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ABSTRACT. In this study, we investigated the role of ADH2 Arg47His
and ALDH2 Glu487Lys genetic polymorphisms in the development of
Parkinson’s disease in a Chinese population. Between January 2013
and May 2014, 115 patients with Parkinson’s disease and 214 healthy
controls were recruited in our study. Genotyping of ADH2 Arg47His and
ALDH2 Glu487Lys polymorphisms was performed by the polymerase
chain reaction-restriction fragment length polymorphism method. In
the dominant model, the GA + AA genotype of ALDH2 Glu487Lys was
found to be significantly associated with elevated risk of Parkinson’s
disease when compared with the GG genotype [odds ratio = 1.71, 95%
confidence interval (CI) = 1.02-2.84]. In the recessive model, the AA
genotype of ALDH2 Glu487Lys showed a 4.87-fold increase (95%CI
= 1.54-18.03) in the risk of Parkinson’s disease when compared
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to the GG and GA genotypes. However, no significant association
was found between the ADH2 Arg47His polymorphism and risk of
Parkinson’s disease in the co-dominant, dominant, or recessive models.
In conclusion, our study suggests that the ALDH2 polymorphism
could influence the development of Parkinson’s disease in the Chinese
population studied here.
Key words: Parkinson’s disease; ADH2 Arg47His; ALDH2 Glu487Lys;
Polymorphism

INTRODUCTION
Parkinson’s disease is a common neurodegenerative disease, and its incidence is
second to that of Alzheimer’s disease (Liu et al., 2016). It was estimated that the prevalence of
Parkinson’s disease is approximately 1-2% in people above 65 years of age, and approximately
4% in people above 80 years of age (Elbaz et al., 2016; Evans et al., 2016). The development
of Parkinson’s disease is attributable to various environmental and lifestyle factors such as old
age, brain trauma, sleep behavior disorders, mental illness, vitamins, flavonoids, calorie intake,
alcohol consumption, metals consumed via food and fatty acids, and coffee consumption
(Elbaz et al., 2016; Evans et al., 2016). Moreover, familial aggregation and co-aggregation
of Parkinson’s disease have indicated that genetic factors also play an important role in the
development of Parkinson’s disease. Previous studies have shown that genes encoding b-site
APP cleaving enzyme 1, myeloid cells 2, cyclooxygenase-2, aldehyde dehydrogenase 2,
neuronal nitric oxide synthase, and bone marrow stromal cell antigen 1, all contribute to the
development of this disease (Dai et al., 2015; Goudarzian et al., 2015; Gupta et al., 2015;
Wang et al., 2015a,b; Zhang et al., 2015).
Previous studies have also shown that alcohol intake is negatively associated with
the development of Parkinson’s disease (Zhang et al., 2014; Kenborg et al., 2015). Alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) are two important enzymes for
ethanol metabolism in the human body (Asakage et al., 2007; Dakeishi et al., 2008; Kang
et al., 2009; Lee et al., 2015). ADH catalyzes the conversion of ethanol to acetaldehyde,
which is a highly active and toxic substance. ALDH catalyzes the conversion of acetaldehyde
dehydrogenase to acetic acid, which enters the Krebs cycle, and is metabolized to CO2 and
H2O, which are then excreted from the body (Asakage et al., 2007; Dakeishi et al., 2008; Kang
et al., 2009; Lee et al., 2015). ADH2 and ALDH2 are genetic variants of ADH and ALDH.
ADH2 Arg47His and ALDH2 Glu487Lys genetic polymorphisms could alter the activity of the
wild-type proteins, and thus influence ethanol metabolism (Kang et al., 2009; Lai et al., 2013).
In our study, we investigated the role of ADH2 Arg47His and ALDH2 Glu487Lys genetic
polymorphisms in the development of Parkinson’s disease in a Chinese population.

