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extension at 68°C for 30 seconds; and a final extension at
68°C for 2 minutes. Amplified DNA was denatured with 0.3
M NaOH and then subjected to hybridization at 37°C for 30
minutes in hybridization buffer containing 40% formamide
with allele-specific capture probes (5-AACATGCTG-
GTCGTCCTCATC-3" or 5-AACATGCTGGTCATCCT-
CATC-3') fixed to the bottom of the wells of a 96-well plate.
After thorough washing of the wells, alkaline-phos-
phatase-conjugated streptavidin was added to each and the
plate was incubated at 37°C for 15 minutes with agitation.
The wells were again washed, and, after the addition of a
solution containing 0.8 mM of 2-(4-iodophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (monosodium
salt) and 0.4 mM 5-bromo-4-chloro-3-indolyl phosphate
p-toluidine salt, absorbance at 450 nm was measured.

To confirm the accuracy of genotyping for the 190G—+A
polymorphism by this method, we selected 50 DNA samples
at random and subjected them to PCR-RFLP analysis as
described [7]. In each instance, the genotype determined by
the automated colorimetric allele-specific DNA probe assay
system was identical to that determined by PCR-RFLP
analysis. ‘

Data were compared between two groups by the unpaired
Student’s t-test or among three groups by one-way analysis
of variance and the Tukey-Kramer post hoc test. BMD values
were compared among CCR2 genotypes with adjustment for
age, body mass index (BMI), and smoking status by regres-
sion analysis. Qualitative data were analyzed by the chi-
square test. Allele frequencies were estimated by the gene-
counting method, and the chi-square test was used to identify
significant departures from Hardy-Weinberg equilibrium. A
P value of s 0.05 was considered statistically significant.

The distributions of CCR2 genotypes with regard to the
190G—A polymorphism were in Hardy-Weinberg equilib-
rium both in men (Table 1) and in women (Table 2). Age,
BMI, and smoking status did not differ among CCR2 geno-
types in men (Table 1) or in women (Table 2). There were also
no differences in alcohol consumption, calcium intake, or
physical activity among CCR2 genotypes for men or for
women (data not shown),

Among men aged < 60 years, BMD for the distal radius
(D50 and D100), lumbar spine (L2-L4), or Ward’s triangle
was significantly greater in those with the AA genotype than
in those with the GG or GA genotypes (Table 1). After adjust-
ment for age, BMI, and smoking status, BMD for the distal
radius (D50 and D100), L.2-14, femorai neck, or Ward’s tri-
angle was significantly greater in men aged < 60 years with
the AA genotype than in those with the GG or GA genotypes
(Table 1, shown as adjusted BMD). In contrast, for men aged
2 60 years, BMD was not associated with CCR2 genotype
(Table 1).

For postmenopausal women, BMD for the distal radius
(D50) or femoral neck was significantly higher in those with
the AA genotype than in those with the GG or GA genotypes
(Table 2). After adjustment for age, BMI, and smoking status,
BMD for the distal radius (D50), femoral neck, or trochanter

was significantly greater in postmenopausal women with the
AA genotype than in those with the GG or GA genotypes
{Table 2, shown as adjusted BMD). [n contrast, BMD was not
associated with CCR2 genotype in premenopausal women
(Table 2).

Although polymorphisms of several candidate genes,
including those encoding the vitamin D receptor [12,13], the
estrogen receptor [14), collagen type lal [15], interleukin-1
[16}, interleukin-6 [17], and interleukin-1 receptor antagonist
[18,19], have been associated with BMD, the prevalence of
osteoporosis, or the risk of osteoporotic fracture, the genes
that contribute to genetic susceptibility to osteaporosis remain
to be identified definitively. We have now shown that the
190G—A (Val64lle) polymorphism of CCR2 is associated with
BMD at various sites in community-dwelling, middle-aged
Japanese men and postmenopausal women, and that the AA
genotype represents a contributing factor to increased bone
mass. We failed to detect an association of the 190G—A poly-
morphism of CCR2 with BMD in men aged 2 60 years or pre-
menopausal women. The reason for these differences related
to age or menopausal status remains unclear, but differences
in the concentrations of testosterone, estrogen, or other hor-
mones between middle-aged and elderly men or between pre-
menopausal and postmenopausal women might be con-
tributing factors.

Given that selection bias can influence the results of asso-
ciation studies, it is important that study populations be
genetically and ethnically homogeneous. Qur study popula-
tion was recruited randomly from individuals resident in Obu
City and adjacent regions in central Japan, where the popu-
lation is thought to share the same ethnic ancestry and to pos-
sess a homogeneous genetic background [10]. We also
showed that the distribution of CCR2 genotypes in our study
population was in Hardy-Weinberg equilibrium. We thus
appeared to avoid admixture and selection bias, and our
study population appeared genetically homogeneous.

Given that monocytes release factors that regulate bone
formation or resorption, chemokines such as MCP-1 that ini-
tiate the recruitment of these cells are thought to be impor-
tant in the regulation of bone remodeling [5]. The 190G—A
polymorphism of CCR2 has previously been shown not to
affect the calcium responses of peripheral mononuclear cells
to MCP-1 [20]. The molecular mechanism by which the A
allele of this polymorphism protects against age-related bone
loss thus remains unclear. Other ligands of CCR2, inciuding
MCP-2, -3, -4, or -5, might help to explain the in vivo effects
of the 190G-+A polymorphism. Alternatively, these effects
may be mediated through intracellular interactions of variant
CCR2 proteins with other chemokine receptors such as CCR5
and CXC chemokine receptor-4 [20]. It is also possible that the
190G—A polymorphism is in linkage disequilibrium with
polymorphisms of other nearby genes located at chromosome
3p21 that are determinants of BMD. However, our results
suggest that CCR2 may be a new candidate for a susceptibil-
ity locus for bone mass, especially in middle-aged men and
postmenopausal women.
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Abstract

Matrix metalloproteinase-1 (MMP-1) is a key mediator of the degradation of collagen, which is abundant in bone matrix. A
nucleotide polymorphism (G—GG) at position ~1607 in the promoter of the MMP-1 gene is associated with increased gene
transcription. The possible relation of the —1607G — GG polymorphism of the MMP-1 gene to bone mineral density (BMD) was
examined in a population-based study with 1095 women and 1127 men. BMD for the distal radius was significantly lower in
postmenopausal women with the GG/GG genotype than in those with the G/GG or those with the G/G or G/GG genotype;
these differences were not apparent in premenopausal women. No significant differences in BMD at other sites were detected
among MMP-1 genotypes for women. Men did not exhibit any significant differences in BMD among MMP-1 genotypes. The

MMP-1 gene may thus be a susceptibility locus for reduced BMD at the distal radius in postmenopausal women.
® 2002 Elsevier Science B.V. and International Society of Matrix Biology. All rights reserved.

Keywords: Matrix metalloproteinase-1; Collagenase; Polymorphism; Bone mineral density; Osteoporosis; Population-based study

1. Introduction

Matrix metalloproteinase-1 (MMP-1) is the interstitial
collagenase expressed most widely among tissues and
therefore plays a prominent role in collagen degradation,
Overexpression of MMP-1 is associated with several
pathological conditions, including the irreversible deg-
radation of cartilage, tendon, and bone in individuals
with arthritis (Vincenti et al., 1996). A common single-
nucleotide insertion polymorphism (G — GG) at nucle-
otide position —1607 in the promoter region of the
MMP-1 gene results in the creation of a binding site for
the Ets family of transcription factors as well as in
increased transcription of the MMP-1 gene and increased
enzyme activity (Rutter et al., 1998).

Abbreviations: MMP-1, matrix metalloproteinase-1; BMD, bone
mineral density; BMI, body mass index; pQCT, peripheral quantitative
computed tomography; DEXA, dual-energy X-ray absorptiometry.

*Corresponding author. Tel.: +81-574-67-6616; fax: +81-574-67-
6627,

E-mail address: yoyamada@pgiib.orjp (Y. Yamada).

Osteoporosis, a common disease that is characterized
by reduced bone mass and an increased risk of fracture,
has a strong genetic component (Pocock et al., 1987).
Given that interstitial collagenase is an important medi-
ator of degradation of the bone matrix, we have now
examined whether the —1607G — GG polymorphism of
the MMP-1 gene is associated with bone mineral density
{BMD) in a population-based study.

