
INTRODUCTION

Human alcohol dehydrogenases (ADHs) are encod-
ed by seven ADH genes (ADH1A, 1B, 1C, 4, 5, 6, and 
7) and classified into five classes according to their 
similarities in amino acid sequences and kinetic prop-

subunit encoded by ADH1A, 1B, and 1C, respectively), in 
general, possess low Km (0.05-4.0 mM excluding mutant 

1B *3) to oxidize ethanol (EtOH) and account for most 
of the EtOH oxidizing capacity in the liver (Edenberg, 

ADH4
(von Bahr-Lindstrom et al., 1991)) activity is also 
found mainly in the liver (Ditlow et al., 1984) and its 
mRNA level is  highest in the liver (Estonius et al., 
1996). This subunit is also considered to contribute to 
EtOH metabolism in liver due to its abundance and kinet-
ic properties. Namely, its Km value to oxidize EtOH is 34 
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ABSTRACT ADH4), 
is considered to contribute to ethanol (EtOH) oxidation in the liver at high concentration. Four single 
nucleotide polymorphisms (SNPs) were found in the promoter region of this gene. Analysis of genotype 
distribution in 102 unrelated Japanese subjects revealed that four loci were in strong linkage disequilib-

-

the -136A allele than in those with the -136C allele. To investigate whether this difference in transcrip-
tional activity caused a difference in EtOH elimination, previous data on blood EtOH changes after 
0.4 g/kg body weight alcohol ingestion were analyzed. When analyzed based on aldehyde dehydro-
genase-2 gene (ALDH2) 487 -
jects with -136C/A and -136A/A genotype compared with subjects with -136C/C genotype indicated that 
-136 bp was a suggestive locus for differences in EtOH oxidation. This effect was observed only in sub-
jects with ALDH2 487Glu/Glu. These results suggested that the SNP at -136bp in the ADH4 promoter had 
an effect on transcriptional regulation, and that the higher activity of the -136A allele compared with the -
136C allele caused a lower level of blood EtOH after alcohol ingestion; that is, individuals with the -136A 
allele may consume more EtOH and might have a higher risk for development of alcohol dependence 
than those without the -136A allele.
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mM (Bosron et al., 1979). In post-mortem samples, it has 
-

utes to EtOH oxidation in liver at high EtOH concentra-
tion, and that this contribution increases as the concentra-
tion of EtOH increases (Lee et al., 2006).

Recent advances in single nucleotide polymorphism 
(SNP) analysis of these ADH genes have revealed the 
existence of many suggestive functional SNPs not only in 
the coding region, such as 1B *3 as described above, but 

-
ies have reported an association between alcohol depend-
ence (AD) and these genetic variations. Independent link-
age studies on several populations have indicated strong 
evidence for linkage between a locus on chromosome 4q 
containing ADH gene cluster and AD (Martin et al., 1985; 
Reich et al., 1998; Reich, 1996; Williams et al., 1999; 
Long et al., 1998). By comprehensive analysis testing 
the association between AD and 110 SNPs throughout 
the seven ADH genes, the most consistent evidence for 
an association has been observed for 12 SNPs in and 
around the ADH4 gene, while associations with SNPs 
in ADH1A and ADH1B were weaker, and there was 
no significant association with variations in ADH1C
(Edenberg et al., 2006). Furthermore, a haplotype carry-
ing both -136C (rs1800759) and -220A (rs1800761) alle-
les in the promoter region of ADH4 was associated with 
the risk for AD in European Brazilians and African Bra-
zilians (Guindalini et al., 2005). A case-control study in 
an American population that examined the association of 
seven ADH4 SNPs with AD and drug dependence indicat-
ed that the C-136A (rs1800759) polymorphism in the pro-
moter region and an exon 9 (rs1042364) polymorphism 
are associated with risk of AD (Luo et al., 2006). 

