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Abstract

[Introduction]

Alcohol addiction is a drug addiction involving physical and psychological dependence on

alcohol. It is said to exhibit multifactorial inheritance and is thought to have a heritability

incidence of 50% to 60%.

Methylenetetrahydrofolate reductase (MTHFR) catalyzes the irreversible reduction of

5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, and plays a useful role in the

methylation of homocysteine to methionine. Abnormal DNA methylation due to deletion of the

MTHFR gene may affect gene regulation, and it is known that it alters the dopaminergic

neurotransmitter system in the brain, and affects cognitive behavior and addiction. Therefore, it

is considered that a MTHFR gene mutation may indirectly affect the development of alcohol

dependence. The MTHFR gene is located on chromosome 1p36.3, and C677T (rs1801133)

located in exon 4 and A1298C (rs1801131) located in exon 7 are known as MTHFR gene

polymorphisms. The T allele frequency of MTHFR gene polymorphism C677T has been

reported to be significantly higher in male alcohol-dependent patients, and single nucleotide

polymorphisms (SNPs) located on the MTHFR gene may be involved in the vulnerability to the



onset of this disease.

So far, no studies have been conducted on Japanese subjects regarding the relationship

between C677T and alcohol dependence. Also, the relationship with A1298C has not been

investigated in other populations.

In this study, we compared the frequency of MTHFR polymorphisms between

alcohol-dependent patients and healthy controls, and also performed haplotype analysis to

clarify the genetic factors for alcohol dependence formation.

Furthermore, in order to investigate the effect of MTHFR gene polymorphisms on alcohol

dependence in more detail, we examined a group of alcoholics with ALDH2*1/*1 who are said

to be prone to addiction due to high alcohol metabolism. A comparative analysis with healthy

subjects was also performed.

[Materials and Methods]

The subjects in this study were 64 patients (male: 57, female: 7) with a diagnosis of

alcohol dependence according to DSM-IV criteria and 73 unrelated healthy people (male: 22,

female: 51).

There was no significant difference in age between the two groups. Blood samples were



collected and all subjects provided written informed consent for genetic studies. The study was

approved by the ethics committee of Azabu University.

MTHFR and ALDH? polymorphisms were genotyped by means of the polymerase chain

reaction- restriction fragment length polymorphism (PCR-RFLP) method according to Frosst,

Weisberg and Wu. The PCR products were digested with restrictive enzymes Ninfl and Mboll,

and the digested products were subjected to electrophoresis on a polyacrylamide gel and then

visualized using the ethidium bromide staining method.

The MTHFR polymorphism difference between the patients with alcohol dependence and

healthy control subjects were assessed using the > test or Yates’ correction. In addition, linkage

disequilibrium (LD) coefficients (D’ and r?) and haplotype frequencies were calculated with

gPLINK 2.050 (http://pngu.mgh.harvard.edu/purcell/plink/) and Haploview 4.2

(http://www.broad.mit.edu/mpg/haploview/index.php) respectively. Statistical significance was

defined as p < 0.05.

[Results]

It was shown that the genotypic and allelic frequencies of rs1801133 polymorphisms were

not associated with alcohol dependence. For A1298C, there was no significant difference in



genotype frequency, but there was a significant trend toward a difference in allele frequency in

the * test after Yates' correction (y* (1) = 3.57, p = 0.0589), with the C allele appearing more

frequently in the alcoholic patient group.

A comparative analysis of subjects carrying the ALDH?2 gene polymorphism *1/*1 showed

no significant difference in genotype frequency of A1298C. However, a significant difference

was found in allele frequency (y* (1) = 7.66, p = 0.00566), with the C allele appearing

significantly more frequently in the alcohol patient group.

There are four haplotypes involving combinations of alleles on the same chromosome, and

haplotype analysis of the two SNPs showed a significant higher frequency of haplotype 2 (C677

-1298C) in alcoholics with ALDH?2 *1/*1 than in controls with ALDH2 *1/*1 (p = 0.00697).

The index values indicating the correlation between C677T and A1298C were D'=0.708 and r 2

= 0.103, which indicated no linkage disequilibrium.

[Discussion]

This study suggested that on MTHFR gene haplotypes (C-C) may be related to alcohol

dependence.

The relationship between MTHFR gene polymorphisms haplotypes and the development of



alcohol dependence was investigated using the genetic background of alcohol sensitivity

(ALDH?2 *1/*1). As a result, four haplotypes involving combinations of alleles on the same

chromosome were found, and haplotype analysis of the two SNPs showed a significantly higher

frequency of haplotype 2 (C677 -1298C) in alcoholics with ALDH2 *1/*] than in controls with

ALDH?2 *1/*1 (p = 0.00697). In a comparative analysis between an alcoholic patient group with

ALDH?2 gene polymorphism *1/*1 (wild type; non flasher) and a healthy subject group,

significant differences were observed in the haplotype frequency between the two

polymorphisms and the C-C haplotype. The frequency was significantly higher in the alcoholics

group (% (3) = 8.02, global p = 0.0456).

