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Levodopa (L-DOPA) is the most effective drug for Parkinson's disease (PD). However, the response to L-DOPA remains individually variable, which hampers the practical value of L-DOPA in the clinic. Genetic factors play a role in L-DOPA efficacy. This study explored the associations between polymorphisms and motor response to L-DOPA in Chinese patients with PD. A total of 51 Chinese PD patients were enrolled in this study. Patients underwent an acute L-DOPA challenge and were evaluated by the Unified Parkinson Disease Rating Scale (UPDRS) part III at baseline and after L-DOPA administration. Subjects were genotyped for polymorphisms: rs921451 and rs3837091 in the DDC loci, rs3836790 in the SLC6A3 locus, rs4680 in the COMT locus, and rs1799836 in the MAOB locus. We found that patients carrying the DDC CT or TT genotype exhibited a better motor response to L-DOPA than patients with the DDC CC genotype, and there was still a significant difference after adjustment for the L-DOPA dose in the acute challenge. Improvement in the UPDRS III subscores, including bradykinesia and axial symptoms, was significantly lower in patients with the DDC CC genotype than in patients with the CT or TT genotype. There were no significant associations between the motor response to L-DOPA and the rs3837091, rs3836790, rs4680, and rs1799836 variants. The DDC single nucleotide polymorphism rs921451 modulated the motor response to L-DOPA in Chinese PD patients. Our results suggested that DDC may be a modifier gene for the L-DOPA treatment response in PD.
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INTRODUCTION

Parkinson's disease (PD) is a common neurodegenerative disorder affecting more than 1% of the population over 60 years old (1). The main pathological hallmark is the loss of dopaminergic neurons in the substantia nigra pars compacta (2). PD is characterized by bradykinesia, rigidity, tremor and other non-motor symptoms, including depression, cognitive disorders, sleep disorders (3). Current treatment is based on different dopamine replacement strategies and is aimed at symptomatic relief. Levodopa (L-DOPA) has been the gold standard in the treatment of PD since its production in 1960 (4). However, the response to L-DOPA remains individually variable, which hampers the practical value of L-DOPA in the clinic.

Dopaminergic pathway genes have been investigated, and some single nucleotide polymorphisms (SNPs) have been reported to be associated with L-DOPA efficacy. The DDC gene encodes a key enzyme, aromatic L-amino acid decarboxylase (AAAD), involved in the synthesis of dopamine in the central nervous system (CNS) and the periphery. AAAD plays an important role in the generation of an effective dose of L-DOPA, which may cause interindividual variations in treatment response. The polymorphisms in the DDC gene have been considered to affect the expression of AAAD and thus induce clinical heterogeneity (5, 6). In addition, rs921451 and rs3837091 in the DDC gene promoter have been frequently investigated and concluded to influence diseases involved in the mesolimbic dopamine system, such as smoking (7–9) and bipolar affective disorder (6, 10, 11). Additionally, ethnic differences were demonstrated in these studies. The associations between polymorphisms in the DDC gene and PD have also been explored (12). However, few studies have focused on the association between polymorphisms in the DDC gene and the response to L-DOPA. The influence of these polymorphisms on the response to L-DOPA is subject to debate.

Polymorphisms in other dopaminergic pathway genes, including SLC6A3, COMT and MAOB, have also been considered to be important factors in the response to L-DOPA. Most dopamine reuptake occurs through solute carrier family 6, member 3 (SLC6A3, also called DAT1) back to presynaptic neurons, which is the most powerful determinant of dopamine neurotransmission (13). SLC6A3 SNP rs3836790 has been reported to be associated with the L-DOPA treatment response (14). Catechol-O-methyltransferase (COMT, encoded by the COMT gene) and monoamine oxidase B (MAOB, encoded by the MAOB gene) are the main enzymes involved in dopamine metabolism. The most commonly studied polymorphisms are rs4680 in the COMT gene and rs1799836 in the MAOB gene, which regulate the enzyme activity (15, 16). The correlation between these genotypes and motor response to L-DOPA revealed paradoxical results.