An in vitro transcriptional assay tested the effects 
of three polymorphic variants of the ADH4 gene, T-
253A (rs1800760), G-220A (rs1800761), and C-136A 
(rs1800759), revealing that haplotypes with A at -136 bp 
have higher activity than those with C at -136 bp (Edenberg 
et al., 1999). In addition to these three SNPs, the C-361G 
(rs4140388) polymorphism is also found in the ADH4
promoter region (Iida et al., 2002). However, whether this 
polymorphism affects ADH4 gene expression and its link-
age status among other SNPs have not been investigated. 
Therefore, we analyzed the linkage status of these four 
loci and their haplotype frequencies in 102 Japanese sub-
jects, and the differences among the effects of these hap-
lotypes and each genotype on transcriptional activity as 
revealed by a luciferase reporter assay. 

mentioned above, it is expected that ADH4 may con-
tribute to EtOH oxidation in liver, even after moderate 

amounts of alcohol intake, because the EtOH concentra-
tion during absorption is higher in the liver than in cir-
culating peripheral blood (Sawai and Takahashi, 1990). 
Therefore, we also analyzed the effects of the ADH4 pol-
ymorphisms on EtOH metabolism in humans using our 
previously collected data of blood EtOH and acetaldehyde 
(AcH) changes after a moderate dose of alcohol ingestion 
(0.4 g/kg body weight) (Nishimura et al., 2006).

MATERIALS AND METHODS

Genotyping
To analyze the linkage status of the four SNPs in 

the ADH4 promoter region, C-361G (rs4140388), T-
263A (rs1800760), A-220G (rs1800761) and C-136A 
(rs1800759) in our Japanese population, genomic DNA 
was collected from 102 unrelated Japanese subjects (23.0 
± 3.8 (mean ± S.D.) years old, male: n = 99, female: n = 3). 
All subjects recruited for this study received information 

-
ten informed consent. This study was approved by the 
ethical committee of our institution.

The promoter region of ADH4, from -433 to -14 bp, 
was amplified from genomic DNA isolated from oral 
buccal cells using primers designed for cloning into 
a reporter vector: forward primer, 5’-GTAGGGTAC-
CACTAAATATGCAAGG-3’ and reverse primer, 5’- 
TTTGGCTAGCTGTGTTGGAAGTTTC-3’ (the under-
line denotes introduced KpnI (5’-end) and NheI (3’-end) 

using an ABI PRISM BigDye terminator cycle sequenc-
ing kit (Applied Biosystems, Foster City, CA, USA) and 
an ABI PRISM 310 Genetic Analyzer (Perkin Elmer, 
Norwalk, CT, USA).

Accordance with Hardy-Weinberg equilibrium was 
confirmed by chi-squared test to assess any discrepan-
cies between the observed and expected genotype fre-
quencies based on the observed allele frequencies. The D’
value for each linkage disequilibrium pair and haplotype 
frequencies were calculated using the program Haplov-
iew (ht tp: / /www.broad.mit .edu/mpg/haploview) 
(Barrett et al., 2005).

The genotype of ALDH2 exon 12 was analyzed by the 
PCR-restriction fragment length polymorphism method 
as described previously (Harada and Zhang, 1993).

Reporter assay
Amplified fragments of the ADH4 promoter region 

were cloned into pGL4.10, a luciferase reporter vec-
tor (Promega, Madison, WI, USA) introducing the KpnI
and the NheI cloning sites with forward and reverse 
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primers, respectively, as described above. The luciferase 
reporter constructs containing the three different haplo-
types of ADH4 promoter found in Japanese individuals 
of the present study were represented as Hap#1 (CTAC), 
Hap#2 (GTGA), and Hap#3 (GAGC). These constructs 
of ADH4 promoter were digested at the native SacI site 
at -240 bp and the 3’ NheI cloning site and recombined 
to generate single base exchanged haplotypes, Hap#4 
(GTGC), Hap#5 (CTGA), and Hap#6 (GAGA). All plas-

The  human hepa toma HepG2 ce l l  l ine  was 
obtained from Health Science Research Resources 
Bank (Osaka, Japan) and grown in Dulbecco’s mod-
ified Eagle’s medium containing high glucose lev-
els (Sigma, St Louis, MO, USA) supplemented with 
10% fetal bovine serum (Sigma). Transient transfec-
tion of reporter constructs was performed with Tfx-
20 (Promega). The day before transfection, the cells were 
plated at 5×104 cells per well in 24-well plates. The cells 
were incubated with Tfx-20 (ratio of Tfx-20 to DNA was 

phRL-TK (Promega) co-transfected as an internal con-
trol, for 1 hr in serum-free medium, and serum-contain-
ing medium was added to the cells at the end of the incu-
bation period. The cells were then incubated for 48 hr and 
harvested for measurement of luciferase activity. 