2. Experimental procedures

The National Institute for Longevity Sciences-Longi-
tudinal Study of Aging (NILS-LSA) is a population-
based prospective cohort study of aging and age-related
diseases (Shimokata et al., 2000). The subjects of the
NILS-LSA are stratified by both age and gender, and
are randomly selected from resident registrations in the
city of Obu and the town of Higashiura in central Japan.
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 are similar and age at the

0945-053X/02/$ - see front matter © 2002 Elsevier Science B.V. and International Society of Matrix Biology. All rights reserved.
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baseline is 40-79 years, with similar numbers of partic-
ipants in each decade (40s, 50s, 60s, 70s). The subjects
will be followed up every 2 years. All participants are
subjected at a special center to a detailed examination,
which includes not only medical evaluation but also
assessment of exercise physiology, body composition,
nutrition and psychology. The NILS-LSA aims to deter-
mine the relations between various gene polymorphisms
and geriatric discases. We have now examined the
association of the —1607G — GG polymorphism of the
MMP-1 gene with BMD in 2222 subjects [1095 women
(276 premenopausal and 819 postmenopausal) and 1127
men]. The study protocol was approved by the Com-
mittee on Ethics of Human Research of National Chubu
Hospital and the NILS, and written informed consent
was obtained from each subject.

BMD at the radins was measured by peripheral
quantitative computed tomography {(pQCT) and
expressed as D50 (distal radius BMD for the inner 50%
of the cross-sectional area, comprising mostly cancellous
bone), D100 (distal radius BMD for the entire cross-
sectional area, including both cancellous and cortical
bone), and P100 (proximal radius BMD for the entire
cross-sectional area, consisting mostly of cortical bone).
BMD for total body, lumbar spine (L2-L4), right
femoral neck, right trochanter, and right Ward’s triangle
was measured by dual-energy X-ray absorptiometry
(DEXA).

The MMP-1 genotype was determined with an auto-
mated colorimetric allele-specific DNA probe assay
system (Toyobo Gene Analysis, Tsuruga, Japan) (Yama-
da et al., 2001b). In brief, the polymorphic region of
the gene was amplified by the polymerase chain reaction
with sense (5'-ATGAGGAAATTGTAGTTAAATAAT-
TAGA) and biotin-labeled antisense (5'-TCAGTATA-
TCTTGGATTGATTTGAGA)} primers. The reaction
mixture (25 wl) contained 50 ng of DNA, 5 pmol of
each primer, 0.2 mM of each deoxynucleoside triphos-
phate, 2.5 mM MgSO, and 1 U of DNA polymerase
(KODplus; Toyobo, Osaka, Japan) in KODplus buffer.
The amplification protocol comprised initial denatura-
tion at 94 °C for 5 min; 40 cycles of denaturation at 94
°C for 15 s, annealing at 52.5 °C for 30 s, and extension
at 68 °C for 30 s; and a final extension at 68 °C for 2
min. Amplified DNA was denatured with 0.3 M NaOH
and then subjected to hybridization at 37 °C for 30 min
in hybridization buffer containing 33.8% formamide
with allele-specific capture probes (5'-AAATAATTA-
GAAAGATATGACTTATCTCA or 5-AATAATTA-
GAAAGGATATGACTTATCTC) fixed to the bottom of
the wells of a 96-well plate. The wells were then washed
thoroughly, alkaline phosphatase—conjugated streptavi-
din was added to each, and the plate was incubated at
37 °C for 15 min with agitation. After further washing
of the wells, a solution containing 0.8 mM 2-(4-iodo-
phenyl)- 3 -(4 - nitrophenyl) - 5 - (2,4 - disulfophenyl)-

308

2H-tetrazolium (monosodium salt) and 0.4 mM 5-
bromo-4-chloro-3-indolyt phosphate p-toluidine salt was
added to each and absorbance at 450 nm was measured.

Data were compared between two groups by the
unpaired Student’s #test or among three groups by one-
way analysis of variance and the Tukey—Kramer post-
hoc test. Qualitative data were analyzed by the
Chi-square test. Allele frequencies were estimated by
the gene-counting method, and the Chi-square test was
used to identify significant departures from the Hardy-
Weinberg equilibrium. A P value of <0.05 was consid-
ered statistically significant.

3. Results

The distributions of MMP-1 genotypes with regard to
the —1607G — GG polymorphism were in Hardy—Wein-
berg equilibrium both in women (Table 1) and in men
(Table 2). Age and body mass index (BMI) did not
differ among MMP-1 genotypes in premenopausal or
postmenopausal women (Table 1) or in men (Table 2).
The frequency of smoking was lower in premenopausal
women with the GG/GG genotype ‘than in those with
the G/G or G/GG genotype. No difference in smoking
status was apparent among MMP-1 genotypes in post-
menopausal women or men (Tables 1 and 2). There
were also no differences in alcohol consumption, calci-
um intake, or physical activity among MMP-1 genotypes
for premenopausal or postmenopausal women or for
men (data not shown). Among postmenopausal women,
BMD for the distal radius (D50 and D100) was signif-
icantly lower in those with the GG/GG genotype than
in those with the G/GG genotype or those with the G/
G or G/GG genotype; such differences were not detect-
ed for premenopausal women (Table 1). There were no
significant differences in BMD for the proximal radius,
total body, lumbar spine (L2-L4), femoral neck, tro-
chanter, or Ward’s triangle among MMP-1 genotypes
for premenopausal or postmenopausal women. For men,
no significant differences in BMD among MMP-1 gen-
otypes were detected (Table 2).

4. Discussion

Given that coliagens are the most abundant proteins
in the body, collagenases play an important role in
modeling and remodeling of the extracellular matrix.
Cathepsin K, a lysosomal cysteine protease, is abundant
in osteoclasts (Tezuka et al., 1994) and is the principal
collagen-degrading enzyme in bone resorption (Drake
et al,, 1996). The interstitial collagenase MMP-1 also
plays an important role in collagen degradation. We
have now shown that the —1607G — GG polymorphism
of the MMP-1 gene is associated with BMD for the
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Table 1
BMD and other characteristics of women {n=1095) according to menstrual status and MMP-1 genotype

Premenopausal women {n=276) Postmenopausal women (n=2819)

G/G G/GG G/G+G/GG GG/GG C/G G/GG G/G+G/GG GG/GG
Number (%) 24 (3.7) 125 (45.3) 149 (54.0) 127 (46.0) 84 (10.3) 343 (41.9) 427 (52.1) 392 (47.9)
Age (years) 45.5+0.7 455403 455403 46.3+03 647409 633+05 636404 644404
BMI (kg/m?) 229+0.7 228403 228403 227103 233104 230402 23.1£0.2 228402
Smoking (%) 125 14.4 14.1 6.3* 7.1 6.4 6.6 5.6
BMD values measured by pQCT (mg/cm*)
D50 2579+12.2 2515450 2524446 240.1 £4.9 166.8+7.7 171.0+3.8 [70.2+3.4 155.8+3.5¢
D100 63094168 611.3+638 614.1+6.3 599.0+6.8 4501 +12.1  450.6+59 4504453 433.8+5.6%
PI100 1408.7+26.1 137044106 13758498  1349.3+105 1080.7+21.1 109051103 1088.645.3 1067.3£9.7
BMD values measured by DEXA (g/em?)
Total body 10840017 1.105+0007 [.101+0.007 1.092+0.007 0932+0.012 0922+0006 0924+0.005 0.912+0.006
L2-L4 101440025 1.0274+00t1 1.025+£0010 103240010 0.822+0.017 08t5+0.008 0.816+0.007 0.8001+0.008
Femoral neck  0.747+£0.020 0.7861+0.009 078040008 0.768+0.009 0.647+0.012 0.6431+0.006 0.644+0.005 0.643+0.005
Trochanter 0.6324+0.018 0.665+0008 0.6594+0.007 0.661+0.008 0536+0011 0.542+0.006 0541+0.005 0.538+0.005
Ward's triangle  0.643+£0.026 0.676+0.011 0.671+0010 0.629+0.030 045710016 0456+0.008 0.456+0.007 0.448+10.007

Data are means+ S.E.

*P=0.03 vs. G/G+G/GG.
T P=0.009 vs. G/GG, P=0.003 vs. G/G+G/GG.

distal radius in community-dwelling postmenopausal
Japanese women, and that the GG/GG genotype repre-
sents a risk factor for genetic susceptibility to reduced
bone mass at this site. However, given that the maximal
difference in BMD between postmenopausal women
with the G/GG genotype and those with the GG/GG
genotype was 8.9% of the larger value, the impact of
the latter genotype on osteoporosis might be limited.
We failed to detect an association of the —1607G —
GG polymorphism of the MMP-1 gene with BMD in
men or premenopausal women. The reason for these
differences related to gender or menstrual status remains
unclear, but differences in the concentrations of estrogen
or other hormones between men and women or between

Table 2

premenopausal and postmenopausal women might be
contributing factors.

Our study population was recruited randomly from
individuals resident in the city of Obu or the town of
Higashiura in central Japan, where the population is
thought to share the same ethnic ancestry and to possess
a homogeneous genetic background (Shimokata et al.,
2000). We also showed that the distribution of MMP-1
genotypes in our study population was in Hardy-
Weinberg equilibrium. Our study population thus
appeared genetically homogeneous and we appeared to
avoid admixture and selection bias.

