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Abstract

Background: Unlike with esophageal cancer, acetaldehyde levels and genetic polymorphisms in
alcohol dehydrogenase have not yet been shown to be contributing factors for colorectal cancer
(CRC). This study aimed to clarify the mechanism of CRC development related to alcohol consump-
tion and to the presence of genetic polymorphisms in the alcohol dehydrogenase, ADH1B and al-
dehyde dehydrogenase, ALDH2. Methods: This was a case-control study (221 cases and 179 con-
trols) in patients with adenomas and intramucosal tumors who underwent endoscopic removal of
all tumors. The amount of alcohol consumption was determined using a self-recorded question-
naire, and the tumor information was obtained from colonoscopy results. Blood samples were
taken to analyze the following polymorphisms: ALDH2 Glu504Lys and ADH1B His48Arg. Results:
The polymorphisms in ADH1B and ALDH2 had little influence on the development of colorectal
adenoma or intramucosal cancer. Patients with ALDH2 (Glu/Glu) were more tolerant of alcohol
than those with ALDH2 (Glu/Lys and Lys/Lys). Next, we examined certain combinations of the
ADH1B genotypes. In the ALDH2 (Glu/Glu) group, an increased risk (OR =3.4;95% CI 1.4 -8.4; P =
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0.009) was observed among moderate/heavy drinkers with ADH1B (His/His). In the ALDH2
(Glu/Lys and Lys/Lys) group, an increased risk (OR = 4.2; 95% CI 1.1 - 16.7; P = 0.041) was found
among moderate/heavy drinkers with ADH1B (Arg/His and Arg/Arg). Conclusions: ADH1B and
ALDH2 activity may be involved in the development of CRC.
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1. Introduction

Many epidemiological studies have confirmed that alcohol consumption is strongly associated with the devel-
opment of colorectal cancer (CRC) [1]. Several epidemiological studies conducted in Japan have reported a link
between alcohol consumption and CRC [2]-[4]. Because the incidence of CRC was increasing in Japan [5] along
with the amount of alcohol consumption [6] at the time, this study was performed, drinking was considered to be
strongly associated with the increased incidence of CRC in Japan.

The mechanisms of CRC development and progression related to alcohol consumption remain mostly un-
known. With regard to esophageal cancer, the involvement of acetaldehyde, a metabolite of alcohol, has been
implicated in the carcinogenesis of esophageal cancer based on studies of genetic polymorphisms in ALDH2
[7]-[11]. However, many published studies have reported that acetaldehyde is not a contributing factor for CRC
[12]-[14].

Alcohol is oxidized to acetaldehyde mainly by ADH which consists of peptides coded by ADH1B and
ADHI1C. Acetaldehyde is further oxidized to acetic acid, mainly by low Km acetaldehyde dehydrogenases (such
as ALDH2). Certain genetic polymorphisms in two representative alcohol-metabolizing genes, ADH1B and
ALDH2, have been characterized regarding their role in defining the metabolizing capacity of these enzymes
[15] [16]. Concerning the ADH1B Arg47His polymorphisms, ADH1B47His+ has greater activity than ADH1B
Arg/Arg. With the ALDH2 504Lys polymorphisms, the 504Lys allele encodes an enzymatically inactive subunit.
The activity level of ALDH2 in people with the ALDH2 Glu/Lys genotype is only 6% of that in people with the
ALDH2 Glu/Glu genotype, and the activity level in people with the ALDH2Lys/Lys genotype is extremely low.
The frequency of the ADH1B 47His and ALDH2 Glu504Lys alleles, both of which lead to high concentrations
of acetaldehyde, is particularly high in East Asian populations. We have conducted a study combining the ge-
netic polymorphisms that affect the enzymatic activity of these two proteins with the purpose of clarifying the
mechanism of CRC development related to alcohol consumption.

This study was designed as a case-control study in patients with adenoma and intramucosal tumors to investi-
gate the involvement of alcohol and its metabolites in the early stages of CRC.