Firefly and Renilla luciferase activity were meas-
ured using by Dual-Luciferase Reporter Assay System 
(Promega). Cells were rinsed with phosphate buffered 

-
ferase activity normalized to Renilla luciferase activity 
in each well. Data are expressed as the means ± SEM of 
the results of at least three independent experiments per-

promoter activity was evaluated by one-way analysis of 
variance (ANOVA) followed by post-hoc analysis (Fish-
er’s PLSD).

Alcohol metabolism analysis
The effects of ADH4 promoter polymorphisms 

were re-analyzed in our previous data set of 58 sub-
jects (22.2 ± 2.7 (mean ± S.D.) years-old, 64.6 ± 3.4 
kg) (Nishimura et al., 2006). All subjects provided writ-
ten informed consent and the experiment was approved 
by the ethical committee of our institution. As report-
ed previously, subjects were instructed to abstain from 
food for 3 hr and from drinking water for 1 hr before 
the experiment, and not to imbibe alcohol on the day 
before the experimental day. Subjects ingested 5% (w/

interval, producing a total amount of 0.4 g of EtOH per 
kg body weight. Peripheral blood was collected from a 
catheter placed in the antecubital vein at 30-min inter-
vals, and immediately deproteinized by 0.6 N perchlo-
ric acid in saline for EtOH and AcH measurement. Blood 
EtOH and AcH concentrations were measured by head-
space gas chromatography (Eriksson et al., 1982). Values 

-
ferences in peak blood EtOH and AcH levels among sub-
ject groups based on each genotype of the ADH4 promot-

differences in the changes in blood EtOH levels between 
subject groups based on ADH4 haplotype was evaluated 
by one-way ANOVA followed by post-hoc analysis (Fish-
er’s PLSD) and by a repeated measures two-way ANOVA 
(haplotype × time).

RESULTS

The genotype distribution and allele frequencies of the 
four SNPs in ADH4 promoter region were analyzed in 102 
unrelated Japanese subjects (Table 1). A chi-square test 
revealed that the observed genotype frequencies did not 

the allelic distribution in each of the four loci was in Har-
dy-Weinberg equilibrium. Minor allele frequencies of the 
three SNPs excluding T-253A were similar to those in 
an Asian population in the dbSNP database (http://www.
ncbi.nlm.nih.gov/SNP/): C-361G G = 0.275, A-220G G 
= 0.262, and C-136A A = 0.262. Although the allele fre-
quency of -253T in the Asian population is 1.00 in the 
database, individuals with -253A were observed in our 
samples with an allele frequency of 0.088. The two loci at 
-361 bp and -220 bp seemed to appear in pairs (C_A and 
G_G) because individuals in genotype groups based on C-
361G were completely identical to those in groups based 
on A-220G genotype. All four ADH4 polymorphisms were 
in strong linkage disequilibrium (D’  = 1). The three haplo-
types were detected by the program Haploview (Table 2). 
The CTAC haplotype (Hap#1) was the most common, the 
GTGA (Hap#2) and the GAGC (Hap#3) were rare haplo-
types, while the other haplotypes were not detected in this 
Japanese population.

