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£33 VAT A7 BEIR SRR (60K B )
R B FE 2nd[ $8=0,%=1]

Qdds ratio 95%Cl1

D50 (1) 0.66 0.36-1.20
(UK 1.47 0.81-2.69
FEORER(RR) 1.76 0.70-4.54
IstEafE B () 7.33 ®kk  3.61-14.89
D100 ({X) 0.76 0.42-1.38
15 (K) 1.42 0.78-2.59
FEHRERRR) 1.78 0.70-4.50
1stERfHE () 7.20 *%% 3.56-14.57
P100 ({E) 0.63 0.34-1.18
77 (%) 1.37 0.76-2.51
FEREER(RR) 1.90 0.75-4.81
1stinfEIRE () 7.49 %k%x  3,68-15.25
25 E (1K) 0.53 * 0.29-0.98
#7 (K) 1.49 0.81-2.73
FEAMERER (RR) 1.69 0.66-4.32
st 8RB EE () 7.57 %% 3.69-15.52
FEHE () 0.60 0.33-1.10
£ {8 1.51 0.83-2.77
FHOBRER(RR) 1.77 0.69-4.52
1stERfE|E () 7.41 %%  3.64-15.11
REEE EHES (1) 1.57 0.84-2.90
&5 () 1.34 0.73-2.45
FEROEER (FR) 1.73 0.68-4.37
IstEnfEIEE () 7.08 skx  3,50-14.34
RELTE6 () 1.24 0.67-2.31
57 () 1.37 0.75-2.51
FEEOEER (R R) 1.82 0.72-4.59
1stiRfERE () 7.24 *%x  3,58-14.64
Ward =4/ ({£) 1.33 0.72-2.44
=71 (%) 1.37 0.75-2.51
FEVEER(CRR) 1.78 0.71-4.50
IstiRfEEE () 7.30 %k*x 3.61-14.79
*xkp<. 001
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Fd TPRT 47 BURFSTRER (60 AT )

TR (A FEond [ E=0,4=1]

Odds ratio  95%Cl
D50 (&) 0.6 1 0.36-1.00
85 UK 1.24 0.75-2.05
FEERER(RR) .89 0.34-8.69
1stEEEIEE () 4,96 xxx  2.83-8.68
D100 ({X) 0.63 1 0.37-1.05
B0 1.21 0.73-1.99
EERER(RR) .89 0.34-2.30
1stERBIRE () 5.08 #%xx 2.89-8.92
P100 (&) 0.61 T  0.36-1.02
B () 1.19 0.72-1.97
FEHMBER(RER) .91 0.35-2.34
Lst#nfEEE () 5.01 %% 2.86-8.78
257 (K) 1.13 0.67-1.89
£ (K) 1.13 0.67-1.89
FEMRER(RR) 87 0.33-2.28
1stEEIE () 4.81 »+* 2.76-8.39
FELHE ({E) 0.78 0.46-1.31
£HUR) 1.23 0.74-2.06
FEHMBRER(TR) 91 0.35-2.36
1stEnfEEE (F) 4,73 sk 2.72-8.22
KRB BRER ({K2) 1 0.60-1.66
UL 1.17 0.70-1.95
FEBER(RR) .88 0.34-2.29
1stE=BIFE (A7) 4.75 %%k 2.73-8.27
REFH (K 0.81 0.49-1.35
£ (K) 1.21 0.73-2.01
FEMBRFER(CRR) .87 0.33-2.26
IstEnfBIRE () 4.79 %% 2.75-8.35
Ward = (1) 0.79 0.47-1.31
1271 () 1.23 0.74-2.05
FEORERCRER) .90 0.34-2.36
IstiRfEIFE () 4,78 #xx  2.75-8.32

30

Tp<.10 #*kp<.001



#5 OVAT A7 BIRIHTHER (605 LA EFH %)

Fh R S R 2nd[ =0, 4=1]

Odds ratio  95%Cl
D50 ({&) 0.88 0.56-1.41
#4 ({K) 1.33 0.84-2.11
FEMRER (RR) 1.75 T 0.90-3.40
1stERE P () 4.68 *xk  2.73-8.03
D100 (%) 1.06 0.67-1.69
171 () 1.28 0.81-2.04
FHEMBRER(TR) 1.79 1 0.92-3.47
1stExfEfE () 4.63 #kk  2.70-7.94
P100 ({%) 0.87 0.55-1.38
271 () 1.32 0.84-2.09
FHMRFER(RR) 1.76 +  0.91-3.41
IstinfE FE () 4.62 k% 2.69-7.91
257 ({5) 1.14 0.71-1.81
EH UK 1.26 0.79-2.01
FEARER(RR) 1.811  0.93-3.52
1stEEME FE () 4.66 2.72-7.99
FEHE () 0.85 0.54-1.34
1#5 (IK) 1.31 0.83-2.07
FEHMOERER(RR) 1.75T  0.90-3.39
1stEZ1E|FE () 4.63 %k 2.70-7.94
RKEBE SR (f)2) 0.89 0.56-1.41
277 (K) 1.38 0.84-2.12
FEAORER(RR) 1.78t  0.92-3.44
1stEfEFE () 4.64 #xx  2.71-7.96
KEEFER (1K) 0.91 0.57-1.44
#75 (K) 1.32 0.83-2.09
FENRER(TR) 1.781  0.92-3.44
IstiEIE () 4.61 %%+ 2.69-7.91
Ward= £ (&) 1.28 0.79-2.06
1775 (1K) 1.21 0.75-1.95
EHORER(RR) 1.811  0.94-3.51
LstEREIFE (A7) 4.73 %% 2.75-8.13
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#6 WAT Ao/ BRI (605 EA L HE)
s B et R ond [ $E=0,47=1]

