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Background: Dopamine replacement therapy is an established treatment for motor symptoms of Parkinson's
disease, but its long-term use is often limited by the eventual development of motor complications, including
levodopa-induced dyskinesia. Genetic background, particularly polymorphisms of dopamine metabolism genes,
may affect the occurrence of dyskinesia in Parkinson's disease patients.

Methods: We investigated polymorphisms of dopamine metabolism genes, including catechol-O-methyl-
transferase, monoamine oxidase B, dopamine beta-hydroxylasedopamine, dopamine receptors D1, D2, and D3,
and dopamine transporter, in 110 patients with Parkinson's disease. Cox proportional hazards regression was
used to detect associations between genotypes and levodopa-induced dyskinesia.

Results: Monoamine oxidase B rs1799836 was the only polymorphism correlated with risk of dyskinesia.
Patients with an AG or GG genotype were more likely to have dyskinesia than those with an AA genotype
(adjusted hazard ratio, 3.41; 95% confidence interval, 1.28-9.10). Also, Kaplan-Meier curves demonstrated that
patients with an AG or GG genotype developed dyskinesia earlier than those with an AA genotype (log-rank test,
p = .004).

Conclusions: In Parkinson's disease patients, the monoamine oxidase B rs1799836 G allele is associated with a
greater likelihood of developing dyskinesia than the A allele, possibly due to its association with lower mono-
amine oxidase B activity in the brain. Thus, detection of monoamine oxidase B polymorphisms may be useful for
determining the optimal dosing of antiparkinson medications.

tremor at rest [2] .
Dopamine replacement therapy is the most effective treatment for

1. Introduction

Parkinson's disease (PD) results from the aggregation of alpha-sy-
nuclein, which forms Lewy bodies and eventually leads to degeneration
of dopaminergic neurons in the substantia nigra pars compacta [1].
Both genetic and environment factors are involved in the pathophy-
siology of PD. In addition, mitochondrial dysfunction and oxidative
stress within the substantia nigra are believed to promote neuronal
degeneration in PD [1]. The dopaminergic system is a major contributor
to the motor symptoms of PD, which include bradykinesia, rigidity, and

PD, although its effectiveness changes over the protracted course of
treatment and involves motor complications including delayed-on,
dyskinesia, and wearing-off [3]. The severity of these motor compli-
cations varies widely among patients. One of the most common motor
complications, levodopa-induced dyskinesia (LID), can be a major ob-
stacle to increasing the dose of dopaminergic medications, and the
symptom itself can impair patients' activities of daily living. Preclinical
and clinical findings suggest that pulsatile stimulation of striatal
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postsynaptic dopamine receptors (DRs) and degeneration of pre- and
post-synapses may be a key mechanism underlying LID [3,4]. Ad-
ditionally, several lines of evidence have suggested that the large in-
crease in synaptic dopamine concentration play a role in the emergence
of LID [5]. However, the genetic factors contributing to the pathogen-
esis of LID remain unclear.

Age at disease onset, sex (female), duration of disease, length of
treatment, and daily levodopa dose is suggested as a risk to develop LID
[6]. In addition to these factors, alterations in dopaminergic metabo-
lism have also been investigated, including changes in DRs, the dopa-
mine transporter (DAT) [7], and dopamine degradation via catechoal-
O-methyltransferase (COMT) and monoamine oxidase (MAO) [8]. In
the present study, to address genetic factors contributing to the devel-
opment of LID, we examined associations between dopamine metabo-
lism gene polymorphisms and the development of dyskinesia.

2. Methods
2.1. Patients

A total of 110 Asian patients with PD were recruited from as sub-
jects for this study at the Chiba University Hospital; one patient was
Taiwanese, and the others were Japanese. It was noted that we ex-
cluded patients who have familial history about PD, who have PARK2
mutations, who were not taking antiparkinson drugs or whose disease
duration was 3 years or less in recruiting process. Patients who had
undergone deep brain stimulation were also excluded. All patients were
diagnosed according to the United Kingdom Parkinson's Disease Society
Brain Bank criteria [9]. The ethics committee of Chiba University ap-
proved this study. Study details were explained to participants by
neurologists with over 10years of experience, and all participants
provided written informed consent.