The effects of polymorphisms on transcriptional reg-
ulation were evaluated using a luciferase reporter vector 
containing different haplotypes of the ADH4 promoter 
(Fig. 1). Three constructs, pGL-Hap#1 (CTAC), pGL-
Hap#2 (GTGA) and pGL-Hap#3 (GAGC), correspond to 
the haplotypes found in individuals in this study. The luci-
ferase activity of pGL-Hap#2, which is a unique haplo-
type with A at -136 bp among the native haplotypes, was 
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greater than those of both pGL-Hap#1 and pGL-Hap#3 
haplotypes (2.48- and 2.17-fold, respectively). To further 
assess which locus affects transcriptional activity, recom-
binant constructs with single base exchanges, pGL-Hap#4 
(GTGC), pGL-Hap#5 (CTGA) and pGL-Hap#6 (GAGA) 
were generated and compared with the native haplotypes. 
The luciferase activity of the recombinant construct pGL-
Hap#4 was slightly lower than that of the native con-
structs pGL-Hap#1 and pGL-Hap#3, being 0.90- and 

of pGL-Hap#2 (0.36-fold). Both pGL-Hap#5 and pGL-

pGL-Hap#3, and pGL-Hap#4. The ratios of luciferase 
activity of pGL-Hap#5 and pGL-Hap#6 to that of native 
pGL-Hap#1 were 3.06-fold and 3.07-fold, respectively, 
while compared with the native pGL-Hap#3 they were 

-
es of transcriptional activity among three constructs with 
-136A allele (namely, Hap#2, 5 and 6) were not detect-

-
ity in comparison with -136C constructs, Hap#1 and 4. 
Although it is not always statistically significant, the 
activity of Hap#3 was also lower than that of -136A allele 
constructs. This showed that the luciferase activity of 

luciferase activity than those with a -136C genotype.
To test whether the difference in promoter activity of 

ADH4 based on haplotype has an effect on EtOH elimi-
nation, we analyzed the data on blood EtOH levels after 
a moderate amount of alcohol drinking that was obtained 
from our previous study (Nishimura et al., 2006). To 
clarify the effect of the different transcriptional activity, 
which was shown by our in vitro study, on alcohol metab-
olism, the subject groups were divided based on wheth-
er they were carrying the minor alleles Hap#2 and Hap#3, 
as listed in Table 3. The polymorphism ALDH2 487Glu/
Lys has been known to result in much higher AcH con-
centrations in blood, and also affect individual ability to 
oxidize EtOH to AcH by product inhibition (Mizoi et al., 
1994). Therefore, a comparison between ADH4 promoter 
genotypes was performed in each separate group based on 
ALDH2 genotype; namely the 487Glu/Glu group (n = 30) 
and 487Glu/Lys group (n = 28). Regarding the blood EtOH 
levels of ALDH2 487Glu/Glu subjects, both the main effect 
of the Hap#2 haplotype and interactive effect between 

-
els at 30 and 60 min after alcohol ingestion in Hap#2+ 

(Fig. 2A), but were not significantly different between 
Hap#3 haplotype groups (Fig. 2A’). In subjects with an 
ALDH2 487

blood EtOH levels between Hap#2 groups was observed 
(Fig. 2B). A repeated measures two-way ANOVA showed 

lower at 30 min after ingestion but higher at 120, 150 and 
180 min after ingestion in Hap#3+ individuals compared 

-
es in blood EtOH levels were detected at any time point 

Table 1.   Genotype and allele frequencies of the four SNPs in the ADH4 promoter region and values for the 
Hardy-Weinberg equilibrium test in Japanese population

Variationa dbSNP ID Observed number (n = 102) Allele frequency 2 p

C-361G rs4140388 C/C = 57 C/G = 38 G/G = 7
C = 0.745

0.038 0.846
G = 0.255

T-253A rs1800760 T/T = 85 T/A = 16 A/A = 1
T = 0.912

0.064 0.800
A = 0.088

A-220G rs1800761 A/A = 57 A/G = 38 G/G = 7
A = 0.745

0.038 0.846
G = 0.255

C-136A rs1800759 C/C = 72 C/A = 26 A/A = 4
C = 0.833

0.692 0.406
A = 0.167

a Number means position from the translation start ATG codon.
2

Table 2.   Haplotype frequency of the ADH4 gene in the 
Japanese population

Haplotype (5' to 3') Frequency
Hap#1 (CTAC) 0.745
Hap#2 (GTGA) 0.167
Hap#3 (GAGC) 0.088
Total 1.000
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(Fig. 2B’).
The effect of each SNP on EtOH metabolism was 