We previously showed that a 869T — C (LeulOPro)
polymorphism of the transforming growth factor-B1

BMD and other characteristics of men (7= 1127) according to MMP-1 genotype

—1607G — GG genotype

G/G G/GG G/G+G/GG GG/GG
Number (%) 135 {12.0) 503 (44.6) 638 (56.6) 489 (43.4)
Age (years) 602409 58.6+0.5 590104 59.54+0.5
BMI (kg/m?} 23.0+0.2 225+£0.1 2295+40.1 229+0.1
Smoking (%} 37.0 386 382 376
BMD values measured by pQCT {mg/cm?)
D50 269.0+6.2 269.4+3.2 20693128 263.6+3.2
D100 5456+ 8.8 5444445 5447140 536.5+4.5
P00 117791135 1190.6 £ 6.9 1188.0+6.1 1182.7£6.9
BMD values measured by DEXA (g/cm?)
Total body 1.081+0.008 1.085+0.004 1.088 +0.004 1.087 £ 0.004
L2-14 0.974+0.014 0.981 +0.007 0.979 +£0.006 0.9874£0.007
Femoral neck 0.754+£0.010 0.753£0.005 0.753+£0.005 0.753+£0.005
Trochanter 0.666 +0.009 0.668 +0.005 0.667 £0.004 0.67040.005
Ward's triangle 0.551+0.012 0.5531£0.006 0.55210.006 0.552+0.006

Data are means £+ S.E.
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gene was associated with BMD at the distal ‘radius
(D50) in elderly women of an overlapping study popu-
lation (Yamada et al., 2001a). We thus compared BMD
at various sites among MMP-1 genotypes in women and
in men after adjustment for transforming growth factor-
Bl genotype. The results obtained were essentially
identical to the unadjusted data shown in Tables 1 and
2. Thus, D50 and D100 were associated with MMP-1
genotype in postmenopausal women but not in premen-
opausal women, whereas BMD for the other sites in
women or BMD for all sites in men was not associated
with MMP-1 genotype (data not shown). |

Three polymorphisms in the 5 region (nucleotides —
524 to +52) of the MMP-1 gene have previously been
shown not to be associated with osteoporosis (Thiry-
Blaise et al., 1995). These polymorphisms have not
been shown to be associated with transcriptional activity
or other gene function. The -1607G— GG polymor-
phism results in the creation of an Ets binding site
adjacent to an AP-1 site and markedly increases the
transcriptional activity of the MMP-1 gene promoter
(Rutter et al., 1998).

A G— T polymorphism at the first base of a consen-
sus binding site for the transcription factor Spl in the
first intron of the collagen type Incl gene was shown to
be associated not enly with BMD but with the risk of
osteoporotic fracture in women (Grant et al, 1996;
Uitterlinden et al., 1998). This Spl binding site poly-
morphism was recently shown to affect collagen gene
regulation, resulting in abnormal production of the a1(I)
collagen chain relative to that of the a2(I) chain as well
as reduced bone strength by mechanisms partly inde-
pendent of an effect on bone mass (Mann et al., 2001).
These observations suggest that genetic variation that
affects collagen metabolism is important in the devel-
opment of osteoporosis and osteoporotic fracture. Our
present observation that the largest reduction in BMD
in postmenopausal womén with the GG/GG genotype
was apparent in cancellous bone is consistent with the
previous observations of Grant et al, (1996), Uitterlinden
et al. (1998).

It is possible that the —1607G — GG polymorphism
of the MMP-1 gene is in linkage disequilibrium with
polymorphisms of other nearby genes at chromosome
11g22—q23 that are determinants of BMD. Our present
study, however, suggests that the MMP-1 gene may be
a susceptibility locus for reduced BMD at the distal
radius in postmenopausal womern.
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Abstract The estrogen receptor o gene is a candidate
locus for genetic influence on bone mass. The possible
association between two polymorphisms in the first in-
tron of this gene, alone or in combination, and bone min-
eral density at various sites was examined in participants
in the National Institute for Longevity Sciences Longitu-
dinal Study of Aging, a population-based prospective
cohort study of aging and age-related diseases. The rela-
tionship of the TC (Pvull) and AG (Xbal) polymor-
phisms in the first intron of the estrogen receptor o gene
to bone mineral density was determined in 2230 subjects
(1120 men, 1110 women) and in 2238 subjects (1128 men,
1110 women), respectively, all of whom were communi-
ty-dwelling individuals aged 40-79 years. Bone mineral
density at the radius was measured by peripheral quanti-
tative computed tomography and that for the Iumbar
spine, right femoral neck, right trochanter, right Ward’s
triangle, and total body was measured by dual-energy X-
ray. absorptiometry. Estrogen receptor ¢ genotypes were
determined with an automated fluorescent allele-specific
DNA primer assay system. Analysis of the TC (Pvull)
polymorphism revealed that bone mineral density for the
total body, femoral neck, and trochanter was significant-
ly lower in women aged 60 years or over with the CC
genotype than in those with the TT genotype, but statisti-
cal significance was not achieved after adjustment for
age, body mass index, and smoking status. Analysis of
the AG (Xbal) polymorphism revealed that bone mineral
density for the femoral neck was significantly lower in
womnen aged 60 years or over with the GG genotype than
in those with the AA genotype. After adjustment for age,
body mass index, and smoking status, bone mineral den-
sity for the femoral neck was significantly lower in
women aged 60 years or over with the GG genotype than
in those with the AA or AG genotypes. Analysis of com-
bined genotypes in women aged 60 years or over re-
vealed that bone mineral density for the femoral neck
was significantly lower in women with the CC/GG geno-
type than in those with the TT/AA or TC/AA genotypes.
After adjustment for age, body mass index, and smoking
status, bone mineral density for the femoral neck was



significantly lower in women aged 60 years or over with
the CC/GG genotype than in those with other genotypes.
No differences in bone mineral density at the various
sites were detected among TC (Pvull), AG (Xbal}, or
combined genotypes in women aged under 60 years or in
men. These results suggest that the estrogen receptor o
gene is a susceptibility locus for bone mass, especially
for the femoral neck, in elderly Japanese women.

Keywords Estrogen receptor - Single nucleotide
polymorphism - Bone mineral density - Osteoporosis -
Population-based study

Abbreviations BMD: Bone mineral density -

BMI: Body mass index - EReax: Estrogen receptor o -
NILS: National Institute for Longevity Sciences -
SNP: Single nucleotide polymorphism
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with bone mass in postmenopausal women [10, 11] or
premenopausal women [12, 13] or with the response to
hormone replacement therapy [14]. However, other stud-
ies have not confirmed these observations [15, 16, 17,
18, 19, 20]. In addition, a microsatellite (TA repeat)
polymorphism of the ERa gene, but not the TC and AG
polymorphisms in the first intron, was shown to be asso-
ciated with BMD and with the prevalence of fractures
[11, 17, 18]. The reason for this discrepancy remains to
be determined, but it may result from the limited sample
size of many of the studies. Thus, large-scale population-
based studies are required to clarify the role of polymor-
phisms of the ERa gene in determining BMD.

We have now examined whether the TC (Pvull} and
AG (Xbal) polymorphisms in the first intron of the ERc
gene, alone or in combination, are associated with BMD
in women and men in a population-based study.

introduction

Osteoporosis is characterized by a decrease in bone min-
eral density (BMD) and a deterioration in the microar-
chitecture of bone, which result in an increased suscepti-
bility to fractures [1]. Although several environmental
factors, such as diet and physical exercise, influence
BMD, a genetic contribution to the etiology of osteopo-
rosts has been recognized [2]. Genetic linkage studies
[3, 4] and candidate gene association studies [5, 6] have
implicated several loci and candidate genes in the regu-
lation of bone mass and the pathogenesis of osteoporotic
fractures. One such candidate gene is the estrogen recep-
tor o (ERa) gene. The importance of ERa in the regula-
tion of bone mass has been indicated by the occurrence
of osteoporosis in a man with a nonsense mutation in the
ERa gene [7] and by the observation that the BMD of
mice lacking a functional ERa gene is 20-25% less than
that of wild-type mice [8].

