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#&1 AP RTyIRIFAEER (60 R B )

B RL M SRE i 805 =1]

QOdds ratio 95%ClI
D50 (1K) 0.66 0.36-1.20
BHU8) 147 0.81-2.69
FTHHRER(FR) 1.76 0.70-4.54
1stER{EFE (F) 7.33 %ok 3.61-14.89
D100 (&) 0.76 0.42-1.38
BHUE) 1.42 0.78-2.59
FHORER(FR) 1.78 0.70-4.50
1stin B EE () 7.20 ok 3.56-14.57
P100({%) 0.63 0.34-1.18
ERUE) 1.37 0.76-2.51
THBERFER) 190 0.75-4.81
1st#z{E FE () 7.49 %ok 3.68-15.25
2548 (K) 0.53 * 0.29-0.98
EAHUE) 1.49 0.81-2.73
THMERRCTR) 1.69 0.66-4.32
1st85 3 () 7.57 sokk 3.69-15.52
FEHE (1K) 0.60 0.33-1.10
Eh UK 1.51 0.83-2.77
FHROBRER(TR) 1.77 0.69-4.52
1stER B () 7.41 %ok 3.64-15.11
KB ETREP(IE) 157 0.84-2.90
£EH(E) 1.34 0.73-2.45
FHRMORER(FR) 1.73 0.68-4.37
1stiz I (F) 7.08 #okk 3.50-14.34
KERFEB (1) 1.24 0.67-2.31
EHUE) 1.37 0.75-2.51
THRHOEER(TR) 1.82 0.72-4.59
15t FE (F) 7.24 %¥x 3.58-14.64
Ward = ({€) 1.33 0.72-2.44
£ H(E) 1.37 0.75-2.51
THROBER(TR) 1.78 0.71-4.50
1stER{BIFE (H) 7.30 *okok 3.61-14.79

Hkkp <001
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#&2 OPAT v YERSITHEE (60 KRFH M)
FEREL G 2nd[E=0.5=1]

Odds ratio 95%CI

D50({€) - 06t 0.36-1.00
EHUE) 1.24 0.75-2.05
FHOBER(RR) 89 0.34-8.69
1stER B (F) 4.96 ok 2.83-8.68
D100 (&) 063 1 0.37-1.05
EHE) 1.21 0.73-1.99
FHROBER(FRR) 89 0.34-2.30
1stEa{BIfE () 5.08 %k 2.89-8.92
P100({E) 061t 0.36-1.02

#H (E) 119 0.72-1.97
FHORER(FR) 91 0.35-2.34
1st8RfERE () 501 %k 2.86-8.78
257 (E) 1.13 0.67-1.89
#BHhUE) 1.13 0.67-1.89
FHRUBER(FR) 87 0.33-2.28
1 stER B BE () 4.81 Hkx 2.76~8.39
HEHE (16) 0.78 0.46-1.31
EHhUE) 1.23 0.74-2.06
FEHMRER(FR) 9 0.35-2.36
1stEcfBFE () 4.73 *kk 2.72-8.22
KR EEEER () 1 0.60-1.66
#HUs) 1.17 0.70-1.95
FHNRER(FR) 88 0.34-2.29
1stEEMRIBE (F) 4.75 *okx 2.73-8.27
KEZFER () 0.81 0.49~1.35
EHK) 1.21 0.73-2.01
FHHRER(RR) 87 0.33-2.26
1stERBI B () 4.79 k% 2.75-8.35
Ward= £ ({§) 0.79 0.47-1.31
£H (K) 1.23 0.74-2.05
FHHOBRERER) 90 0.34~2.36
1stEn B () 4.78 sk 2.75-8.32

tp<.10 *¥xp<.001
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#£3 OUXToyVRIBRH TSR (605ELLEBiE)
it R BRfBI R 2nd[E=0,5=1]
{Qdds ratio 95%ClI

