD at loaded bone sites. The subjects were 10- to 13-
year-old prepubertal and carly pubertal girls. whose estrogen
concentrations were low, like those of postmenopausal women.
A previous report indicated that estrogen can affect bone
strength and mnass by lowering the remodeling threshold, and
that loss of estrogen would raise the threshold and help cause
postmenopausal bone loss [27]. ER« expression in osteoblasts
and osteocytes depends on estrogen concentration [28]. The
increase in the potential of mechanical loading to stimulate bone
gain in the peripubertal period is associated with marked
increases in serumt estrogen [11]. Thus, in the peripubertal
period, when estrogen concentrations are high, the response to
mechanical loading might be greater than in the prepubertal and
postmenopausal periods, when estrogen concentrations are low.
However, in the present study, significant interactions were
found for postmenopausal women and in the study of
Suwriniemi et al. [19] significant interactions were found for
prepubertal and early pubertal girls. Accordingly, the effect of
the gene—~LTM interaction on BMD. that is, differences between
individuals with different single nucleotide polymorphisms,
might more readily appear in groups with low estrogen
concenirations than in those with high concentrations.
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In the study of Suuriniemi et al. [19], the interaction was
found only for individuals with the Pp (TC) genotype
(heterozygotes). This was not in agreement with our results.
In this previous study. girls with low levels of physical activity
bearing the Pp genotype had lower values for bone parameters
compared with other groups. Because there are differences in
the subject characteristics, age, sex, lifestyle, and study design.
it is difficult to simply compare the results of the present study
with those of the study by Suuriniemi et al. Further
investigations are necessary to clarify these differences.

The mechanisms by which the ERa T—C and A—G
polymorphisms might affect the femoral neck BMD are not
clear, because the affected regions lie in an intronic and non-
functional area of the gene. However, single nucleotide
polymorphisms are usually linked to each other, so the two
polymorphisms in intron 1 may be in linkage disequilibrium
with causal polymorphisims elsewhere in the ERa gene or in
genes nearby. In this regard, it is known that the T—C and
A —G polymorphisms are in linkage disequilibrium with an
upstream TA repeat polymorphisin in the promoter region of the
ERa gene [29]. An association between the TA repeat
polymorphism and BMD has been shown in postmenopausal
Japanese [30] and ltalian women [29}. The number of TA
repeats could be important in ERe gene transcription {31].

There are conflicting resulis regarding the association
between ERq genotype and BMD in previous studies. Gene—
LTM interactions might be one of the reasons for these dittering
results. That is. differences in the amount of muscle mass might
change the association between ER genotype and BMD. For
example, as shown in Fig. 14, it is considered that in the group
with low LTM, postinenopausal women with the TT genotype
for T~ C polymorphism have higher femoral neck BMD than
those with the CC genotype. Conversely, in the group with high
LTM, postmenopausal women with the CC genotype have
ligher BMD than those with the TT genotype.

In the present study. we evaluated the relationship between
LTM and BMD with reference to ERa genotype, but we did not
evaluate cause and effect directly. A previous exercise
intervention study [18] showed an interaction between ER«
genotype and exercise (i.e. the etfect of mechanical loading) on
BMD in men. Because LTM correlates with muscle strength
[20] and it can be used as an index of skeletal load, the result of
this previous exercise intervention study supporis our present
results regarding the gene~LTM interaction.

The sirengths of the present study are the large sample size,
the inclusion of both sexes, and the wide range of ages. Previous
research has evaluated only one sex and a limited age range
{18.19]. So far, the ERa genc—environment interaction
conceming mechanical loading has not been investigated in
postmenopausal women, who are particularly susceptible to
osteoporosis. In the present study, both T—Cand A— G ERa
polymiorphisms were examined and haplotype analysis was
carried out.