It has been reported that the frequency of T allele occurrence of MTHFR gene

polymorphism C677T is significantly higher in alcoholics. H Singh. et al. reported that the T

allele of MTHFR gene polymorphism C677T may exacerbate adverse health risks in the future

among drinkers. Based on this study, we hypothesize that these alleles may be some of the risk

factors for the development of alcohol dependence, but the results show no significant

association. Several studies on C677T and alcoholism have been conducted so far, but

consistent results have not been obtained. One of the reasons for this is thought to be the



difference in the frequencies of alleles between races. The frequencies of occurrence of alleles

vary depending on the geographical region and ethnicity. According to the results of this study,

the frequency of occurrence of alleles in healthy Japanese subjects is 42.5%. It is reported that it

is 24.1% to 64.3% in the most European countries and 0.0% in the least African countries.

However, the frequency of occurrence of alleles determined from a database (dbSNP

https://www.ncbi.nlm.nih.gov/snp/rs 180113 1#frequency _tab) was 34.9% in Europe and 12.1%

in Africa. Such differences in distribution are thought to be due to the environment surrounding

alcohol, and racial differences (white and colored races).

It has been reported that the 677TT genotype frequency is lower in a alcohol-dependent

patient group than in a healthy subject group, suggesting that the 677TT genotype plays a

protective role against alcohol dependence. On the other hand, there are reports that the 677TT

genotype frequency is slightly higher in a group of alcoholics, and it is necessary to further

study whether the 677TT genotype has a protective role against alcohol dependence. No studies

have been conducted on the association between A1298C and alcoholism, but studies on

esophageal cancer, gastric cancer, pancreatic cancer, and colorectal cancer have been conducted.

In a study involving colorectal cancer, the 1298CC genotype was associated with a significant
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increase statistically in the risk of colorectal cancer in individuals with high alcohol

consumption. Our results showed that the C allele frequency was significantly higher in the

alcohol-dependent group than in the healthy group, suggesting that it may be involved in the

vulnerability to alcohol dependence. In addition, no linkage was found between C677T and

A1298C in the linkage disequilibrium analysis in this study. Therefore, it is considered difficult

to use one of them as a tag SNP as a substitute for genotyping, although the C677T allele and

the A1298C allele have the ability to reduce MTHFR activity.

Furthermore, on haplotype analysis, a significant difference was found between the

alcohol-dependent patient group consisting of four types of haplotypes and ALDH?2 gene

polymorphism *1/*1 and the healthy subject group. Haplotype C-C occurred more frequently in

the alcohol-dependent group than in the healthy group (¥ (1) = 7.28, global p = 0.00697). The

MTHEFR activities of the haplotypes are presumed to be high activity C-A, medium activity C-C

and T-A, and low activity T-C, respectively. The high frequency of occurrence of moderately

active haplotype C-C in this study indicates that the C-C linkage of MTHFR gene

polymorphisms rs1801133 and rs1801131 causes alcohol dependence in individuals with

ALDH? *1/*1. However, it is unclear from this study alone whether MTHFR activity is involved

11



in the vulnerability to addiction development.

In conclusion, in this study, both individuals with ALDH2*1/*1, which are said to have

high alcohol (acetaldehyde) metabolic activity and are likely to exhibit increased alcohol

consumption, and with the MTHFR C677T (rs1801133) C and A1298C (rs1801131) C alleles

may be likely to develop alcohol dependence.
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Table 1 Genotype and allele frequencis of the MTHIR polymorphism in alcohol-dependent
and control subjects.

Genotype (%) Allele (%)
SNP Subject n
C/C C/T T/T C T
Alcohol dependence 64 22 (344) 37 (578) 5 (78 81 (63.3) 47 (36.7)
Control 73 21 (288) 42 (575) 10 (137) 84 (575) 62 (425)
X? (2) =0803, p =0491 XY (1) =0540, p = 0332
C677T

Alcohol dependence
(re1801133) (with AALDHZ *1/*1)
Control
(with ALDHZ2 *1/°1)

62 22 (355) 35 (564) 5 (81 79 (63.7) 15 (36.3)

46 12 (26.1) 27 (58.7) 7 (152) 51 (554) 41 (44.6)

X? (2) =113, p = 0568 X* (1) =151l p =0219

A/A A/C (676 A C
Alcohol dependence 64 34 (53.1) 23 (359) 7 (109) 91 (71.1) 37 (289)
Control 73 51 (699) 16 (2190 6 (82) 118 (808) 28 (19.2)

X*(2) =323, p =019 X* (1) =357 p = 00589
A1208C
- Alcohol dependence 7 ‘ 50 (aEE . .
(rs1801131)  (with ALDHZ *1/*1) 62 34 (548) 22 (355) 6 (97) 90 (73.0) 34 (27.0)
Control

A6 ~ 2 D10 9
(with ALDH2 *1/*1) 16 36 (7500 9 (188) 1 (22) 81 (88.0) 1 (120

X® (2) =498 p =00829 X* (1) =766, p = 000566

MTHIEFR: methylenetetrahydorofolate reductase gene, SNI: single nucleotide polymorphism, ALDH2:
aldehyde dehydrogenase 2 gene.

* The allele distributions showed a significantly difference between alcoholisms (with ALDHZ *1/°1)
and controls (with ALDH2 *1/*1) subjects (global p = 0.046). C allele was associated with Alcohol
dependence (p = 0.00566)
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