Here, we conducted a study of Chinese PD patients to explore the association between polymorphisms in the dopaminergic pathway genes and the response to L-DOPA by acute challenge experiments. To the best of our knowledge, there have not been published reports of pharmacogenetic modulation of the motor response to an acute L-DOPA challenge in Chinese patients.



MATERIALS AND METHODS


Subjects

Fifty-one PD patients were recruited from the Movement Disorder Clinic at the Department of Neurology of the affiliated Brain Hospital of Nanjing Medical University from July 2015 to October 2018. All PD patients were examined by at least two movement disorder specialists according to the United Kingdom Parkinson's Disease Society Brain Bank criteria (17). The exclusion criteria included atypical PD, dementia, treatment with clozapine or monoamine oxidase inhibitors, serious or unstable medical disorders. The study was approved by the ethics committee of the affiliated Brain Hospital of Nanjing Medical University. All participants signed an informed consent.



Procedures

We performed an acute L-DOPA challenge in the fasting state after 24 h of withdrawal of dopaminergic agonists, 12 h of withdrawal of L-DOPA and other antiparkinsonian medications. The L-DOPA dose administered for the challenge corresponded to 150% of the usual morning L-DOPA equivalent dose used by patients (i.e., first morning dose of L-DOPA, plus the L-DOPA equivalent dose of the first morning dose of dopamine agonist, plus an additional 50 mg of L-DOPA). The L-DOPA used in our study was immediate-release L-DOPA with 25% benserazide. Patients were allowed to have a light breakfast 20–30 min after dosing.

Patients were evaluated by the Unified Parkinson Disease Rating Scale (UPDRS) (18) part III at baseline and after L-DOPA administration. UPDRS III was divided into subscores for tremor (UPDRS items 20 and 21), rigidity (UPDRS item 22), bradykinesia (UPDRS items 23–26 and 31) and axial symptoms (UPDRS items 27–30) (19). The primary efficacy criterion included the improvement in the UPDRS part III motor score (ΔUPDRS III), the improvement in subscores (Δtremor, Δrigidity, Δbradykinesia, Δaxial symptoms) after acute L-DOPA administration, relative to baseline. The basic clinical features were also recorded, including age, sex, age at onset, duration of the disease, Hoehn and Yahr scale score (H-Y), L-DOPA equivalent dose (LED), Mini-Mental State Examination (MMSE), and Montreal Cognitive Assessment (MOCA). The LEDs of patients were calculated according to a previous study (20).



Genotyping

Genomic DNA was extracted from venous blood samples by the use of a TIANamp Blood DNA Kit (TIANGEN, China) according to the manufacturer's instructions. Subjects were genotyped for polymorphisms: rs921451 and rs3837091 in the DDC loci, rs3836790 in the SLC6A3 locus, rs4680 in the COMT locus, and rs1799836 in the MAOB locus. Primers for polymerase chain reaction (PCR) amplification were designed using Primer3 (http://primer3.ut.ee/), and the sequences of the primers are shown in Supplementary Table 1. The cycling conditions for amplification were as follows: 2 min at 94°C, 35 cycles of 15 s at 94°C, 15 s at 60°C and 1 min at 72°C and then an extra 10 min at 72°C. The amplification products of five polymorphisms were sequenced on an ABI 3730xl automated sequencer (Applied Biosystems, Foster City, CA, USA). Reference sequences were obtained from the PubMed website.



Statistical Analysis

Continuous variables were expressed as the median and 25th−75th percentile range. Hardy-Weinberg equilibrium was tested using the chi-squared test. Dominant, recessive, and additive genetic models were used for analysis depending on the genotype frequencies. The dominant genetic model was the comparison between the group of subjects carrying at least one minor allele and the group of non-minor allele carriers, while the recessive genetic model was the comparison between the group of homozygous carriers of minor allele and the group of subjects carrying the other genotypes. Additive genetic model was the comparison among the groups of subjects carrying different genotypes. Comparisons between groups were performed using the nonparametric Mann-Whitney U test or Kruskal-Wallis test. Adjustments for the L-DOPA dose were made using nonparametric analysis of covariance. Because of the location of MAOB on the X chromosome, men and women were analyzed separately. All analyses were 2-tailed, and the level of statistical significance was set at p < 0.05.