. The human ERa gene is located on chromosome
6p25.1, comprises eight exons, and spans more than
140 kb [9]. Two single nucleotide polymorphisms
(SNPs) have been identified in the first intron of the
ERa gene: 2 TC polymorphism that is recognized by the
restriction endonuclease Pvull [T and C alleles corre-
spond to the presence (p allele) and absence (P allele) of
the restriction site, respectively], and an AG polymor-
phism that is recognized by Xbal {A and G alleles corre-
spond to the presence (x allele) and absence (X allele) of
the restriction site, respectively]. In some studies these
SNPs, alone or in combination, have been associated

Materials and methods

Study subjects

The National Institute for Longevity Sciences (NILS) Longitudi-
nal Study of Aging is a population-based prospective cohort study
of aging and age-related diseases [21, 22]. We examined the possi-
ble association of the TC (Pvull) and AG (Xbal) SNPs of the ERa
gene with BMD in 2230 participants (1120 men, 1110 women)
and in 2238 participants (1128 men, 1110 women), respectively,
all of whom were community-dwelling individuals aged
40-79 years and were randomly recruited from regions near to the
NILS in central Japan. The study protocol was approved by the
Committee on Ethics of Human Research of National Chubu Hos-
pital and the NILS, and written informed consent was obtained
from each subject.

BMD measurement

BMD at the radius was measured by peripheral quantitative com-
puted tomography and expressed as D50 (distal radius BMD for
the inner 50% of the cross-sectional area, comprising mostly can-
cellous bone), D100 (distal radius BMD for the entire cross-
sectional area, including both cancellous and cortical bone), and
P100 (proximal radius BMD for the entire cross-sectional area,
consisting mostly of cortical bone). BMD for the lumbar spine
(L2-L4), right femoral neck, right trochanter, right Ward’s trian-
gle, and total body was measured by dual-energy X-ray absorptio-
metry.

Determination of ERa genotype

ERa genotypes were determined with an automated fluorescent
allele-specific DNA primer assay system (Toyobo Gene Analysis,
Tsuruga, Japan). For determination of TC {Pvull) genotype the
polymorphic region of the gene was amplified by the polymerase

Table 1 Distribution of TC

(Pvull) and AG (Xbal) geno- AA AG GG Total

types of the ERa gene among

the study population - n % n % n % n %
T 796 35.76 1 0.04 0 0.00 797 35.80
TC 587 26.37 466 20.93 5 0.22 1058 47.53
cc 123 3.53 175 7.86 73 3.28 371 16.67
Total 1506 67.65 642 28.84 78 3.50 2226 100.00
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Table 3 Bone mineral density (BMD) and other characteristics of
men (n=1120) according to TC (Pvull) genotype of the ERa gene
(pQCT peripheral quantitative computed tomography, D50 distal
radius BMD for the inner 50% of the cross-sectional arca compris-
ing mostly cancellous bone, D100 distal radius BMD for the entire
cross-sectional area including both cancellous and cortical bone,
P00 proximal radius BMD for the entire cross-sectional area con-
sisting mostly of cortical bone, DEXA dual-energy X-ray absorp-
tiometry)

455
Statistical analysis

Quantitative data were compared by one-way analysis of variance
and the Tukey-Kramer post hoc test. BMD values were analyzed
with adjustment for age, body mass index (BMI), and smoking
status by the least squares method in a general linear model. Qual-
itative data were analyzed by the %2 test. Allele frequencies were
estimated by the gene-counting method, and the %2 test was used
to identify significant departures from Hardy-Weinberg equilibri-
um. A P value of 0.05 or less was considered statistically signifi-
cant.

TC genotype

T TC cC
n 399 (35.6%) 541 (48.35) 180 (16.15)
Age (years) 58.9+0.5 59.3+0.5 59.520.8
BMI 23.120.1 23.0+0.1 22.440.2%
Smoking (%) 38.6 37.0 41.7
Fracture (%) 271 24.4 27.4
BMD values measured by pQCT (mg/em?®)
D50 268.9+3.5 266.2+3.0 260.8+5.2
D100 544.0+5.0 539.1+4.3 537.6£7.4
P100 1190.8+7.7 1182.846.6 1181.0£11.5
BMD values measured by DEXA (g/cm?)
Total body 1.090+0.005 1.087+0.004  1.083x0.007
Lurmbar spine 0.985+0.008  0.983+£0.007 0.977+0.012

(L2-L4)

Femoral neck 0.757+£0.006 0.751%0.005 0.752+0.009
Trochanter 0.676+0.005 0.664+0.005  0.667+0.008
Ward's triangle - 0.5582£0.007  0.550x0.006  0.549+0.011
*p=0.009 vs. IT

chain reaction with allele-specific sense primers labeled at the
" 5" end either with fluorescein isothiocyanate (5'-AGTTCCAAAT-
GTCCCAGXTG-3') or with Texas red (5-AGTTCCAAATGTCC-
CAGXCG-3') and an antisense primer labeled at the 5' end with
biotin (5'-TCTGGGAAACAGAGACAAAGC-3"). The reaction
mixture {25 pl) contained 20 ng DNA, 5 pmol of each primer,
0.2 mmol/l of each deoxynucleoside triphosphate, 2.5 mmol/
MgCl,, and 1 U DNA polymerase (1Taq; Toyobo, Osaka, Japan) in
rTaq buffer. The amplification protocol comprised initial denatur-
ation at 95°C for 5 min; 35 cycles of denaturation at 95°C for 30 s,
annealing at 62.5°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 AG
(Xbal) genotype the polymorphic region of the gene was amplified
by the polymerase chain reaction with a sense primer labeled at
the 5 end with biotin (3'-CTGTTTICCCAGAGACCCTGAG-3")
and allele-specific antisense primers labeled at the 5° end either
with fluorescein isothiocyanate (5'-CCAATGCTCATCCCAACT-
XTA-3") or with Texas red (5'-CCAATGCTCATCCCAACTXCA-
3'). The reaction mixture (with the exception of the primers) and
the amplification protocol (with the exception that the annealing
temperature was 65°C) were identical to those used for genotyping
of the TC (Pvull) polymorphism.

Amplified DNA was incubated in a solution containing strep-
tavidin-conjugated magnetic beads in the wells of a 96-well plate
at room temperature. The plate was placed on a magnetic stand,
and the supernatants were then collected from each well, trans-
ferred to the wells of a 96-well plate containing 0.01 M NaOH,
and measured for fluorescence with a microplate reader (Fluoro-
scan Ascent; Dainippon Pharmaceutical, Osaka, Japan) at excita-
tion and emission wavelengths of 485 and 538 nm, respectively,
for fluorescein isothiocyanate and of 584 and 612 nm, respective-
ly, for Texas red.
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Results

The distributions of ERa genotypes with regard to the
TC and AG SNPs were in Hardy-Weinberg equilibrium
for the study population overall (Table 1) as well as in
women (Tables 2, 4) and men (Tables 3, 5) separately.
The distribution of haplotypes for the TC and AG poly-
morphisms in all study subjects was as follows: 7/A
61.9%, T/G 0.2%, C/A 28.6%, and C/G 9.3%. The TC
and AG SNPs were in linkage disequilibrium [pairwise
linkage disequilibrium coefficient, D'(D/D,,,), of 0.97;
standardized linkage disequilibrium coefficient, r, of
0.40; P<0.0001, %2 test].

The relationship of the TC (PvidI) SNP in the first in-
tron of the ERct gene to BMD was examined. For all
women, age, BMI, smoking status, and the frequency of
fracture did not differ among TC genotypes (Table 2).
Furthermore, there were no differences in BMD at the
various sites examined among TC genotypes in women
overall. To examine the possible influence of age on the
relationship between TC genotype and BMD we ana-
lyzed BMD and other characteristics independently in
women aged under 60 years and those aged 60 years or
over. In women aged under 60 years, BMD was not asso-
ciated with TC genotype (Table 2). In contrast, in wom-
en aged 60 years or over, BMD for the total body, femo-
ral neck, and trochanter was significantly lower in those
with the CC genotype than in those with the TT geno-
type. After adjustment for age, BMI, and smoking status,
however, statistical significance was not achieved for the
differences in BMD values at these sites among TC ge-
notypes in women aged 60 years or over. BMD at the
sites studied did not differ among TC genotypes either in
men overall (Table 3) or in men aged under 60 years or
aged 60 years or over (data not shown).

