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velopment, is usually random, resulting in the generation
of tissues with approximately equal numbers of cells in
which the active X chromosome is of maternal or paternal
origin [38). Deviation from such an equal distribution of
the two cell types can occur, however. A skewed pattern
of X chromosome inactivation affecting the CAG repeat
polymorphism of AR has been associated with other
hormone-related diseases in women [38, 39, 40]. Given
that no information is available on the relative extents of
inactivation of the § and L alleles of AR in the present
study, the evaluation of BMD in individuals with the SL
genotype requires caution.

The ~395G—A and 1818C—T polymorphisms of KL
have previously been associated with BMD for the total
body in white women aged 65 years or older and with that
for the distal radius in Japanese women of the same age
group, with BMD decreasing according to the rank orders
of genotypes GG >GA >AA for the =395G—A polymor-
phism and CC >CT >TT for the 1818C—T polymorphism
[12). In the present study we examined the relationship of
BMD at various sites to the —395G— A polymorphism but
not to the 1818C—T polymorphism, since the latter is a
synonymous polymorphism (His—His) and appears not to
have a functional effact. We found that the —395G—A
polymorphism of KL is significantly associated with
BMD for the lumbar spine in all women, with the GG
genotype representing a risk factor for reduced BMD.
However, when premenopausal and postmenopausal
women were analyzed separately, this polymorphism was
not significantly related to BMD in either group, although
there was a trend for the GG genotype to be associated
with low BMD in postmenopausal women. The alleles of
the -395G—A polymorphism associated with reduced
BMD thus differ between the present study (G allele) and
the previous study (A allele) [12]. Although the reason for
this discrepancy is unclear, there are two major differ-
ences between the two studies: (a) The number of subjects
in which the association was detected was greater in our
study (n=1,110) than in the previous study (n=35 for
white women, n=215 for Japanese women). (b) BMD was
compared among KL genotypes with adjustment for age,
height, and body weight in our study, but BMD was not
adjusted in the previous study. However, it is possible that
the —395G—A polymorphism of KL is in linkage dis-
equilibrium with other polymorphisms of KL or of nearby
genes that are actually the determinants of BMD. Al-
though we adopted a strict criterion of statistical signifi-
cance (P<0.005) for the association of genotypes with
BMD, we cannot completely exclude the possibility of
statistical errors such as false positives.

Evidence suggests that the —395G—A polymorphism
of KL affects promoter function [12]. Electrophoretic
mobility-shift analysis revealed that the amount of DNA-
protein complex formed by the G allele of the promoter
was greater than that formed by the A allele, suggesting
that the binding of one or more proteins to the promoter is
impaired by the G—A substitution, which may affect the
expression of KL. The effect of this polymorphism on the
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transcriptional activity of KL, however, remains to be
determined.

There were no subjects with clinical vitamin D defi-
ciency such as osteomalacia in the present population.
However, National Nutrition Survey in 2001 suggested
that in approximately 25% of Japanese individuals, the
amount of vitamin D taken was smaller than that of daily
requirement (100 IU). Serum concentrations of free thy-
roxine in three subjects (0.3%) slightly exceeded the
normal range (0.77-1.93 ng/dl). It is thus possible that
subclinical vitamin D deficiency or thyrotoxicosis af-
fected the results obtained in the present study.

In conclusion, our present results suggest that AR is a
determinant of BMD in premenopausal Japanese women,
with the (CAG),>23 allele representing a risk factor for
reduced BMD. KL is also a determinant for bone mass in
Japanese women, with the G allele being a risk factor for
reduced BMD. The effects of both polymorphisms on
BMD were statistically independent.
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Cholecystokinin A Receptor Gene Promoter Polymorphism
and Intelligence

HIROSHI SHIMOKATA, MD, PuD, FUJIKO ANDO, MD, PuD, NAOAKIRA NIINO, MD, PuD,

KYOKO MIYASAKA, MD, PuD, AND AKIHIRO FUNAKOSHI, MD, PrD

PURPOSE: To study the association between Cholecystokinin A receptor (CCKAR) genotypes and
intelligence in community-living men and women.

METHOD: Subijects were 2251 community-dwelling Japanese men and women aged 40 to 79 years. The
CCKAR gene promoter polymorphisms A-81G and G-128T were determined. Intelligence was assessed by
Japanese Wechsler Adult Intelligence Scales — Revised Short Forms (JWAIS-R SF). The difference in
intelligence between wild type and mutation was tested.

RESULTS: There were no subjects with AA/GT, AAfTT, or AG/TT genotypic combinations. Beth A-
81G and G-128T genotypes were related to intelligence quotient (IQ} estimated by JWAIS-R SF. The
mean and SE of 10 levels of subjects with the wild-type allele and the muration allele at nucleotide -128
were 103.4 + 0.3 and 101.6 £ 0.6, respectively. There was a significant difference in IQ for G-128T
{p = 0.008). The difference in IQ for A-81G was also significant {(p = 0.011). The KQ level was 103.6 &
0.4 in the subjects with the wild-type allele and 102.0 + 0.5 in the subjects with the mutation. Differences
in 1QQ levels by haplotypes for combinations of A-81G/G-128T were examined. I significantly decreased
with an increasing number of mutation alleles {(p = 0.018).

CONCLUSION: There were statistically significant differences in IQ for CCKAR gene promoter
polymorphisms A-81G and G-128T in community-living Japanese.

Ann Epidemiol 2005;15:196-201. © 2004 Elsevier Inc.  All rights reserved.

KEY WORDS: Cholecystokinin, Intelligence, Genotype, Epidemiology.