Odds ratio 95%Cl
D50 () 1.531  0.93-2.53
B85 () .94 0.58-1.54
FEMEERTR) 1.24 0.61-2.53
1stiRfE fE () 4.55 %k 2.73-7.59
D100 ({%) 1.531  0.93-2.50
£ (£) .97 0.59-1.57
FENORER(RR) 1.16 0.57-2.36
1stE= R (37) 4.49 *%*x 2.69-7.49
P100 () 1.34 0.83-2.16
£ (IK) 1.01 0.62-1.63
FEORER(TR) 1.14 0.56-2.33
IstEnfBIFE () 4.52 x%k  2.71-7.53
25F (&) 1.551%  0.95-2.54
£ (K) .94 0.57-1.53
FENRBER(FR) 1.21 0.60-2.46
1stEcfEFE () 4,56 *xx  2.73-7.61
FEHE (1K) .99 0.61-1.61
177 (IK) 1.02 0.63-1.66
FEORER(TR) 1.17 0.57-2.37
1stEREIFE (A7) 4.64 sk 2.79-7.73
REBE B () 1.10 0.68-1.79
£ ) 1.01 0.62-1.63
FEARERERR(RE) 1.16 0.57-2.36
1stinfEFE () 4.63 %k 2.78-7.70
K75 () 1.03 0.63-1.67
B () 1.01 0.62-1.66
FEORER(RR) 1.17 0.57-2.37
LstanfEfE (7)) 4,63 sk 2,78-7.72
Ward=4 ({%) 2.04 %% 1,24-3.34
5 (IK) .92 0.56-1.50
FERMRER(RR) 1.19 0.58-2.41
1st 85| () 4.61 *xx  2,75-7.72

Tp<.10 *#%p<.05 *%%p<.001
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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

YOSHIJI YAMADA, FUJIKO ANDO, NAOAKIRA NIINO, ano HIROSHI SHIMOKATA

Department of Gene Therapy (Y.Y.), Gifu International Institute of Biotechnology and Institute of Applied Biochemistry,
Mitake, Gifu 505-0116, Japan; and Department of Epidemiology (F.A,, N.N., H.S.), National Institute for Longevity -

Sciences, Obu, Aichi 474-8522, Japan

We examined whether the -634C—G, 298C—T, and 2C—»T
polymorphisms of the IL-6, osteocalcin, and vitamin D recep-
tor (VDR) genes, respectively, were associated, alone or in
combination, with hone mineral density (BMD) in community-
dwelling Japanese women (between 1108 and 1113) or men
(between 1116 and 1130) aged 40-79 yr. The —634C—G poly-
morphism of the IL-6 gene and the 298C—T polymorphism of
the osteocalcin gene were associated with BMD in postmeno-
pausal women, with the respective GG and TT genotypes rep-
resenting risk factors for reduced bone mass. IL-6 and osteo-

calcin genotypes showed additive effects on BMD for
postmenopausal women. The 2C—T polymorphism of the VDR
gene was associated with BMD in men, with the CT genotype
contributing to reduced BMD. These results suggest that the
IL-6 and osteocalcin genes are susceptibility loci for reduced
BMD in postmenopausal women and that the VDR gene con-
stitutes such a locus in men. The combined IL-6 and osteocal-
cin genotypes may prove informative for the assessment of
osteoporosis in women. (J Clin Endocrinol Metab 88:
3372-3378, 2003)

STEOPOROSIS IS CHARACTERIZED by a decrease in
bone mineral density (BMD) and a deterioration in the
microarchitecture of bone, both of which result in an in-
creased susceptibility to fractures (1). Although several en-
vironmental factors, such as diet and physical exercise, in-
fluence BMD, a genetic contribution to the etiology of
osteoporosis 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 regulation
of bone mass and the pathogenesis of osteoporotic fractures.
Such candidate genes also include those for IL-6, osteocalcin,
and the vitamin D receptor (VDR).

IL-6 is a multifunctional cytokine that is important in the
development of postmenopausal osteoporosis (7). Sibling-
pair analysis has provided evidence of linkage between the
IL-6 gene locus and reduced BMD in postmenopausal Jap-
anese women (8). Three polymorphisms of the IL-6 gene
have been identified in Japanese, among which a C—G sub-
stitution at nucleotide —634 in the promoter region has been
associated with radial BMD (9). A variable number of tandem
repeats polymorphism in the 3’ flanking region of the 11.-6
gene has also been associated with BMD in postmenopausal
Caucasian women (10).