D50({%) 0.88 0.56-1.41
#H ) 1.33 0.84-2.11
TEHMOEERER) 1757 0.90-3.40
1stERfBIE (F) 4.68 F¥* 2.73-8.03
D100 ({&) 1.06 0.67-1.69
B HUE) 1.28 0.81-2.04
TEHNRERTR) 1797 0.92-3.47
1st3a I () 4,63 *xx 2.70-7.94
P100({§) 0.87 0.55-1.38
ENUE) 1.32 0.84-2.09
FHORER(RR) 176 1 0.91-3.41
1stEn {8 (F) 4.62 sokk 2.69-7.91
257 (8) 1.14 0.71-1.81
EBHUE) 1.26 0.79-2.01
EHMMRER(RR) 181 ¢F 0.93-352
1stEn{BIEE () 466 2.72-7.99
fEHE (1) 0.85 0.54-1.34
EHUE) 1.31 0.83-2.07
FHRMBEX(TRR) 1751 0.90-3.39
1stEnfB|FE () 4.63 4% 2.70-7.94
KEEEEEAT(IE) 089 0.56-1.41
EH(E) 1.38 0.84-2.12
FHMNBER(TE) 1781 0.02-3.44
1sti{HEE(]) 4.64 Hokk 2.71-7.96
KRELFHER(E) 0.91 0.57-1.44
EBHUE) 1.32 0.83-2.09
FHOBRERAR) 178 T 0.92-3.44
1st85{HIE (B) 4.61 #xx 2.69-7.91
Ward=# (/§) 1.28 0.79-2.06
BhUE) 1.21 0.75-1.95
THMRER(RR) 1811 0.94-3.51
1stéx I (H) 4,73 #rk 2.75-8.13
+p<.10 *+xp< 001
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x4 OO ATy BIBH TSR (605% KL E&tE)
ISR T R BRI 2nd[#=0,F=1]

0Odds ratio 95%Cl

D50 ({&) 153 1 0.93-2.53
ENUR) 04 0.58-1.54
FHNEER(FRR) 124 0.61-2.53
1stERBIFE(H) 4.55 Hkk 2.73-1.59
D100 ({E) 153 1 0.93-2.50
#EAHUE) 97 0.59-1.57
FENRER(TR) 1.16 0.57-2.36
1stenfBIfE () 4.49 *¥x 2.69-7.49
P100({%) 1.34 0.83-2.16
EHUR) 1.01 0.62-1.63
FHOBER(TR) 1.4 0.56-2.33
1stER B FE () 4.52 *¥x 2.71~7.53
257 (K) 155 1 0.95-2.54
#hE) .94 0.57-1.53
ETHRORERGER) 1.21 0.60-2.46
IstERBIFE(F) 4.56 ok 273-761
FEHE (1) 99 0.61-1.61
EHUR) 1.02 0.63-1.66
FHRHURER(FR) 117 0.57-2.37
1stERfBIE () 4.64 %k 2.79-7.73
KEEREUE) 110 0.68-1.79
EHUE) 1.01 0.62-1.63
THMORERZ(TR) 116 0.57-2.36
1st8nfB () 4.63 *¥x 2.78-1.70
KREF5B (1K) 1.03 0.63-1.67
EHUE) 1.01 0.62-1.66
FHMRER(FRR) 1.17 0.57-2.37
1stBR{EIfE () 4.63 %ok 2.78-1.72
Ward= % ({€) 2.04 *x 1.24-3.34
#EHUE) 92 0.56-1.50
ITHROBER(FR) 119 0.58-2.41
1stERfBIFE () 4.61 %%k 275-7.72

Tp<.10 **p<.05 *¥*p<.001
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PRELIMINARY REPORT

Association of a Polymorphism of the Matrix Metalloprotcinase-9 Gene With
Bone Mineral Density in Japanese Men