assessed by comparison of peak EtOH and AcH levels 
after alcohol ingestion (Table 4). Regardless of ALDH2
genotype, there were no significant differences in peak 
levels of EtOH and AcH between C-361G (A-220G) gen-
otype groups or between T-253A genotype groups. How-
ever, in subjects with an ALDH2 487Glu/Glu genotype, the 

levels than the -136C/C group. The peak AcH level in -
136C/A+A/A subjects also tended to be lower than that 
in the -136C/C genotype group (p = 0.054). Peak EtOH 

A genotype in 487Glu/Lys subjects.

DISCUSSION

Judging from the allele frequency registered in the 
dbSNP database and the present study genotyping 102 
unrelated Japanese subjects, there is a racial differ-
ence in the allele frequencies of four SNPs in the pro-
moter region of ADH4. Systematic screening of SNPs in 
the ADH4 gene revealed thirteen SNPs, including four 
SNPs in the promoter region in a Japanese sample (Iida 

et al., 2002). The distribution status of these four loci dis-
played in strong linkage, and especially -361C and -220A 
were completely linked. Because of this strong link-

is, the expected haplotype frequencies of CTAC, GTGA 
and GAGC were equal to the frequencies of the -361C, -
136A, -253A alleles, respectively. In this study, we dem-
onstrated that one of these SNPs, C-136A (rs1800759), 
affected not only gene expression but also EtOH oxida-
tion at peak level after alcohol ingestion.

To assess differences in transcriptional activity of these 
three haplotypes, a reporter assay was performed using 
HepG2 cells. The ADH4 promoter has a TATA box and a 
CCAAT box (von Bahr-Lindstrom et al., 1991). Two tran-
scription factors, C/EBP and AP-1, which bind to sever-
al sites in the promoter regions of ADH4 and members 
of the C/EBP gene family, may be involved in the tran-
scription regulation of the ADH4 gene (Li and Edenberg, 
1998). Although the expression level of C/EBP in HepG2 
cells is lower than that in the liver (Friedman et al., 1989), 
the ADH4 promoter was active in these cells. Among the 
three native haplotypes, the GTGA haplotype was associ-
ated with higher transcriptional activity than the others. 
Subsequently, the effect of each SNP on the high activ-

Fig. 1. Effects of polymorphisms in ADH4 promoter region on its transcriptional activity. HepG2 cells were transfected with a 
luciferase reporter construct containing six different haplotypes of the ADH4 promoter region. The ADH4 haplotypes pGL-
Hap#1 (CTAC), pGL-Hap#2 (GTGA) and pGL-Hap#3 (GAGC) were found in the population of the present study and the 
haplotypes pGL-Hap#4 (GTGC), pGL-Hap#5 (CTGA) and pGL-Hap#6 (GAGA) were generated in order to generate single 

Renilla luciferase activity. Data are expressed as 
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ity of the GTGA haplotype was examined by compari-
-

ence in transcriptional activity between Hap#2 (GTGA) 
and Hap#5 (CTGA) haplotypes revealed a low contribu-
tion of the C-361G polymorphism to transcriptional activ-
ity. The SNP at -253 bp also seems to have a low contri-
bution because the promoter activities of Hap#2 (GTGA) 
and Hap#6 (GAGA), which differ at -253 bp, were almost 
the same. Consistent with this result, activities of Hap#3 

(GAGC) and Hap#4 (GTGC) were also almost the same. 
On the other hand, the activity of Hap#2 (GTGA) was 
2.8 times greater than that of Hap#4 (GTGC). Similar-
ly, the activity of Hap#6 (GAGA) was 2.7 times great-
er than that of Hap#3 (GAGC). These results suggested 
that the SNP at -136 bp was involved in the different tran-
scriptional activation of the gene. The higher activity of 
promoters with -136A than those with -136C is consistent 
with a previous report that examined the effects of three 

Table 3.   Subject classification in a drinking experiment based on haplotype of ADH4 and genotype of ALDH2