As already described, previous studies have investigated the
effects of ERwx gene polymorphism on exercise-induced effects
on BMD, but there has been no study that has evaluated the
effect of the ERa gene—LTM interaction on BMD. The well-
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known phenomenon of reduction in muscle mass with aging is
known as sarcopenia. Recent studies have reported a high
prevalence of sarcopenia in postmenopausal woman with
osteoporosis [32)]. [t would be very useful to identify individuals
in this group who would experience a marked effect from
increasing muscle mass. and the results of this study might
assist in developing this process.

ERa plays an important role in the increase of BMD via
mechanical strain [9-11]. A recent study has suggested that the
effect of chronic immobility might be more marked on bone
formation than bone resorption [33]. On the basis of our results,
we can speculate that the influence of the mechanical loading
increase on BMD via ER is different according to the ERo
T—C and A — G polymorphisms in postmenopausal women.

In conclusion, there was an inferaction between LTM and the
T—C and A—G ERa polymorphisins with respect to their
effect on femoral neck BMD in postmenopausal women and
those with the TC/CC and AG/GG genotypes had larger effects
of LTM than those with TT and AA genotypes.
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Brief Genetic Analysis

No Association between rs7566605 Variant and
Being Overweight in Japanese

Masafumi Kuzuva,* Fujiko Ando,t Akihisa Iguchi,* and Hiroshi Shimokatat

Abstract

KUZUYA, MASAFUMI, FUJIKO ANDO. AKIHISA
IGUCHI, AND HIROSHI SHIMOKATA. No association
between rs7566605 variant and being overweight in
Japanese. Obesity. 2007;15:2531-2534.

It has recently been demonstrated that a common single-
nucleotide polymorphism (rs7566603) upstream of the wan-
scription start site for the insulin-induced gene 2 is associ-
ated with obesity in several European/European origin or
African-American cohorts. We tested whether this variant is
also linked to overweight among Asian populations. Our
sample included 2233 randomly selected, community-
dwelling, middle-age and older Japanese people (men.:
1128; women, 1103: age, 40 to 79 years; C allele frequency.
0.32). We observed that there were no differences in BMI
levels [men, 22.9 = 0.3 (mean * standard error) vs. 22.9 *
0.1, p = 0.820: women, 22.8 £ 03 vs. 229 = 0.1.p =
0.792], waist circumferences and hip circumferences, waist-
to-hip ratio, and fat mass between 157566605 GG/GC and
CC genotypes in both genders. In addition. logistic regres-
sion analysis, using age and sex as covariates, revealed no
association of the single-nucleotide polymorphism with
overweight (BMI =25) between rs7566605 genotypes in
the Japanese cobort (CC vs. CG/GG, odds ratio = 1.18§;
95% confidence interval = 0.84 to 1.65, p = 0.333; CC vs.
GG. odds ratio = 1.19, 95% confidence interval = 0.84 to
1.69, p = 0.325). No significant associations were observed
between polymorphism and glucose or insulin Jevels. These
results suggested no association of the rs7566605 variant
with overweight in Japanese people.

Receivad for review Decemsher 18, 2006,

=d in final form March 29. 2007,

of publication of this article were defrayed. in pag, by the payment of page
eos. ‘This article must, therefore, be hereby marked “advertiscment” in accordance with
18 U.S.C. Sccrion 1734 solely to indicate this fact.

*Department of Geriatrics, Nagoya U sity Graduate School of Medicine, Nugoya.
Japan; and +Dcpartment of Epidemiology. Nationa) Tnstirute for Longevity Scicaces, Aichi,
Japan,

Address correspondence w Masaturni Kuzoys, Department of Geriatries, Nagoya University
Graduate Schoet of Medicine, 65 Truruma-cho, Showa-ku, Nugoya 466-8330, Japan.
E-mail: kuzuya@med.nagoya-u.ac.ip