2. Methods

2.1. Subjects

The subjects in this study were participants in a randomized clinical trial of the administration of a wheat bran
and Lactobacillus casei preparation for the prevention of colorectal tumors. The details of this trial have pre-
viously been reported [17]. Briefly, the participants included 445 male and female patients aged 40 to 65 years
who had undergone a total colonoscopy at Osaka Medical Center for Cancer and Cardiovascular Diseases, a
hospital located in the city of Osaka, Japan, in which two or more colorectal tumors (early intramucosal tumors,
adenomas) were identified; these patients subsequently underwent the endoscopic removal of all tumors. Sub-
jects for whom the genetic polymorphisms of ADH1B and ALDH2 were not determined (214 subjects) and
those with missing values in the correction items (10 subjects) were excluded, and the remaining 221 were in-
cluded in the analysis. The participants were recruited from June 1993 to September 1997.

The controls in this study were selected from 186 men and women aged 40 to 65 years who underwent a
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complete medical checkup at the same hospital during the same time period. Among these patients, those with
missing values in the correction items (7 controls) were excluded, and 179 were ultimately included in the anal-
ysis.

Patients with malignant diseases who underwent intestinal resections, except for appendectomy, as well as
those with familial adenomatous polyposis or serious diseases were excluded from both groups.

2.2. Ethical Approval

This study was reviewed and approved by the Ethics Committee of Osaka Medical Center for Cancer and Car-
diovascular Diseases. Written informed consent was obtained from all the participants in the Case Group and
Control Group, and all clinical investigation had to be conducted according to the principles expressed in the
Declaration of Helsinki. This study was performed from1993 to 2002, and registration of the clinical trial has
not started. Thus, this study does not have a clinical trial number.

2.3. Measurements

After providing consent to participate in the study, the participants in the Case Group and Control Group were
interviewed to obtain their height, weight, medical history, medication history, and family history as well as in-
formation on diet, drinking, smoking, lifestyle, physical activity, and the use of NSAIDs, such as aspirin. To ob-
tain dietary information, a self-recorded questionnaire survey was administered using the dietary-recording me-
thod for three consecutive weekdays at the time of entry into the study. The participants visited the study site on
the fourth day, and they were interviewed by a specialized nutritionist regarding their diet. Energy and nutrient
intake was calculated using the nutrient calculation database program of Osaka Medical Center for Cancer and
Cardiovascular Diseases. Blood samples were taken for genetic tests. Information about the grade (adenoma or
intramucosal cancer), diameter, number and site of all of the tumors found in the Case Group was obtained from
past colonoscopy results.

2.4. Determining Drinking Behavior

Alcohol intake at the time of entry into the study was obtained in terms of grams of alcohol. A self-recorded
questionnaire was used to collect information on drinking behavior, and nutritionists clarified any unclear state-
ments through interviews. In the self-recorded questionnaire, current drinking behavior was ascertained accord-
ing to the following six grades: 1) drink every day, 2) drink approximately 3 - 5 times per week, 3) drink ap-
proximately 1 - 2 times per week, 4) drink approximately 1 - 3 times per month, 5) drink approximately 1 - 10
times per year, and 6) do not drink. In addition, those who replied that they drink were asked to state what types
of liquor (Japanese sake, beer, Shochu, or whiskey) and how much (how many sake bottles, large beer bottles, or
glasses) they drank to calculate the daily alcohol intake (in grams). In this study, we categorized the daily
amount of alcohol intake into the following four groups: non-drinker, light drinker (<16 g/day), moderate drink-
er (>16 but <35 g/day), and heavy drinker (>35.0 g/day).

2.5. Measurement of Genetic Polymorphisms

Blood samples were taken from the participants. We analyzed the ALDH2GIu504Lys and ADH1B His48Arg
polymorphisms. Each of the ADH1B and ALDH2 genotypes was determined based on a previously published
method [18] [19]. For ALDH2, Glu/Glu was called “high”, and Glu/Lys and Lys/Lys were called “low”; for
ADH1B, Arg/His and Arg/Argwere called “slow”, and His/His was called “fast”.

2.6. Analytical Methods

Comparisons between the Case Group and Control Group with respect to sex, height, weight and body mass in-
dex (BMI) were analyzed by t-test. Comparisons between the Case Group and Control Group regarding the
amount of alcohol intake, smoking and genotype were performed by calculating the odds ratio (OR) and 95%
confidence interval (CI). With regard to the polymorphisms and their combinations in each group, the OR ad-
justed for age/sex or for age/sex/BMI/smoking and the 95% CI were calculated using a logistic regression model.
IBM SPSS Statistics Ver. 20 was used for the statistical analyses. An unpaired t-test was used to compare the
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background factors between the two groups, and P values less than 0.05 were considered statistically significant.