Groups Haplotype
ALDH2 genotype

Groups Haplotype
ALDH2 genotype

487Glu/Glu 487Glu/Lys 487Glu/Glu 487Glu/Lys

Hap#2+

CTAC/GTGA 8 7

Hap#3+

CTAC/GAGC 7 3
GTGA/GAGC 1 1 GTGA/GAGC 1 1
GTGA/GTGA 0 1 GAGC/GAGC 0 0
Total 9 9 Total 8 4

Hap#2-

CTAC/CTAC 14 16

Hap#3-

CTAC/CTAC 14 16
CTAC/GAGC 7 3 CTAC/GTGA 8 7
GAGC/GAGC 0 0 GTGA/GTGA 0 1
Total 21 19 Total 22 24

Fig. 2. The effects of ADH4 haplotypes of Hap#2 (GTGA, upper panel) and Hap#3 (GAGC, lower panel) on blood EtOH levels af-
ter alcohol ingestion. Subjects with ALDH2 487Glu/Glu (A and A’) and ALDH2 487Glu/Lys (B and B’) genotypes took 0.4 g/

differences was analyzed by one-way ANOVA followed by post hoc analysis (Fisher’s PLSD) and by a repeated measures 
#

ALDH2 ALDH2
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the SNPs at -253, -220, and -136 bp (Edenberg et al., 
1999). However, the effect of this C-136A polymorphism 
on the level of ADH4 activity in human liver remained 
unknown.

Little is known about the transcription factors bind-
ing to this site or the effects of C-136A substitution on 
their binding affinity. Seven sites in the ADH4 proxi-

-
tein from mouse liver (Li and Edenberg, 1998). Howev-
er, none of four SNPs overlapped with these identified 
binding regions. The sequence corresponding to four loci 
examined in their study was C-T-A-A (from 5’ to 3’) (Li 
and Edenberg, 1998). The potential transcriptional fac-
tor binding the alternative sequence remains unclear. By 
a database search (http://www.gene-regulation.com/pub/

-

vHNF1-C, is a variant isoform of the HNF1 family that 
acts as a transdominant repressor (Bach and Yaniv, 1993). 
The low transcription activity of promoters carrying the -
136C genotype might be explained by this transcription 
factor acting as a negative element. Further investigation 
is required to identify whether this transcription factor is 
involved in the difference in transcriptional activity due 
to SNP at -136bp. 

Human liver contains multiple molecular forms 
of ADH enzyme and plays a major role of circulating 
blood EtOH metabolism. ADH4 is expressed mainly in 
the liver, faintly in small intestine, pancreas and stom-

ach (Estonius et al., 1996). Thus ADH4 enzyme may 
contribute to hepatic EtOH oxidation at high concentra-
tion. According to a study using human postmortem sam-
ples, the contribution of ADH4 to total EtOH oxidation in 
the liver may be less than 15% (0 to 13% with an aver-
age of 7%) at 5 mM and as much as 40% (17 to 39% with 
an average of 27%) at 60 mM (Li et al., 1977). A kinetic 
equation study providing a model for quantitative assess-
ment of EtOH metabolism in the liver demonstrated that 
ADH4 contributed about 14% of total oxidizing capaci-
ty at 10 to 20 mM in blood (Lee et al., 2006); and this 
is within the range of peak EtOH concentrations under 
the condition of 0.4 g/kg body weight alcohol ingestion. 
Thus it was postulated that the ADH4 enzyme takes part 
in EtOH oxidation during the absorption and distribution 
period, when the blood concentration reached its high-
est level, even in case of moderate amounts of alcohol 
intake. We previously investigated the effects of the pol-
ymorphisms ALDH2 Glu487Lys, ALDH2 G-360A, ADH1B
His48Arg, and CYP2E1 C-1019T on EtOH metabo-
lism, suggesting that only the ALDH2 487Glu/Lys geno-