Copyright @ 3007 NAASQ

82

Key words: glucose metabolism, genotype, BMI, body
weight, insulin resistance

Recently, Herbert et al. (1) demonstrated that a comtmon
genetic single-nucleotide polymorphism (rs7566605) up-
stream of the transcription start site for insulin-induced gene
2 was associated with obesity in 694 individuals of the
National Heart, Lung, and Blood Institute-Framingham
Heart Study. Analysis suggests that rs7566605 CC homozy-
gotes (C allele frequency. 0.37) have higher BMI levels than
individuals with GC or GG genotypes, regardless of sex or
age. This finding was replicated in tour of tive populations
studied. A meta-analysis of all four case-control samples
showed that CC homozygosity was also significantly asso-
ciated with obesity (BMI =30 kg/m?), with an odds ratio
(OR)! of 1.22 [95% confidence interval (CI), 1.05 to 1.42].
However. more recent studies do not support the association
of the 157566605 polymorphism with obesity for the differ-
ent samples (2-4). There may be many reasons that the
association is not seen in these studies. including those
related to study design. underlying genetic heterogeneity of
populations, and different environmental exposures. How-
ever, most of the samples studied were of European/Euro-
pean origin or African Americans. We tested whether this
variant is also linked to obesity/overweight among Asian
populations. Qur sample consisted of 2233 randomly se-
lected, community dwelling, middle-age and older Japanese
people.

The genotype frequencies for rs7566605 polymorphism
were: GG, 0.465; GC, 0.432; and CC, 0.104 (C allele
frequency, 0.32), which are similar frequencies to those
reported by Herbert et al. (1) (Table 1). These frequencies
are consistent with those expected under Hardy-Weinberg
equilibrium (1 df). There were no significant differences in
the genotype distributions of rs7566605 polymorphism be-
tween men and women or among the different age groups
(Table 1). Table 2 shows the mean (standard error) of BML
other anthropometric variables. and glucose metabolic vari-
ables tested in the GG/GC and CC genotypes. There were

t Nonsundard abbreviatons: OR. odds ratio: CI, confidence inerval: NILS. Natdonal
Institate for Longevity Sciences: £SA, Longitudinal Study of Agiag.
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Table 1. Distribution of rs7566605 genotypes
CcC GC GG GC/IGG
n n % n % n % n %

Total 2233 233 10.4 962 43.1 1038 46.5 2 89.6
Men# 1128 121 10.7 470 41.7 537 47.6 1007 89.3
Women 1105 112 10.1 492 44.5 501 453 993 89.9
Age (yrs)t

40 to 49 563 61 10.8 224 39.8 278 494 502 89.2

50 t0 59 356 56 10.1 265 47.7 235 423 500 89.9

60 to 69 561 64 11.4 241 43.0 256 453.6 497 88.6

70079 553 52 94 232 42.0 269 48.6 90.6

501

* CC. GC. GG, men vs. women, y* = 1.863, p = 0.394: CC, GC/GG. men vs. women, x> = 0.209, p = 0.648.

1 CC, GC, GG. age groups. x° = 9.306. p = 0.157; CC. GC/GG, age groups, X =

373.p = 0.712.

no differences in BMI levels between these genotypes. In
addition, no significant ditferences in waist and hip circum-
ferences, waist-to-hip-ratio, and fat mass were observed
between these genotypes in either gender (Table 2). No
significant association was observed between these geno-
types and fasting glucose, insulin. hemoglobin A, or ho-
meostasis model assessment for insulin resistance levels in
men or women (Table 2). The rs7566605 genotypes showed
similar allele frequencies in diabetic individuals and in
non-diabetic controls (data not shown).

