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ELSEVIER

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, PuD

PURPOSE: To study the association between Cholecystokinin A receptor (CCKAR) genotypes and

intelligence in community-living men and women.

METHOD: Subjects 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 wete no subjects with AA/GT, AA/TT, or AG/TT genotypic combinations. Both 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 mutation allele at nucleotide -128
were 103.4 + 0.3 and 101.6 0.6, respectively. There was a significant difference in 1Q for G-128T
{p = 0.008). The difference in IQ for A-B1G was also significant (p = 0.011), The IQ level was 103.6 £
0.4 in the subjects with the wild-type allele and 102.0 & C.5 in the subjects with the mutation. Differences
in 1 levels by haplotypes for combinations of A-81G/G-128T were examined. IQ significantly decreased
with an increasing number of mutation alleles {p = 0.018).

CONCLUSION; There were statistically significant differences in IQQ 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 neurotransmitters (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 promater 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 first 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
govemments. Residents aged 40 to 79 years old were
selected using Resident Registration. Samples of 7790 males
and females were selected by age and gender srratified
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 matter
doi:10.1016/j.annepidem.2004.06.007
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Selected Abbreviations and Acronyms

BMI = body mass index

CCK = cholecystokinin

CCKAR = cholecystokinin A recepror

CNS = central nervous system

DNA = deoxyribonucleic acid

GLM = general linear model

IQ = intelligence quotient

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

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

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

OLETF = Otsuka Long-Evans Tokushima Fatry

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 naticnality, 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 first phase
examination, 2251 men and women were evaluated for
CCKAR genotypes and intelligence. These subjects were
analyzed for cross-sectional associations between genotype
and incelligence. The number of the subjects by gender and
age was almost equal (Table 1). The mean and standard
deviation for age was 59.2 + 10.9 years. 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 Qther 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 (JW AIS-
R-SF} {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 4049 50-59 60-69 0-7% Toral
Males 291 282 281 280 1134
Females 278 278 283 278 1117
Total 569 560 564 558 2251
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Digit Symbol. Scaled scores of subtests were used in the

analysis. The intelligence quotienit (IQQ) 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 10} 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 (3)). One pair of primers, sense primer = 5'-
GCATATGTACACATGTGTGTAAAAAGCAGCCA
GAC-¥, anti-sense primer = 5-GCCCTTTCCTGGGC
CAGACT-3) was designed vo 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 at nucleotide -81 (12).

Statistical Analysis

Allvalues were expressed as the mean X SE, if not specified.
Both pelymorphisms at nucleotides -128 and -81 were
divided into two groups; as wild-type and mutation. Hetero
groups were classified as murtation. 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 r-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 mode! (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
were in linkage disequilibrium. There were no subjects with
AA[GT, AA/TT, 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 I} distribution. The distribution was
slightly skewed to the left (lower 1Q) 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 I(} was 142 among the subjects. The number
of subjects with 1Q less than 70 was 11, and those with IQ
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 IQ was significantly different
by education status (p < 0.001). The IQ 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 IQ levels in subjects with wild-type and mutation
alleles at nucleotide - 128 were 103.4 £ 0.3and 101.6 £ 0.6,
respectively. There was a significant difference in 1Q 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
genorypes

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%)}
T 0 (0.0%) 0(0.0%) 49 (2.2%) 49 (2.2%)
Total 1317 (58.5%) 798 (35.5%) 136 (6.0%) 2251 (100.0%)
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FIGURE 1. Distribution of IQ 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 1Q for the
A-B1G polymorphism was significant (p = 0.011). The
Picture Completion and Digit Symbol subtest scores were
significantly lower in subjects with the muration (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, IQ was 100.5 + 0.4 in the -
128 wild-type group and 99.5 & 0.6 in the -128 mutation-
type group. There was no significant difference in 1Q
between the wild- and mutation-type of G-128T genotype.
However, the 1) for the -81 wild-type group was 100.8 +
0.4, which was significantly higher than that for the
mutation group (99.4 + 0.4) (p = 0.038). In the high
education group, the IQQ was 111.5 + 0.6 in the -128 wild-
type group and 107.9 & 1.1 in the -128 mutation-type
group. There was a significant difference berween the wild
and mutation groups (p = 0.004). The IQ in the -81 wild-
type group (111.1 * 0.7) did not 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 I(Q less than
70 (Table 4). The number of excluded subjects was 223.
Differences in 1) between in the wild-type and mutation
groups were still significant both for A-81G and G-1287
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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-B1G
Wild type GG Mutation GT or TT p" Wild rype AA Mutation AG or GG P
n 1650 601 1317 333
Age (years) 592 + 0.3 59.3 £+ 04 NSt 59.1 £0.3 59.5 £ 0.4 N§
Weight {(kg) 575 + 02 5710+ 04 NS 576 £ 03 570103 NS
BMI (kg/m?) 229+ 01 229+ 01 NS 229+ 01 229+ 0.1 NS
Annual income {(%; 54,000 US$ or over} 571.5 58.3 NS 583 57.0 NS
Educartion (%; college or over) 268 26.0 NS 274 25.6 0.009
Smoking {%; smoker) 2.8 2.8 NS 23.6 218 NS
JWAIS-R-SF
IQ 1034 £ 03 101.6 £ 0.6 0.008 103.6 + 04 102.0 £ 05 0.011
Information 99+ 01 9.7+ 01 NS 9.9+ 0.1 9.8 + 01 NS
Picture Completion 102 £ 0.1 100+ 0.1 NS 10.2 £ 01 1001 0.1 0.043
Similarities 103 £ 01 101 £ 0.1 NS 103 + 01 101 £ 0.1 0.051
Digit Symbol 11.7 £ 01 113 £ 01 0003 i1.7 £ 01 114 £ 0.1 0.008
fMean 3 SE.