-
tion (Nishimura et al., 2006). Thus the effects of ADH4
genotype and haplotype were analyzed in combination 
with ALDH2 487Glu/Lys genotype. As expected from the 
result of in vitro study, the high transcriptional activity 
of Hap#2 participated in EtOH metabolism. Blood EtOH 

haplotype than in subjects with other haplotypes, where-

Table 4.  Effects of ADH4 genotype on peak ethanol and acetaldehyde levels after alcohol ingestion

ADH4 subject group n Peak EtOH 
(mean ± SEM, mM)

Peak AcH 

ALDH2
487Glu/Glu

C-361G*
C/C 14 11.0 ± 1.15 t 1.66 13.9 ± 1.68 t 0.70
C/G+G/G 16 8.77 ± 0.72 p 0.11 12.0 ± 2.07 p 0.49

T-253A
T/T 22 9.74 ± 0.85 t 0.13 12.2 ± 1.36 t 0.89
T/A 8 9.95 ± 1.09 p 0.90 14.9 ± 3.47 p 0.38

C-136A
C/C 21 10.7 ± 0.85 t –2.28 14.6 ± 1.65 t –2.02
C/A + A/A 9 7.58 ± 0.71 p 0.03 8.94 ± 1.78 p 0.05

ALDH2
487Glu/Lys

C-361G*
C/C 16 9.94 ± 0.76 t –0.26 46.9 ± 10.9 t 1.08
C/G+G/G 12 10.3 ± 0.96 p 0.80 32.7 ± 4.50 p 0.29

T-253A
T/T 24 10.2 ± 0.64 t –0.36 43.3 ± 7.45 t –0.91
T/A 4 9.54 ± 1.61 p 0.72 26.1 ± 8.91 p 0.37

C-136A
C/C 19 9.63 ± 0.66 t 1.10 42.3 ± 9.48 t –0.32
C/A + A/A 9 11.0 ± 1.18 p 0.28 37.8 ± 4.84 p 0.76

EtOH: ethanol; AcH: acetaldehyde; t: t-value; p: p-value for unpaired t-test.
* Subjects in genotype groups based on C-361G are identical to those in A-220G genotype groups.
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as Hap#3 had no effect. Aside from the SNP at –136 bp, 
Hap#2 also had the SNP at –220 bp, whereas further anal-
ysis of the respective SNPs indicated that C-136A was 
a suggestive locus for the difference in EtOH oxidation 
observed between haplotypes. Namely, the peak EtOH 

-
ly lower than that of -136C/C subjects, and the peak AcH 
level also tended to be lower. Together with human and in
vitro experiments, it was revealed that the differences in 
transcriptional activity caused by C-136A were involved 
in the differences in EtOH oxidation. It was expected 
that the blood EtOH level in the absorption and distribu-
tion period was kept lower, resulting in the capacity for 
alcohol intake being increased in individuals with the -
136A allele. This hypothesis is supported by the previous 
case-control association study that indicated C-136A was 
one of the markers genetically closest to the function-
al risk loci for AD (Luo et al., 2006). Interestingly, these 
effects of promoter SNPs on both EtOH and AcH levels 
were observed only in subjects with the ALDH2 487Glu/
Glu genotype. It is generally regarded that the ALDH2 
487Lys allele, encoding an inactive subunit, is responsible 
for alcohol sensitivity and has a genetic protective effect 
against the development of AD. Because the distribution 
of the -136A allele differs across racial groups (the -136C 
allele is common in Asians, while the -136A allele is com-
mon in European-Americans and African-Americans), the 
ADH4 C-136A polymorphism may in part explain the 
alcohol sensitivity and subsequent development of AD in 
East Asians, in combination with ALDH2 genotype. 

In conclusion, we demonstrated here that the polymor-
phisms in the ADH4 promoter region affect EtOH oxida-
tion after moderate amount of ingestion. Although four 
SNPs in the promoter were strongly linked and classi-

an effect on transcriptional activity. The higher activity of 
the -136A allele than the -136C allele caused a lower peak 
level of blood EtOH after alcohol ingestion, which caused 
a difference in EtOH metabolism during the absorption 
and distribution period, and might be involved in the 
capacity of alcohol intake, drinking behavior, and conse-
quent development of AD.
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