In our cohort, only a small number of participants had a
BMI =30 kg/m: (0.97% in men, 3.37% in women). When
logistic regression was performed to calculate the OR for
the CC genotype compared with the CG/GG genotypes or
the GG genotype, detining overweight as a BMI =25 kg/m*
(23.6% in men. 22.0% in women), using age and sex as
covariates, the CC genotype showed no association of the
single-nucleotide polymorphism with overweight (vs. CG/
GG. OR = 1.18,95% C1. 0.84 10 1.65, p = 0.333: vs. GG,
OR = 1.19, 95% CI. 0.84 t0 1.69, p = 0.323). The CC/CG

Table 2. Anthropometric and glucose metabolic variables according to 157566605 genotypes

Men Women

CC GG/GC CC GG/GC
n  Mean SE Mean SE p n  Mean SE Mean SE P

Weight (kg) 1127 620 038 62.1 03 0.804 1104 3528 038 524 03 0.612
Height (cm) 1127 1643 05 1646 0.2 0.695 1104 1519 03 1312 02 0.176
BMI (kg/m®) 1127 229 03 229 0.1 0.820 1104 228 0.3 229 0.1 0.792
Waist circumference (cm) 1127 820 08 824 03 0585 1104 752 09 75.1 03 0.969
Hip circumference (cm) 1127 909 04 91.1 02 0.622 1104 906 05 90.6 0.2 0.985
Waist-to-hip ratio 1127 0.9 00! 09 0002 0641 1104 0.8 0.01 0.8 0.002 0877
Fat mass (kg) 1125 210 04 214 0.1 0335 1096 314 03 315 02 0.864
Glucose (mM)* 1056 58 0.1 57 003 0233 1049 54 0.1 55 003 03
Insulin (uU/mL)* 1071 80 05 82 02 0.691 1069 78 05 34 02 0.210
Hemoglobin A, (%)* 1055 53 01 52 002 0373 1048 5.1 003 52 0.02 0252
HOMA-IR* 1055 22 02 22 01 0.959 1048 1.9 02 2.1 01 0.190

SE. standard error; HOMA-IR. homeostasis model assessment of insulin resistance.
* Analysis of subjects who were not on oral hypoglycemic agents or insulin. Data were adjusted for age.
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genotype also showed no significant association of the
single-nucleotide polymorphism with overweight under a
recessive model (vs. GG, OR = 1.05.95% CI, 0.86 t0 1.28.
p = 0.614).

These results suggested no association of the rs7566603
variant with overweight in Japanese people. An ethnic dif-
ference may have contributed to the lack of this association.
Another possibility is that the lower BMI levels and fewer
obese individuals in our cohort may have affected our
results. Tt is possible that due to the low number of obese
individuals in our population, we lacked sufficient power to
attempt replication of the previously reported association
between rs7566605 and obesity in this study. In fact, it has
been reported that excluding the upper quartile from the
analysis in the Kooperative Gesundheitsforschung in der
Region Augsburg (KORA) population in the study by Her-
bert et al. (1) eliminated the evidence for association of
rs7566605 CC genotype with obesity. indicating that an
association with obesity is strongest in those who are more
obese. However, similar genotype frequency for this variant
between our cohort and others may indicate that environ-
mental influences can overcome the genetic influence on the
anthropometric measurenent.

Research Methods and Procedures

The preseat study consisted of a cross-sectional analysis
of 1105 women and [128 men who participated in the first
wave of examinations in the National Institute for Longev-
ity Sciences (NILS)-Longitudinal Study of Aging (LSA)
from April of 1998 to March of 2000. The subjects of the
NILS-LSA were male and female residents. 40 to 79 years
old. The population of Obu city and Higashiura town in the
Aichi prefecture in central Japan was stratified by both age
and gender and randomly selected from resident registra-
tions in cooperation with the local governments. The num-
ber of men and women was to be the same to test gender
difference. Age at baseline was to be 40 to 79 years. and the
number of participants in each decade (40s, 50s. 60s. 70s)
was to be the same. The examinations include various areas
of gerontology and geriatrics such as medical examinations,
anthropometry, body composition. physical functions, phys-
ical activities. psychological assessments, nutritional anal-
ysis. and molecular epidemiology. The subjects will be
followed up every 2 years. The details of the NILS-LSA
have been described elsewhere (5.6). Randomly selected
men and women were invited by mail to attend an explan-
atory meeting. At that meeting, the procedures for each
examination and the follow-up schedule were fully ex-
plained. Written, informed consent for the entire procedure
was obtained from each participant. The study was ap-
proved by the Ethics Committee of the NILS.