INTRODUCTION

It is suspected that various genes influence intelligence, but
the association between gene polymorphism and intelli-
gence is still unclear. Cholecystokinin (CCK) is one of the
major physiologic substances of gallbladder contraction and
pancreatic enzyme secretion. CCK also plays an important
role in the central nervous system (CNS) by interacting
with dopamine and other neurctransmitters (1). CCK
receptors have been classified into two subtypes, CCK
type-A receptor (CCKAR) and type-B receptor (CCKBR).
CCKAR has been found in the CNS (2). Associations with
feeding disorders (3), anxiety (4), and schizophrenia (5)
have been reported. It was also reported that learning and
memory functions were impaired in CCKAR gene-knock-
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out {OLETF) rats (6, 7). The CCKAR gene may be related
to intelligence in humans. We examined the association
between CCKAR gene promoter polymorphisms and intel-
ligence in a group of 2251 community-dwelling Japanese
men and women.

METHODS
Subject Selection

The subjects in this study were participants in the National
Institute for Longevity Sciences — Longitudinal Study of
Aging (NILS-LSA) (8). The NILS-LSA started in Novem-
ber 1997. The fust phase of examinations was finished
by the end of March 2000, and followed-up every 2 years.
Participants in the NILS-LSA were independent residents
in Obu city and Higashiura town in Aichi prefecture,
central Japan. Data on all residents in the area are
maintained in a Resident Registration System by local
governments. Residents aged 40 to 79 years old were
selected using Resident Registration. Samples of 7790 males
and females were selected by age and gender stratified
random sampling and invited to an explanatory meeting by
mail. The number of replies was 3434. Of these, 881 refused
to attend the meeting, 2553 agreed to attend, and 2513
actually attended. After the meeting, 2267 participated in
the first phase examination. At the meeting, the procedures

1047-2797/05/$—see front matrer
doi:10.1016/j.annepidem.2004.06.007
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Selected Abbreviations and Acronyms

BMI = budy mass index

CCK = cholecystokinin

CCKAR = cholecystokinin A receptor

CNS = central nervous system

DNA = deoxyribenucleic acid

GLM = general linear model

10 = intelligence guortient

JWAIS-R-SF = Japanese Wechsler Adult Intelligence Scales — Revised
Short Forms

NILS-LSA = National Institute for Longevity Sciences — Longitudinal
Study of Aging

PCR-RFLP = polymerase chain reaction - restriction fragment length
polymorphism

OLETF = Otsuka Long-Evans Tokushima Fatty

SE = standard error

WAIS-R = Wechsler Adult Intelligence Scales — Revised

for each examination and follow-up schedule were fully
explained. Written informed consent to participate in all
procedures was obtained from each subject. All persons in
the Resident Registration list had Japanese nationality, and
there were no persons who had a foreign name among the
subjects. The subjects in this study were supposed to be
ethnically homogenous Japanese.

Among the 2267 participants in the frst phase
examination, 2251 men and women were evaluated for
CCKAR genotypes and intelligence. These subjects were
analyzed for cross-sectional associations between genotype
and intelligence. The number of the subjects by gender and
age was almost equal {Table 1). The mean and standard
deviation for age was 59.2 %+ 109 vears. Among the
subjects, 26.7% had an educational background of college or
greater. The Ethical Committee of Chubu National
Hospital approved all procedures of the NILS-LSA.

Evaluation of Intelligence and Other Variables

The Wechsler Adult Intelligence Scales - Revised (WAIS-
R) is one of the most popular tools used to assess intelligence
{9). A Japanese version of the WAIS-R (JWAIS-R) has
been developed and is widely used in Japan (10). In this
study, intelligence was assessed by the Japanese Wechsler
Adult Intelligence Scales - Revised - Short Forms (JWAIS-
R-5F) (11). The JWAIS-R-SF consists of the following four
subtests: Information, Similarities, Picture Completion, and

TABLE 1. Distribution of the subjects by gender and age

Age (years)
Gender 40-49 50-59 60-69 70-19 Total

Males 291 282 281 180 1134
Females 278 218 283 278 1117
Toral 569 560 564 558 1251
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Digit Symbol. Scaled scores of subtests were used in the
analysis. The intelligence quotient (IQ) was estimated from
the combination of these four subtests. Psychologists
conducted the interviews and JWAIS-R-SF tests. Height
and weight were measured while wearing lightweight
clothes, and body mass index (BMI) was calculated as
weight (kg) divided by height (m} squared. Life-style and
medical history including annual income, education, and
smoking status were checked by questionnaires. The
questionnaires were checked by a physician at the medical
examination. All drugs used during the previous 2 years were
to be documented by participants; the physician confirmed
them at an interview and coded the drugs used during the
last 2 weeks. Among the 2251 subjects in the study, 213 had
used drugs acting on the CNS, that is, hypnotic sedative
agents, antianxiety agents, antiepileptic agents, stimulant
drugs, antihypnotic drugs, anti-Parkinson drugs, and anti-
psychotic drugs during the previous 2 weeks. The 1Q) was less
than 70 in 11 subjects, and only one of them used drugs
acting on the CNS.

CCKAR Genotype Analysis

Genomic DNA was extracted from peripheral blood
lymphocytes by a standard procedure. A mismatch PCR.-
RFLP method was used to analyze polymorphisms in the
upstream region of the CCKAR gene [GenBank Accession
No. U23427 (5)]. One pair of primers, sense primer = 5/~
GCATATGTACACATGTGTGTAAAAAGCAGCCA
GAC-3, anti-sense primer = 5-GCCCTTTCCTGGGC
CAGACT-3) was designed to amplify a 103-base pair
product, digested with restriction enzyme Hinf I, and
analyzed by 3% agarose gel electrophoresis. Two sequence
changes were detected: a G to T change at nucleotide -128,
and an A to G change ar nucleotide -81 (12).