RESULTS


Clinical Characteristics and Genotype Distributions of all PD Patients

A total of 51 subjects were included in the study. The mean age and age at onset of the PD patients were 61.7 and 55.2 years (SD = 7.8 and 8.4, respectively), with an average of 6.7 years duration of disease and 35% female. The mean UPDRS part III motor score (off L-DOPA) and H-Y score were 40.1 and 2.6 (SD = 16.2 and 0.9, respectively).

The distributions of all variants complied with Hardy-Weinberg equilibrium (Table 1). For rs921451, 12 patients had the TT genotype, 27 had the CT genotype, and 12 had the CC genotype. Patients with the CC genotype (n = 12) and patients with the CT or TT genotype (n = 39) did not differ significantly in terms of baseline characteristics (Table 2). There were no intergroup differences in the frequencies of COMT genotypes.


Table 1. SNP genotype distributions.
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Table 2. Baseline characteristics of the patients in each group.
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Association Between Genotypes and the Motor Response to L-DOPA

In a recessive model, the ΔUPDRS III was significantly lower in patients carrying the DDC CC genotype than the CT or TT genotype (p = 0.025) (Table 3). When adjusted for the L-DOPA dose in the acute challenge, there was still a significant difference (p = 0.048). The Δbradykinesia and Δaxial symptoms were significantly lower in patients with the DDC CC genotype than the CT or TT genotype (p = 0.037 vs. 0.003). After adjusting for the L-DOPA dose, no significant differences were found in terms of UPDRS III subscores (p = 0.096 vs. 0.076). In addition, there were no significant associations between the response to L-DOPA and the rs3837091, rs3836790, rs4680 and rs1799836 variants (Table 3).


Table 3. Effect of genotypes on the improvement of UPDRS motor score following administration of L-DOPA in recessive models.
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In a dominant model, improvement in rigidity was higher in patients with the MAOB GG or GA genotype than AA genotype among women (p = 0.010). After adjustment for the L-DOPA dose in the acute challenge, this association was still significant (p = 0.022). No significant associations were found between the response to L-DOPA and the rs921451, rs3837091, rs3836790, and rs4680 variants in dominant models (Supplementary Table 2). In the additive models, genotypes for rs921451 and genotypes for rs1799836 in females were associated with the improvement in UPDRS III subscores (p = 0.012 vs. 0.033). However, there were no significant differences when adjusted for the L-DOPA dose (p = 0.203 vs. 0.061). Therefore, there were no relationships between the response to L-DOPA and polymorphisms in additive models (Supplementary Table 3).




DISCUSSION

This study first presented the association of polymorphisms with acute response to L-DOPA effects in Chinese PD patients. The clinical response to L-DOPA is generally evaluated after chronic administration with the drug. However, this response is subject to many sources of factors. It has been suggested that acute L-DOPA challenge could be used to predict long-term drug efficacy (21, 22). Thus, acute L-DOPA challenge is a better marker of the response to dopaminergic medication than chronic administration. Our results showed that patients who carry the CT or TT genotype in the DDC have a better response to L-DOPA in motor function compared with those with the CC genotype. However, analysis of other polymorphisms (rs3837091 in the DDC gene, rs3836790 in the SLC6A3 gene, rs4680 in the COMT gene, and rs1799836 in the MAOB gene) failed to show any association.