Yoshiji Yamada, Fujiko Ando, Naoakira Niino, and Hiroshi Shimokata

Matrix metalloproteinase~9 (MMP-9) is implicaied in bone remodeling. A —1562C—T polymorphism in the promoter of the
MMP-9 gene (MATPS) has been shown to influence gene transceription. The possible relation of this polymorphism to bone
mineral density {(BMD) was examined in 1,114 Japanese men and 1,087 women. BMD for the total body, lumbar spine, femoral
neck, trochanter, or Ward's triangle was significantly lower in the combined group of men with the CT or TT genotypes or in
men with the CT genotype than in those with the CC genotype. No significant differences in BMD among MMP9I genotypes
were observed in premenopausal or postmenopausal women. The —1562C—T polymorphism of MMP9 was thus associated

with BMD in Japanese men.
@ 2004 Elsevier Inc. All rights reserved,

ATRIX metatloproteinase~9 (MMP-9) is produced by

osteoclasts in human bone and is implicated both in
bone resorption,!-3 as well as in bone formation.* A C—T
polymorphism at position —1562 in the promoter of the
MMP-9 gene (MMP9) has been shown to affect transcriptional
activity, with the T-allele being associated with increased gene
transcription.> We have now examined whether this polymor-
phism is associated with bone mineral density (BMD) in a
population-based study.

MATERIALS AND METHODS

The National Institute for Longevity Sciences-Longitudinal Smudy of
Aging is a population-based prospective cohort study of aging and
age-related diseases.® We examined the possible association of BMD at
various sites with the —1562C—T polymorphism of MMP9 in 1,114
Japanese men and 1087 women. The study protocol was approved by
the Committee on the Ethics of Human Research of the National
Institute for Longevity Sciences, and written informed consent was
obtained from each subject. BMD for the total body, lumbar spine (L2
to L4), right femoral neck, right trochanter, and right Ward's triangle
was measured by dual-energy x-ray absorptiometry.

Genotypes were determined with a fluorescence-based allele-specific
DNA primer assay system. The polymorphic region of MMPI was
amplified by the polymerase chain reaction with allele-specific sense
primers labeled at the 5' end with either fuorescein isothiocyanate
{5'-CCGAGTAGCTGGTATTATAGGXAT-3") or Texas red (5'-
COAGTAGCTGGTATTATAGGXGT-3') and with an antisense
primer labeled at the 5° end with biotin (3'-AAACCAGCCTGGT-
CAACGTA-3'). The reaction mixtures (25 uL) contained 20 ng of
DNA, 5 pmol of each primer, 0.2 mmol/L of each deoxynucleaside
triphosphate, 4.5 mmol/L MgCl,, and 1 U of Tag DNA polymerase in

Metabolism, Vol 53, No 2 (February), 2004: pp 135-137

buffer. The amplification protocol comprised initial denaturation at

© 95°C for 5 minutes, 35 cycles of denaturation at 95°C for 30 seconds,

annealing at 66.5°C for 30 scconds, extension at 68°C for 30 seconds,
and a final extension at 68°C for 2 minutes. Amplified DNA was
incubated in a solution containing streptavidin-conjugated magnetic
beads in the wells of a4 96-well plate at room temperature. The plate was
placed on a magnetic stand, and the supematants from each well were
transferred to the wells of 2 96-well plate containing 0.01 mol/L. NaOH
and then measured for fluorescence with a microplate reader.
Quantitative data were compared among 3 groups by 1-way analysis
of variance and the Tukey-Kramer post hoe test, and between 2 groups
by the unpaired Student’s z test. BMD values were analyzed with
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Tabla 1. BMD and Other Characteristics of Men [n = 1,114} or of Premenopausal {n = 279) or Postmencpausal {n = 808) Women
According to the —~1562C—T Genotype of MMP2