NS = not significant.
*p-value rested by the -test or o3 test,

genotypes. The 1) 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 4 (.4 in the subjects with wild-type and
102.6 + 0.5 in the subjects with mutation at nucleotide -81,
Difference in IQQ 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, tespectively}. The Information
subrest score was marginally lower with mytation of nucle-
otide -81 (p = 0.078). However, there was no significant
difference in the score of Picture Completion subtest.

Haplotype Ana]ysis

Possible haplotypes in the combinations of polymorphism
A-81G/G-128T were GA, GG, TG, and TA. However,
there were no subjects with AA/GT, AAfTT, ot 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 isshown in
Table 5. The number of GA haplotypes was 3432; GG was
420; and TG was 650. There was a significant difference in
I} among haplotypes GA, GG, and TG. The IQ for
haplotype GA was the highest and the IQQ for haplotype TG
was the lowest. With an increase in the number of mutation
alleles, the I 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 genotypes. 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 ype GG Mutation GT or TT p' Wild type AA Mutation AG or GG P
n 1489 539 1178 850
JWAIS-R-SF
IQ 104.1 £ 04" 102.0 £ 0.6 0.002 1042 + 04 102.6 + 0.5 0.008
Information 10.0 + C.1 9.6 £ 0.1 0.012 100 £ 01 98 £ 0.1 0.078
Picture Completion 102 £ 01 10.1 £ 0.1 Ns! 103 £ 0.1 101 # 0.1 NS
Similarities 104 £ 0.1 10.2 £ 0.} NS 104 £ 0.1 102 £ 0.1 0.033
Digit Symbol 11.8 + 0.1 114 £ 0.1 0.003 11.8 + 0.1 11501 0.013
Mean + SE.

NS = not significant.
*p-value rested by the e-est.
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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 pfor
trend*
n 3432 420 650
JWAIS-R-SF
1 103.2 + 02' 103.04+ 0.7 101.7+06 0018
Information 100£01 98+01 97101 NSt
Picture 10.2 + 0.1 10.1 £ C.1 100 £01 NS
Completion
Similarities 103+ 01 10,1 + 01 101 £ Q1 NS
Digit symbol 11.6 £ 01 11.6 £ 0.1 113 +£0¢1 0012
"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 dopaminer-
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 IQ 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 1Q less than 70, there was also
a significant difference in IQ between the wild and mutation
genotypes, We carried out association studies of quantitative
traits with haplotypes, and found that the {3 became lower
with an increase in the number of mutation alleles.

The CCKAR gene polymorphisms of G-128T and A-81G
are located in the promoter region of the gene. It is suspected
that mutation of these genotypes is related to the amount of
CCKAR production. However, it is still unclear whether
these CCKAR polymorphisms are functional or if they are in
linkage disequilibrium with other as yet unknown poly-
morphists in the CCKAR gene or in a neighboring gene.
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In the studies on intelligence 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 polymer-
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 tequired to detect small
but significant differences. A detailed assessment of 1Q
requires interviews by psychologists. Assessment of 10) 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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Abstract Genetic variants of the androgen receptor and
klotho protein may contribute to variation in bone mass as
well as to predisposition to osteoporosis. The relationship
of a CAG repeat polymorphism of the androgen receptor
cene (AR) and of a —395G—A polymorphism of the
klotho gene (KL} to0 bone mineral density {BMD) in
Japanese women was examined in a population-based
study. The subjects (1,101 and 1.110 women for AR and
KL polymorphisms, respectively) were aged 40-79 years
and were randomly recruited to a population-based
prospective cohort study of aging and age-related dis-
eases. BMD for the total body, lumbar spine, right fem-
oral neck, right wochanter, and right Ward’s triangle was
measured by dual-energy X-ray absorptiometry. Geno-
types for the AR and KL polymorphisms were determined
by polymerase chain reaction based assays. The number
of CAG repeats of AR was inversely correlated with BMD
for the lumbar spine in premenopausal women but not in
postmenopausal women. The (CAG), .2, and (CAG),:-0
alleles were designated § and L, respectively. Among
preinenopausal women. BMD for the total body was
sianificantly lower in subjects with the LL genotype than
in those with the §S genotype or those in the combined
group of $§ and SL genotypes. In contrast. BMD was not
associated with AR genotype in postmenopausal women.
Among all women. BMD for the lumbar spine was sig-
nificantly lower in subjects with the GG genotype of the
-395G—A polymorphism of KL than in those with the
AA genotype. BMD wus not associated with =395G—A
genotype among premenopansal women. In postmenc-
pausal women, BMD for the total body or lumbar spine
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tended to be lower in subjects with the GG genotype than
in those with the AA genotype or those in the combined
group of GA and AA genotypes. These results suggest that
AR is a susceptbility gene for reduced BMD in pre-
menopausal Japanese women, and that KL is a suscepti-
bility gene for reduced BMD in all women.