Statistical Analysis

All values were expressed as the mean + SE, if not specified.
Both polymorphisms at nucleotides -128 and -81 were
divided into two groups; as wild-type and mutation. Hetero
groups were classified as mutation. The difference between
wild-type and mutation groups was tested by the t-test for
continuous variables and the 2 X 2 chi-square test for
categorical variables. The difference in IQ and JWAIS-R
subtests score by genotype was also tested by the t-test
excluding subjects who had used drugs acting on the CNS or
subjects with IQ less than 70. The trend among the three
groups was tested by the general linear model (GLM) and
the probability for trend (p for trend) was shown. Statistical
analyses were performed using the SAS system (SAS
Institute Inc., Cary, NC). All p-values were two-tailed.
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RESULTS
Distribution of CCKAR Promoter Genotypes

The distributions of CCKAR promoter single nucleotide
polymorphisms A-81G and G-128T were both in Hardy-
Weinberg equilibrium. The distribution of genotype com-
bination was examined (Table 2}. These polymorphisms
wete in linkage disequilibrium. There were no subjects with
AAJGT, AAITT, or AG/TT genotypic combinations. Thus,
subjects with a mutation at -128 always had a mutation
at -81.

Background Characteristics and CCKAR Genotype

Figure 1 shows the IQ distribution. The distribution was
slightly skewed to the left (lower I{3) and close to a normal
distribution. The mean value of the IQ of the all subjects was
103.0, and the median was also 103. The difference between
the mean and median was very small. The lowest I() was 43
and the highest IQ) was 142 among the subjects. The number
of subjects with 1(Q less than 70 was 11, and those with 1QQ
135 or over was 13. Background characteristics were
compared by CCKAR G-128T and A-81G genotypes
(Table 3). Age, body weight, body mass index, annual
income, education, and smoking status did not differ
between wild-type (GG) and mutation (GT or TT) for
the CCKAR G-128T genotype. These variables also did not
differ for the CCKAR A-81G genotype except for education
status. Education status in the wild-type (AA) group was
significantly higher than that in the mutation-type (AG or
GG) group (p = 0.009). The IQQ was significantly different
by education status (p < 0.001). The 1Q for the low
education group was 100.3 £ 0.3 and that for the high
education group was 110.6 + 0.5.

Intelligence and CCKAR Genotype

The 1Q levels in subjects with wild-type and mutation
alleles at nucleotide - 128 were 103.4 + 0.3 and 101.6 £ 0.6,
respectively. There was a significant difference in IQ for the
G-128T genotype (p = 0.008). The score of Digit Symbol
was lower in subjects with a mutation (p = 0.003). There

TABLE 2. Distribution of CCKAR G-81T and A-128G
genotypes

CCKAR A-81G
CCKAR
G-128T AA AG GG Total
GG 1317 (58.5%) 307 (13.6%) 26 (1.2%) 1650 (73.3%)
GT 0(0.0%)  491(21.8%) 61 (2.7%) 552 (24.5%)
TT 0 (0.0%) 0{0.0%) 49 (2.2%) 49 (2.2%)
Total 1317 (38.5%) 798 (35.5%}) 136 (6.0%) 2251 (100.0%)
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FIGURE 1. Distribution of 1Q levels in the subjects.
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was no difference in the scores of Information, Picture
Completion, and Similarities subtests for polymorphism
G-128T. The IQ level was 103.6 + 0.4 in subjects with
wild-type (AA) and 102.0 £ 0.5 in subjects with mutation
{AG or GG) at nucleotide -81. The difference in 1} for the
A-81G polymorphism was significant (p = 0.011). The
Picture Completion and Digit Symbol subtest scores were
significantly lower in subjects with the mutation (p = 0.043
and p = 0.008, respectively). The Similarities subtest score
was marginally lower for a mutation at nucleotide -81
(p = 0.051).

In the low education group, 1} was 100.5 + 0.4 in the -
128 wild-type group and 99.5 + 0.6 in the -128 muration-
type group. There was no significant difference in IQ
between the wild- and mutation-type of G-128T genotype.
However, the IQ for the -81 wild-type group was 100.8 +
0.4, which was sipnificantly higher than that for the
mutation group (99.4 + 0.4) (p = 0.038). In the high
education group, the [Q was 111.5 £ 0.6 in the -128 wild-
type group and 1079 £+ 1.1 in the -128 mutation-type
group. There was a significant difference between the wild
and mutation groups (p = 0.004). The I in the -8] wild-
type group (111.1 £+ 0.7) did nor differ from that in the
mutation group (109.8 £ 0.9).