The homozygous CC genotype for rs921451 had lower effect on motor response to an acute L-DOPA challenge in Chinese PD patients. Two studies investigated the effect of rs921451 on the acute response to L-DOPA in European populations. In accordance with our study, Devos et al. (23) conducted a research on 33 PD patients and reported that rs921451 C carriers exhibited a lower response to L-DOPA without affecting its pharmacokinetics. Instead, Moreau et al. (14) found that rs921451 was not associated with the response to L-DOPA. In the latter study, the recessive model was not discussed. However, our analysis of rs921451 in a recessive model showed a significant association. Another reason for the difference may be that patients involved in the study by Moreau et al. had deep brain stimulators, severe gait disorders and longer disease duration. The homozygous CC genotype may affect the response to L-DOPA by changing the bioavailability of dopamine in the CNS (23). A decreased expression of AAAD in the CNS reduced the decarboxylation of L-DOPA into dopamine and led to lower of a motor response. The analysis of rs3837091 failed to show any association with acute response to L-DOPA in both our study and a previous study (14). A significant association was observed in another research which demonstrated that patients carrying the AGAG/AGAG genotype had better response to L-DOPA in motor function (23). The conflicting results indicated that further studies are required.

There was no relationship between the response to an acute L-DOPA challenge and COMT SNP rs4680 in our study. However, the results of previous studies are controversial. In a cohort of Chinese populations, the COMT AA genotype was associated with high daily LEDs (24). In contrast, no associations were observed between rs4680 and the L-DOPA treatment response, but there was a tendency for patients carrying the COMT GG genotype to need high daily LEDs (25–27). The patients with the COMT AA genotype recruited for the former study had a higher H-Y stage, longer disease duration, and higher UPDRS scores, which may have an influence on the association between the variant and the response to L-DOPA. Furthermore, the frequency of the COMT AA genotype was low, only eight patients (6%) with the COMT AA genotype were included. Therefore, the results require further evaluation. Bialecka et al. (28) investigated the effect of COMT haplotypes (formed by four COMT SNPs: rs6269, rs4633, rs4818, rs4680) that have been shown to influence COMT enzymatic activity, on the response to L-DOPA and identified an association between the high-activity haplotype and high daily LEDs. Cheshire et al. (29) found that patients carrying the combined COMT GG genotype and MAOA TT genotype received significantly high daily LEDs. We speculated that COMT SNPs may have an effect on the L-DOPA treatment response. The low COMT activity allows slower catabolism of L-DOPA and more stable serum and CNS drug concentrations, resulting in a better clinical response (28). However, the effect of a single COMT SNP was too subtle to be observed in a clinical setting. It seems that COMT haplotypes may exert a greater effect on the response to L-DOPA.

No association was found between the response to an acute L-DOPA challenge and SLC6A3 SNP rs3836790 in our study. One study reported that rs3836790 in SLC6A3 was associated with an acute response to L-DOPA effects. Patients with SLC6A3 6R/6R genotype had a better response to L-DOPA than other genotypes (14). However, the SLC6A3 6R allele was not found in our study, which may have caused this different outcome. In accordance with previous studies, no association was found between the MAOB SNP rs1799836 and the L-DOPA treatment response. The MAOB GG genotype seemed to be more frequent in patients with high daily LEDs (25, 27).

In conclusion, rs921451 in the DDC gene had an effect on the L-DOPA treatment response in Chinese PD patients. However, the effect of polymorphisms on the L-DOPA treatment response may vary due to ethnic differences. In addition, sample size is another cause of the different results. A large cohort is needed to verify the results. Our results indicated that DDC may be a modifier gene for the L-DOPA treatment response in Chinese PD patients and may act as a predictive marker for therapy optimization. This study provides evidence for physicians to adjust the L-DOPA dose in clinical practice using pharmacogenetic information.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of the Affiliated Brain Hospital of Nanjing Medical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

WL designed this study. WL, LL, PH, and LY were responsible for diagnosis. LL, PH, and LY were responsible for clinical evaluation. HD and TL performed genetic analysis. LL and HL collected and analyzed the data. LL wrote the manuscript. WL and HL contributed to the revision of the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Natural Science Foundation of China (81571348, 81903589, and 81701671), National Key Research and Development Program of China (2016YFC1306600 and 2017YFC1310302), Science and Technology Program of Jiangsu Province (BE2019611), and Jiangsu Provincial Natural Science Foundation of China (BK20151077).