Keywords Bone density - Androgen receptor - Klotho
protein - Genetics - Osteoporosis



Abbreviations AR: Androgen receptor - BAMD: Bune
mineral density -+ PCR: Polymerase chain reaction

introduction

Osteoporosis, a major health problem of the elderly, is
characterized by a reduction in bone mineral density
(BMD) and a deterioration in the microarchitecture of
bone, both of which result in predisposition 1o fractures
[1]. Although reproductive, nunritional, and life-style
factors influence BMD. family and twin studies have
suggested that this parameter is largely heritable and
under the control of multiple genes |2, 3, 4]. Genetic
linkage analyses [, 6, 7] and candidate gene association
studies [8. 9. 10] have thus implicated several loci and
candidate genes in the regulation of bone mass and the
prevalence of osteoporosis or osteoporotic fractures. Such
candidate genes include those for the androgen receptor
{AR) and Klotho [11. 12).

Androgens play important roles in the development
and metabolism of bone [13]. The AR is expressed in
hurhan osteoblastic cells as well as in human osteoclasts,
suggesting that androgens exert direct effects on bone
cells [14). The gene encoding the AR (AR), which is
located on human chromosome Xqll-ql2. is thus an
important candidate susceptibility gene for osteoporosis.
Variation in the size of the microsatellite region in the
first exon of AR is attributable to a CAG repeat poly-
morphism that encodes a polyglutamine tract comprising
9-35 residues in the amino-terminal domain of the re-
ceptor protein [15. 16). In vitro transfection assays have
demonstrated that AR proteins with sharter polyglutamine
racts possess greater transactivation activity [17, 18, 19]
whereas tract size does not affect the binding of andro-
gens to the receptor [20]. Although the CAG repeat
polymorphism of AR was shown to be associated with
BMD in women or in men in some studies [11, 21, 22, 23,
24]. other studies have failed to detect an effect of this
polymorphisin on BMD or fracture risk {25, 26]). Fur-
thenmore, racial differences in the number of CAG repeats
have been demonstrated, with African-Americans ex-
hibiting a higher prevalence of short CAG repeat se-
quences than other ethnic groups (15, 27]. Given the
ethnic differences in CAG repeat length as well as in
other genetic or enviconmental influences on BMD, it is
important to examine the relationship of the CAG repeat
polymorphism of AR to BMD in each ethnic group.

Klothe is a type 1 membraoe protein that shares se-
quence similarity with members of the glycosidase family
{28]. Mice deficient in this protein exhibit multiple agirig
phenotypes and age-related disorders, including a short-
ened life span, reduced spontaneous activity. arterioscle-
rosis, infertility, skin atrophy. premature thymic involu-
tion. pulmonary emphysema. and osteopenia, although the
function of klotho remains to be determined [28]. The
osteopenia observed in klotho-deficient mice is accom-
panied by a reduced rurnover of bone: a decrease in bone
formation exceeds a decrease in bone resorption, resulting
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in substantial bone loss that resembles that in aging hu-
mans [26]. A human homolog of the mouse klotho gene
has been isolated and its stricture determined [30]. The
human gene ( KL) comprises five exons and spans approx.
50 kb on chromosome 13q12. Ogata et al. [31] examined
the relationship of a CA repeat polymorphism down-
stream of KL to BMD and showed that the alleles corre-
sponding to 22 and 24 repeats are associated with low and
high BMD, respectively. Kawano et al. [12] identified
eight and six polymorphisms of KL in white and Japanese
women, respectively, and showed that the -395G—A
polymorphism in the promoter of AL is associated with
BMD in postmenopausal (65 years) women of each
ethnicity. The sizes of the populations in which this as-
sociarion was detected were only small (55 white, 215
Japanese), however. Large-scale population-based studies
are thus required to assess the effect of this polymorphism
on BMD.

We artempted to identify genes significantly associated
with BMD in Japanese women in a population-based
study. AR and KL are both candidates for genes that
confer susceptibility to osteoporosis. We thus examined
the relationship of polymorphisms of these genes to BMD
in the present study, although there is no apparent bio-
logical link between the two genes. Our aim was to
identify a single polymorphism significantly associated
with BMD for each gene. Among several polymorphisms
previously identified in KL, only the =395G—A poly-
morphism has been shown to potentially affect gene
function. We therefore selected this polymorphism for our
aualysis, We have now examined whether the CAG repeat
polymorphism of AR or the ~395G—A polymorphism of
KL is associated with BMD in Japanese women in a
population-based stody.