Intelligence was compared excluding subjects who had
used drugs acting on the CNS and subjects with [() less than
70 (Table 4). The number of excluded subjects was 223,
Differences in IQ between in the wild-type and muration
groups were still significant both for A-81G and G-128T
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TABLE 3. Comparison of variables between wild-type and mutation alleles in CCKAR G-81T and A-128G genotypes
CCKAR G-128T CCKAR A-81G
Wild rype GG Mutation GT or TT [ Wild type AA Mutation AG or GG r
n 1650 601 1317 333
Age (years) 59.2 + 0.3* 593 + 0.4 NS! 59.1 £ 03 595 + 0.4 NS$
Weight (kg) 57.5 £ 0.2 7.0+ 04 NS 57.6 £ 0. 570 + 0.3 NS
BMI (kg,’mz) 229 + 0.1 229 + 0.1 NS 229+ 01 229 + 0.1 NS
Annual income (%; 54,000 US$ or over) 57.5 58.3 NS 58.3 57.0 NS
Education (%; cotlege or over) 269 26.0 NS 274 5.6 0.009
Smoking (%; smoker) 228 228 NS 23.6 218 NS
JWAIS-R-SF
IQ 103.4 + 0.3 1016 £ 0.6 0.008 1036 + 04 1020 £ 0.5 0.011
Informarion 9.9+ 01 9.7+ 01 NS 99 + 0.1 98 +0.1 NS
Picture Completion 10.2 £ 0.1 10.0 £ 0.1 NS 10.2 £ 0.1 100+ 0.1 0.043
Similarities 103 + 0.1 101 + 0.1 NS 103 + 0.1 101 £ 0.1 0.051
Digit Symbaol 1.7+ 0.1 113+ 01 0.003 1.7 £ 0.1 114 +£0.1 0.008
"Mean + SE.

NS = not significant.
*p-value tested by the t-test or 7 test,

genotypes. The 1Q) levels of subjects with wild-type and
mutation alleles at nucleotide -128 were 104.1 £+ 0.4 and
102.0 + 0.6, respectively. There was a significant difference
in IQ {p = 0.002). The scores of Information and Digit
Symbol were significantly lower in subjects with a mutation
(p=0.012 and p = 0.003, respectively). There were no
differences in the scores of Picture Completion and
Similarities subtests for polymorphism G-128T. The IQ
level was 104.2 + 0.4 in the subjects with wild-type and
102.6 + 0.5 in the subjects with mutation at nucleotide -81.
Difference in IQ by A-81G polymorphism was significant
{p = 0.008). Similarities and Digit Symbol subtest scores
were significantly lower in subjects with the mutation
(p = 0.033 and p = 0.013, respectively). The Information
subtest score was marginally lower with mutation of nucle-
otide -81 (p = 0.078). However, there was no significant
difference in the score of Picture Completion subtest.

Haplotype Analysis

Possible haplotypes in the combinations of polymorphism
A-81G/G-128T were GA, GG, TG, and TA. However,
thete were no subjects with AA/GT, AA/TT, or AG/TT
genotypic combinations {Table 2). The common haplotype
of AA/GT, AA/TT, or AG/TT genotypic combinations was
TA. It was considered that no subject had a TA haplotype.
The distribution of haplotypes GA, GG, and TG is shown in
Table 5. The number of GA haplotypes was 3432; GG was
420; and TG was 650. There was a significant difference in
IQ among haplotypes GA, GG, and TG. The IQ for
haplotype GA was the highest and the I{) for haplotype TG
was the lowest. With an increase in the number of mutation
alleles, the 1QQ level decreased (p = 0.018). Digit Symbol
scores also significantly decreased with an increasing
number of mutation alleles (p = 0.012).

TABLE 4. Comparison of intelligences between wild-type and mutation alleles in CCKAR G-81T and A-128G genorypes. Subjects
who had used drugs acting on the CNS or subjects with IQ less than 70 were excluded

CCKAR G-128T CCKAR A-81G
Wild type GG Mutarion GT or TT p* Wild cype AA Mutativn AG or GG I
n 1489 539 1178 850
JWAIS-R-SF
IQ 104.1 + 0.4 1020 £ 0.6 0.002 104.2 + 04 102.6 £ 0.5 0.008
Informarion 100 £ 0.1 9.6 £ 0.1 0.012 100+ 01 98 4+ 0.1 0.078
Picture Completion 10.2 £ 0.1 10.1 £ 0.1 Ns? 10.3 £ 0.1 10.1 £ 0.1 NS
Similarities 10.4 + 0.1 10.2 £ 0.1 NS 104 £ 0.1 10.2 £ 0.1 0.033
Digit Symbul 11.8 + 0.1 114 £ 0.1 0.003 11.8 £ 0.1 11.5 £ 0.1 0.013
"Mean + SE.

INS = not significant.
*p-value tested by the t-test.
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TABLE 5. Comparison of intelligences between wild-type and
mutation alleles in CCKAR G-81T and A-128G genotypes

Haplotype
GA GG TG p for
trend™
n 3432 420 650
JWAIS-R-SF
IQ 103.2+ 02" 103.04+07 101.7+06 0.018
Information 100 + 0.1 9.8 + Q.f 27+01 Ns!
Picture 10.2 £ 0.1 10.1 + C.1 100+ 0.1 NS
Completion
Similarities 0.3 + 0.1 101 + 0.1 10,1 £ 81 NS
Digit symbol 11.6 + Q.1 116 + 0.1 113+ 01 0.012

‘Mean + SE.
NS = not significant.
*Trend of the three groups was tested by the general linear model.

DISCUSSION

Accumulating data support the involvement of the
dopaminergic system in cognitive processing. It is known
that CCKAR modulates CCK-stimulated dopamine release
in the brain, and mutations in the CCKAR gene may
influence the dopaminergic system (5). Considerable pre-
clinical and clinical evidence indicate that inhibitory effects
on dopaminergic systems by antipsychotic medications may
account for cognitive impairment. A report showed
sustained activation of the human mesolimbic dopaminet-
gic system during the performance of cognitive tasks (13). It
was also reported that systemic administration of the
CCKAR selective antagonist, devazepide, impaired the
development of conditioned incentive learning in rats {14}.
From these data, it is suspected that mutation in the
CCKAR gene may influence intelligence.