Osteocalcin is an extracellular matrix protein that is abun-
dant in bone. Characterization of osteocalcin-deficient mice
demonstrated that this protein functions as a negative reg-

Abbreviations: BMD, Bone mineral density; BMI, body mass index;
DXA, dual-energy X-ray absorptiometry; PCR, polymerase chain reac-
tion; pQCT, peripheral quantitative computed tomography; RFLP, re-
striction fragment length polymorphism; SNP, single nucleotide poly-
morphism; VDR, vitamin D receptor.

ulator of bone formation (11). A C—T polymorphism at
nucleotide 298 in the promoter region of the osteocalcin gene
was identified and shown to be associated with BMD in a
small Japanese population (12).

A Bsml restriction fragment length polymorphism (RFLP)
of the VDR gene was shown to be associated with
BMD in Australian women (13). A 2C—T polymorphism
(ACG—ATG) at the translation initiation site of the VDR
gene has also been associated with BMD in postmenopausal
Mexican-American (14) and Japanese (15) women, but not in
premencpausal French women (16). The 2C—T polymor-
phism was also associated with BMD in men (17, 18) and with
calcium absorption and BMD in girls and boys of various
ethnic ancestries (19).

Although the association of these various single nucleotide
polymorphisms (SNPs) with BMD suggests that the IL-6,
osteocalcin, and VDR genes might be susceptibility loci for
osteoporosis in women, large-scale population-based studies
identifying the association of these SNPs with BMD simul-
taneously are required to clarify their roles in determination
of this parameter. In addition, the relation of these SINPs to
BMD in men has not been definitively identified. We have
now examined whether the —634C— G SNP of the IL-6 gene,
the 298C—T SINP of the osteocalcin gene, and the 2C— TSNP
of the VDR gene are associated with BMD in women or men
in a large-scale population-based study.

Subjects and Methods
Study population

The National Institute for Longevity Sciences-Longitudinal Study of
Aging (NILS-LSA) is a population-based prospective cohort study of

3372
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aging and age-related diseases (20). The subjects of the NILS5-LSA are
stratified by both age and gender, and are randomly selected from
resident registrations in the city of Obu and 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 baseline is 40-79 yr, with similar
numbers .of participants in each decade (40s, 50s, 60s, and 70s). The
subjects will be followed up every 2 yr. 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. We have examined the asso-
ciation of BMD at various sites with the —634C— G SN of the IL-6 gene
in 2239 participants (1113 women, 1126 men), with the 298C—T SN’ of
the osteocalein gene in 2224 participants (1108 women, 1116 men), and
with the 2C—T SNP of the VDR gene in 2238 participants (1108 women,
1130 men). The study protocol was approved by the Committee on
Ethics of Human Research of National Chubu Hospital and the NILS,
and written informed consent was obtained from each subject.

Measurement of BMD

BMD of the nondominant radius was measured by peripheral quan-
titative computed tomography (pQCT) (Desiscan 1000, Scanco Medical,
Bassersdorf, Switzerland), with the forearm positioned in a cast during
measurement. For measurement of BMD of the distal radius, the ex-
amination was initiated at a position 6.0 mum from the distal end of the
radius and progressed proximally with 10 tomographs (slice thickness,
1mm; interslice distance, 0.5 mm), and the average BMD was calculated.
D50 represented distal radius BMD for the inner 53% of the cross-
sectional area, comprising mostly cancellous bone, and D100 repre-
sented that for the entire cross-sectional area, including both cancellous
and cortical bone, BMD for the proximal radius was measured at the
diaphysis; the examination was initiated at a site 27.5 mm from the last
slice of the distal radius and proceeded proximally with six tomographs,
and the average BMD was calculated. P100 represented 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 (DXA) {QDR 4500; Hologic, Inc., Bedford,
MA). The coefficients of variance of the pQCT instrument for BMD
values were 0.7% (D30), 1.0% (D100), and 0.6% (P100), and those of the
DXA instrument were 0.9% (total body), 0.9% (L2-L4), 1.3% (femoral
neck), 1:0% (trochanter), and 2.5% (Ward’s triangle).

Determination'of IL-6, osteocalcin, and VDR genotypes

IL-6, osteocalcin, and VDR genotypes were determined with a fluo-
rescence- or colorimetry-based allele-specific DNA primer assay system
(Toyobo Gene Analysis, Tsuruga, Japan). For determination of IL-6
genotype, the polymorphic region of the gene was ampliﬁed by the
polymerase chain reaction (PCR) with allele-specific sense primers la-
beled at the 5 end either with flucrescein isothiocyanate (5'-GGCAGT-
TCTACAACAGCXCC-3'} or with Texas red (5-GCAGTTCTACAA-
CAGCXGC-3') and an antisense primer labeled at the 5 end with biotin
(5"-CTGTGTTCTGGCTCTCCCTG-3'). For determination of osteocalcin
or VDR geriotype, the polymorphic region of the gene was amplified by
PCR with allele-specific sense primers (5'-CAGCTCCCAACCA-
CAATATCCXTT-3' or 5'-CAGCTCCCAACCACAATATCCXCT-3' for
osteocalein genotype, and 5'-CTTGCTGTTCTTACAGGGXIG-3' or
5-CTTGCTGTTCTTACAGGGXCG-3' for VDR genotype) and an anti-
sense primer labeled at the 5’ end with biotin (5'- GTGTGAGGGCTCT-
CATGGTGT-3' for osteocalcin genotype, 5-AAGTGCTGGCCGC-
CATTG-3 for VDR genotype). The reaction mixture (25 ul) contained 20
ng of DNA, 5 pmol of each primer, 0.2 mmol/liter of each deoxynuclec-
side triphosphate, 1~4 mmol/liter MgCl,, and 1 U DNA polymerase
(1'Tag or KODplus; Toyobo, Osaka, Japan) in the respective DNA poly-
merase buffer. The amplification protocol comprised initial denaturation
at 95 C for 5 min; 35 (IL-6 genotype), 45 (osteocalcin genotype), or 40
(VDR genotype) cycles of denaturation at 95 C for 30 sec, annealing at
55-65 C for 30 sec, and extension at 72 C for 30 sec; and a final extension
at 72 C for 2 min.