MATERIAL AND METHODS
Subjects
A hospital-based case-control design was adopted in this study. Between January
2013 and May 2014, 115 patients with Parkinson’s disease were recruited from the
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Department of Neurology of the Second Hospital of Lanzhou University. The diagnosis
of Parkinson’s disease was based on the UK Parkinson’s disease Society Brain Bank
Criteria (Hughes et al., 1992). The exclusion criteria were as follows: individuals who had
a history of secondary Parkinson’s disease, Parkinsonism-plus syndrome, cerebrovascular
diseases, brain trauma, malignant brain tumors, chronic or acute infections, and end-stage
liver or kidney diseases.
Over the same period, 214 healthy controls were also recruited to the study. These
subjects were individuals who were either visiting the outpatient clinics, or receiving regular
health check-ups in the Department of Neurology of the Second Hospital of Lanzhou
University. All controls subjects were free of Parkinson’s disease, chronic or acute infections,
end-stage liver or kidney diseases, cerebrovascular diseases, brain trauma, malignant brain
tumors, as well as other nervous system diseases.
The demographic and clinical data from the patients and control subjects were
collected from their medical records. This information included gender, age, family
history of Parkinson’s disease, alcohol consumption, and tobacco smoking. Written
informed consents were obtained from all subjects prior to their enrollment in our study.
All procedures performed in our study received approval from the Ethics Committee of
the Second Hospital of Lanzhou University.

DNA extraction and genotyping analysis
Peripheral blood (5 mL) was drawn from each subject for analysis, and the blood
samples were collected in vacuum tubes containing 5% ethylenediaminetetraacetic acid.
DNA extraction was carried out with the TIANamp Blood DNA Kit (Tiangen, Beijing,
China), following the manufacturer protocol. Genotyping of the ADH2 Arg47His and
ALDH2 Glu487Lys polymorphisms was performed by polymerase chain reaction (PCR)restriction fragment length polymorphism. The primer sequences were designed using the
Primer Premier 5.0 software. The forward and reverse primer sequences for ADH2 were
5'-AATCTTTTCTGAATCTGAACAG-3'
and
5'-GAAGGGGGGTCACCAGGTTG-3',
respectively. The forward and reverse primer sequences for ALDH2 were 5'-GTTTGGAGCCCA
GTAACCCTT-3' and 5'-CCCACACTCACAGTTTTGAATT-3', respectively. The PCR
products of ADH2 Arg47His and ALDH2 Glu487Lys were digested with MaeIII and EcoRI
restriction enzymes, respectively. PCR was performed in a 25-mL reaction mixture, which
contained 2.0 mL DNA, 20 pmol of each primer, 2.5 mM deoxynucleotide mixture, 2.5 mL
10X PCR buffer solution, and 1.25 U Taq DNA polymerase. The cycling conditions for
ADH2 Arg47His were as follows: denaturation at 97°C for 5 min; 35 cycles of denaturation
at 94°C for 1 min, annealing at 57°C for 1 min, and extension at 72°C for 30 s; and a
final extension at 72°C for 10 min. The cycling conditions for ALDH2 Glu487Lys were as
follows: denaturation at 97°C for 5 min; 55 cycles of 94°C for 30 s, 55.5°C for 30 s, and
72°C for 30 s; and a final extension at 72°C for 7 min. The PCR products and digestive
products were detected by electrophoresis on a 3% agarose gel.
The PCR-amplified products of ADH2 Arg47His and ALDH2 Glu487Lys were 108
bp in size. For the ADH2 gene, the restriction fragment length was 60 bp for the GG genotype
and 95 bp for the AA genotype; heterozygotes exhibited both fragments. For the ALDH2
polymorphism, the restriction fragment length was 119 bp for the GG genotype and 98 bp for
the AA genotype; both fragments were present in the GA genotype.
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Statistical analysis
Student t-tests were performed to analyze the continuous variables, and c2 tests
were performed to analyze the categorical variables. Departure of frequencies of the ADH2
Arg47His and ALDH2 Glu487Lys genotypes from the Hardy-Weinberg equilibrium (HWE)
was estimated by performing the Pearson c2 test and comparing the acute and theoretical
frequency values. The association between the ADH2 Arg47His and ALDH2 Glu487Lys
polymorphisms and Parkinson’s disease was assessed by multiple-logistic regression analyses.
Odds ratios (ORs) and 95% confidence intervals (CIs) were used to express the results. Three
genetic models (co-dominant, dominant, and recessive) were included in this study. The SPSS
16.0 software (SPSS Inc., Chicago, IL, USA) was used to perform all statistical analysis; P <
0.05 was considered statistically significant.