The CCKAR promoter genotypes were significantly
related to IQ. The IQ levels of subjects with the mutant
allele were significantly lower than those of subjects with the
wild-type allele both for G-128T and A-81G genotypes. A
difference in 1) by CCKAR promoter gene polymorphisms
was seen in both middle-aged and elderly people. In analyses
excluding the subjects who had used drugs acting on the
CNS and subjects with IQ less than 70, there was also
asignificant difference in K between the wild and mutation
genotypes. We carried out association studies of quantitative
traits with haplotypes, and found that the 1) became lower
with an increase in the number of mutation alleles.

The CCKAR gene polymorphistns of G-128T and A-81G
are located in the promoter region of the gene. It is suspected
that mutation of these genoctypes is related to the amount of
CCKAR production. However, it is still unclear whether
these CCKAR polymorphistms are functional or if they are in
linkage disequilibrium with other as yet unknown poly-
morphisms in the CCKAR gene or in a neighboring gene.

AEP Val. 15, Nu. 3
March 2005: 196-201

In the studies on inrelligence in the general population,
investigation of genetic factors is an important issue {15).
However, at the present time, gene polymorphism has
infrequently been reported to be associated with cognition
(16). It is suspected that there are many genes associated
with individual differences in intelligence, and intelligence
is determined from interactions of these gene polymor-
phisms. However, the contribution of each gene to intelli-
gence may be small as indicated by the results of this study.
Testing of thousands of subjects is required to detect small
but significant differences. A detailed assessment of 1)
requires interviews by psychologists. Assessment of I() in
a large-scale community-dwelling population is generally
difficult. It is also difficult to obtain DNA specimens from
community-dwelling populations. Because of this, studies
on the association between genotype and intelligence have
not progressed. In the present study, we showed the
relationship between intelligence and CCKAR promoter
mutations G-128T and A-81G in community-living mid-
dle-aged and elderly Japanese, CCKAR-promoter genotyp-
ing may provide useful information for assessing intelligence
and preventing cognitive impairment.
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Association of a —1997G — T Polymorphism of the Collagen Ial
Gene with Bone Mineral Density in Postmenopausal Japanese
Women

YOSHIJE YAMADA,' Fujiko Ando,? Naoakira Niino,2 and Hiroshi Shimokata®

Absmract Genetic variants that affect collagen Toel metabolism may be
important in the development of ostcoporosis or osteoporotic fractures. A
—1997G = T polymorphism in the promoter of the collagen Jal gene
(COL1A1) was shown to be associated with bone mineral density (EMD)
for the lumbar spine in postmenopausal Spanish women. The relation of this
polymorphism to BMD in Japanese women or men has now been examined
in a population-based study. The subjects (1,110 women, 1,126 men) were
40 to 79 years of age and were randomly recruited for a population-based
prospective cohort study of aging and age-related diseases. BMD for the
lumbar spine, right femoral neck, right trochanter, and right Ward’s triangle
was measured using dual-cnergy x-ray absorptiometry. Genotypes for the
—1997G — T polymorphism of COL1A1 were determined with 2 fluores-
cence-based allele-specific DNA primer assay system. When all women were
analyzed together, BMD for the lumbar spine and trochanter was signifi-
cantly lower in subjects with the COLIAI*G/*G genotype than in those in
the combined group of COLIAI*G/*T and COLIA1*T/*T genotypes. When
postmenopausal women were analyzed separately, BMD for the femoral
neck and trochanter was also significantly lower in those with the
COLIAI*G/*G genotype than in those with the COLIAT*G/*T genotype or
those in the combined group of COLIAI*G/*T and COLIAI*T/*T geno-
types. BMD was not associated with —1997G — T genotype in premeno-
pausal women or in men. Multivariate regression analysis revealed that
~1997G — T genotype affected BMD at various sites with a variance of
0.46-0.62% for all women and 0.61-1.01% for postmenopausal women. The
—1997G — T genotype was not related to the serum concentration of osteo-
calcin, the serum activity of bone-specific alkaline phosphatase, or the uri-
nary excretion of deoxypyridinoline or cross-linked N-telopeptides of type I
collagen in men or in premenopausal or postmenopausal women. These re-
sults suggest that COL1Al is a susceptibility locus for reduced BMD in
postmenopausal Japanese women.
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Osteoporosis, 2 major health problem of the elderly, is charactenized by a reduc-
tion in bone mineral density (BMD) and a deterioration in the microarchitecture
of bone, both of which result in predisposition to fractures (Kanis et al. 1994).
Although several environmental factors, including diet, smoking, and physical
exercise, influence BMD, a genetic contribution to this parameter has been recog-
nized (Peacock et al. 2002). Genetic linkage analyses (Mormison et al. 1994, John-
son et al. 1997; Devoto et al. 1998; Koller et al. 1998, 2000; Niu et al. 1999) and
candidate gene association studies (Morrison et al. 1994; Kobayashi et al. 1996;
Uitterlinden et al. 1998; Yamada et al. 2001; Ishida et al. 2003) have implicated
several loci and candidate genes in the regulation of bone mass and the preva-
lence of osteoporosis or osteoporotic fractures. However, the genes that contrib-
ute to genetic susceptibility to osteoporosis remain to be identified definitively.