Methods

Swudy population

The Nauonal Institure for Longevity Sciences-Longitudinal Study
of Aging (NILS-LSA) is a population-based prospective cohort
study of aging and age-related diseases [32]. The present sudy
represents a cross-sectional analysis within the NILS-LSA. The
subjects of the NILS-LSA are stratified by both age and gender and
were randomly selected from resident registrations in the ity of
Obu and town of Higashiura in central Japan [32, 33]. The life-style
of residenes of rthis area is rypical of that of individuals in most
regions of Japan, The NILS-LSA aimed to recruit equal numbers of
men and women. Age at the baseline was 40-79 years, and the
numbers of participants in each age decade (40s, 50s, 60s, and 70s5)
were similar. The planned number of parlicipants was 2,400, that is.
approx, 300 men and 300 women in each age decade. A roral of
7,455 men and women was randomly selected from the commu-
nity-dwelling population: of these selected individuals 16 were
already deceased and 49 had moved away. The remaining 7.790
individuals were invited to atiend an explanatory meeting by mail;
a total of 3434 replied, 8%1 of whom declined 1o artend the
meeting, 2,553 agreed 10 attend. and 2,513 acally did atend.
After the explanatory meeting. 2.267 individvals participated in the
initial examination. Thus of the 7.790 individuals contacted by mail
and the 34,34 individuals who replied, 29.1% and 66.0%, respec-
tively, enrolled in the study. The subjects will be followed up every
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2 vewrs. All participants are subjected at a special center to a de-
tailed examination, which includes not only medical evatuation but
also assessment of exercise physivlegy, bnd\ composition, nuri-
tion. and psychology. Among the 2.267 pasticipants 1,128 are
women, Eightesn women who had disorders known to cause ab-
normalities of bone metabolism. including diabewes metlitus, renal
diseases. rheumatoid arthrits. and rhyvoic. parathyroid. and other
enducrine dJiseases, or who had taken drugs such as estrogen.
progesterone, glucocorticoids. and bisphosphonates were cxcluded
from the present study. Nine women whose AR genotype was not
successfully determined were also excluded from the analysis of the
relationship of the AR pelymorphism to BMD.

We exanined the relationship of BMD ar various sites to the
CAG repear polymorphism of AR and to the —=395G—A polymor-
phism of KL in 1.10] and 1.110 wonen, respectively. The study
protocol complies with the Declaration of Helsinki and was ap-
proved by the Committee on Ethics of Human Research of National
Chubu Hospiral and the NILS. Written infunned consent was ob-
tained from each subject.

Measurement of BMD

BMD for the 1o1al body, Jumbar spine (L2-L4), right femoral neck.
right wrochanrer, and right Ward's triangle was measured by dual-
energy X-ray absorptiomerry (QDR 45300; Hologic, Bedford, Mass.,
USA). The coefficients of variance of the machine were 0,95 (total
body), 0.9% {L2-L41. 1.3% (femoral neck), 1.0% (trochanter). and
259 (Ward's tnangle),

Determination of genorypes

The polymorphic region in exon 1 of AR was anplified by the
polymerase chain reaction (PCR) with a sense primer labeled ar the
5 end with é-carboxyfluorescein  (3-ACCTCCCGGCGCC-
AGTTTG-3") and Wil’h an antisense primer (3-CTGCTGCTGC-
CTGGGGCTAG-3'). The reaction mixture (25 pl) contained 20 ng
DNA. S5 pmol of each primer, 0.2 mmol/l of each deoxynuclevside
triphosphate, 2.5 mmol/1 MgSQ,. und .4 U KODplus DNA poly-
merase {Toyobo, Osaka. Japan) in polymerase buffer, The ampli-
fication prolocnl comprised initial depaturation at 94°C for 5 min:
35 cycles of denararation at 94C for 30 s and annealing-extension

at 65“C for 30 s: and a final extension at 65°C for 2 min, The size of

microsatellite-containing DNA fragments amplified by PCR was
determined with a Prism 3100 DNA sequencer with GeneSean and
Genotyper software (Applied Biosystems, Foster City, Calif,,
USAy

Genotypes for KL were determined with a fluorescence-based
allele-specific DNA primer assuy systern [34]. The polymorphic
region of KL was amplified by PCR with allele-specific sense
primers labeled at the 5’ end with either fluorescein isothtocyanate
t5'-GGCGCCGACCAACTTXCC-3" or Texas red (5-GGCGCC-
GACCAAC’ITXIC-S") and with an antisense primer labeled at the
5' end with biotin (5'-CTAGGGCCCGGCAGG -‘sTC 3. The re-
action mixture {25 W) contained 20 ng DNA. 3 pmol of euch
primer. 0.2 mmoll of each deoa;nu»leonde triphosphate.
2.5 nmold MeCl,, and | U of rTaq DNA polymerase {Toyobo) in
polymerase buffer. The amplification proocol comprised initial
denaturation at 93°C for 5 min: 40 cyeles of denaturation at 95°C
for 30 5, annealing at 65°C for 30 . and extension at 68°C for 30 s;
andt a final extension at 68°C for 2 min. The amphified DNA wux
incubated in a svlution containing streptuvidin-conjugated magnetie
beads in the wells of a 96-well plate ut room teperature, The plate
wus then placed on a magnetic stand, and the supernatants from
each well were transferred to the wells of a 96-well plate conraining
0.01 moll NaOH and were measured for {luorescence with a mi-
croplate reader (Fluorosean Ascent: Dainippon Pharmaceutical.
Osaka, Japan) a1 excitation and emixsion wavelengths of 485 and
538 nm. respectively. for fluorescein isothiocyanate and of 584 and
612 mm. respectively, for Texas red.