We next examined the relationship of the AG (Xbal)
SNP in the first intron of the ERa gene to BMD. For all
women, age, smoking status, and the frequency of frac-
ture did not differ among AG genotypes, whereas BMI
was significantly greater in women with the AG geno-
type than in those with the AA genotype (Table 4). No
differences in BMD at the various sites examined were
detected among AG genotypes in women overall. Also,
in women aged under 60 years, BMD was not associated
with AG genotype (Table 4). In contrast, in women aged
60 years or over, BMD for the femoral neck was signifi-
cantly lower in those with the GG genotype than in those
with the AA genotype (Table 4). After adjustment for
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Fig. 1A, B Association of
BMD for the femoral neck with
the AG (Xbal) polymorphism
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Table 5 Bone mineral density (BMD) and other characteristics of
men (n=1128) according to AG (Xbal) genotype of the ERa gene
{pQCT peripheral quantitative computed tomography, D30 distal
radius BMD for the inner 50% of the cross-sectional area compris-
ing mostly cancellous bone, D100 distal radivs BMD for the entire
cross-sectional area including both cancellous and cortical bone,
P100 proximal radius BMD for the entire cross-sectional area con-
sisting mostly of cortical bone, DEXA dual-energy X-ray absorp-
tiometry)

AG genotype

AA AG GG
n 775 (68.7%) 314 (27.8%) 39 (3.5%)
Age (years) 50.2+0.4 59.0£0.6 59.2+1.8
BMI 23.00.1 22702 23.2+04
Smoking (%) 38.2 37.9 359
Fracture (%) 24.9 28.6 256
BMD values measured by pQCT (mg/cm?)
D50 267.3£2.5 265.9+40 255.6x11.2
D100 541.2+3.6 539.4+5.6 538.3x15.9
P100 1186.215.6 1180.128.7 1199.7+24.6
BMD values measured by DEXA (g/cm?)
Total body 1.086+0.004 1.092+0.006 1.072+0.016
Lumbar spine 0.987+0.006  0.97310.009 0.966+0.026

(L2-L4)

Femoral neck 0.7530.004  0.751£0.006  0.757+0.018
Trochanter 0.670+0.004 0.662+0.006 0.672+£0.017
Ward's triangle  0.554+0.005  0.551+£0.008  0.539x0.023

age, BMI, and smoking status statistical significance was
not achieved for the differences in BMD at the femoral
neck among AG genotypes in women aged 60 years or
over; however, adjusted BMD for the femoral neck was
significantly lower in women aged 60 years or over with
the GG genotype than in those with the AA or AG geno-
types [0.576+0.020 g/em? (GG) vs. 0.616x0.009 g/cm?
(AA + AG); P=0.036, unpaired Student’s ¢ test; Fig. 1A].
There were no differences in BMD at the various sites
among AG genotypes either in men overall (Table 5) or
in men aged under 60 years or aged 60 years or over
(data not shown).
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Combined genotypes

To determine whether the TC and AG SNPs exert an
additive or synergistic effect on BMD we examined the
relationship between the combined genotype and BMD.
Given the small number of subjects with the TT/AG
(rn=1), TT/GG (n=0), and TC/GG (n=5) genotypes, these
genotypes were excluded from the analysis of combined
genotype. For women overall the distribution of com-
bined genotypes was as follows: 77/4A 36.1%, TC/AA
24.4%, TCIAG 22.3%, CCIAA 6.3%, CC/IAG 7.6%, and
CC/GG 3.4%. In women aged under 60 years there were
no differences in BMD at the sites examined among
combined genotypes (Table 6). In women aged 60 years
or over BMD for the femoral neck was significantly lower
in those with the CC/GG genotype than in those with the
TT/AA or TC/AA genotypes (Table 7). After adjustment
for age, BMI, and smoking status statistical significance
was not achieved for the differences in BMD at the fem-
oral neck among the six genotypes in women aged
60 years or over; however, femoral neck BMD was sig-
nificantly lower in women aged 60 years or over with the
CC/GG genotype than in those with the other five geno-
types [0.577£0.019 g/em? (CC/GG) vs. 0.615=
0.009 g/cm? (other genotypes); P=0.037, unpaired Stu-
dent’s ¢ test; Fig. 1B]. The differences in adjusted BMD
for the femoral neck in women aged 60 years or older
between the TT and CC genotypes, between the AA and
GG genotypes, and between the TT/AA and CC/GG ge-
notypes (expressed as a percentage of the corresponding
larger value) were 3.1%, 6.5%, and 6.9%, respectively.
No differences in BMD at the various sites were ob-

served among combined genotypes in men (Table 8).

Discussion

We have shown that the AG (Xbal) SNP in the first in-
tron of the ERa gene, alone or in combination with the
TC (Pvull) SNP, is associated with BMD for the femoral
neck in community-dwelling elderly women, and that the
CC/GG genotype is a genetic factor for predisposition to
reduced bone mass, although the contribution of these
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Table 6 Bone mineral density (BMD) and other characteristics of
women aged under 60 years (r=551) according to combined TC
and AG genotypes of the ERa gene (pQCT peripheral quantitative
computed tomography, D50 distal radius BMD for the inner 50%

D100 distal radius BMD for the entire cross-sectional area includ-
ing both cancellous and cortical bone, PI00 proximal radius BMD
for the entire cross-sectional area consisting mostly of cortical
bone, DEXA dual-energy X-ray absorptiometry)

of the cross-sectional area comprising mostly cancellous bone,

TT/AA TCIAA TC/AG CCIAA CCIAG CCIGG
n 211 (38.3%) 129 (23.4%) 115 (20.9%) 35 (6.4%) 42 (1.6%) 19 (3.5%)
Age (years) 50.0+0.4 49.4+0.5 49.8+0.5 49.1+0.9 49.6+0.8 50.1x1.2
BMI 22.610.2 22.2+0.3 23.310.3 22.110.5 23.7£0.5 24.4+0.7*
Smoking (%) 12.3 10.2 8.7 11.4 11.9 53
Fracture (%) 14.8 14.7 133 17.1 11.9 10.5
BMD values measured by pQCT (mg/cm?)
D50 218.9+4.8 225.4+6.1 222.6x6.4 230.6x11.6 241.4+10.6 220.6x15.9
D160 560.3+7.3 570.4+9.3 557.3+9.8 548.8+17.7 593.8+16.3 549.0+24.3
P100 1292.2+11.0 1303.8x14.1 1285.2£14.8 1253.8+26.7 1313.8+24.7 1295.12£36.8
BMD values measured by DEXA (g/cm?)
Total body 1.047+0.007 1.062+0.009 1.041+0.010 1.062+0.018 1.076+0.016 1.042+0.024
Adjusted total body 1.055+0.008 1.066+0.010 1.044+0.010 1.060+0.017 1.076+0.015 1.046+0.022
L2-14 0.951+0.010 0.973+0.013 0.9570.014 0.973+0.026 0.970+0.023 0.964+0.034
Adjusted L2-14 0.561+0.011 0.978+0.013 0.9560.014 0.972+0.023 0.960+0.020 0.95410.030
Femoral neck 0.748+0.007 0.739+0.009 0.743+0.010 0.730x0.018 0.765+0.016 0.73620.024
Adjusted femoral neck 0.756+0.008 0.747+0.010 0.743+0.010 0.736+0.017 0.759+0.015 0.727+0.022
Trochanter 0.630+0.007 0.629+0.008 0.636+0.009 0.612:0.017 0.658+0.015 0.626+0.022
Adjusted trochanter 0.636+0.007 0.635+0.009 0.634+0.009 0.615+0.016 0.65110.014 0.617£0.021
Ward's triangle 0.613+0.010 0.609+0.013 0.621+0.013 0.611+0.024 0.64310.022 0.604+0.033
. Adjusted Ward's triangle 0.621+0.011 0.616+0.013 0.620+0.014 0.613+0.023 0.635+0.021 0.596+0.030

*P=0.049 vs. TC/IAA

Table 7 Bone mineral density (BMD) and other characteristics of
women aged 60 years or over (r=553) according to combined TC
and AG genotypes of the ERa gene (pGCT peripheral quantitative
computed tomography, D50 distal radius BMD for the inner 50%
of the cross-sectional area comprising mostly cancellous bone,

D100 distal radius BMI for the entire cross-sectional area includ-
ing both cancellous and cortical bone, P700 proximal radius BMD
for the entire cross-sectional area consisting mostly of cortical
bone, DEXA dual-energy X-ray absorptiometry)