Patient profiles, clinical findings, treatments, and outcomes were
retrospectively reviewed from medical records. Levodopa-induced
dyskinesia was determined by neurologists who have over fifteen years
of experience based on either direct observation or by patients response
to questioning. To evaluate the role of dopaminergic therapy, daily
levodopa equivalent dose (LED) was calculated [10].

2.2. Genomic DNA extraction

DNA was isolated from peripheral blood using a MagNA Pure
Compact System (Roche Diagnostics, Penzberg, Germany) according to
the manufacturer's protocol. DNA samples were measured using a
NanoDrop 1000 spectrophotometer (Coleman Technologies, Orlando,
FL), diluted to 3 ng/uL, and stored at 4 °C.

2.3. Polymorphism selection

We analyzed nine polymorphisms over seven dopamine metabolism
genes, including COMT, MAO-B, dopamine beta-hydroxylasedopamine
(DBH), DRD1, DRD2, DRD3, and DAT. These polymorphisms were se-
lected from a previous study based on (1) minor genotype frequencies
of samples > 1% and (2) their strong associations with biological
measures [11]. Polymorphism genotyping was carried out using high
resolution melt (HRM) analysis and confirmed by direct sequencing for
the following polymorphism: COMT rs4680; MAO-B rs1799836; DBH
rs1611115; DRD1 rs4532; DRD2 1rs1799732, rs1800497, and
rs1079597; and DRD3 rs6280. Polymorphism genotyping for DAT
1528363170 was performed by fragment analysis. The genotype fre-
quency of dopaminergic polymorphisms in the present study was con-
firmed against Japanese genotype frequency data from the NCBI data-
base (https://www.ncbi.nlm.nih.gov) or previous studies [12-21]
(Supplementary Table 1).
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2.4. HRM analysis

Primers were designed by LightCycler Probe Design Software 2.0
(Roche Diagnostics). HRM polymerase chain reaction (HRM-PCR) was
performed on a LightCycler 480 Instrument (Roche Diagnostics). The
reaction mixture contained 3ng genomic DNA and either 0.7 uM of
each primer with Type-it HRM-PCR reagents (Qiagen, Hilden,
Germany) or 0.2uM of each primer with Multiplex PCR Master Mix
(Qiagen) and PCR-grade water, adjusted to a total volume of 20 uL. For
PCR cycles, the initial denaturation step was 95 °C for 10 min followed
by 50 cycles of 95 °C for 10 s, touchdown annealing from 66 °C to 56 °C
(1°C/cycle), and a final step at 72°C for 10s. After amplification,
products were heated to 95 °C for 1 min and then cooled to 40 °C for
1 min to favor heteroduplex formation. For the melting step, the tem-
perature was raised from 40 °C to 95 °C with a ramp rate of 0.02°C/s
and 25 acquisitions/°C. HRM curve analysis was performed using Light
Cycler 480 Gene Scanning Software (version 1.5) to detect nucleotide
variation [22].

2.5. PCR and fragment analysis

The amplification reaction was performed in a mixture containing
50-100 ng genomic DNA, 1 uM of each primer, 5% DMSO, Multiplex
PCR Master Mix (Qiagen), and PCR-grade water, adjusted to a total
volume of 20 pL. PCR was performed with initial denaturation at 95 °C
for 15 min followed by 40 cycles of 94 °C for 30 s, annealing at 66 °C for
90, and a final step at 72 °C for 90 s. PCR products were subjected to
fragment analysis as previously described [23].