3. Results

The characteristics of the participants in this study are shown in Table 1. There were more men than women in
both the Case Group and the Control Group. With respect to the age of the participants, the Case Group tended
to be slightly younger than the Control Group. There were almost no differences in terms of height, weight or
BMI. The numbers of alcohol drinkers and smokers were significantly higher in the Case Group. The genotype
frequencies of all of the tested genetic polymorphisms followed the Hardy-Weinberg equilibrium in the Control
Group, and the allele frequencies nearly matched the frequencies that have previously been reported in Japan
[20]. The Arg/Arg genotype of ADH1B and the Lys/Lys (low) genotype of ALDH2 were slightly less frequent
in the Case Group.

Table 2 shows the classification of the ADH1B and ALDH2 polymorphisms, the classification of the com-
bined polymorphisms, and the ORs for each. There were no distinctive findings related to the combination of
these two genes.

Table 1. Characteristics of the study subjects.

Cases (n = 221) Controls (n = 179) OR (95% CI)°
% male 83.3 79.3
Age (yr), mean + SD 56.2 £ 6.4° 57.9+10.0
Height (cm), mean + SD 1646+7.4 164.1+£8.0
Weight (Kg), mean + SD 63.8+9.7 66.1+11.0
BMI (Kg/m?), mean + SD 235+2.6 245+32
Alcohol consumption
non-drinker, n (%) 31 (14.0) 62 (34.6) 1
light drinker, n (%) 55 (24.9) 37(20.7) 3.2 1.71-6.08
moderate drinker, n (%) 59 (26.7) 41 (22.9) 3.3 1.73-6.28
heavy drinker, n (%) 76 (34.4) 39 (21.8) 4.4 2.29-8.37
Smoking status
never, n (%) 58 (26.3) 88 (49.2) 1
former, n (%) 69 (31.2) 41 (22.9) 34 1.95 - 5.88
current, n (%) 94 (42.5) 50 (27.9) 3.3 1.82 - 5.86
Genotype (n)
ADH1B
His/His (fast), n (%) 137 (62.0) 100 (55.9) 1
Arg/His (intermediate), n (%) 74 (33.5) 65 (36.3) 0.8 0.55-1.28
Arg/Arg (slow), n (%) 10 (4.5) 14 (7.8) 0.5 0.22-1.23
ALDH2
Glu/Glu (high), n (%) 141 (63.8) 105 (58.7) 1
Glu/Lys (intermediate <low>), n (%) 70 (31.7) 59 (33.0) 0.9 0.58-1.39
Lys/Lys (low), n (%) 10 (4.5) 15 (8.3) 0.5 0.22-1.18

3Significantly different from controls: P < 0.05; "OR is adjusted by sex/age.
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Table 2. Odds ratios by ADH1B and ALDH2.

Model 1 Model 2
Cases Controls
OR 95% ClI OR 95% ClI

ADH1B (fast) 137 100 1 1

ADH1B (slow) 84 79 0.8 0.52-1.17 0.8 0.51-1.20

ALDH?2 (high) 141 105 1 1

ALDH2 (low) 80 74 0.8 0.55-1.23 0.9 0.61-1.47
ADH1B (fast)-ALDH2 (high) 90 57 1 1
ADH1B (fast)-ALDH2 (low) 47 43 0.7 042-1.21 0.9 0.52 - 1.66
ADH1B (slow)-ALDH2 (high) 51 48 0.7 0.40 - 1.15 0.8 0.45-1.33
ADH1B (slow)-ALDH2 (low) 33 31 0.7 0.38-1.25 0.7 0.40 - 1.41

ADH1B (fast) 137 100 1 1

1. Adjusted by sex and age; 2. Adjusted by sex, age, BMI, smoking status and drinking.

Table 3 presents the ORs for the polymorphisms of these two genotypes based on alcohol intake. The OR did
not increase according to alcohol intake in participants with ALDH2 (low). However, the ratio significantly in-
creased to 7.2 in those with ALDH2 (high), even among light drinkers, suggesting that patients with ALDH2
(high) were more tolerant of alcohol than those with ALDH2 (low). The differences in the ORs for the poly-
morphisms in ADH1B based on alcohol intake were not as obvious as those for polymorphisms in ALDH2.