Characteristic cc cT T cT+ TT
Men
No. (%) 784 (71.3) 280 (25.1) 40 (3.6} 320 (28.7)
Age (yr} §9.0 = 0.4 599 +0.7 58.7 = 1.7 59.7 = 0.6
BMI {(kg/m?} 229 =01 2283+0.2 231 =04 229 %02
Fractura (%) 201 [25.3) 76 (27.1) 11 (27.5) 87 (27.2}
BMD values (g/cm?)
Total body 1.090 = 0.003 1.076 = 0.006 1.081 = 0.015 1.077 = 0.005*
L2-L4 0.988 = 0,006 0.965 *= 0.010 0.981 = 0.026 0.967 = 0.009*
Femoral neck 0.758 = 0.004 0.739 = 0.006* 0.736 = 0.017 0.739 = 0.0061
Trochanter 0.673 = 0.004 0.655 = 0.006% 0.659 x 0.017 0.655 = 0.006*
Ward's triangle 0.559 % 0.004 0.534 = 0.007* 0.532 = 0.020 0.534 = 0.007%
Premenopausal women
No. {%) 200 (71.7} 70{25.1) 91{3.2} 79 (28.3)
Age {yr) 46,2 £ 0.3 456 * 0.5 49.9 + 1.5§ 461 £ 0.5
BMI (kg/m?) 22802 22804 227 *+1.1 228*04
Fracture (%)} 23(11.5} 8{11.4) 3(33.3) 11(13.9)
BMD values {g/icm?)
Total body 1.091 = 0.006 1.102 = 0.010 1.088 = 0.028 1.100 = 0.009
L2-L4 1.019 = 0.009 1.035 = 0.074 1.031 £ 0.041 1.035 = 0.014
Femoral neck 0.770 =0,007 0.775 = 0.016 0.793 = 0.032 0.777 £ 0.011
Trochanter 0.654 = 0,006 0.664 = 0.011 0.689 = 0.030 0.667 * 0.010
Ward's triangle 0.659 * 0.009 0.654 = 0.015 0.693 * 0.042 0.658 * 0.014
Postmenopausal women
No. (%) 563 {69.7) 214 {26.5) 31(3.8) 245 (30.3)
Age {yr) 63804 641 =086 65.0 =15 64205
BMI {kg/m?) 23.0 =01 228 %02 233=06 22902
Fracture (%) 114 (20.2) 45 (21.0) 8 (25.8} 53(21.6)
BMD valuss (g/ierm?)
Total body 0.920 = 0.004 0.915 % 0.006 0914 = 0.016 0.915 = 0.006
1214 0.808 = 0.006 0.806 * 0.009 0.841 £ 0.025 0.810 = 0.009
Femoral neck 0.645 > 0.004 0.642 = 0.005 0.637 = 0.016 0.641 £ 0.006
Trochanter 0.540 = 0.004 0.538 + 0.006 0.533 + 0.016 0.537 = 0.006
Ward's triangle 0.452 = 0,005 0.451 £ 0.008 0.461 £ 0.022 1.452 = 0.008

NOTE, Data are means * SE. BMD values ara adjusted for age.
*P <05, tP<.01, P < 005 v CC.
§P< 05 v CCorCT.

adjustment for age by the least squares method in a general linear
model. A P value < .05 was considered statistically significant.

RESULTS

Age, body mass index (BMI), and the prevalence of non-
traumatic fractures did not differ among —1562C—T geno-
types in men or in premenopausal or postmenopausal women
(Table 1). We compared BMD values among the 3 genotypes
{CC, CT, and TT), as well as between 2 groups of genotypes in
dominant (CC and CT + TT) and recessive (CC + CT and TT)
genetic models to examine the effect of the T allele on BMD.
BMD for the total body, lumbar spine, femoral neck, trochan-
ter, or Ward’s triangle was significantly lower in the combined
group of men with the CT or TT genotypes or in men with the
CT genotype than in those with the CC genotype (Table 1). The
differences in BMD between men with the CC genotype and
those with either the CT or 7T genotypes (expressed as a
percentage of the corresponding larger value) were 1.5% for the
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total body, 2.2% for the lumbar spine, 2.8% for the femoral
neck, 2.7% for the trochanter, and 5.2% for Ward's triangle.
For premenopausal or postmenopausal women, BMD did not
differ among —1562C—T genotypes (Table 1).