For determination of IL-6 genotype, amplified DNA was incubated
in a solution containing streptavidin-conjugated magnetic beads in the
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wells of a 96-well plate at room temperature. The plate was placed on
a magnetic stand, and the supemnatants were then collected from each
well, transferred to the wells of a 96-well plate containing 0.01 mol/liter
NaOH, and measured for fluorescence with a microplate reader (Fluo-
roscan Ascent, Dainippon Pharmaceutical, Osaka, Japan) at excitation
and emission wavelengths of 485 and 538 num, respectively, for fluores-
cein isothiocyanate and of 584 and 612 nm, respectively, for Texas red.

For determination of osteocalcin or VDR genotype, amplified DNA
was denatured with 0.3 mol/liter NaOH and then subjected to hybrid-
ization at 37 C for 30 min in hybridization buffer containing 35-40%
formamide with allele-specific capture probes (5'-CACAATATCCX-
TTGGGGTTT-3' or 5'-CACAATATCCXCTGGGGTT-3' for osteocalcin
genotype, and 5'-TACAGGGXTGGAGGCAATG-3" or 5'-TACAGGGX-
CGGAGGCAATG-3' for VDR genotype) 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 min with agitation. The wells were washed
again, and, after the addition of a solution containing 0.8 mmol/liter
2-(4-iodophenyl}-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
(monosodium salt) and 0.4 mmol/liter 5—bromo-4—dﬂoro—3—mdolyl phos-
phate p-toluidine salt, absorbance at 450 nm was measured.

To confirm the accuracy of genotyping by this method, we selected
50 DNA samples at random and subjected them to PCR-RFLP analysis
or direct DNA sequencing of PCR products. In each instance, the
genotype determined by the allele-specific DNA primer assay system
was identical to that determined by PCR-RFLP analysis or DNA
sequencing,

Statistical analysis

Quantitative data were compared by one-way ANOVA and the
Tukey-Kramer post hoc test. BMD values were analyzed with ad]ustment
for age and body mass index (BMI) by the least-squares method in a
general linear model. Qualitative data were analyzed by the »* test.
Allele frequencies were estimated by the gene-counting method, and the
% test was used to identify significant departure from Hardy-Weinberg
equilibrium. P = 0.05 was considered statistically significant.

Results

The relation of the —634C—G SNP in the promoter region
of the IL-6 gene to BMD was examined. The distributions of
IL-6 genotypes with regard to this SNP in women (Table 1)
and in men (Table 2) were in Hardy-Weinberg equilibrium.
Age and BMI did not differ among IL-6 genotypes in women
(Table 1). For men, age did not differ among IL-6 genotypes,
but BMI was significantly greater for those with the GG
genotype than for those with the CG genotype (Table 2).
Among all women, BMD for the total body or lumbar spine
was smaller in those with the GG genotype than in those with
the CC or CG genotypes, with adjustment for age and BMI
{Table 1). To examine the influence of menopause on the
relation between —634C—G genotype and BMD, we ana-
lyzed BMD and other characteristics for premenopausal and
postmenopausal women independently. Given that the
number of perimenopausal women was small (n = 17}, these
subjects were excluded from the analysis. For premeno-
pausal women, BMD was not associated with [L-6 genotype.
In contrast, for postmenopausal wornen, BMD for the distal
radius (D50 and D100), total body, lumbar spine, femoral
neck, trochanter, or Ward’s triangle was significantly lower
in those with the GG genotype than in those with the CC or
CG genotypes (Table 1). The differences in BMD between the
CC and GG genotypes (expressed as a percentage of the
corresponding larger value) in postmenopausal women were
13.7% (D50), 7.2% (D100), 4.3% (total body), 8.4% (lumbar
spine), 5.3% (femoral neck), 5.2% (trochanter), and 8.6%



TABLE 1. BMD and other characteristics of women according to IL-6 genotype

Premenopausal (n = 279) Postmenopausal {n = 817}

Total (n = 1113)

Characteristic

CG

311 (381

cC
455 (55.7)

64.1 + 0.4
23.0+02

caG
91 (32.6)
45.8 = 0.5

cc
170 (60.9)
464 * 0.4

226 x02

ca
406 (36.5)

cc
638 (57.3)

59.1x04

51(6.2)

654+ 12
23.2x0.5

4.1)
0.5
0.2

63.5 *
228+

18 (6.5)

462 % 1.1
226 *+08

23.1 = 0.3

69 (6.2)

60413
23104

229 *0.2

59.4 £ 0.5

229 * 0.1

Number (%)
Age (yT)

142.4 = 9.0%°
412.2 + 13.0°%

10398 + 215

BMD values measured by pQCT {(mmg/cm®)

BMI (kg/m®)
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255.8 * 13.5
616.5 = 19.3
1376.5 * 29.5

2448 =58
598.8 + 8.3
1354.8 =127

6078 £ 6.0
1360.1 + 9.2

2449+ 42

1717 * 7.6
465.2 = 11.0
11267 * 178

1843 £ 3.1
+ 4.5
+73

483.8
11484

4862 * 3.6
1153.1 5.8

BMD values measured by DXA {(g/cm?)