RESULTS
The demographic variables of the patients with Parkinson’s disease and control
subjects in this study are presented in Table 1. There were no significant differences between
the patients and controls in terms of age (c2 = 0.458, P = 0.498), gender (c2 = 0.224, P = 0.636),
alcohol consumption (c2 = 0.616, P = 0.433), and tobacco smoking (c2 = 0.462, P = 0.497).
However, we found that the patients with Parkinson’s disease were more likely to have a
family history of Parkinson’s disease than were the controls (c2 = 13.309, P < 0.001).
Table 1. Demographic variables of patients with Parkinson’s disease and controls.
Variables
Age (years)
<65
≤65
Gender
Females
Males
Family history of Parkinson’s disease
No
Yes
Alcohol consumption
No
Yes
Tobacco smoking
No
Yes

Patients

%

Controls

%

Chi-square test

P value

45
70

39.13
60.87

92
122

42.99
57.01

0.458

0.498

49
66

42.61
57.39

97
117

45.33
54.67

0.224

0.636

108
7

93.91
6.09

214
0

100.00
0.00

13.309

<0.001

78
37

67.83
32.17

154
60

71.96
28.04

0.616

0.433

72
43

62.61
37.39

142
72

66.36
33.64

0.462

0.497

The distributions of the ADH2 Arg47His and ALDH2 Glu487Lys genotypes are
presented in Table 2. The GG, GA, and AA genotypes of ADH2 Arg47His accounted for
34.783, 47.826, and 17.391% of the patients with Parkinson’s disease, respectively. These
genotypes accounted for 34.112, 50.467, and 15.421% of the control subjects, respectively
(Table 2). In patients with Parkinson’s disease, the frequencies of the GG, GA, and AA
genotypes of ALDH2 Glu487Lys were 61.739, 27.826 and 10.435%, respectively; these
genotypes appeared in 73.364, 24.300, and 2.336% of the controls. Results of c2 tests revealed
a significant difference in the ALDH2 Glu487Lys polymorphism (c2 = 11.317, P = 0.003)
between the patients with Parkinson’s disease and the controls. However, no significant
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difference was observed in the genotype frequencies of ADH2 Arg47His between the two
study groups (c2 = 0.296, P = 0.863). The genotype frequencies of ADH2 Arg47His (c2 =
0.451, P = 0.502) and ALDH2 Glu487Lys (c2 = 0.079, P = 0.779) were confirmed to be in
Hardy-Weinberg equilibrium in the control subjects.
Table 2. ADH2 Arg47His and ALDH2 Glu487Lys genotype frequencies of the study groups.
Variables
ADH2 Arg47His
GG
GA
AA
ALDH2 Glu487Lys
GG
GA
AA

Patients

%

Controls

%

Chi-square test

P value

Chi-square test for HWE

P value for HWE

40
55
20

34.783
47.826
17.391

73
108
33

34.112
50.467
15.421

0.296

0.863

0.451

0.502

71
32
12

61.739
27.826
10.435

157
52
5

73.364
24.300
2.336

11.317

0.003

0.079

0.779

We also performed unconditional logistic regression analyses, and observed that the
GA genotype of ALDH2 Glu487Lys significantly increased the risk of Parkinson’s disease
when compared to the GG genotype (OR = 5.312, 95%CI = 1.656-19.824; P = 0.001; Table
3). In the dominant model, the GA + AA genotype of ALDH2 Glu487Lys was significantly
associated with an elevated risk of Parkinson’s disease when compared to the GG genotype
(OR = 1.710, 95%CI = 1.022-2.845; P = 0.029). In the recessive model, the AA genotype of
ALDH2 Glu487Lys showed a 4.874-fold (95%CI = 1.542-18.035; P = 0.002) higher risk of
Parkinson’s disease when compared to that shown by the GG and GA genotypes. However,
we observed no significant association between the ADH2 Arg47His polymorphism and
Parkinson’s disease in the co-dominant, dominant, or recessive models.
Table 3. Relationship between ADH2 Arg47His and ALDH2 Glu487Lys polymorphisms and risk of
Parkinson’s disease.
Variables
ADH2 Arg47His
Co-dominant model
GG
GA
AA
Dominant model
GG
GA+AA
Recessive model
GG+GA
AA
ALDH2 Glu487Lys
Co-dominant model
GG
GA
AA
Dominant model
GG
GA+AA
Recessive model
GG+GA
AA

Patients

%

Controls

%

OR (95%CI)

P value

40
55
20

34.783
47.826
17.391

73
108
33

34.112
50.467
15.421

1.0 (Ref.)
0.919 (0.532-1.552)
1.087 (0.527-2.233)

0.702
0.825

40
75

34.783
65.217

73
141

34.112
65.888

1.0 (Ref.)
0.974 (0.592-1.617)