ACKNOWLEDGMENTS

We would like to thank the patients for their participation in this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2020.520934/full#supplementary-material



REFERENCES

 1. Nussbaum RL, Ellis CE. Alzheimer's disease and Parkinson's disease. N Engl J Med. (2003) 348:1356–64. doi: 10.1056/NEJM2003ra020003

 2. Kalia LV, Lang AE. Parkinson's disease. Lancet. (2015) 386:896–912. doi: 10.1016/S0140-6736(14)61393-3

 3. Schapira AHV, Chaudhuri KR, Jenner P. Non-motor features of Parkinson disease. Nat Rev Neurosci. (2017) 18:435–50. doi: 10.1038/nrn.2017.62

 4. Nutt JG. Pharmacokinetics and pharmacodynamics of levodopa. Mov Disord. (2008) 23 (Suppl. 3):S580–4. doi: 10.1002/mds.22037

 5. Wilkins RC, Lis JT. GAGA factor binding to DNA via a single trinucleotide sequence element. Nucleic Acids Res. (1998) 26:2672–8. doi: 10.1093/nar/26.11.2672

 6. Borglum AD, Kirov G, Craddock N, Mors O, Muir W, Murray V, et al. Possible parent-of-origin effect of Dopa decarboxylase in susceptibility to bipolar affective disorder. Am J Med Genet B Neuropsychiatr Genet. (2003) 117b:18–22. doi: 10.1002/ajmg.b.10030

 7. O'Loughlin J, Sylvestre MP, Labbe A, Low NC, Roy-Gagnon MH, Dugas EN, et al. Genetic variants and early cigarette smoking and nicotine dependence phenotypes in adolescents. PLoS ONE. (2014) 9:e115716. doi: 10.1371/journal.pone.0115716

 8. Ma JZ, Beuten J, Payne TJ, Dupont RT, Elston RC, Li MD. Haplotype analysis indicates an association between the DOPA decarboxylase (DDC) gene and nicotine dependence. Hum Mol Genet. (2005) 14:1691–8. doi: 10.1093/hmg/ddi177

 9. Zhang H, Ye Y, Wang X, Gelernter J, Ma JZ, Li MD. DOPA decarboxylase gene is associated with nicotine dependence. Pharmacogenomics. (2006) 7:1159–66. doi: 10.2217/14622416.7.8.1159

 10. Børglum AD, Bruun TG, Kjeldsen TE, Ewald H, Mors O, Kirov G, et al. Two novel variants in the DOPA decarboxylase gene: association with bipolar affective disorder. Mol Psychiatry. (1999) 4:545–51. doi: 10.1038/sj.mp.4000559

 11. Jahnes E, Müller DJ, Schulze TG, Windemuth C, Cichon S, Ohlraun S, et al. Association study between two variants in the DOPA decarboxylase gene in bipolar and unipolar affective disorder. Am J Med Genet. (2002) 114:519–22. doi: 10.1002/ajmg.10308

 12. Momose Y, Murata M, Kobayashi K, Tachikawa M, Nakabayashi Y, Kanazawa I, et al. Association studies of multiple candidate genes for Parkinson's disease using single nucleotide polymorphisms. Ann Neurol. (2002) 51:133–6. doi: 10.1002/ana.10079

 13. Gainetdinov RR, Jones SR, Fumagalli F, Wightman RM, Caron MG. Re-evaluation of the role of the dopamine transporter in dopamine system homeostasis. Brain Res Brain Res Rev. (1998) 26:148–53. doi: 10.1016/S0165-0173(97)00063-5

 14. Moreau C, Meguig S, Corvol JC, Labreuche J, Vasseur F, Duhamel A, et al. Polymorphism of the dopamine transporter type 1 gene modifies the treatment response in Parkinson's disease. Brain. (2015) 138(Pt 5):1271–83. doi: 10.1093/brain/awv063