1855 * 2.5

D50
D100
P100

0.745 + 0,018

0.612 * 0.012>*
0.516 = 0.012°

0.884 * 0.012%<
0.417 £ 0.016%

1.089 + 0.020 0.924 = 0.004 0.916 = 0.005

1.036 = 0.012 0974 = 0.027 0813 *0.006 0.813 =0.007

1.098 = 0.009
0.775 + 0.010 0777 £ 0.022 0.646 = 0.004 0.646 = 0.005

0.654 * 0.006 0.665 = 0.009 0.665 = 0.020 0543 = 0.004 0539 = 0.005
0.657 + 0.009 0.665 + 0.013 06538 = 0.028 0456 *0.005 0.453 = 0.007

1.093 = 0.006
1.026 = 0.009
0.770 * 0.007

0.480 = 0.014

Data are expressed as means + sg. BMD values were adjusted for age and BML

0.867 = 0.006 0.807 x 0.015%¢
0.678 + 0.003 0.679 + 0.004 0.655 = 0.010

0.968 = 0.003 0.961 = 0.004 0938 = 0.010°
0.572 = 0.003 0571 +0.004 0.554 = 0.010

0.508 = 0,005 0.507 = 0.006

0.869 = 0.005
s P = 0.05vs. CC; * P = 0.05 vs. CG; ¢ P = 0.005 vs. CC; ¢ P =< 0.001 vs. CG; * P =< 0.001 vs. CC; /P = 0.005 vs. CG.

Total body
Ward’s triangle

L2-14

Femoral neck

Trochanter

Yamada et al. * Polymorphisms and BMD

TABLE 2. BMD and other characteristics of men (n = 1126)
according to IL-6 genotype

Characteristic cC CG GG
Number (%) 664 (59.0) 392 (34.8) 70 (6.2)
Age (yr) 507 x 0.4 58.7 * 0.6 572+ 1.3
BMI (kg/m®) 23.0 0.1 22.7+0.1 23.7+0.3°
BMD values measured by pQCT (mg/cm?®)

D50 2684 2.6 263.6 + 3.4 2656 =78

D100 5434 +36 537.7*x46 534.6 = 10.9

P100 11896 £ 55 11805172 11729 = 16.7

BMD values measured by DXA (gfem?)
Total body 1.088 = 0.004 1.088 +0.005 1.077 % 0.011
L2-L4 0.985 = 0.006 0.982 +0.008 0.966 * 0.018
Femoral neck 0.756 + 0.004 0.752 = 0.005 0.736 = 0.012
Trochanter 0.670 = 0.004 0.668 £ 0.005 0.652 + 0.012
Ward’s triangle 0.556 £ 0.005 0549 + 0.006 0.541 = 0.014

Data are expressed as means * SE. BMD values were adjusted for
age and BML
2P =0.05vs. CG.

(Ward'’s triangle). No significant difference in BMD among
IL-6 genotypes was detected for men (Table 2}.

The relation of the 298T—C SNP in the promoter region
of the osteocalcin gene to BMD was examined. The distri-
butions of osteocalcin genotypes with regard to this SNP
were in Hardy-Weinberg equilibrium in women (Table 3)
and in men (Table 4). Age did not differ among osteocalcin
genotypes for all women or for premenopausal women, but
it was greater for postmenopausal women with the TT
genotype than for those with the CC genotype (Table 3). For
men, age did not differ among:- osteocalcin genotypes
(Table 4). BMI did not differ among osteocalcin genotypes in
all, premenopausal, or postmencpausal women or in men.
Among women, BMD for the total body, lumbar spine, or
Ward’s triangle was greater in those with the CC genotype
than in those with the TT or CT genotypes (Table 3). For
premenopausal women, BMD was not associated with os-
teocalcin genotype. In contrast, for postmenopausal women,
BMD for the total body, lumbar spine, femoral neck, tro-
chanter, or Ward'’s triangle was greater in those with the CC
genotype than in those with the TT or CT genotypes. The
differences in BMD between the CC and TT genotypes in
postmenopausal women were 4.4% (total body), 8.3% (lum-
bar spine), 5.3% (femoral neck), 6.5% (trochanter), and 14.7%
(Ward’s triangle). For men, BMD did not differ significantly
among osteocalcin genotypes {Table 4).

The relation of the 2C—T SNP in the translation initiation
codon of the VDR gene to BMD was examined. The distri-
butions of VDR genotypes with regard to this SNP in women
(Table 5) and in men (Table 6) were in Hardy-Weinberg
equilibrium, Age and BMI did not differ among VDR geno-
types in women (Table 5) or in men (Table 6). BMD did not
differ among VDR genotypes for all women or for premeno-
pausal or postmenopausal women (Table 5, data not shown).
Among men, BMD for the distal radius (D50), femoral neck,
or Ward's triangle was smaller in those with the CT genotype
than in those with the CC genotype (Table 6). The differences
in BMD between the CC and CT genotypes in men were 3.6%
(D50), 2.1% (femoral neck), and 3.4% (Ward's triangle).