DISCUSSION

We previously showed that the —1607G—GG polymor-
phism of MMP! was associated with BMD at the radius in
postmenopausal women,® with the GG genotype, which exhib-
its an increased transcriptional activity,” representing a risk
factor for reduced BMD. The T allele of the —1562C—T
polymorphism in the promoter of MMP9 also exhibits higher
transcriptional activity than does the C allele.5 A 9-bp sequence
(—1567 to —1539) containing the ~1562C—T site has been
suggested to function as an important regulatory element by
serving as a binding site for a transcriptional repressor protein.
In additjon, the serum concentration of MMP-9 was shown to
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be higher in individuals with the TT genotype than in those with
the CC or CT genotypes.5 We have now shown that the
—1562C—T polymorphism of MMP9 was associated with
BMD at various sites in Japanese men, with the T allele being
related to reduced bone mass. Given that MMP-9 degrades
collagen in the bone matrix, an increased activity of this pro-
tease might be expected to result in reduced bone mass. Our
results are thus consistent with the previous observations that
the T allele of MMP9 exhibits higher transcriptional activity
and is associated with a higher serum concentration of the
encoded protein.?

Given that BMD values for the total body, lumbar spine,
femoral neck, trochanter, and Ward’s triangle in men with the
TT genotype were similar to those in men with the CT geno-
type, the T allele may exert a dominant effect on BMD. The
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lack of statistical significance for differences in BMD between
the CC and TT genotypes may be attributable to the small
number of subjects with the TT genotype (n = 40), compared
with the number of those with the CT genotype (n = 280). This
polymorphism was associated with BMD in men but not in
women. The reason for this gender difference remains unclear,
but differences in the concentrations of estrogen and other
sex hormones between men and women might be contribut-
ing factors. Although it is possible that the —1562C—T
polymorphism of MMP9 is in linkage disequilibrium with
polymorphisms of other nearby genes that are actually re-
sponsible for reduced BMD), our present results suggest that
this polymorphism of MMP9 is associated with BMD in
Japanese men.
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Mitochondrial ALDH2 Deficiency as an
Oxidative Stress

SHIGEO OHTA ¢ IKUROH OHSAWA 7 KOUZIN KAMING.%¢ FUJIKO ANDO
AND HIROSH!I SHIMOKATA?
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Sciences, Graduate School of Medicine, Nippon Medical School, Kosugi, Kawasaki,
Kanagawa, 211-8533 Japan
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ABSTRACT: Mitochondrial aldehyde dehydrogenase 2 (ALDH2) plays a major
role in ethanol metabolism. It is involved in acetaldehyde detoxification. A
polymorphism of the ALDH2 gene is specific to North-East Asians. Sensitivity
to ethanol is highly associated with this polymorphism (ALDH2*2 allele),
which is responsible for a deficiency of ALDH2 activity. We first show that this
deficiency influences the risk for late-onset Alzheimer’s disease (LOAD) by a
case-contro} study in a Japanese population. In a comparison of 447 patients
with sex, age, and region-matched non-demented controls, the genotype fre-
quency for the ALDH2*2 allele was significantly higher in the patients than in
the controls (£=0.001). Next, we examined the combined effect of the ALDH2%*2
and the apolipoprotein E4 allele (APOE-e4), which has been confirmed tobe a
risk factor for LOAD. The ALDH2*2 allele more significantly affected fre-
quency and age at onset in patients with APOE-e4 than in these without it.
These results indicate that the ALDH2 deficiency is a risk factor for LOAD,
acting synergistically with the APQE-¢ allele, Next, to elucidate the molecular
mechanism involved, we obtained ALDH2-deficient cell lines by introducing
mouse mutant ALDH2 ¢cDNA into PC12 cells. We speculate that ALDH2 may act
to oxidize toxic aldehyde derivatives. Then, we found that the ALDH2-deficient
transfectants were highly vulnerable to exogenous 4-hydroxy-2-nonenal, an al-
dehyde derivative generated from peroxidized fatty acids. In addition, the
ALDH2-deficient transfectants were sensitive to oxidative insult induced by
antimycin A, accompanied by an accumulation of proteins modified with 4-
hydroxy-2-nonenal. Mitochondrial ALDH2 functions as a protector against
oxidative stress.