In the non-drinkers group, the OR for ADH1B (fast) compared to ADH1B (slow) was 1.94 (95% ClI: 0.66 -
5.68; P = 0.229), and the OR (95% CI) for ALDH2 (high) compared to ALDH2 (low) was 0.40 (95% ClI: 0.14 -
1.13; P =0.396).

The ORs based on alcohol intake for the two gene polymorphisms in combination are shown in Table 4. In
this analysis, the non-drinkers and light drinkers were analyzed as one group, and the moderate and heavy
drinkers were analyzed as one group.

For patients with ALDH2 (high), an increased risk (OR = 3.4; 95% ClI: 1.4 - 8.4; P = 0.009) was observed
among moderate/heavy drinkers with ADH1B (fast), whereas no increase in risk was observed among mod-
erate/heavy drinkers with ADH1B (slow) (Table 4). In the analysis in which the interaction between the
ADH1B polymorphisms and moderate/heavy alcohol intake was added to the explanatory variables, the interac-
tion was significant (OR = 3.5; 95% CI: 1.1 - 10.8; P = 0.029).

However, among patients with ALDH2 (low), an increased risk (OR =4.2; 95% CI: 1.1 - 16.7; P = 0.041) was
found among moderate/heavy drinkers with ADH1B (slow), whereas no such increase was observed among
moderate/heavy drinkers with ADH1B (fast) (Table 4). In the analysis in which the interaction between the
ADH1B polymorphisms and moderate/heavy alcohol intake was added to the explanatory variables, the interac-
tion was significant (OR =4.8; 95% CI: 1.0 - 22.1; P = 0.043).

4. Discussion

The results of this study suggest that the polymorphisms in ADH1B and ALDH2 have some influence on the
development of colorectal adenoma or intramucosal cancer.

Although the relationship between alcohol consumption and CRC has almost certainly been confirmed by a
number of epidemiological studies [21], the mechanism underlying this association remains unclear. Because the
ALDH2 (low) genetic polymorphism increases the concentration of acetaldehyde after alcohol intake, individu-
als with this genotype are unable to drink much alcohol. This genotype is frequently found in Asian populations
[22]. Acetaldehyde is strongly associated with the development of esophageal squamous cell carcinoma, which
is a prevalent disease in Asian populations [23] [24]. However, because the relationship between alcohol intake
and the development of CRC is observed regardless of race [1], it has been assumed from an epidemiological



A. Shiotani et al.

Table 3. Odds ratios for ADH1B and ALDH categorized by the amount of alcohol intake.

non light moderate heavy
ADH1B
fast N (cases/controls) 22/33 31/22 35/23 49/22
OR (95% ClI) 1 (REF) 2.0(0.82 - 4.69) 2.4 (0.96 - 5.85) 3.3(1.32-8.18)
slow N (cases/controls) 9/29 24/15 24/18 27/17
OR (95% CI) 1 (REF) 4.7 (1.58 - 14.18) 3.8(1.27-11.63) 3.3(1.06 - 10.27)
ALDH2
high N (cases/controls) 11/34 30/14 37/26 63/31
OR (95% CI) 1 (REF) 7.2 (2.64 - 19.45) 4.6 (1.78 - 12.04) 6.2 (2.39 - 16.07)
low N (cases/controls) 20/28 25/23 22/15 13/8
OR (95% CI) 1 (REF) 1.2 (0.43-3.12) 1.9 (0.65 - 5.56) 1.4 (0.40 - 5.10)

OR is adjusted by sex, age, BMI and smoking status.

Table 4. Odds ratios for the combinations of ALDH2 and ADH1B categorized by the amount of alcohol intake.