2.6. Direct sequencing

PCR products generated after HRM were column-purified according
to standard protocols. Using BigDye terminator v.3.1, a cycle sequen-
cing reaction was performed with an initial step at 96 °C for 10 min
followed by heat denaturation as 96 °C for 10 s, annealing at 50 °C for
5s, and extension at 60 °C for 1 min. After products were purified by
BigDye Xterminator (Life Technologies, Carlsbad, CA), sequence de-
tection was performed using the Applied Biosystems 3130 Genetic
Analyzer (Applied Biosystems, Foster City, CA).

2.7. Measurement of MAO-B activity

Platelets samples were obtained from 21 patients with PD (12 pa-
tients with MAO-B AA(A) genotypes and 9 patients with MAO-B AG or
GG (G) genotypes). Determination of MAO-B was performed in platelets
using the MAO-Glo Assay (Promega, Germany). MAO-Glo Assay System
Protein lysates were diluted to 1.0 mg/mL using lysis buffer. Twenty-
five microliters of the diluted lysate was incubated with 25 pL of MAO
substrate solution (1:250 dilution of provided MAO substrate to mea-
sure MAO-B activity) (Promega) for 50 min at 37 °C. Fifty microliters of
luciferin detection reagent was then added and luminescence was
measured.

2.8. Western blotting analysis

Peripheral blood samples were obtained from 33 patients with PD
(16 patients with MAO-B AA(A) genotypes and 17 patients with MAO-B
AG or GG (G) genotypes). Whole blood was centrifuged for 10 min with
200 x g at 4 °C. Obtained platelet rich plasma (PRP) was centrifuged for
10 min with 5000 X g at 4 °Cto separate platelets as precipitates. The
samples were sonicated and diluted to 1.0 mg/mL using RIPA buffer.
The proteins (10 ug/per lane) were separated on a 7.5% SDS-poly-
acrylamide gel, transferred to the nitrocellulose membrane and de-
tected using Anti-Monoamine Oxidase B antibody (abcam, ab175136).
Densitometric measurements of the Western blot band images were
performed using image J software.
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Table 1
PD patient characteristics, overall and with or without LID.
Characteristics Overall No LID LID p-value
Patients, no. (%) 110 73 (66) 37 (34)
Male, no. (%) 54 (49) 42 12 0.016
Age at disease onset, mean = SD, y 61.0 = 11.8 63.0 = 12.0 58.0 = 10.5 0.026
Disease duration, mean * SD, y 11 = 5.1 9.0 = 4.3 140 £ 5.1 < 0.0001
Duration of anti-parkinson drug therapy, mean * SD, y 8.0 = 5.0 7.0 + 41 12.0 = 5.0 < 0.0001
Total LED," mean + SD, mg/day 604.0 + 4129 505.0 + 408.9 799.0 + 345.6 < 0.0001
Levodopa dose, mean *+ SD, mg/day 411.4 = 386.5 368.0 + 456.9 497.0 = 144.7 < 0.0001
Treatment with selegiline, no. (%) 52 (47) 36 16 0.686
Hoehn and Yahr, no. (%) < 0.0001"
Stage 1-2 36 (33) 34 2
Stage 3-5 74 (67) 39 35

LED, levodopa equivalent dose; LID, levodopa-induced dyskinesia.

@ Calculated by summing the LEDs for levodopa alone or in combination with dopamine agonists.

> Hoehn and Yahr stage 1-2 vs. 3-5.
2.9. Statistical analysis

Association between single nucleotide polymorphisms and the de-
velopment of LID was analyzed using Fisher's exact tests and odds ratios
(ORs). Kruskal-Wallis tests were used to analyze interactions between
genotype, sex, age at disease onset, disease duration, duration of anti-
parkinson drug therapy, LED, use of selegiline, and levodopa dose and
to perform comparisons between patients with and without dyskinesia.
The correlation between MAO-B genotype and time to develop LID from
disease or treatment onset was analyzed by Kaplan-Meier curves and
log-rank tests. Statistical significance in MAO-B enzyme activities ana-
lysis and immunoblotting was ascertained by Student's t-test. Fisher's
exact tests, ORs, Kruskal-Wallis tests, Kaplan-Meier curves and
Student's t-test were performed using SPSS statistics (version 22; IBM,
Inc., Chicago, IL).