Statistical anwysis

Since quantitative data were not necessarily all distributed nor-
mally. they were compared by both parametric and nonparametric
tests. Comparisons between two groups were performed with the
unpaired Student’s ¢ test or the Mann-Whitney U 1est, and rhose
among three or more groups were compared by one-way analysis of
variance and the Tukey-Kramer post hov test or by the Kruskal-
Wallis test (SAS, SAS Institute, Cary, N.C,, USA). Since the results
obtained with parameitic and nonparametric tests were ‘:imilar.
statistical apalyses with the furmer are shown in Tables 1. 2, 3, and
4. BMD values were analyzed with adjustment for age, height, and
body weight by rthe least squares method in a general Linear model.
Allele freciuencics were estimated by the gene-counting method,
and the y° test was used to identify significant departure from
Hardy-Weinberg equilibrium. The effects of the CAG repeat gen-
otype of AR, the =395 G—A genctype of KL, or both zenotypes on
BMD at various sites for all wonen were evalualed by regression
analysis; R and P values were calculated from anal)bls of AR
genotype and/or KL genotype. We considered a P value of 0.003 or
less 1o be staristically significant for the multiple compaiisons of
genotypes with BMD. For other background data. a P value of 0.05
ot less was considered statistically significant. We also calculated
the statistical power o detect differences in BMD among women
with different genolvpes. where a=0.0167 among three groups,
o=0.0083 among four groups. and f=0.1.

Results

The distribution of the number of CAG repeats in AR for
all women ranged from 12 to 37 (22.8+2.9; Fig. 1). The
numnber of CAG repeats was significantly related to L2-
L4 BMD for premenopausal women, but not for post-
menopausal or total women (Fig. 2). Among premeno-
pausal women BMD for the Jumbar spine decreased as the
number of CAG repeats increased. Since the mean num-
ber of CAG repeats was 22.8, we designated CAG),.2,
and (CAG),z2; alleles as short (8) and long (L) alleles,
respectively,

The diswibutions of 58, SL, and LL genotypes of AR
were i Hardy-Weinberg equilibrium, and age. height,

4K}
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Fig. 1 Distribution of the nemiber of CAG repeats in AR in 1,101
women 12,202 alleles)
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Fig. 2 Relationship between
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Tuble | BMD and other characteristics of all women (#=1,101) according to the CAG repeat genotype of AR, BMD values are adjusted

for age, beight, and body weight

5§ (=238, 21.6%)  SLn=535,38.6%) LL (n=328.29.8%)  S$§+ SL =773, 70.2%) SL + LL (n=R63. 7R4%)
Age (years) 58.9+0.7 59.120.5 50.9:0.6 59.1x0.4 59.410.4
Height {cm) 151,804 151.2+0.3 151.0+03 151.4+0.2 151.120.2
Body weight (kg) 52.320.5 514204 526103 524203 52.5+0.3
BMD (g/cm™y
Total body 0.972x0.006 0.965x0.004 0.9610.0U5 0.967+0.003 U.96320.003
L2214 0.884+0.003 0.861+0.005+% 0.860+0.007 0.368+0.005 0.86(20.004**
Femoral neck 0.68620.006 0.677+0.004 0.673+0.005 0.6%0+0.002 0.676=0.003
Trochanter 0.576+0.003 0.570=0.004 0.565+0.005 0.572+0.003 0.569+0.003
Ward's tiangle 0.514+0.008 0.506+0.005 0.505+0.006 0.508+0.004 - 0.506+0.004

# P<0.05, **P<0.01 vs. 55 (statistical power to detect differences
Targest value)

and body weight did not differ among genotypes. for all
women {Table 1), BMD for the lumbar spine with ad-
justment for age, height, and body weight tended to be
lower in the combined group of women with the SL or LL
genoetypes or in women with the SL genotvpe than in those
with the 85 genotype: the P values for these differences,
however, did not achieve stanistical significance,

To examine the possible influence of menopause on
the relationship between genotype and BMD, we ana-
lyzed BMD and other characteristics for premenopansal
and postmenopausal women independently. Because of
their small number {(r=17) perimenopausal women were
excluded from the analysis. The distributions of §S, SL.
and LL genotypes of AR were in Hardy-Weinberg equi-
librium. and age, height, and body weight did not differ
among genotypes, for premenopausal or postmenopansal
women (Table 2). For premenopausal women, BMD for
the total body was significantly (P<0.005) lower in those
with the LL genotype than in those with the $§ genotype
or those in the combined group of 5§ and SL genotypes.
The ditference in BMD for the total body between the 5§
genotype and the LL genotype was 3.9% (expressed 4s a
proportion of the larger value). In contrast. BMD was not
associated with AR genotype in postmenopausal women,

in BMD among women with §8, SL, or LL genotypes is (.1% of the

The distribution of —395G—A genotypes of KL was in
Hardy-Weinberg equilibrium. and age, height. and body
weight did not differ among genotypes for all women
(Tuble 3). BMD for the lumbar spine was significantly
(P=0.005) lower in women with the GG genotype than in
those with the AA genotype; the difference in L2-1.4
BMD between these two groups (expressed as a per-
centage of the larger value) was 7.9%,