 15. Hosak L. Role of the COMT gene Val158Met polymorphism in mental disorders: a review. Eur Psychiatry. (2007) 22:276–81. doi: 10.1016/j.eurpsy.2007.02.002

 16. Liu Y, Wang Z, Zhang B. The relationship between monoamine oxidase B (MAOB) A644G polymorphism and Parkinson disease risk: a meta-analysis. Ann Saudi Med. (2014) 34:12–7. doi: 10.5144/0256-4947.2014.12

 17. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg Psychiatry. (1992) 55:181–4. doi: 10.1136/jnnp.55.3.181

 18. Vassar SD, Bordelon YM, Hays RD, Diaz N, Rausch R, Mao C, et al. Confirmatory factor analysis of the motor unified Parkinson's disease rating scale. Parkinsons Dis. (2012) 2012:719167. doi: 10.1155/2012/719167 

 19. Bohnen NI, Muller ML, Zarzhevsky N, Koeppe RA, Bogan CW, Kilbourn MR, et al. Leucoaraiosis, nigrostriatal denervation and motor symptoms in Parkinson's disease. Brain. (2011) 134(Pt 8):2358–65. doi: 10.1093/brain/awr139

 20. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of levodopa dose equivalency reporting in Parkinson's disease. Mov Disord. (2010) 25:2649–53. doi: 10.1002/mds.23429

 21. Hughes AJ, Lees AJ, Stern GM. Challenge tests to predict the dopaminergic response in untreated Parkinson's disease. Neurology. (1991) 41:1723–5. doi: 10.1212/WNL.41.11.1723

 22. Esteguy M, Bonnet AM, Kefalos J, Lhermitte F, Agid Y. [The L-dopa test in Parkinson's disease]. Rev Neurol. (1985) 141:413–5.

 23. Devos D, Lejeune S, Cormier-Dequaire F, Tahiri K, Charbonnier-Beaupel F, Rouaix N, et al. Dopa-decarboxylase gene polymorphisms affect the motor response to L-dopa in Parkinson's disease. Parkinsonism Relat Disord. (2014) 20:170–5. doi: 10.1016/j.parkreldis.2013.10.017

 24. Xiao Q, Qian Y, Liu J, Xu S, Yang X. Roles of functional catechol-O-methyltransferase genotypes in Chinese patients with Parkinson's disease. Transl Neurodegener. (2017) 6:11. doi: 10.1186/s40035-017-0081-9

 25. Bialecka M, Drozdzik M, Klodowska-Duda G, Honczarenko K, Gawronska-Szklarz B, Opala G, et al. The effect of monoamine oxidase B (MAOB) and catechol-O-methyltransferase (COMT) polymorphisms on levodopa therapy in patients with sporadic Parkinson's disease. Acta Neurol Scand. (2004) 110:260–6. doi: 10.1111/j.1600-0404.2004.00315.x

 26. Miller NS, Chou KL, Bohnen NI, Muller M, Seidler RD. Dopaminergic polymorphisms associated with medication responsiveness of gait in Parkinson's disease. Parkinsonism Relat Disord. (2018) 48:54–60. doi: 10.1016/j.parkreldis.2017.12.010

 27. Sampaio TF, Dos Santos EUD, de Lima GDC, Dos Anjos RSG, da Silva RC, Asano AGC, et al. MAO-B and COMT genetic variations associated with levodopa treatment response in patients with Parkinson's Disease. J Clin Pharmacol. (2018) 58:920–6. doi: 10.1002/jcph.1096

 28. Bialecka M, Kurzawski M, Klodowska-Duda G, Opala G, Tan EK, Drozdzik M. The association of functional catechol-O-methyltransferase haplotypes with risk of Parkinson's disease, levodopa treatment response, and complications. Pharmacogenet Genomics. (2008) 18:815–21. doi: 10.1097/FPC.0b013e328306c2f2