3. Results
3.1. Patient characteristics

Clinical characteristics of PD patients are summarized in Table 1. Of
the 110 enrolled patients, 37 (34%) developed LID. There were no
significant differences in treatment with selegiline between patients
with and without LID. By contrast, there were significant differences in
sex, age at onset, disease duration, duration of anti-parkinson drug
therapy, total LED, daily levodopa dose and Hoehn and Yahr stage
between patients with and without LID. The average levodopa dose
among patients with LID was over 400 mg/day, consistent with pre-
vious reports [6] .

3.2. Associations between genotype, LID, and treatment duration

Associations between each polymorphism and the presence of LID
were analyzed. The polymorphism identified as being significantly
correlated with LID was MAO-B rs1799836 (Table 2). No significant
differences in the frequencies of the other eight polymorphisms were
detected between patients with and without LID (Supplementary
Table 2).

Clinical characteristics of patients with respect to MAO-B genotype
are shown in Supplementary Table 3. The minor allele frequencies of
MAO-B in our study were comparable to those of healthy Japanese
individuals in the NCBI database (Supplementary Table 1). There were
no significant differences in sex, age at disease onset, disease duration,
duration of anti-parkinsonian drug usage, total LED, levodopa dose,
treatment with selegiline or Hoehn and Yahr stage among the three
genotypes. Table 2 shows ORs with 95% CIs for the occurrence of LID
according to MAO-B genotype. Patients with G allele of MAO-B geno-
type (AG + GG (G)) showed significant increased risk of developing

Table 2
Association between the MAO-B rs1799836 polymorphism and the develop-
ment of LID in PD patients.

Polymorphism sNo LID LID p-value OR (95% CI)
MAO-B 151799836 0.011

AA (A) 64 25

AG 8 7

GG (G) 1 5

AA (A) vs. AG + GG (G) 64 vs. 9 25vs. 12 0.019 3.41 (1.28-9.10)
A vs. G (count of allele) 95 vs. 9 46 vs. 16 0.006 3.67 (1.50-8.93)

LID, levodopa-induced dyskinesia; MAO-B, monoamine oxidase B; OR, odds
ratio; CI, confidence interval

LID. In addition, the presence of the G allele (count of allele) was sig-
nificantly associated with an increased risk of developing LID.

To further determine the relationship between LID and duration of
disease and duration of treatment depending on MAO-B genotype, we
performed Kaplan-Meier analysis. Kaplan-Meier curves for disease
duration without LID were significantly different between the two
MAO-B genotypes (AA (A) vs. AG + GG (G); Fig. 1A). Patients with an
AA (A) genotype developed LID 2 to 25years after disease onset. By
contrast, patients with an AG or GG (G) genotype developed LID 4 to
20 years after disease onset. Of the patients with an AA (A) genotype,
50% developed LID within 25 years, whereas 50% of those with AG or
GG (G) genotypes developed LID within 8 years. Patients with an AG or
GG (G) genotype were at a significantly higher risk for developing LID.
We found similar significant associations between genotype and dura-
tion of treatment (Fig. 1B).

3.3. Association between MAO-B genotype and LID depending on MAO-B
inhibitor treatment

In the present study, this MAO-B inhibitor was prescribed to 52
patients (47%). Mean daily selegiline dose was 4.1 = 1.9mg, with a
minimum of 2.5 mg and maximum of 10 mg. Four patients discontinued
treatment with selegiline due to camptocormia and hallucination.