We also analyzed the relationship of BMD and other
characteristics to KL genotype for premenopausal and
postmenopausal women independently (Table 4). The
distributions of —-395G—A genotypes of KL were in
Hardy-Weinberg equilibrium. and age and body weight
did not differ among genotypes in premenopausal or
postmenopausal women. Height did not differ umong KL
genotypes in premenopavsal wemen, but postmenopausal
women with the GG genotype were taller than were those
with the GA genotype or those in the combined group of
GA and A4 genotypes. In premenopausal women, BMD
was not associated with —395G—A genotype. In post-
menopausal women. although there was a trend (P<0.05)
for BMD for the total body or lumbar spine to be lower in
subjects with the GG genotype than in those with the A4
genotype or those in the combined group of GA and A4
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Table 5 Effects of the CAG AR genotype

KL genotype AR and KL genotypes

repeit genotype of AR, the B}
—395G—A genuotype of KL, or R P R- P R- P
both genotypes on BMD in all Total bed
ammen (=1 11¢ L atal body
women (r=1.110). The R and £ T0R 00023 01255 00015 021ST 00026 0.1016
aression analvsis of AR geno- L'I}L]’.A 0.0015 0.2157
¥ =585, |=SL=LL} and/ow - )
:'{Ec;gn;?ipcl (gigcgéa_ AR 0.0045 0.0307 0.0045 0.0287 0.0048 0.0236
1=44) KL 0.0046 0.0281
Femoral neck
AR (0.0031 0.0735 0.0008 0.3457 0.0034 0.0621
KL ‘ 0.0008 0.3464
Trochanter
AR 0.u013 0.2399 0.0027 0.0921 0.0016 0.199}
KL 0.0027 0.095%
Ward's mian-
gle
AR 0.0015 0.2124 0.0013 0.2382 0.0017 1856
KL 0.0013 0.2432

genotypes, the £ values for these relationships did not
achieve statistical significaoce.

Finally, the effects of the CAG repear genotype of AR.
the =395G—A genotype of KL, or both genotypes on
BMD at various sites in all women were evalvated by
regression analysis (Table 3). Although there was a treod
(P <0.05) that AR g¢enotype and KL genotype affected
BMD for the lumbar spine, this difference was not sta-
tistically significant. The effects of the two polymor-
phisms on BMD were statistically independent.

Discussion

The CAG repeat polymorphism of AR has previously
been shown 10 be associated with osteoporosis in men. In
a study of white men, repeat length was inversely corre-
lated with BMD. with long repeats [(CAG),»2,] being
associated with lower phalangeal BMD., higher bone
turnover. and increased bone loss [21]. A study of Finnish
men, however, did not detect an association between this
polymorphisin of AR and BMD [26]. In women over-
representation of certain AR genotypes (combinations of
alleles with 22, 23, 24, or 25 repeats) was found among
pre- or perimenopausal individuals with low BMD [11]. A
Danish study demonstrated a higher frequency of long
alleles in women with osteoporotic fractures and a neg-
ative correlation between allele size and BMD [22]. 1n
contrast, no association was observed between the AR
polymorphisni and BMD in a study of Finnish women
[25]. The effects of the CAG repeat polymorphism of AR
on BMD have not previously been determined for pre-
menopausal and postinenopausal women independently in
the same ethnic gronp.

We have now shown that the number of CAG repeats
in AR is inversely comvelated with BMD for the lumbar
spine in premenopausal Japanese women, and that BMD
for the rotal body is significantly lower in premenopansal
women with two (CAG),,» 13 alleles than in those with one
or two (CAG), -y alleles. Our observation that long re-
peat alleles are associated with reduced BMD is consis-

tent with the similar previous observation in Danish
women [22].

This association between BMD and the CAG repeat
polymorphism is possibly attributable to the fact that the
ransactivation activity of the AR is inversely correlated
with the number of CAG repeats [17, 1§, 19]. In vitro
observations thus suggested that a decrease of six CAG
repeats results in a 12% increase in lgand-dependent
transactivation acuivity of the AR [18]. This relationship
between repeat length and transactivation activity is due
in part to variation in the basal acrivity of the AR and w0
functional interaction of the polyglutamine tract with
coactivators [35. 36]. In addition. the serum concentration
of androgens is related to the CAG repeat polymorphism
of AR. with short alleles being associated with higher
levels of androgens in premenocpausal women [37]. This
finding supports our observation that the AR polymor-
phism is associated with BMD in premenopausal. but not
postmenopausal, women, although the definition of short
alleles differed between this previous study {CAG),. 9]
[37} and our study [(CAG),.22] and postmenopausal
women were not examined in the previous study [37].

The mean number of CAG repeats for the AR in our
population (22.8) was greater than that previously re-
ported in Danish women (21.9) |24] or in Danish normal
{20.5) or osteoporotic (21.0) women [22]. Furthermore,
the mean number of CAG repeats in African-American
men (20.1) was smaller than that in white men (22.1) or
Asian men (22.1) [15]). These differences in repeat num-
ber may account at least in part for the differences in
BMD or in the prevalence of osteoporosis among ethnic
groups. Since the mean number of CAG repeats was 22.8
in our study population, we designated (CAG),-;> and
(CAG).zas alleles as short (8) and long (L} alleles, re-
spectively. The cutoff value for the CAG repear number
in our study was thus greater than that in previous studies:
{CAG}:2y (24]). (CAG)uz2 [22). (CAG10 [37]. and
{CAGY,q 1y [23] for the S allele.