The effects of [L-6, osteocalcin, and VDR genotypes as well
as of other characteristics on BMD at various sites were
analyzed by multivariate regression analysis (Table 7). For
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U YL, TABLE 4. BMD and other characteristics of men (n = 1116)
E% e e EE88E according to osteocalcin genotype
oo [ I ] [=R R ]
L4 HHH HHHHH Characteristic cC CT TT
SI8 oD% 2888% 1 (%) - 56 (5.0) 380 (34.1) 680 (60.9)
Won wogix R
a “YO CoOoooOo Age (yr) 604+15 588+ 06 59.2+ 04
= ~ BMI (kg/m®) 22304 23.0£0.1 22901
i 0 5 e BMD values measured by pQCT (mg/em®) ]
2 [ua oom S2288 D50 2606 =89  2723x34  2640:25
o OGS M SOo00S D100 539.6 + 123 5459438 538535
g ZHH HHH M P100 12086 =189 1187373 11821=x54
S (B9 el w00 oo BMD values measured by DXA (g/em?®
§| |98y BLEE oxonv Total body 1096 * 0.012 1.095+0.005 1.082 = 0.003
! “YR cceee L2-14 0.968 + 0.020 0.992 = 0.008 0.978 * 0.006
g -t £ O Femoral neck  0.743 * 0.013 0.761 = 0.005 0.749 = 0.004
< 597 Z85EE Trochanter 0.651 * 0.013 0.673 = 0.005 0.666 = 0.004
RS AN SooCo Ward’s triangle  0.538 £ 0.016 0.557 + 0.006 0.551 = 0.005
]
o % :,,I I-,l :.,l g :.;l .+nl f;: :g :: :,! Data are expressed as means * SE. BMD values were adjusted for
O desd REEino age and BML
= cocococo
sased TABLE 5. BMD and other characteristics of women (n = 1108)
® g g 3 3 g g g g g g according to VDR genotype
£ DA HHH R Cheractoriotic cC oT T
oNB RQW WSO
"ed Fgg S8 § 8% Numbe;' (%) 457 (41635) 50 (45655) 147(133)
) = Age (yr 599 0. T 20, 30
& - 02O on gMI (kgmz) 32;8 :Q%Z (g 233.;1 +*0.1 22703
U c SHSOm MD values measured by pQCT (mg/em
8l 1883 22s 28228 D50 1843+29 1842228  190.0=*5.1
] K S I H HH 4 D100 4862 x 4.2 484.3 + 4.0 4874+ 74
§. = 22 mes anoow P100 1153.5 = 6.8 1%51.1 +65 1159.9 + 12.0
5l |75 RZg 333533 o e 2 000, 0665 = 0.0 5 * 0.007
@ 0 . * 0. B *0.004 09650
E - L4 0.871 + 0.006 0.861 + 0.006 0.866 + 0.011
. owNe NoRI8 Femoral neck  0.678 * 0.004 0.681 = 0.004 0.670 * 0.007
% Al 48 2288S Trochanter 0.570 £ 0.004 0.573 £ 0.004 0.566 + 0.007
e 8 A 4 HH 4 E Ward's triangle  0.507 + 0.005 0.509 = 0.005 (.500 = 0.010
0 Hoe ¥ ogw SAFIe|ld Data are expressed as means *+ SE. BMD values were adjusted for
E e c"'"\,%g B S A 50 age and BMI.
g g 8 i
g b meny| & women, IL-6 genotype significantly affected BMD for the
B Bem wwn 238383852 total body and lumbar spine, and osteocalcin genotype sig-
s E: 805 ST Wivivinid BB nificantly contributed to BMD for the distal radius (D50),
%” goo gwa gode-B N total body, lumbar spine, femoral neck, trochanter, and
g SRR BRI 2xeno|d. Ward’s triangle. For men, osteocalcin genotype significantly
g — o0 influenced BMD for the total body, and VDR genotype sig-
5 |® o nificantly contributed to BMD for the distal radius (D50
o |= wewwb| k3 cantly contributed to or the distal radius (D50),
g 12] |ee ww~ 388588| 25 femoral neck, trochanter, and Ward'’s triangle.
A IR v = To determine whether the —634C—G SNP of the IL-6 gene
g = roS VNG DEawo| SN and the 298C—T SNF of the osteocalcin gene exert an ad-
8 g BEN mHER § § § E 2 § A ditive effect on BMD in women, we examined the association
ki J:Aa= PN s between the combined genotype and BMD. The distribution
& g o m g noaao|BO of the combined IL-6 and osteocalcin genotypes for women
g chBaSNg E"g 2222 H § is shown in Table 8. The IL-6 and osteocalcin genes are
5 O+ H G+ H ﬁ Hananl g S located on chromosomes 7p21 and 1q25-q31, respectively,
5 PloweBontlnoyow & Vi and no significant relation between the distributions of the
o PR PUIORRRD BRI : d :
g PG n S Sccca| B corresponding genotypes was detected. Given the small
-5 g - g gz.j number of subjects with the GG/CC genotype (n = 4}, it was
w . i
o a ol 20 excluded from the analysis of combined genotype. Age and
g & g g 4 %" £ g BMI did not differ among the remaining eight combined
m E € %8 PR El o8 genotypes in premenopausal {data not shown) or postmeno-
8T _ 33 SE,Edu| &S pausal (Table 9) women. For premenopausal women, there
= i |2 SN 2 § >3 3 ggg ,,EQV'“ were no differences in BMD at the sites examined among
al® 2 e=B8RARES 34 ElRe combined genotypes (data not shown). For postmenopausal
| <mm m