To assess influence of MAO-B inhibitor on LID, we performed
Kaplan-Meier analysis in patients treated without selegiline, the only
approved MAO-B inhibitor in Japan. Among AA genotype, fourty-nine
patients treated without selegiline, of which 13 developed LID. Nine
patients with an AG + GG (G) genotype treated without selegiline, of
which eight developed LID. Among patients without selegiline, the
duration of disease (Fig. 1C) and duration of treatment (Fig. 1D) until
the development of LID was significantly different between patients
with an AA or AG + GG genotype; patients with an AG + GG genotype
developed LID earlier than patients with an AA genotype.



S. Kakinuma, et al.

(A)

101 = AA(A) (n = 89)
© — AG+GG(G) (n = 21)
3 08-
£
X
[2]
>
© 0.6 4
o
{ o=
5
S 0.4 1
B
©
Q
0.2
Q.
Log rank test
0.0 4 p=0.004
T T T T T
0 10 20 30 40

duration of disease (years)

10 AA(A) (n = 49)
' — AG+GG(G) (n = 9)

©

8 0.8 1

£

X

w

>

T 06 -

o

o

S

504

=

o

[oX

2 0.2

(o}

Log rank test
0.0 . p=0.004

T T T

10 20 30 40
duration of disease (years)

o 4

eNeurologicalSci 19 (2020) 100239

101 T AA(A) (n = 89)
© — AG+GG(G) (n = 21)
3 0s8-
R=
4
(2]
>
T 0.6
o
C
ks
S 0.4+
2
)
Q
2 0,24
Q.
Log rank test
0.0/ p=0.021

0 10 20 30 40
duration of treatment (years)

1.01 a— AA(A) (n =49)
- — AG+GG(G) (n=9)
'% 0.8
=
X
n
>
© 0.6
o
c
ks
5 0.4
2
o}
Q.
S 0.2
o
Log rank test
0.0+ p=0.004

T T T T

0 10 20 30 40
duration of treatment (years)

Fig. 1. Kaplan-Meier curves showing association between MAO-B polymorphism and increased LID risk for (A) disease duration and (B) treatment duration. Kaplan-
Meier curves showing association between MAO-B polymorphism and increased LID risk without selegiline treatment for (C) disease duration and (D) treatment

duration. Number of patients in each groups is indicated.

3.3.1. Reduction of MAO-B enzyme activity and protein expressions in
patients with MAO-B G allele

To determine which MAO-B genotypes affect MAO-B enzyme ac-
tivity and protein levels, we performed measurement of MAO-B enzyme
activity and immunoblotting. Platelet MAO-B enzyme activity was
significantly higher in patients with an AA (A) genotype than patients
with an AG or GG (G) genotype (Fig. 2A). Similar trends were observed
in immunoblotting analysis (Fig. 2B and Supplementary Fig. 1).

4. Discussion

Using retrospective clinical data from 110 Asian patients with PD,
we performed correlation analysis between disease parameters and
polymorphisms in genes related to dopamine metabolism, including
COMT, MAO-B, DBH, DR, and DAT. Of the nine polymorphisms, only
MAO-B 151799836 correlated with the risk of developing dyskinesia.
More specifically, we determined that PD patients carrying the G allele

(AG or GG) exhibited an approximately 3-fold increase in the occur-
rence of dyskinesia. The relationship between MAO-B allele and PD risk
has not been confirmed in Western populations [24,25].