Type I collagen is the most abundant protein of bone matrix. Mutations in
the coding regions of the genes for the two type I collagen chains (COL1A1 and
COL1A2) result in a severe autosomal dominant pediatric condition known as
osteogenesis imperfecta (Sykes 1990). A G — T single nucleotide polymorphism
(SNP) at the first base of a consensus binding site for the transcription factor Spl
in the first intron of COL1A1 was associated not only with BMD in white women
(Grant et al. 1996) but also with osteoporotic fractures in postmenopausal women
(Langdahl et al. 1998; Uitterlinden et al. 1998). The COLIAI*T allele of this
polymorphism affects collagen gene regulation in such a manner that it increases
the production of the al(I) collagen chain relative to that of the a2(I) chain and
leads to reduced bone strength by a mechanism that is partly independent of bone
mass (Mann et al. 2001). These observations thus implicate genetic variants that
affect collagen Il metabolism as important determinants of the development of
osteoporosis and osteoporotic fractures. Other studies, however, have shown only
a weak association of the Sp1 binding site polymorphism with BMD or osteopo-
totic fractures in premenopausal French women (Garnero et al. 1998) or a lack
of association in postmenopausal women in Sweden (Liden et al, 1998), in Amer-
. ican women (Hustmyer et al. 1999), or in postmenopausal Danish women (Hee-
gaard et al. 2000).

A —1997G — T SNP in the promoter of COL1AT was also associated with
BMD for the lumbar spine in postmenopausal Spanish women, and this SNP and
the G — T SNP of the Sp1 binding site of COLIAI were shown to be in-linkage
disequilibrium (Garcia-Giralt et al. 2002). Given the ethnic divergence of gene
polymorphisms, it is important to examine polymorphisms potentially related to
BMD in each ethnic group. We have now examined whether the —1997G - T
SNP of COL1ALl is associated with BMD in Japanese women or men in a popula-
tion-based study.

Materials and Methods

Study Population.  The National Institute for Longevity Sciences Longitudi-
nal Study of Aging (NILS-LSA) is a population-based prospective cohort study
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of aging and age-related diseases (Shimokata et al. 2000). The subjects of the
NILS-LSA are stratified by both age and sex and are randomly selected from
resident registrations in the city of Obu and the town of Higashiura in central
Japan (Yamada et al. 2003a, 2003b). Individuals with disorders known to cause

abnormalities of bone metabolism, including diabetes mellitus, renal diseases,

rheumatoid arthritis, and thyroid, parathyroid, and other endocrinologic diseases,
were excluded from the study. Women who had taken drugs such as estrogen,
progesterone, glucocorticoids, and bisphosphonates were also excluded.

We examined the relation of BMD at various sites to the —1997G - T
SNP of COL1A1 in 2,236 participants (1,110 women, 1,126 men). All analyses
were performed separately for men and for women. In addition, to uncover poten-
tial differences between women according to menopausal status, we conducted all
analyses separately for premenopausal and postmenopausal women. Menopausal
starus was evaluated by a detailed questionnaire, and menopause was defined as
complete cessation of menstruation. Furthermore, the relation of biochemical
markers of bone turnover to —1997G — T genotype of COL1A1 was examined
for men or premenopausal or postmenopausal women separately. The study pro-
tocol 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 for the lumbar spine (L2-14), right femoral
neck, right trochanter, and right Ward’s triangle was measured using dual-energy
x-ray absorptiometry (DXA) (QDR 4500; Hologic, Bedford, Mass.). The coeffi-
cients of variation (CVs) of the DXA instrument were 0.9% (L2-L4), 1.3% (fem-
oral neck), 1.0% (trochanter), and 2.5% (Ward's triangle); these values were
determined by measurement of BMD three times at each site in 10 healthy sub-
jects (mean age = SE, 38.7 * 2.4 years).

Determination of Genotypes.  Genotypes were determined with a fluores-
cence-based allele-specific DNA pnmer assay system (Toyobo Gene Analysis,
Tsuruga, Japan) (Yamada et al. 2002). The polymorphic region of COL1A1 was
amplified using the polymerase chain reaction with allele-specific sense primers
labeled at the 5’ end with either fluorescein isothiocyanate (5'-TGGGTCAGTTC-
CAAGAGX(CC-3") or Texas red (5'-TGGGTCAGTTCCAAGAGXAC-3') and
with an antisense primer labeled at the 5’ end with biotin (5'-TCTAAATGTCTG-
TTCCCTCCAA-3’). The reaction mixture (25 pL) contained 20 ng of DNA, 5
pmol of each primer, 0.2 mmol/L. of each deoxynucleoside triphosphate, 3.5
mmol/L. MgCl,, and 1 U of rTag DNA polymerase (Toyobo, Osaka, Japan) in
polymerase buffer. The amplification protocol was initial denaturation at 95°C
for 5 min; 35 cycles of denaturation at 95°C for 30 s, annealing at 60°C for 30 s,
and extension at 68°C for 30 s; and a finat extension at 68°C for 2 min.

The amplified DNA was incubated in a solution containing streptavidin-

conjugated magnetic beads in the wells of a 96-well plate at room temperature. -
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The plate was then placed on a magnetic stand, and the supernatants from each
well were transferred to the wells of a 96-well plate containing .01 mol/L NaOH
and measured for flucrescence with a microplate reader (Fluoroscan Ascent; Dai-
nippon Pharmaceutical, Osaka, Japan) at excitation and emission wavelengths of
485 nm and 538 nm, respectively, for fluorescein isothiocyanate and of 584 nm
and 612 nm, respectively, for Texas red.