0.903

95
20

82.609
17.391

181
33

84.579
15.421

1.0 (Ref.)
1.141 (0.592-2.188)

0.667

71
32
12

61.739
27.826
10.435

157
52
5

73.364
24.300
2.336

1.0 (Ref.)
1.364 (0.783-2.362)
5.312 (1.656-19.824)

0.247
0.001

71
44

61.739
38.261

157
57

73.364
26.636

1.0 (Ref.)
1.710 (1.022-2.845)

0.029

103
12

89.565
10.435

209
5

97.664
2.336

1.0 (Ref.)
4.874 (1.542-18.035)

0.002

Adjusted for age, gender and family history of Parkinson’s disease.
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DISCUSSION
In the present study, we evaluated the relationship between ADH2 Arg47His and
ALDH2 Glu487Lys polymorphisms and Parkinson’s disease. Our results indicated that the
ALDH2 Glu487Lys polymorphism increases the risk of Parkinson’s disease in the Chinese
population studied here.
Previous studies have shown that ALDH2 plays an important role in the detoxification
of trans-4-hydroxy-2-nonenal, which is a product of lipid peroxidation. In addition, ALDH2 also
contributes to detoxification of the dopamine metabolite 3,4-dihydroxyphenylacetaldehyde. It
has been shown that during this detoxification process, the enzyme encoded by this gene can
catalyze the transformation of toxic acetaldehyde products to acetic acid (Meyer et al., 2004;
Brichac et al., 2007; Leiphon and Picklo, 2007). Meyer et al. (2004) and Vermeer et al. (2012)
reported that trans-4-hydroxy-2-nonenal and 3,4-dihydroxyphenylacetaldehyde are associated
with disease of the central nervous system. Furthermore, Casida et al. (2014) indicated that the
dopamine metabolite 3,4-dihydroxyphenylacetaldehyde is mainly detoxified by ALDH, and
that ALDH may play an important role in the pathogenesis of Parkinson’s disease.
Polymorphisms in ALDH2 can influence the expression and function of this protein,
and consequently increase susceptibility of the individual to a variety of diseases of the central
nervous system (Hao et al., 2011; Yao et al., 2011; Li et al., 2015). In a study conducted by Li
et al. (2015), which included 369 Chinese patients with cerebral infarction and 247 healthy
Chinese subjects, it was shown that the A allele in ALDH2 may be a significant risk factor
for cerebral infarction in Chinese females (Li et al., 2015). Notably, Yao et al. (2011) stated
that the A allele in ALDH2 is an independent protective variable for patients who have had
stroke and have a history of heavy alcohol consumption. Further, in a meta-analysis by Hao
et al. (2011), it was shown that the GA and AA genotypes in ALDH2 increased the risk of
Alzheimer’s disease. However, some studies reported contradicting results (Zhou et al., 2010;
Komatsu et al., 2014). For example, in a study by Zhou et al. (2010), it was found that ALDH2
does not influence the development of Alzheimer’s disease. Similarly, in a study by Komatsu
et al. (2014), involving 201 patients with Alzheimer’s disease and 130 control subjects, it was
shown that ALDH2 does not affect susceptibility to Alzheimer’s disease.
Until date, only two studies have examined the relationship between ALDH2 and risk
of Parkinson’s disease (Fitzmaurice et al., 2014; Zhang et al., 2015). Fitzmaurice et al. (2014)
indicated that ALDH inhibition is a critical mechanism for Parkinson’s disease attributable to
environmental toxicants. In addition, Zhang et al. (2015) conducted a cohort study involving
584 patients with Parkinson’s disease and 582 control subjects, and revealed that the ALDH2
s4767944 polymorphism promotes susceptibility to this disease. The exact molecular mechanisms
underlying the pathogenesis of Parkinson’s disease remain to be elucidated in future studies.
Two limitations of the present study should be taken into consideration when
interpreting the results. First, the sample size in this study was relatively small, which may
have reduced the statistical power of identifying differences between the two groups that were
studied. Second, influence of other genes on ALDH2 was not considered in this study. Further
studies with larger sample sizes are needed to verify our results.
In conclusion, our results suggest that the ALDH2 polymorphism influences the
development of Parkinson’s disease in the Chinese population studied here, whereas the ADH2
polymorphism does not. Further studies with larger sample sizes are required to confirm the
relationship between ADH2 and ALDH2 polymorphisms and risk of Parkinson’s disease.
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