TT/AA TC/AA TC/IAG CC/AA CCIAG CCIGG -
n 187 (33.8%) 140 (25.3%) 131 (23.7%) 35(6.3%) 42 (7.6%) 18 (3.3%)
Age (years) 67.810.4 68.8+0.5 69.0+0.5 70.3£0.9 69.1£0.8 70.6x1.3
BMI 23.1+0.2 22.94£0.3 232203 23.1£0.6 23.420.5 21.6+0.8
Smoking (%) 38 2.1 23 8.6 48 5.6
Fracture (%) 24.6 19.3 25.9 143 238 16.7
BMD values measured by pQCT (mg/em?)
Dso0 150.4+4.5 148.6+5.2 1429453 130.2+10.2 153.449.6 116.4£14.2
D100 414.3£6.7 405.1£7.7 408.0£7.9 391.3x15.1 421.3x14.3 365.1+21.1
P100 1023.3+12.4 1020.1x14.2 1012.7£14.6 965.9£27.9 1014.7426.4 954.2+38.8
BMD values measured by DEXA (gfcm?) '
Total body 0.887:0.006  0.881x0.007  0.875:0.008  0.851+0.015  0.869:0.013  0.855£0.020
Adjusted total body 0.880+0.010 0.880+0.011 0.874+0.011 0.856+0.016 0.868+0.015 0.870x0.020
L2-14 0.779+0.010 0.773+0.012 0.777+0.012 0.74910.024 0.747+0.021 0.718+0.033
Adjusted L2-L4 0.779+0.017 0.779+0.018 0.78120.018 0.760+0.025 0.748+0.024 0.753+0.033
Femoral neck 0.620+0.006 0.612+0.007 0.611+0.008 0.587+0.015 0.609+0.014 0.550£0.021*
Adjusted femoral neck 0.620+0.010 0.619+0.011 0.616+0.011  0.598+0.015 0.612£0.015 0.577+0.019%*
Trochanter 0.520+0.007 0.506+0.008 0.512£0.008°  0.499+0.016 0.500+0.014 0.454+0.021
Adjusted trochanter 0.514£0.010 0.507+0.011 0.511+0.011 0.506+0.016 0.497+0.015 0.478+0.020
Ward’s triangle 0.403+0.008 0.403+0.010 0.402+0.010 (.378+0.020 0.387+0.018 0.342+0.027
Adjusted Ward’s triangle 0.394x0.014 0.402+0.015 0.401£0.015 0.38410.021 0.384+0.019 0.364+0.027

*P=0.017 vs. TT/IAA, P=0.05 vs. TC/AA, **P=0.037 vs. other genotypes

SNPs to bone mass appears relatively small. Given that Since selection bias can influence the results of asso-
femoral neck fracture is the most serious complication of ~ciation studies, it is important that study populations be
osteoporosts, our results may have clinical implications genetically and ethnically homogeneous. Our study pop-
for the prevention of this condition. ulation was recruited randomly from individuals resident
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Table § Bone mineral density (BMD) and other characteristics of
men (n=1116} according to combined TC and AG genotypes of
the ERa gene (pQCT peripheral quantitative computed tomogra-
phy, D30 distal radius BMD for the inner 50% of the cross-
sectional area comprising mostly cancellous bone, D100 distal ra-

459

dius BMD for the entire cross-sectional area including both can-
cellous and cortical bone, P100 proximal radius BMD for the en-
tire cross-sectional area consisting mostly of cortical bone, DEXA
dual-energy X-ray absorptiometry) :

TTIAA TCIAA TC/IAG CCIAA CCIAG CCIGG
n 398 (35.7%) 318 (28.5%) 220 (19.7%) 53 (4.8%) 91 (8.2%) 36 (3.2%)
Age (years) 58.9+0.5 59.5+0.6 59.0+0.7 60.2+1.5 59.1z1.1 59.3x1.8
BMI 23.120.1 23.0+0.2 229102 224404 22.1£0.3* 23.020.5
Smoking (%} 38.7 38.1 335 39.6 45.1 36.1
Fracture (%) 27.1 21.8 28.4 245 28.9 27.8
BMD values measured by pQCT (mg/cm3)
D350 268.5+3.5 266.8£3.9 264.9+4.7 261.8+9.8 263.3+71.3 253.1+11.5
D1G0 543.5+5.0 539.9£5.6- 537.5+6.7 535.2+14.0 540.1+10.4 534.6+16.5
P100 1180.747.8 1184.118.7 1180.0£10.4 1176.9£21.7 1177.7+16.2 1195.4+£25.6
BMD values measured by DEXA (g/cm?)
Total body 1.08%+0.005 1.081+0.005 1.093+0.007 1.090+0.013 1.088+0.010 1.061+0.016
i2-14 0.984+0.008 0.987+0.00% 0.975+0.011 1.011£0.022 0.968+0.017 0.951+0.027
Femoral neck 0.757+0.006 0.749+0.006 0.752+0.008 0.754+0.016 0.749+0.012 0.755+0.019
Trochanter 0.675x0.005 0.664+0.006 0.692+0.007 0.674£0.015 0.663+0.011 0.668+0.018
Ward’s triangle 0.558+0.007 0.54910.008 0.552+0.010 0.561+0.019 0.549+0.015 0.531+0.024

*P=0.029 vs. TTIAA

in Obu City and adjacent regions in central Japan, where
the population is thought to share the same ethnic ances-
try and to possess a homogeneous genetic background.
We also showed that the genotype distributions of the
two SNPs of the ERa gene were in Hardy-Weinberg
equilibrium both in women and in men in our study pop-
ulation. We thus appeared to avoid admixture and selec-
tion bias, and our study population appeared genetically
homogeneous.

For the TC (Pvull) SNP of the ERa gene, BMD tend-
ed to be lower in women aged 60 years or over with the
CC genotype than in those with the TT or TC genotypes,
consistent with a previous observation in postmenopaus-
al Japanese women [10]. For the AG (Xbal) SNP of the
ERa gene, however, BMD tended to be lower in women
aged 60 years or over with the GG genotype than in
those with the AA or AG genotypes. This finding differs
from the previous observation for postmenopausal Japa-
nese women that individuals with the GG genotype
showed the highest BMD for the lumbar spine or total
body and those with the AA genotype showed the lowest
BMD, although statistical significance for these differ-
ences was not achieved [10). In women aged under
60 years we detected no association between TC (Pvull)
ot AG (Xbal) SNPs and BMD at various sites. In con-
trast, ERa genotype was previously shown to be associ-
ated with BMD for the femoral neck or lumbar spine in
women aged 24-44 years [12] and to be an independent
predictor of heel stiffness index determined by quantita-
tive bone ultrasound in women aged 18-35 years [13].
However, the association of ERa genotype with BMD
differed between these two previous studies: Individuals
with the TT genotype or AA genotype showed the lowest
BMD in the former study, whereas the individuals with
these genotypes showed the highest heel stiffness index
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in the latter study. Our present data are consistent with
the results of the latter study [13]. Several studies have
not detected an association of these two SNPs of the
ERa gene, either alone or in combination, with BMD
[15, 16, 17, 18, 19, 20]. Albagha et al. [11] demonstrated
an association of BMD for the lumbar spine or femoral
neck with haplotype for these SNPs, although no associ-
ation was detected between BMD and each SNP alone.
An association between estrogen responsiveness of
BMD and ERa genotype was not apparent in postmeno-
pausal Korean women who had undergone hormone re-
placement therapy [20], whereas Salmén et al. [14] sug-
gested that the TT genotype of the Pvull polymorphism
is a relatively estrogen-insensitive genotype, and that
women with the C allele may benefit more from the pro-
tective effect of hormone replacement therapy on frac-
ture risk than women with the TT genotype.

The molecular mechanism that underlies the associa-
tion of the TC (Pvull) and AG {Xbal) SNPs of the ERa
gene with age-related bone loss remains unclear. It is
possible that these SNPs are in linkage disequilibrium
with polymorphisms of other nearby genes located at
chromosome 6p25 that are determinants of BMD. How-
ever, our present results suggest that the ERa gene is a
susceptibility locus for bone mass, especially at the fem-
oral neck, in elderly Japanese women.
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PEEDA L ABELITHATR LMD DL OFEE :

FIERROFERNAIE L BENA®E

@)l Rz HHE LA
(DEEBEFFECL F—) (DIEBEFFEE 5 —)
FHRE LT I IEKED

(D EHFEFRTRE 5 =) (PREMAZTED

¥ EH

(A EFERMEL )

T ER

(RSB ERHAEE 5 —)

FIFRERL, PEFFLEHRLLT, FELOEEN - TEMLHAZRE, AMLABIUMSHE
OEEERHLALOTH D, HERENRFERFEL L ¥ — “E{E@T 3RS HE"
(NILS-LSA) DOF—WHEEIZEE L4080 570 0MRER2,0104 ThH 5. REEEERI N OR
#, HENZRICLIMI SEBHRE L, TEORHKICLZMS >MABEBEREFNTER, HEN
IO S ERHFRR, FEMZROM PHABDRE Y LBNWZ EBBLh LT, Sbic, &
R L A P AGREOZERRANERE LY, TEMRHOM S >WABRIL, A PLA L
BPRVWLEECESIROBZFEN, A ALAARBENESIIRTIA APk, ThLDES
B, TR OEEMRER L TEENZTHS, PHEFTOR L LRV LOEMRE L 2T 08075