women, BMD for the total body, lumbar spine, or Ward'’s
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TABLE 6. BMD and other characteristics of men (n = 1130)

according to VDR genotype
Characteristic cc CT T
Number (%) 448 (39.7) 520 (46.0) 162 (14.3)
Age (yr) 687+ 0.5 597+ 05 592+09
BMI (kg/m?) 229*01 229+0.1 23002
BMD values measured by pQCT (mg/cm3}
D50 273.2x31 263529 2611 >5.1
D100 5464+ 4.4 85372+ 4.1 537.9 + 7.2
P100 1190.9 + 6.7 1181.7+ 6.2 1183.1 =+ 110
BMD values measured by DXA (g/em?)
Total body 1.094 = 0.004 1.082 x0.004 1.089 = 0.007
L2-14 0.988 = 0.007 0.979 £ 0.007 0.985 + 0.012
Femoral neck 0.763 = 0.005 0.747 * 0.004° 0.748 * 0.008
Trochanter 0677+ 0.005 0663 *0.004 0664 x0.008
Ward’s triangle  0.563 + 0.006 0.544 * 0.005° 0.548 + 0.009
Data are expressed as means * Sg. BMD values were adjusted for

age and BMI.
*P =0.05us. CC.

triangle was lower in those with the GG/TT genotype than in
those with the CCACC, CC/CT, CC/TT, CG/CC, CG/CT, or
CG/TT genotypes. The differences in BMD for the total body
between the GG/TT and CC/CC genotypes, for the lumbar
spine between GG/TT and CG/CC genotypes, and for Ward's
triangle between GG/IT and CC/CC genotypes in postmeno-
pausal women were 8.6, 17.7, and 24.0%, respectively.

Discussion

Given that selection bias can influence the results of as-
sociation studies, it is important that study populations be
genetically and ethnically homogeneous. Our study popu-
lation was recruited randomly from individuals resident in
Obu city and Higashiura town in central Japan, where the
population is thought to share the same ethnic ancestry and
to possess a homogeneous genetic background (20). We also
showed that the genotype distributions of the IL-6, osteo-
calcin, and VDR genes were in Hardy-Weinberg equilibrium
both for women and for men. Our study population therefore
appeared genetically homogeneous, and we thus appeared
to avoid admixture and selection bias.

For the —634C—G SNP of the IL-6 gene, BMD was re-
duced in postmencpausal women with the GG genotype
compared with that in those with the CC or CG genotypes,
consistent with the results of a previous study of 470 post-
menopausal Japanese women (9). In this previous study,
however, only radial BMD was measured (9). Qur results
now show that IL-6 genotype is associated with BMD not
only of the distal radius but also of the total body, lumbar
spine, femoral neck, trochanter, and Ward's triangle in a
large population of postmenopausal Japanese womer.

For the 298C—T SNP of the osteocalcin gene, BMD de-
creased according to the rank order of genotypes CC > CT >
IT in postmenopausal women. This observation differs from
previous results obtained with 160 postmenopausal Japanese
women showing that BMD of the lumbar spine increased
according to the rank order of genotypes CC < CT < TT,
although the observed differences were not statistically sig-
nificant (12). Our present results demonstrate an association
of osteocalcin genotype with BMD for the total body, femoral
neck, trochanter, and Ward’s triangle as well as for the lum-
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TABLE 7. Effects of I1-6, osteocalcin, and VDR genotypes as well as of other characteristics on BMD for women and men determined by multivariate regression analysis

Men

Women
Menstrual state  IL-6 genotype

VDR
genotype

0.005 (0.014)

IL-6 Osteocalcin
genotype genotype

Age (yr) BMI (kg/m?)

VDR
genotype

Osteocalcin
genotype

BMI (kg/m?®)

Age (y1)

BMD value

NS

NS

0.105(<0.001) 0.019 (<0.001)
0.155 {<0.001) 0.007 (0.003)

NS

0.004 (0.009)

NS

0.325 (<0.001) 0.017(<0.001) 0.010(<(.001)
0.492 (<0.001) 0.007(<0.001) 0.011 (<0.001)

D50

NS

NS
0.004 (0.027)

NS

NS
NS
NS
NS

NS
NS
NS
NS

NS

0.050 (<0.001) 0.075 (<0.001)
0.137 (<0.001)

NS

0.083 (<0.001) 0.157 {<0.001)

0.165 (<0.001)

NS
NS
NS
NS

NS
NS

NS
NS

0.005 (0.001)
0.555 (<0.001) 0.010 (<0.001) 0.011(<0.001} 0.003 (0.011) 0.004 (0.001)

0.396 (<0.001) 0.057 (<0.001) 0.022 (<0.001) 0.004(0.007) 0.003 (0.010)

0.405 (<0.001) 0.063 (<0.001) 0.002 (0.046)

0.549 (<0.001) 0.003 (0.005})

D160
P100
Total body
L2-14

0.003 (0.051)
0.003 (0.041}

0.004 (0.018)
CC,1=CG; 2

NS
NS
NS

NS
NS
NS

0.220 (<0.001) 0.060 (<0.001)
premenopause; 1 = postmenopause), IL-6 genotype (0

0.016 (<0.001) 0.176 (<0.001)
TT), and VDR genotype (0 = CC; 1 = CT; 2 = TT). N5, Not significant.