Measurement of Biochemical Markers of Bone Turnover.  Venous blood
and urine samples were collected in the early moming after the subjects had
fasted ovemnight. Blocd samples were centrifuged at 1,600 X g for 15 min at 4°C,
and the serum fraction was separated and stored at — 80°C unti] analysis. The
serum concentration of intact osteocalcin was measured with an immunoradio-
metric assay kit (Mitsubishi Chemical, Tokyo, Japan). The activity of bone-spe-
cific alkaline phosphatase in serum was measured with an enzyme immunoassay
kit (Metra Biosystems, Mountain View, Calif.). Urine samples were collected in
plain tubes and stored at — 80°C. Urinary deoxypyridinoline was measured with
an enzyme immunoassay kit (Metra Biosystems); the values were corrected
for urinary creatinine and expressed as picomoles per micromole of creatinine.
The urinary concentration of cross-linked N-telopeptides of type I collagen
(NTx) was measured with an enzyme-linked immunosorbent assay kit (Mochida
Pharmaceutical, Tokyo, Japan); the values were expressed as picomoles of bone
collagen equivalents per micromole of creatinine. Urinary creatinine was enzy-
matically measured with a creatinine test kit (Wako Chemical, Osaka, Japan).

Statistical Analysis. Quantitative data were compared among the three
groups using one-way analysis of variance and the Tukey-Kramer post hoc test
and between two groups using the unpaired Student’s ¢ test. BMD values were
analyzed with adjustment for age and body mass index (BMI) using the least-
squares method in a general linear model. The effect of —1997G — T genotype
on BMD at various sites was evaluated using multivariate regression analysis; R?
and P values were calculated from the analysis including age, BMI, and COL1Al
genotype (0 = COLIAI*G/*G, | = COLIAI*G/*T = COLIAI*T/*T) . Allele
frequencies were estimated using the gene-counting method, and the chi-square
test was used to identify significant departure from Hardy-Weinberg equilibrium.
A P value less than 0.05 was considered statistically significant.

Results

The distribution of —1997G — T genotypes was in Hardy-Weinberg equi-
librium, and age and BMI did not differ among genotypes for all women (Table
1). BMD for the lumbar spine and trochanter was significantly lower in women
with the *G/*G genotype than in those in the combined group of *G/*T and
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Table 1. BMD and Other Characteristics of All Women (n = 1,110) According to the
~1997G — T Genotype of COLIAI

Characteristic *G/AG *GHT *T/T *G/E T + *TrT

Number (%) 407 (36.7) 526 (47.4) 177 (15.9) 703 (63.3)

Age (years) 60.0 = 05 589 = 0.5 584 +0.8 58.8 = 0.4

BMI (kg/m®) 229+02 228 +0.1 23002 229 + 0.1

BMD values (g/cm?®)
L2-L4 0.855 £ 0.006 0870 +0006 0878 £0010 0872 £ 0.005
Femoral neck 0.672 + 0.004 0.681 + 0.004 0.680 £ 0.007 0.681 + 0.003
Trochanter 0564 +0.004 0575+0004 0574 +0006  0575+0.00%°
Ward's triangle 0500 + 0006 05120005 05080009 0511 =0004

Data are means £ SE. BMD values are adjusted for age and BMI.
a. P = 0.039 vs. *G/*G.
b. P = 0.033 versus *G/*G.

*T/*T genotypes; the difference in BMD between the *G/*G genotype and the
combined group of *G/*T and *T/*T genotypes (expressed as a percentage of
the corresponding larger value)} was 1.9% for both the lumbar spine and the tro-
chanter. '

We also analyzed BMD and other characteristics for premenopausal and
postmenopausal women independently. The distributions of —1997G — T geno-
types were in Hardy-Weinberg equilibrium, and age and BMI did not differ
among genotypes for premenopausal or postmenopausal women (Table 2).
For postmenopausal women there was no difference in years after menopause
among genotypes. For premenopausal women BMD was not associated with
—1997G — T genotype. In contrast, BMD for the femoral neck or trochanter
was significantly lower in postmenopausal women with the *G/*G genotype than
in those with the *G/*T genotype or those in the combined group of *G/*T and
*T/*T genotypes; the differences in BMD between the *G/*G genotype and the
combined group of *G/*T and *T/*T genotypes were 2.5% for the femoral neck
and 2.2% for the trochanter.

The distribution of —1997G — T genotypes was in Hardy-Weinberg equi-
librium, but BMD did not differ among these genotypes in men (Table 3).

The effect of — 1997G—T genotype on BMD was evaluated using multi-
variate regression analysis (Table 4). The analysis revealed that the —1997G —
T genotype affected BMD at various sites with a variance of 0.46-0.62% for all
women and of 0.61-1.01% for postmenopausal women.

The relation of biochemical markers of bone turnover to —1997G —T
genotype of COL1A1 was also examined. No association of —1997G — T geno-
type with the serum concentration of intact osteocalcin, serum activity of bone-
specific alkaline phosphatase, or urinary excretion of deoxypyridinoline or NTx
was apparent for men or premenopausal or postmenopausal women (Table 5).
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Table 3.- BMD and Other Characteristics of Men (n = 1,126} According to the
= 1997G — T Genotype of COL1A1

Characteristic *GHG *G/rT *TT G/AT + *THT

Number (%) 457 (40.6) 511 (45.4) 158 (14.0) 669 (59.4)

Age (years) 585+05 59.7 0.5 - 592+ 09 50604
BMI (kg/mz) 229 %01 230+01 229+02 229 £ 0.1
BMD values (gfcm?) .