BELOIEETETDILOTHSD,

[F—+D0=F) dBE RAFLR, GAZR, W52, N

TFARRGRSOEMREICEETERICHALTE, Th
ETHEMNRZUERERSR, V- rAdH— fOi2
HNESRENE L EIELIRTEL (Cohen, & Willis,
1985; Finch, Okun, Pool, & Ruehlman, 1999), zh
tZ#%f L TRook (1984) i, » ABMRICIZEER2ARE &
EHILBENRRERH DI L EEMWL, SHEGLY
BRELEHRIZEY, TENLFARE (problematic
social ties) BRFIEEMEL b O LEH LA L.
Rook (1984) osRik, MARBEOBEEMRECFEL
TWAERROHMAMMICKEZ 2EREEL, Mg, #2
BYREE (social conflict; Lepore, 1992), FEMIEE £
F (negative interaction; Krause, & Jay, 1991), &
EBRZR (negative exchanges; Okun & Keith,
1998) LW HET, I —DREPHROR
HRY, MARy bU—2 bR IFEIEENRERL,
DEOEEL OBEXRIENRDI LI KR o1, ZRT
%, M - Liang + 518 (1990) 28, AFOEBEFTIZ
BWT, ZEHEEDRER Y-y A R— L OZE LR
BIBDNTEZARET, HATROTEHRIE I
THEEBINETR I ThHoLZ EEEHELTY
Do RORE0FLLEZMEL LELEREICLY, HE
BIREH & BEMRR ENEFNTNT A T <0 M5
DEEDLSICBET I EMRIL, FENRERMS
DEBKRELSTHRL, BEMKERSEMI o2 ERT S
PRIV LN L, T, EENHREE “FiHRAR

BEOER" B 2 RIETEEEERNTL2, T8
FIZREZOED T A 74 X0 L REBFEIZDS 2%
BRSEDZ &Y, HARHOZAL 20EAS, A b
LARM S S EhENREe2BES2 L 2Z L 2B
RTINS,

ROETHECHREL, BHECREEEICBIT?
WIEEHEZXD 5 AT, HARROTERRIEA LAY 2
BRICRIETHROHMAR A I =X b E2HLMICTIHLE
ERLTWS, flail, TEMSHOREEENRSS
EHIZROBREREDE L 2 BRCENTHZ LT,
UREHENTER L 5 A ARROBELHSME
BORELT TR, EENXTROBREREMNELE
MAFEORITIHTEE L2359 (Krause, 1995; Okun,
Melichar, & Hill, 1990}.

AR RRDEAEECEEERIET A =X LI
LT, “hixv, EEDE (direct effect), BEEPE
(joint effect), A b L RIRE - HBIZLIE (stress-buf-
fering/stress-amplifying effect) @ 3EDHEAIER
INTnA,

EEDET, SARREA M LR ERERFRIMB K
DEMRECRETHREEZET. LEX-T, APLR
(ZbLotr—)OFELERIEDL LY, HERZHS
SR L DERIZRETHD L, HD Vi, BESX
BEVIZ Y LEMCTRETH D - LRSI, ot
AZHOEEDENHD LBLENRS, EITHE TR,
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IOEHIREENMREBRETIILET, HFMARESL
EMRECRETHREOEEBULTGEINTEL (eg,
Chogahara, 1999; Finch, Okun, Barrera, Zautra, &
Reich, 1939; Lepore, 1992; Rook, 1984), vt o —BF
ez hid (Finch et al, 1999; Okun, & Keith,
1998), AT BCERRELLDIBEVRHILOD,
TEMZROEEDRIAEHORROEEDR LY L3R
WEDRERBONIFENE.

BomER, MARED 2 AIESCEARECEITT
BREFEWICIHTIIERTH S, BEHRICET D
EDFEEFNOEL L, BENRKEA MLy H—&
Ehz, BENXKEATORELBITIHNRENAL
2ZLTWw3 (eg, Lepore, 1992; Okun, & Keith,
1998; Pagel, Erdly, & Becker, 1987, Rhodes, &
Woods, 1995). ZHizxt LT, Krause (1995) X, #t
YILBEDERR ¥ OBFEHRRS, Y—etR—
FEEOBRBAETEIRDZ LT L, Krause
(1995) OFF R, LENREAANERELLEZLO TR
20, BENERO L O TREE T EMREAAIRE
TEHRAHANRT LT AL AR ENTE
£,

2 b L REEZV LBBYR T, R L RELES
R RETREES, SATRROLANVIZL s TER
B EERRERELTWD, ROV —y At R— MR
FHRELMIZILTER LS5 (eg, Comijs, Penninxs,
Knipscheer, & van Tilburg, 1999; Dalgard, Bjerk,
& Tambs, 1995}, = b L RIBEMFR LI, LSRR
O HEEHER TH Y, RIFLRBEEMREBHIBER,
FHTHRVESLEAT, BNR AT THLEHR
EAELRWILIZEY, FOURERKEEZNS, -
ik, SEBIREN, Aot —itwTI3EREOH
[0, HORALTHEREETIEDEVDRS
(Cohen, & Willis, 1985), ZhIZ#H LTA M L R8I
ThER, EENTHESLAAR Ly —0EFEAL IR
L% 3 (Shinn, Lehmann, & Wong, 1984). R b L
ATIZHd AN, BAOREZLERORELHRETS
o%, TEYTERBOLREBLET D, R L2
OBERLAIHEESE LABERIZ2WT, ek
BAZHi 32855 (Krause, & Jay, 1991;
Wortman, & Lehman, 1985), =Dk 544, BF
e Xt ARSI, R PUANLENREEETSED
BEEHEETIEELGRD,

ZRULR, #HARRELCENRELORECRTD L
DO, HEHRARLOTIRARL, EROBE

BRI AWEEh3 2 b E X 60D (Comijs et al,

1999; Shinn et al, 1984). LdL7Aeddb, FEATHE

P, BHROEHROTAMLRITEE R 2TNDEH,
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HAZROB & RHROLERHANATT2THD. I
2T, TheOWMER., BHBEOR b L yd— LI AL
LOMEOCHCESENTTWAD &%, /MAEANS
FAVWTHASETHEENEH NS (Ingersoll-Dayten,
Morgan, & Antonucci, 1997; Okun, & Keith,
1998), €I CTEAHETH, THEOCHREREHRIC
FHERE LTV, AL ACEES - TEMZRFAR
A DI RETEESEMCRNTI L EL
1o, HFEDRBMIZUTO32TH 5D, 1) EERIERL
Mmoo LENRAEELL, TEARHKEMI 2L TENHE
A L0 (EHEMR). 2) BEHATIRESETH T
FEEAZ LG, MO T5EVORNREEETS
(FEEHR). HHEEHIRH RO EENLRIE, Th
FRAMCAFREZEEAEZLE, EENTRBEEZN
WEEAMLAEREMI S LEORAESTFTEY (XL
AEESE), BEMEHBENESHEI FLRAER L
WMo oL ORENEES (X F L AHEIEHE).
P B

EESLUVMNHRE

ERROSTT—F I, BXRFERNTE -
I35, “EBlhicET > EMRMEERE (NILS-LSA;
Shimokata, Ando, & Niino, 2000)” %615 6hik.
NILS-LSA offfrst&id, B IUFEFRIT EICEIE
{EAHE L2408 6 TOROBERTH S, 1997411
B 620004 4 B ORiciThhiz NILS-LSA o -~k
WEEMLE2,26180 5%, F—FICRBDLDE
< 2,010% 2 FHMROSHTRE L Lz (B%1,065
& : EHERKGS. 988, SDI0.9, &it0454 : [F158.25%,
SD10.7).

HEEE

AFEOTF— 21, AL AGRICELTHEEREL
o, TR TEERANERCLVRELRL. BES
BEETEALL) A CTHEFIIHESTILIEHAL
fo. AERELRIESFERME L ¥ —TiTo, FHFE
THAWEERZ=UTICRT,

M5 -2 : Radleff(1977) 2 & 3 Center for Epidemiologic
Studies Depression Scale (CES-D) o B #3E/R (2015 H :
5. BEEF - Aokt - B, 1980) FHVWTRIELAE. 78
Biz 20T, RiE—EFROBHOREICH>WT “iZLA
Ehedrat” b “TnwTnEI k" O 4{4ETE
EEE, BIC0ENLIREE L (FEHRBIZOWT
BB 38608527, BEASBWIELHEWD
FoEMIZHBE I LETT, EREOFFRITONT,
Cronbach @ o ZHEMEEREEH LI LIS, 86ER
D, +AEELERELEZ LR,