 29. Cheshire P, Bertram K, Ling H, O'Sullivan SS, Halliday G, McLean C, et al. Influence of single nucleotide polymorphisms in COMT, MAO-A and BDNF genes on dyskinesias and levodopa use in Parkinson's disease. Neurodegener Dis. (2014) 13:24–8. doi: 10.1159/000351097

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Li, Lin, Hua, Yan, Dong, Li and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-520934-t003.jpg
SNP

15921451

rs3837091

rs3836790

rs4680

rs1799836*

Gene

DDpC

DbDC

SLC6A3

CoMT

MAOB

Genotype

cc
cT4+TT
p-value
pP-value

I

AGAG/- +AGAG/AGAG
p-value
pP-value

4R/AR

4R/5R + SRISR
p-value
pP-value

AL

AG +GG
p-value
p-value

GG

GA+AA
p-value
pP-value

G

A

p-value
pP-value

AUPDRS Il

85 (8.0-15.0)
16.0(11.0-27.0)
0.025*
0048
10,5 (8.0-25.9)
14.0 (11.0-25.0)
0238
0334
18.0(9.5-26.0)
13.0 (8.8-25.5)
0703
0878
10,5 (4.5-15.8)
14.0(9.0-27.0)
0.194
0.191
13.0 (NA)
18.0(12.0-82.0)
0.906
0.482
16.0(11.0-21.8)
12,0 (8.0-21.0)
0512
0608

ATremor

25(0.3-5.)
30(1.0-7.0
0420
0.114
20(0.0-4.5)
3.0(1.0-7.0)
0.161
0.192
0.0(-05-7.0)
30(1.0-7.0
0292
0959
20(0.3-6.0)
30(1.0-7.0)
0646
0821
20(NA)
30(1.0-7.0)
0.857
0628
1.0 (~0.3-4.5)
30(1.0-7.0
0281
0610

ARigidity

3.0(2.0-4.0)
50(1.0-6.0)
0.224
0.263
3.0(1.3-6.8
4.0(2.0-6.0
0540
0.435
6.0(2.0-7.5)
35(1.8-6.0)
0279
0.462
25(-0.8-5.8)
4.0(2.0-6.0)
0.350
0264
7.0 (N
5.0(1.0-7.0)
0.439
0878
5.0(2.6-6.0)
3.0(1.0-50)
0.145
0.138

ABradykinesia

402358
7.0 (4.0-10.0)
0.037*
0.096
4.0(30-11.5)
6.0(4.0-9.0)
0476
0584
7.0(3.5-85)
6.0 (4.0-10.0)
0.899
0659
40(3.3-48)
6.0 (4.0-10.0)
0.140
0.147
40 (NA)
9.0 (4.0-12.0)
0.562
0371
65(5.8-95)
5.0(3.0-80)
0.145
0213

AAxial symptoms

00(0.0-1.0)
20(1.0-5.0)
0,003
0076
15(03-3.0)
1.0 0.0-4.0)
0925
0719
30(1.0-6.0)
1.0 (00-3.0)
0243
0715
1.0 (03-18)
1.0 (00-4.0)
0399
0224
1.0 (NA)
30(1.0-7.0)
0.549
0323
1.0 (00-35)
1.0 (1.0-20)
0791
0909

Values were expressed as the median and 25th-75th percentie range. NA, not availeble due to smell numbers of patients with MAOB GG genotype.
@Men and women were calculated separately.
bAdjusted for the L-DOPA dose in the acute challenge.

*p < 0.05.

< 0.01.
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SN, single nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy-
Weinberg equilbrium; NA, not available.

2Men and women were calculated separately.

bBased on the allele frequency of East Asian from NCBI SNP database.
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Values were expressed as the median and 25th-75th percentie range except for
the gender category. UPDRS, Unified Perkinson Disease Reting Scele; H-Y, Hoehn
and Yahr scale score; MMSE, Mini-Mental State Examination; MOCA, Montreal
Cognitive Assessment.
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