L2-14 0.990 £+ 0.007 0.975 + 0.007 0.983 £ 0.012 0977 = 0.006
Femoral neck 0.754 + 0.005 0.754 £ 0.004 0.744 + 0.008 0.751 £ 0.004
Trochanter 0.672 = 0.005 0.665 = 0.004 0.667 x 0.008 0.665 = 0.004
Ward's triangle 0.557 = 0.006 0.552 + 0.005 0.540 = 0.010 0.549 £ 0.005

Data are means + SE. BMD values are adjusted for age and BML

Discussion

The —1997G — T SNP of the COL1A1 promoter has previously been as-
sociated with BMD for the lumbar spine and, to a lesser extent, with BMD for
the femoral neck in postmenopausal Spanish women, and with the *T/*T geno-
type, which represents a risk factor for reduced BMD (Garcia-Giralt et al. 2002).
We have now shown that the —1997G — T SNP is associated with BMD for the
femoral neck and trochanter in postmenopausal Japanese women and with the
*G/*G genotype, which represents a risk factor for reduced BMD. The —1997G
— T genotype affected BMD at various sites with a variance of 0.61-1.01% for
postmenopausal women, aithough this SNP was not associated with bicchemical
markers of bone tumover.

The alleles of the —1997G — T polymorphism associated with reduced

Table 4. Effects of the —1997G -» T Genotype of COL1A1 on BMD for All Women
{r = 1,110) or Postmenopausal Women (n = 815)

Site R P
All women
L2-L4 0.0061 0.0102
Femnoral neck 0.0047 0.0243
Trochanter 0.0062 0.0093
Ward's triangle 0.0046 0.0262
Postmenopausal women
L2-L4 0.0061 0.0263
Femoral neck 0.0101 -0.0044
Trochanter 0.0076 0.0137
Ward's triangle 0.0071 0.0172

The R® and P values were derived from multivariate regression analysis including age, BMI, and
COL1AL1 genotype (0 = *G~G, | = *G~*T = *T/T).
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Table 5. Biochemical Markers of Bone Turnover for Women or Men According to the
—1997G - T Genotype of COL1Al

Marker *GIG *GHT *TAT
Premenopausal women
Osteocalcin {(ng/mL) 6.35 + 0.29 6,46 +0.24 693 £ 042
Bone-specific alkaline phosphatase (U/L) 19.6 £0.5 203 x05 190+ 038
dPyr (pmol/pmol Cr} 5.54 x 0.15 535 £0.12 550 £0.22
NTx {pmol BCE/lmel Cr) 33515 33613 383+23
Postmenopausal women
Osteocalcin (ng/mL) 1053 £ 0.21 1030 £ 0.19 1025 £ 032
Bone-specific alkaline phasphatase (U/L) 316 £06 31.5+06 305+ 09
dPyr {pmol/pmol Cr) . 408 +0.06 4.01 £0.05 39% x0.10
NTx (pmol BCE/umel Cr) 604 + 1.6 60.2 £ 1.5 59425
Men
Osteocaicin {ng/mL) 767 011 764 x0.11 7.64 =020
Bone-specific alkaline phosphatase (U/L) 263 £ 04 256 + 04 262+ 0.7
dPyr (pmol/pmol Cr) 4.08 = 0.06 4.0] =005 399 £0.10
NTx {pmol BCE/pwmol Cr) 366 0.7 362x07 36412

Data are means + SE. dPyr, deoxypyridinoline; Cr, creatinine; NTx, cross-linked N-telopeptides of
type I collagen; BCE, bone collagen equivalents,

BMD thus differ between the present study (*G allele} and the previous study
(*T allele) (Garcia-Giralt et al. 2002). Although the reason for this apparent dis-
crepancy is unclear, there are three major differences between the two studies.
First, the subjects were older in our study (mean age of 64 years for postmeno-
pausal women) than in the previous study {mean age, 51 years), and years since
mencpause were significantly greater in our study (mean, 15.0 years) than in the
previous study (mean, 3.6 years). Given that bone resorption markedly increases
during 10 years after menopause, genetic effects on BMD might differ between
women for short and long time after menopause. Second, the number of subjects
in which the association was detected was greater in our study (n = 815 for
postmenopausal women) than in the previeus study (n = 256). The results of
association studies with small sample sizes are prone to bias compared with those
with large sample sizes. Finally, the distribution of —1997G — T genotypes dif-
fered significantly (P <<0.0001; chi-square test) between our study {posttneno-
pausal women: *G/*G, 38%; *G/*T, 46%; *T/*T, 16%) and the previous study
(*G/*G, 76%; *G/*T, 22%; *T/*T, 2%), possibly reflecting the difference in eth-
nicity. The difference in genetic influences on BMD between different ethnic
groups might be attributable, at least in part, to the difference in the distribution
of genotypes. It is also possible that the —1997G — T SNP of COL1Al is in
- linkage disequilibrium with other polymorphisms of COL1A1 or with polymor-
phisms of other nearby genes that are actually responsible for the observed asso-
ciation with BMD. Given the multiple comparisons of genotype pecformed, we
cannot completely exclude the possible occurrence of statistical errors such as
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false positives, although we observed a significant association of this SNP with
BMD at different sites.

Evidence suggests that the —1997G — T SNP of COL1A1 may affect pro-
moter function {Garcia-Giralt et al. 2002). A double-stranded oligonucleotide
containing the ~ 1997G — T site bound osteoblast nuclear factors; however, the
extent of factor binding was even more pronounced with a single-stranded anti-
sense DNA probe, suggesting the involvement of a protein selective for single-
stranded DNA. The extent of factor binding observed with a probe corresponding
to the *G allele was greater than that apparent with a probe based on the *T
allele. The effect of this SNP on COLIAL transcription, however, remains to be
determined.

In conclusion, our present results suggest that the —1997G — T SNP of
COL1ALl is associated with BMD for the femoral neck and trochanter in post-
menopausal Japanese women and that the alleles associated with reduced BMD
differ between postmenopausal Japanese (*G allele) and Spanish (*T allele)
women, although the contribution of this SNP to bone mass appears relatively
small.
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