KeEyworps: aldehyde dehydrogenase; ethanol metabolism; Alzheimer’s
disease; oxidative stress; 4-hydroxy-nonenal; peroxide
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FIGURE 1. A polymorphism specific 1o North-East Asians in the ALDH2 gene. (a) C-
terminal amino acid sequences of the active and inactive subunits termed ALDH2*/ and
ALDH2*2, (b) Schematic representation of a homotetrameric enzyme, ALDH2. All tetram-
ers containing at least one ALDH2*2 subunit are inactive.

INTRODUCTION

A Polymorphism of Aldehyde Dehydrogenase 2 Specific to North-East Asians

Mitochondrial aldehyde dehydrogenase 2 (ALDH2) is located in the matrix of
mitochondria and plays a major role in metabolizing acetaldehyde produced from
ethanol into acetate. A mutant allele, ALDH2*2, has a single point mutation (G/A)
in exon 12 of the active ALDH2 gene and is confined to North-East Asians. The mu-
tation results in the substitution of glutamic acid 487 with lysine {(E487K), acting in
a dominant negative fashion (FIG. 1). Individuals with the ALDH2*2 allele exhibit
the alcohol flushing syndrome, attributable to an elevated blood acetaldehyde level.
The ALDH2#2 allele has been also reported to affect the metabolism of other alde-
hydes such as benzaldehyde, which is a metabolite of toluene, and chloroacetalde-
hyde, which is generated during the metabolism of vinyl chloride. However, the risks
have been mainly associated with alcohol consumption. We directed our attention to
the genetic role of ALDH deficiency to help us understand the physiological role of
ALDH2,

ASSOCIATION OF ALZHEIMER’S DISEASE WITH
ALDH2 DEFICIENCY

A Large-Scale Case-Control Study on Alzheimer’s Disease
with ALDH? Deficiency

Late-onset Alzheimer’s disease (LOAD) is a complex disease caused by multiple
genetic and environmental factors upon aging. It was pointed out that alcohol intake
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could affect the development of LOAD, because ethanol and its metabolite, acetal-
dehyde, are directly neurotoxic, and patients with a history of aleohol abuse show
alterations in neurotransmitling molecules in the brain, such as the muscartnic cho-
linergic receptor and serotonin. On the other hand, epidemiological studies have pro-
vided conflicting results, which may be explained by genetic factors that modify
ethanol metabolism and potentially influence alcohol-drinking behavior.

To understand the genetic effect of ALDH2*2, we performed a large-scale case-
control study in patients with LOAD by examining the frequency of ALDH2*2. Pa-
tients with LOAD and controls in three areas of Japan (447 paticnts and as many con-
trols) were exarnined to find the effect of the ALDH2*2 allcle on the risk for LOAD.!
The controls were strictly selected to match the patients in age, gender, and area. Since
the ALDH2 deficiency appears in a dominant-negative fashion, homozygous and het-
erozygous carriers of the allele were combined in evaluating the risk for LOAD. The
frequency of carriers with the ALDH2*2 allele (1/2 and 2/2) was significantly higher
in the patients than in the contrels [odds ratio (O.R.)=1.6, P=0.001]. This trend was
evident in both males {O.R.=1.9, P=0.01) and females (O.R.=1.4, P=0.02).