Our results indicate that MAO-B allele may affect the risk of de-
veloping LID. Similarly, the MAO-B AG genotype was shown to have
trends in correlation with an increased risk of dyskinesia in Chinese
study [8,26]. MAO activity is highly disposed in the human striatum
and hypothalamus. MAO-B is the main form found in the basal ganglia,
serotonergic neurons (including the dorsal raphe nucleus), and astro-
cytes [27]. The MAO-B rs1799836 polymorphism influences the enzy-
matic activity of MAO-B; the A allele may lead to elevated MAO-B ac-
tivity, whereas the G allele may lead to lower MAO-B activity [13]. In
this study, both MAO-B enzyme activity and protein levels were higher
in patients with an AA (A) genotype. Our findings confirm that A allele
of the MAO-B rs1799836 polymorphism involve high MAO-B enzyme
activity and expression of MAO-B proteins. In patients receiving long-
term levodopa therapy, the concentration of dopamine in the synaptic
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Fig. 2. MAO-B enzyme activeties and protein expression were decreased in patients with MAO-B rs1799836 G allele polymorphism. (A) MAO-B enzyme activeties are
reduced in patients with G allele. (B) Densitometry of Western blotting revealed that MAO-B are expressed to a less extent in patients with G allele.

cleft is no longer appropriately regulated. Patients with low MAO-B
activity (G allele) would likely have even higher synaptic dopamine
levels in the striatal synaptic cleft. Our finding that the MAO-B G allele
is correlated with the development of LID suggests that lower MAO-B
activity may have functional consequences in terms of levodopa me-
tabolism, eventually resulting in increased risk of developing LID. MAO-
B polymorphism may possibly correlate with the development of PD.
We found similar proportions of PD patients with each MAO-B genotype
compared with those of Japanese individuals in the NCBI database. In
this context, it was reported that the A allele is a risk factor for de-
veloping PD in the Japanese population [14]. As MAO catabolism of
dopamine produces reactive oxygen species as a byproduct, oxidative
stress levels and cell death in the striatum and substantia nigra could
depend on the MAO-B allele. We speculate that high MAO-B activity (A
allele) could produce more oxidative damage, leading to increased cell
death. This could be a contributing factor for individuals with the MAO-
B A allele and a higher risk of developing PD. Nevertheless, it is ne-
cessary to investigate the relationship between A allele and PD pre-
valence using more large number of patients.

Although previous studies report an association between dyskinesia
risk and the low-activity genotype of COMT rs4680 (Vall58Met)
polymorphism [12], we were unable to detect a correlation between
dyskinesia risk and other dopaminergic polymorphisms, including
COMT (Supplementary Table 1). In a previous study, PD patients with
low COMT activity (A allele) tended to develop dyskinesia, although no
statistically significant differences were observed [28]. COMT meta-
bolizes dopamine mainly in the cortex but not in the striatum [29] and
contributes to cognitive function rather than motor function. On the
other hand, MAO-B participates in dopamine degradation in the basal
ganglia. Thus, aberrant hyperkinesia induced by higher synaptic do-
pamine level may well explained by low striatal MAO-B activity.

A recent study [6] shows that factors predictive of dyskinesia are, in
rank order: young age at disease onset, high levodopa dose, low body
weight, treatment allocation, female gender, and a more severe score on
part 2 of the Unified Parkinson's Disease Rating Scale. In line with this
finding, the MAO-B gene is located on the X chromosome, and thus it is
possible that sex differences are related to this risk factor for dyskinesia
development. In this study, we detected age at disease onset, sex, or
Hoehn and Yahr stage as risk factors. These results supported that the
characteristics of our study cohort were similar to that of general pa-
tients with Parkinson's disease.

The duration of disease and duration of treatment were in-
dependently assessed in our survival analyses. Considering disease
duration, patients with a MAO-B G allele exhibited dyskinesia earlier.
However, treatment duration did not significantly differ between

genotypes despite the strong correlation between disease duration and
treatment duration. In a previous study examining a large cohort of PD
patients in Ghana, a sub-Saharan African country in which access to
medication is limited and initiation of levodopa therapy often delays by
many years after disease onset, multivariate analysis showed that dis-
ease duration and daily levodopa dose, but not disease duration at the
initiation of levodopa treatment, were associated with motor compli-
cations [30]. Together, the previous and present results indicate that,
regardless of the time at which levodopa is initiated, disease duration is
a major factor contributing to the development of dyskinesia.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ensci.2020.100239.
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