The somatic cells of most females contain two X
clwomosomes. only one of which is active. The process of
X chromosome inactivation, which occurs early in de-
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velopment, is usuaily 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 associsted 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 individoals with the 5L
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 63 yeurs or older and with that
tor 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 ~393G—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 funcrional effect. We found that the ~395G—A
polymorphism of KL is significantly associated with
BMD for the Jumbar spine in all women, with the GG
genotype representing a risk factor for reduced BMD.
However, when premenopausal and postmenopiusal
women were analyzed separately, this polymoerphism was
not significanty 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 (7=1,110) than in the previous study (r=35 for
white women, n=215 for Japanese woinen). (b) BMD was
compared among KL genotypes with adjustment for age.
height. and body weight in our stndy, but BMD was not
adjusted in the previous study. However, it 1s possible that
the -395G—A polymorphism of AL is in linkage dis-
equilibrium with other polvmorphisms of KL or of nearby
genes that are actvally the determinants of BMD. Al-
though we adopted a strict criterion of statistical signifi-
cance (PZ0.003) 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 1o the promoter is
impaired by the G—A substitution. which may affect the
expression of K. 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 200! suggested
that in approximately 25% of Japanese individuals, the
amount of vitamin D taken was smaller than that of daily
requitement (100 TN, 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
subelinical 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), 2, 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 polymerphisms on
BMD were statistically independent.
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ORIGINAL ARTICLE

Inactive Aldehyde Dehydrogenase-2 Increased the
Risk of Pancreatic Cancer Among Smokers in a
Japanese Male Population

Kyoko Miyasaka, MD, PhD,* Takako Kawanami, PhD,} Hiroshi Shimokata, MD, PhD,
Shigeo Ohta, MD, PhD,§ and Akihiro Funakoshi, MD, PhD}

Objectives: Most of the acetaldehyde, a recognized animal carci-
nogen, generated during alcohol metabolism is eliminated by liver
mitochondrial aldehyde dehydrogenase 2 {ALDH2). More than 40%
of Japanese have the inactive form of ALDH2, and inactive ALDH2
is a risk factor for multiple cancers of the esophagus as well as head
and neck cancer, Possible associations between pancreatic cancer and
ALDH2? gere polymorphism, in conjunction with smoking and/or
drinking habits, were examined in a Japanese population.

Methods: We investigated 114 patients (70 male and 44 female)
with pancreatic cancer and compared them with 2070 control subjects
(1050 male and 1020 female). The drinking (5 g ethanol consump-
tion/d) and/or smoking habits as well as ALDH2 gene polymorphism
were examined.

Results: In male subjects, the frequency of the active form of
ALDH2 (2*1/2*1) was lower in pancreatic cancer patients than in
control subjects (# = 0.018). The frequency of subjects with both
smoking and drinking habits was significantly higher in pancreatic
cancer patients than in contrel subjects having ALDH2*1/2*1 and
ALDH2*1/2%2. The frequency of smoking habit alone was signifi-
cantly higher in pancreatic cancer patients compared with control
subjects having inactive ALDH2. Drinking habit had no relation to
pancreatic cancer. In female subjects, neither habit had a relation to
pancreatic cancer.

Conclusions: Smoking habit did increase the risk of pancreatic
cancer, and this nisk was further enhanced in subjects with inactive
ALDH2 in a male population but not in a female population. There
was no relationship between drinking habit and pancreatic cancer in
either sex population.

Key Words: pancreatic cancer, alcohol, smoking, ALDH2, genotype
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I n Japan, pancreatic cancer ranks as the fifth most common
cause of cancer death, and the 5-year survival rate of its
victims is less than 10%.' Smoking is a well-documented risk
factor for the development of pancreatic adenocarcinoma.? In
contrast, alcohel intake has not been firmly established as
causally related or unrelated to pancreatic cancer.®* Heavy
alcohol intake may cause chronic pancreatitis. Aleoholic pan-
creatitis, which accounts for 55.5% of pancreatitis cases, is the
most common type in Japanese men (68.5%).> Chronic pan-
creatitis has been indicated as a risk factor for pancreatic
cancer. ,

In the body, alcohol is processed as follows. Orally in-
gested ethano] is metabolized by alcohol dehydrogenase, and
the first metabolite is acetaldehyde, Most of the acetaldehyde
generated during alcohol metabolism is eliminated by liver
mitochondrial aldehyde dehydrogenase 2 (ALDH2) by con-
verting the acetaldehyde into acetic acid. The Japanese popu-
lation is deficient in ALDH2 because of the high frequency
of a mutant allele in the ALDH2 gene (ALDH2*2). The
ALDH2*2 allele encodes a Glu-to-Lys amino acid substitution
at the 14th and last codon. More than 40% of Japanese have
the inactive form of ALDH2, encoded as either heterozygous
ALDH2*1/2*2 or homozygous ALDH2*2,'® while the major-
ity of whites possess the active form of ALDH2 (2*1/2*1).

Acetaldehyde is a recognized animal carcinogen.!' A
recent report'? showed that inactive ALDH2 is a risk factor for
multiple carcinomas of the esophagus in alcoholics and that
acetaldehyde appears to play a critical role in field cancer-
ization. More recently, there has been an association between
ALDII-§2 gene polymorphisms and cancers of the head and
neck.