Synergistic Effect by APOE-£4

To confirm the effect of ALDH2*2 on LOAD, we examined the interaction be-
tween the APOE-e4 and ALDH2*2 alleles.! Since APOE-e4 has been established as
arisk of LOAD, a synergistic effect of the two genes would strongly support that the
ALDH?2#2 allele is also a risk factor. Harboring of the ALDH2*2 allele synergistical-
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FIGURE 2. Syrergisiic effect on onset of LOAD by ALDH2*2 with APOE-g4. Relative
risks of LOAD were estimated by the frequencies of patients (N=447) and contrels (N=447)
with each allele of the APOE4 and ALDHZ gene. ALDH2 /1, carrier of homozygous
ALDFH2*[, ALDH2*2, carrier of homozygous and heterozygous ALDH2*2;, APOE €4 -. no
APOE &4; +/—-, heterozygous APOE e4; and +/+, homozygous APOE e4.
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ly increased the odd ratios of patients with the APOE-4 alicle (FIG. 2), supporting
that the ALDH2*2 allele is indeed a risk factor for LOAD.

Next, the effect of these alleles on age at onset was examined. In all patients with
LOAD, the difference in age at onset was independent of the APQE-g4 allele, In con-
trast, those patients with ALDH2*2 (1/2 or 2/2) and homozygous for APOE-e4
showed a significantly earlier onset than other patients. In addition, a dosage effect
of the ALDH2*2 allele on age at onset showed a significant trend in patients ho-
mozygous for the APOE-g4 allele by regression analysis (P=0.028),

Since logistic regression analysis indicates a significant effect of the ALDH2*2
allele (P=0.002), the allele is an independent risk factor for LOAD from the APOE-
&4 allele. Therefore, we conclude that the ALDH2*2 allele is an independent risk for
LOAD and shows synergistic effects with APOE-e4 in affecting not only the fre-
quency of LOAD, but also the age at onset of Alzheimer's disease.

PHENOTYPE OF INDIVIDUALS WITH THE ALDH2 DEFICIENCY

Geriatric diseases, including LOAD, are associated with many factors; genetic,
life-style-related, physiolegical, medical, nutritional, and psychological. Thus, it is
important to clarify the contributions of genetic factors and other basic background
factors. In 1997, we started gene-related investigations into various gertatric diseases
in the National Institute for Longevity Sciences, Longitudinal Study of Aging
(NILS-LSA).2 The subjects numbered 2,259. They were community-dwelling males
and females aged 40-79 years randomly selected from the area around NILS.

We examined the association of the ALDH2-deficient genotype with various other
factors evaluated in NILS-LSA.? In addition to biochemical analyses of blood and
urine, renal and liver functions, serum proteins and lipids, and a complete blood count,
lipid peroxide (LPO), and geriatric disease markers were also examined. Several se-
rum proteins, lipids, and LPO levels showed differences between the non-defective
(ALDH2*1/T) and defective (ALDH2*1/72 and ALDH2*2/2) ALDH2 individuals.
However, these biochemical evaluations are notoriously affected by alcohel-drinking
behavior. Indeed, subjects with the ALDH2*}/1 genotype drank alcohol more fre-
quently than those with ALDH2*1/2 and 2/2. Thus, we excluded the effects of alcohol-
drinking behavior from the association of the ALDH2-deficient genotype with the eval-
uation. Data were analyzed with an adjustment for alcohol consumption by the least
squares method in a general linear model. We found that the concentration of LPO in
females differed significantly according to ALDH2 genotype. The concentration was
higher in females carrying at least one ALDH2*2 allele (2.922 nmol/mL) than in those
carrying ALDH2*1/1 (2.781 nmol/mL; P=0.003), raising the possibility that oxidative
stress increases in ALDH2-deficient individuals.?

ALDH2 AS A PROTECTOR AGAINST OXIDATIVE STRESS

Model for Explaining the Role of the ALDH2 Deficiency

Oxidative stress and lipid peroxidation caused by reactive oXygen species (ROS)
are reported to play an important role in the pathogenesis of neurodegenerative dis-
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