FAZEF O (1991) KEVERBENEZRELBY
TREEOMAZHRENEL, ThEzEHE8 - TEex
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ANZEROERE L LY, ARER, BENZHROAT L
LT “WEHayy R — b B LU ERSYFR— 1, TFE
BRHEDOEFLLT “2T 4 7HH-F" O 3IET
mbied, RFFETE EENTE— N BFEEER
WO L LTRAWE?, By - FEFR “8
BoRbe, SREVHIFEHNWTI NI ABVET
2", C“REORMD, BRETRESTTIRDS AR
T REOAERAGRD, BEHNRKEFI ‘%
RO, HRiiXaeNEETEDI ARVWET
D7, RO, HRLOMEECETEL VL
IeRBMEETHIARVETD LED4ERMLRD,
MEEI, JEZEUFRESRLTEESY, FHBKHE
L33 ANYOFEEBRL, ZEARPNRWESI0
B, WBEBSR L ARER, BFILICHBETEHL
Foo LIiBioT, BABBWEIEYBEENZW LEENR
FHBWILEFRT, 2HEREOCEHETMITE,
Kuder-Richardson formula-200F BRI T
% (Carmines, & Zeller, 1979/1983), + = THHFED
MRIIFALT, ZOFETERERERREROLLEZS,
BEBIZEME .72, TENERT 66121, Lbicsh
Mo s —HigEx bo LYl R,
ARLAGE: Fxv 2 ) A 2BV YEIBELE
BIZrvRlELE. Fzy 7V A ML, BEEORE
{Holms, & Rahe, 1967; =)JI| - th7g, 1985; =& - )
BF, 1994) #5#1 NILS-LSA TIER L63E R 6
D, EHEBIKOVWTHEIZEMOFBROFTELXZNDE
RELD, KT, FENREREESUEBA(FE
Lo 2 E) R, FiEEOTENTH EESMICR
F+28E ("“FEDRIFTA" L F) 25N 6RST
&L, FAT7AL Ry PREBMRRR Ly F—ICBT
3, 0HEOR PV ABRBRICML TSIt R T (Ap-
pendixB), FHEEBIZ2WT, FREZP-ESR
0%, FREb->EEST1IE%25%, EEOLEHE

1) NILS-LSA B—&m#E T, EHREUA L O AEFRICELT, &
ENREOCEB 2 S V—E e Y= v A R—FREIZL
DREL TS, IR, #HERNRZHE & TEMEROWE LR
N ETHRMTIZLEAMELTHDIERG, FEHEOFA
RRICEARETEGIF 21T k. bhAA, #4233 AENIC
Bl-OREXETTIZET, MAKHE LEEEE ORI L
LOMMIIBRHTI I EMEEELAS S5, NILS-LSA F-Rl
ZE (200044 B X DikEEP) T, oL LFEEBVWTOLE
HEIFEMBTTRENEOEEN - FEMKHLAELTHY,
F— ¥ DRREEHTHSE BNIED, 2001).

2} PSRz L D, “EMAYHE— R BT HAMEFE— R
E-T- & ORI E9IR W IEOEB AT S (r=.52, p-.000),
FRTE*RAMIANET DI CEELREOBALS L C 505
BB L, i, RITFPETRISENTR— bORBEENE
MOBRELTHCAREELHD Z Ed b (eg Okun, & Keith,
1998), #FEFFC TN F— b TSR L, 48, TR
- 1" B2 "SR —= " BToOsbiiHnTS
HLged, SR LREOERNRELME,

HEPOHL, AMLAERBSEWVIEERGBEERELS
EElk L,

I DiFh, HBEEOEAFNEE (- T FE -
A EEEREE) 2 FEORELRE LTHWE,
INODEZERXNTROFAZTRRNW LIS 2O E
ERE EhTW3 (Dimond, Lund, & Caserta, 1987;
Eckenrode, 1983; Roskin, 1984). iz 2 Tix &
I -TEHEERL, B2 0, KHE ]l L, ¥E
Rty LSl P s = 1 ~ k& E=4) 8
IURAFEHZE LS TA3EOSHERISOGALT =
1~F2,0005BU =111, BEEONEERER~
ORI S ERTREAZL, BEARYREELWL
ERALASEIEEELE. EHMAEEEIELT
i, NILS-LSASREECSENTW AR —EBOHRM
(“Blei DEFRE VAR TEAT) TRl T, "IEE
WV b “IERICRV ECOSHETEE S,
Bl 5t SxE5xi,
it

EPMFE T, HIo2EREHE LRBNERRS
ok b, Lo IERERN LA, BUHIKE, XY
FBHEOHZEBRHAEHE LT, o0 2ioxd 5%
BERELE(EFALL), 20T, IhLOEFNBHE
PHTEL LS AT, BENTH, TENTH, A
LAFRPBEATRE LT (BFA0) 2k 0,
HATHOBEBEDNREERILE, &6, =5 1IE
FERIRF L B EMEROREERABEEHATRE LTMN
ATEFL (BFND) KLY, HEDETRILE.
E#iz, TFATNICEERNRRER LA, 26T
IEENZEREA PV RAIEROTEIEREESHATH &
LThak®sTA (FFAVN) 2D, R L ABED
REAPLVABENREERN L. SIATROBMIZHE
IRERE (AR DER*HbbE¥TRITHZ &ET,
MAETEHOMBELREIELE, 28, SIS THE
FuySatylr—I8AS (Ver.6.12) 2B LE,

B X

MO

Table 1 AR TR TR OTHE & BIRATF
. RAZSH L ERMRME L OBBIIOWTE, &
ERYZE (r=.05), I8A (r=.08), MR
(r=.05) S HELMEETL, &it, BIA, EEER
B S BRI RARVER AR O N, ity
LT EERRHL, E (r=-.19), A (r=.07), 2
B (r=.10), TEAYEERE (r=-.05) & ORICH Z248
BIAIES i, B, BRA, BSE, EEAEg
Y, BEOTHEARN ERBELM LRk, i, &
EWRERINS © (r=-.22) LADIEMERL, TEM
IR LRER (r=.13) BIUMS 2 (r=.14) &
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Table 1 FHFEHDO TR L HERIFE
wh@sn % gs mA gm o ool FEDOBER ALER cpsp
tE - 1.00
g 58.5710.78) -.03 1.0
A 6.26( 2.46) -.08¥F -.43** 1.0
2 2.35( 1.34) -.15%* -33% ggEE ()
TEOREE  3.18(0.67) -.03  -ATH 15ME 129 10D
BESHTH  3.72(0.75)  .05F .01 Q8% -.01 05% 100
FEMgd 1950 133 -.02 -1 07T 10% -03* -2 100
ZRUAESR 2000170 -.04 -0 -01 05 3% -4 I3 100
CES-D  7.18(6.65) 03 .06%  -16%% -.07** -.2g% —gpwe g gprek (g

*p< 06, *Fp<.01, ¥FFp<.001

EoEMERLE, TROOERE, STARRO 2 A\
9, MOBKEFNFNRAZIEEL LS LETRL
TW5, ¥, BEAVEH & TEMRR L OMERRT
BEERLT (r=-.02, ns.), AEEAEWIMILT
WEBZ RS R,
AFLABIURARRLMS D& ORE

MHHEEFEETHE LRBENERR I LTS
7= (Table 2).

Usic, EFALELT, t, F#, F8 B/A,
FEAOREE R RATHE LR E{To el A, F
B (3 =-.060, WA (B=-.14), FWIEHEE (8=
-.28) OBEMNFERLRZY, Hin, BRA, TREECH
HicE 55 oK MBEMNTENRL, £, EFALIO

HmEES (RY) 1 .102ThoT-,

BT, TFA] THEALEZEFRNEMSOTR 2R
L5 2T, BENEH SESNTH, A L AERS
FhFERI) SIRERETEENRERE L (E7 4
0), #2, 3EHOETHRILTHEELRY, HEN
IS DERMEE L o—F T, TEMZRER
L AR S O AREE b O T EN, BE
B IR N R ENR R () 11 -.20, HEMREKD B2
A1ThY, HENTHROM Y SRR, FEHK
FOMS DWARFRLV LBV EBLOAL, £, &
e 3%, TFEAIOEFA LT3 REGRD
FRIIEhFREELRES 2R L (BEVRROEBT
X5 AR =044, F(1,2001) =101.55, #<.001; &

Table 2 X A L-RIEGRE LA ELI S DICRIFTRE

EFN] EFAT 4R EFAM AR TN AR?
» g° b B b B b 8
#(BH=0, kH=1) d0 .0 39 .03 .39 .03 37 .03
Fih - .03 -0 -.00 -.01 -.00 -.01 -.00 -.01
HEE - .09 -.02 - .16 -.03 - .16 -.03 - .17 -.03
A - 37 - 14%* - 29 - 1% - .29 - 1% - .29 - Ik
X kplia: s ~2.80 -.28** D 37 - 24+ -2.37  -.24% -2.36 - 24%F*
HERRE -1.75 -.20%%% 044 -1.74 - 20 -1.75  -.20%*
BEEHTHE 55 LI 01l 55 11 T S
AFLAGE 62 16% 00 .62 AT 65 1T
BEMRIH X EELTEH 100 .02 Q000 .09 01
HEHRRX A b L AGR 050 .01 .000
EERTHX A MU RER - .12 -.04*  .002*
hEFR (R .102%** (184** L 184%** L1867

*$< .05, ***p< .00
" {REBRE
> FE (R E R R
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