In this study, we investigated 114 Japanese patients
with pancreatic cancer to determine whether it is associated
with ALDH2 gene polymorphism, particularly in conjunc-
tion with smoking and/or drinking habits.

MATERIALS AND METHODS

Subjects

This study was approved by the Ethics Committees of
the National Kyushu Cancer Center, of the National Institute
of Longevity Sciences (NILS), and of the Tokyo Metropolitan
Institute of Gerontology. Written informed consent was ob-
tained from each subject.
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The 70 male subjects (mean age 62 years; range, 41-80)
and 44 female subjects (mean age, 66 years; range, 43-93) had
been consecutively hospitalized at the National Kyushu Can-
cer Center. Pancreatic cancer was diagnosed cIinically by imag-
ing techniques including ultrasound, CT scanning, and mag-
netic resonance tomography and was proved by histologic
examination.

The age-matched control subjects consisted of 1050
male parhmpants (mean age, 59 years; range, 40-79) and 1020
female participants (mean age, 58 years; range, 40-79) in the
NILS Longitudinal Study of Aging (LSA)."

Subjects who consumed more than 5 g of ethanol per
day were judged as having a drinking habit. The smoking
status classifications were current smoker, ex-smoker, and
never smoked, Only current smokers were judged as having
a smoking habit,

Genotyping Procedures

The genotype of the ALDH2 gene was determined by
a mismatched PCR-restriction fragment length polymorph1sm
(RFLP) method reported previously."®

Statistical Analysis

Statistical differences between pancreatic cancer sub-
jects and confrol subjects were assessed using the x* test or
Fisher direct test. Probability differences of P < 0.05 were
considered statistically significant.

RESULTS

Smoking and/or Drinking Habits

The frequency of male subjects who had both smoking
and drinking habits was significantly higher in the pancreatic
cancer patients than in control subjects (Table 1). The fre-
quency of male subjects who had a smoking habit with or
without a drinking habit was significantly higher in pancreatic
cancer patients than in control subjects (70% for pancreatic
cancer patients vs. 37.5% for controls), whereas a drinking
habit with or without a smoking habit was not different be-
tween the 2 groups (64.5% for pancreatic cancer patients vs.
66.7% for controls) (Table 1).

In contrast, more than 70% of female subjects had
neither habit (Table 1). Although the frequency of subjects

who had a smoking habit alone tended to be higher and the
frequency of subjects who had a drinking habit alone tended to
be lower in pancreatic cancer patients than control subjects
regardless of sex, but the differences were not statistically
significant.

Distribution of ALDH2 Genotype Between
Pancreatic Cancer Patients and Control Subjects

The distribution of the ALDH2 genotype in the control
subjects of both sexes was similar to those in previous
reports'® (Table 2). In male subjects, the frequency of the
active form of ALDH2 was significantly lower in pancreatic
cancer patients than in control subjects (P < 0.02), whereas no
difference was observed in female subjects in pancreatic
cancer patients and control subjects (Table 2).

Smoking and Drinking Habits, and ALDH2 Gene
Polymorphism Between Pancreatic Cancer Patients
and Control Subjects

Int male subjects, the frequency of subjects who had both
smoking and drinking habits was significantly higher among
the pancreatic cancer patients than among control subjects
with either ALDH2*1/2*1 or ALDH2*1/2*2 (Table 3). The
odds ratio was 3.13 for the subjects with ALDH2*%1/2*] and
3.12 for those with ALDH2*1/2*2. The frequency of subjects
with ALDH2*1/2*2 who had a smoking habit alone was
significantly higher in pancreatic cancer patients than in con-
trol subjects (P =0.048) (Table 2). On the other hand, none of
the 8 pancreatic cancer patients with ALDH2*2/2%2 had
a drinking habit. Four of the ALDH2*2/2%2 subjects had
a smoking habit (Table 3), but the difference between the
pancreatic cancer patients and the controls was not significant
(P = 0.44) because the absolute number of subjects with
ALDH2*/2* was small. However, among the subjects with
inactive ALDH?Z (including ALDH2*1/2%2 and ALDH2*2/2*2),
the frequency of the smoking habit alone was again signifi-
cantly higher in pancreatic cancer patients than in control
subjects (P < 0.03),

In contrast, in female subjects because few subjects had
smoking and/or drinking habits, there were no significant dif-
ferences between pancreatic cancer patients and control sub-
jects in terms of habits and/or ALDH2 genotypes (Table 4).

TABLE 1. Smoking and/or Drinking Habits in Pancreatic Cancer Patients and Control Subjects

Both Smoking
and Drinking Smoking Habit Drinking Habit Neither Total
Habits n (%) Alone n (%) Alone n (%) Habit n (%) n (%)
Male
Pancreatic cancer 35 (50.0)* 14 (20.0) 10 (14.3) 11 (15.7) 70 (100)
Control subjects 294 (27.5) 107 (10.0) 419 (39.2) 233 (21.8) 1350 (100)
Female
Pancreatic cancer 1(2.2) 5(11.4) 3(6.8) 35(79.5) 44 (100)
Control subjects 25 {2.5) 46 (4.5) 227 (22.3) 722 (70.8) 1020 (100)

*The frequency was significantly Jower compared with that in control subjects (x* = 23.01, df = 1, P = 0.000).
The difference between pancreatic cancer patients and control subjects was tested by 2 X 2 x* test.
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