Anthropometric Variables
Body weight was measured to the nearest 0.01 kg using
a digital scale, height was measured to the nearest 0.1 cm
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using a wall-mounted stadiometer, and BMI was calculated
as weight (kilograms) divided by height squared (meters
squared). Waist circumference and waist-to-hip ratio were
used as the indices for body fat distribution in this study.
Waist-to-hip ratio was calculated as the ratio of waist cir-
cumference measured at the midpoint between the anterior
superior iliac crest and the lowest rib-to-hip circumference.
Whole-body fat mass, assessed by DXA (QDR-4500; Ho-
logic. Madison, WI), was used as an index for determining
body composition.

Biochemical Assays of Blood

An antecubital blood sample was drawn from each sub-
ject after an overnight tast. Fasting plasma glucose was
assayed by the glucose oxidase method (7). Plasma insulin
was measured by radioimmunoassay (8). Coefficients of
variation of glucose and insulin were 16.3% and 64.3%,
respectively. The homeostasis model assessment for insulin
resistance was calculated as fasting serum insulin (mi-
crounits per milliliter) X fasting plasma glucose (millimo-
lar)/22.5 (9).

Determination of rs7566605 Genotypes

Genotypes were determined using a fluorescence-based
allele-specific DNA primer assay system (Toyobo Tsuruga
Gene Analysis, Tsuruga, Japan). The polymorphic regions
of rs7566605 were amplitied by polymerase chain reaction
with allele-specific sense primers labeled at the 5" end with
either fluorescein isothiocyanate (3'-TCATTGCAATAGC-
CACTGCCAAGTAC-3") or Texas red (5'-GGATATTT-
GATCGTGGTCCTTTA-3") as allele-specific hybridization
probe and with an antisense primer labeled at the 5-end
with biotin (5'-AAAAACTGAAAACCACCCTGGTACA-
GAC-3"). The reaction mixtures (25 pL) contained 20 ng of
DNA, 5 pmol of each primer, 0.2 mM deoxynucleoside
triphospbate, 2.0 mM MgCl,, and | U of rTaq DNA poly-
merase (Toyobo Co., Ltd.) in polymerase buffer. The am-
plification protocol consisted of initial denaturation at 95 °C
for 5 minutes, followed by 45 cycles of denaturation at
95 °C for 30 seconds, annealing at 65 °C for 30 seconds.
and extension at 72 °C for 30 seconds: a final exiension was
conducted at 72 °C for 2 minutes. Our genotyping error rate
was ~0.1%.

Data Analysis

Quantitative data adjusted for age were compared be-
tween the two groups by unpaired Student’s ¢ test. Allele
frequencies were estimated by the gene counting method,
and the y” test was used to identity any significant departure
from Hardy-Weinberg equilibrium. Logistic regression was
performed to calculate the OR for the CC allele genotype
compared with CG/GG genotypes or the GG genotype,
defining overweight as BMI =23 kg/m’, using age and sex
as covariates. In this study. the significant difference in BMI
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by genotype should be >0.76 kg/m’ in men and >0.92
kg/m? in women with a power (1L — B) of 0.8 and an « of
0.03. In the analyses to examine the association between
genotypes and glucose metabolisms, participants who were
being treated with oral hypoglycemic agents or insulin were
exciuded. The general linear model was applied to control
for age. In the model, each quantitative variable was the
dependent variable. and age and genotype were the inde-
pendent variables. Least square means of the dependent
variable by genotype were compared and tested by Stu-
dent’s 7 test. A p value <0.05 was considered to be statis-
tically significant. The data were analyzed with SAS. re-
lease 8.2 (SAS Institute, Inc., Cary. NC).
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