NS
NS
NS

0.002 (0.043)
0.002 (0.035)
0.004 (0.004)

Data are R? (P) values from multivariate regression analysis of age, BMI, menstrual state (0

osteocalcin genotype (0 = CC; 1 = CT; 2

NS
NS
NS

NS

0.386 (<0.001) 0.082 (<0.001)
Ward's triangle 0.498 (<0.001) 0.031 (<0.001) 0.003 (0.006)

Femoral neck

Trochanter
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TABLE 8. Distribution of TL-6 and osteocalcin genotypes among O
women e Gme 598358

o RSl Sc8scs
Co— I govre o Elsun nhy mavay
fewoype CC oG o6 °l5gr ggg ®8s&%

cC 28(2.68%)  18(1.66%)  4(0.37%) 50 (4.60%) m¥E eceeee

CcT 196 (18.03%) 135(12.42%) 19(1.75%) 350 (32.20%)

T 393 (36.15%) 248(22.82%) 46 (4.23%) 687 (63.20%) 90 €4 €0 b o0

Total  617(56.76%) 401 (36.89%) 69 (6.35%) 1087 (100%) aNn Ged 22888

B g NeH AW ooocoa
S oA HHA H K
" - 81322 o35 gRgss
bar spine in a large female population, with the CC genotype PN mar ZE@RR
exhibiting the highest BMD and the TT genotype the low- -
est BMD. -

The 2C—>TSNP at the translation initiation site of the VDR g Soa nof SS5888
gene has previously been shown to be associated with BMD g g Roo <HoHd SSoso
in postmenopausal Japanese women, with the TT genotype 3 SISad hhH nunhh
implicated as a risk factor for reduced BMD (15). However, oy CH 2 298 F[IRE

" we did not detect an association between this SNP and BMD 8 g cecoes
for community-dwelling women. This SNP was also previ- g
ously associated with BMD in small populations of Cauca- 2 - o SNmo~
sian men, with the T allele being a predisposing factor to 3 2R 2n+ 2282¢
reduced bone mass (17, 18) Qur results demonstrate that 'g - g g HLH L H
BMD for the distal radius (D50), femoral neck, or Ward’s © 2|8 n9e IS 9238
triangle was significantly reduced in men with the CT ge- = g —“od mmg 2TE9E
notype compared with that in those with the CC genotype. 2 |2 -

Analysis of combined IL-6 and osteocalcin genotypes re- ;g S o °
vealed that the largest differences in BMD for the total body, g (% v DX § § § g §
lumbar spine, and Ward’s triangle in postmenopausal s |5iglB«s 238 ccoss
women were 8.6, 17.7, and 24.0%, respectively, indicating o g § E A Huu
that the effects of the two SNPs on BMD are additive. These £ o ¥od F3BER
results thus suggest thiit combined genotypes may be more & m¥g Sosss)
useful for predicting bone mass in postmenopausal women. & S

The molecular mechanisms that underlie the association of 5 _ ’?3 ?5 1918 & E
the —634C—G SNP of the IL-6 gene and the 298C—T SNP le BRY Twa ©9999) §
of the osteocalcin gene with BMD in postmenopausal women 8 E @ A H A 44 | B
remain unclear. The effects of these SNPs on the transcrip- g Plz22 2@ 55 g ol ;E
tional activity of the corresponding gene promoters have not g Nex oy I3532|ES
been determined. The 2C—T SNP of the VDR gene was B - |e
shown to affect the molecular mass of the encoded protein E - ,g, ]
(T allele, 50 kDa; C allele, 49.5 kDa) as well as the transcrip- ‘E Fvem m© o § E § té g o g
tional activation of the gene by vitamin D (T allele < C allele) g eSS wr= Scsed|5]
(15). These observations, however, were not independently | 3 ‘2 e nhu Hhhuw P o
confirmed (21). The functional impact of this polymorphism ] Jeg gey S3B8%5e.
of the VDR gene thus remains to be determined, < vy cscos|Eh

Given the multiple comparisons of genotypes with BMD g E g 2
in the present study, it is not possible to completely exclude o .g:) et bomb| D
potential statistical errors such as false positives. It is also g ol@e= 8353 %S &s228| 8y
possible that the SNPs examined in our study are in linkage § o g:zg:‘:‘;vf:ﬁ‘:‘;z Ho

v s . s » St 0
disequilibrium with polymorphisms of other nearby genes = Clowwdooco § wwwwool 8V
that are located at chromosome 7p21 (IL-6 gene), 1q25-g31 5 “ENEEgtRvsikR| 2l
(osteocalcin gene), or 12q12-q14 (VDR gene) and that they are 2 orYRaeeees 9 E
actually responsible for the association with BMD. However, o £ g g S
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