Odds ratio (95% CI) of Moderate/Heavy drinkers to Non/Light drinkers

ALDH?2 (high)

Non and light drinker

Moderate and heavy drinker

ADH1B (fast) N (cases/controls) 19/26 71/31
crude OR 1 3.1(1.52-6.48)
adjusted OR? 1 3.4(1.36-8.41)
ADH1B (slow) N (cases/controls) 22122 29/26
crude OR 1 1.1 (0.51 - 2.47)
adjusted OR® 1 0.8 (0.31-1.92)
ALDH2 (low)
ADH1B (fast) N (cases/controls) 34/29 13/14
crude OR 1 0.8 (0.32-1.95)
adjusted OR® 1 0.8 (0.30 - 2.39)
ADH1B (slow) N (cases/controls) 11/22 22/9
crude OR 1 4.9 (1.69 - 14.12)
adjusted OR? 1 4.2 (1.06 - 16.66)

®Adjusted by age, sex, BMI and smoking status.

perspective that acetaldehyde is not closely related to the development of CRC. Actually, several papers have
examined the relationship between CRC and the ALDH2 (low) polymorphism and found no obvious relation-
ship between these two variables [12]-[14]. However, in population-based samples, it has been reported that the
ALDH2 (low) polymorphism is associated with a reduced risk of CRC [14]. In our study, the OR did not in-
crease according to alcohol intake among participants with ALDH2 (low). This result is markedly different from
that previously reported in studies on esophageal cancer [7]-[11]. Based on this fact, there must be a major dif-
ference in the degree of acetaldehyde involvement in the development of colorectal cancer versus esophageal

cancer.
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Because it is obvious that alcohol consumption increases the risk of CRC, we conducted a further examination
of certain combinations involving the ADH1B genotypes. Relatively few studies have investigated the influence
of alcohol intake on the combinations of these two alcohol metabolism-related polymorphisms [12] [16] [25]-
[29]. With respect to esophageal cancer, a significantly increased risk was found among moderate drinkers with
a combination of the ALDH2 Glu/Lys or ALDH2 Lys/Lys and ADH1B Arg/Arg and ADH1B Arg/His geno-
types [25]. A significant interaction was also found among moderate drinkers with the ADH1B Arg/Arg and
ALDH2 Glu/Lys combination [26]. The only data on CRC that we were able to confirm was that in the report by
Matsuo et al. [27]. This report is a case-control study with 257 patients with CRC and 771 controls without can-
cer. In this report, the sex- and age-adjusted OR based on ADH1B His/His (fast) was 1.39 (1.02 - 1.87) for par-
ticipants with ADH1B Arg/His, whereas the OR was 1.92 (1.06 - 3.46) for those with the Arg/Arg genotype,
suggesting a significant risk increase. In our study, an interaction with moderate or high alcohol consumption
was observed among participants with the combination of ALDH2 Glu/Glu and ADH1B His/His or with the
combination of ALDH2 Lys+ and ADH1B Arg+. The combination of ALDH2 Glu/Glu and ADH1B His/His
was reported by Matsuo et al. to be associated with an increased risk [28]. It has been also reported that the OR
was 3.42 (0.57 - 20.38) when compared the subjects having ALDH2 Lys+ and ADH1B His/His with subjects
having ALDH2 Glu/Glu and ADH1B His/His [14]. Although the mechanism by which the risk increases is un-
clear, this result is interesting. It is difficult to explain the mechanism of the interaction between the combination
of ALDH2 Lys+ and ADH1B Arg+ and alcohol consumption. Because the CI of the OR was wide, further in-
vestigation will be needed.

In a recent study, the slope of the increase in blood acetaldehyde concentration was reported to be steeper in
people with the ALDH2 Glu/Lys (low) and ADH1B Arg+ (slow) combination than in those with other combina-
tions [29]. This suggests that the cancer risk may be increased because the first stage of alcohol metabolism is
slower in these people, who therefore generate acetaldehyde for a longer period. In addition, Yokoyama et al.
reported that alcoholic patients with the ADH1BHis/His (fast) genotype have a higher risk of developing com-
plications, such as cirrhosis, pancreatitis, and diabetes [30]. These findings suggest that ADH1B activity has
some influence on the living body. The limitations of the study include the retrospective design and a relatively
small case number that might have resulted in difficulty to build a hypothesis for the mechanism of colorectal
tumor development related to alcohol consumption. However, our results suggested that ADH1B and ALDH2
activity influence the development of CRC.

5. Conclusion

The activities of alcohol dehydrogenases may be involved in the development of colorectal tumors.
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