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Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is an effective treatment for advanced Parkinson's disease (PD). The G2385R variant of LRRK2 is a risk factor for PD in Han Chinese individuals. We retrospectively compared the clinical outcomes of STN-DBS surgery between PD Han Chinese G2385R variant carriers and non-carriers. Fifty-seven PD patients with bilateral STN-DBS were enrolled, including 8 G2385R+ variant carriers (G2385R+ group) and 49 non-carriers (G2385R– group). Clinical data included Unified Parkinson's Disease Rating Scale (UPDRS) parts I to IV, levodopa equivalent daily dose (LEDD), Mini-Mental State Examination Scale (MMSE) score, and Hamilton Depression Rating Scale (HAMD) score measured prior to DBS and 12 months post-DBS. DBS settings were also recorded. All PD patients benefited from STN-DBS surgery. There were no statistical differences between the two groups in terms of motor function, daily living activities, and LEDD reductions at 12 months post-DBS. The rigidity of the post-surgical G2385R+ group was significantly improved compared with that of the G2385R– group (P = 0.045). Post-surgical voltage in the G2385R+ group was significantly higher than that in the G2385R– group (P = 0.033). STN-DBS outcomes were not influenced by the LRRK2 G2385R variant in Han Chinese patients.
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INTRODUCTION

Parkinson's disease (PD) is a common and chronic neurodegenerative disorder characterized clinically by movement impairments including resting tremor, bradykinesia, rigidity, and postural instability, as well as a variety of non-motor symptoms. The pathogenesis of PD remains unclear. Aging, genetics, and environmental factors have been identified in idiopathic forms of PD. Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene are the most common mutations in sporadic and familial PD. Of these, G2385R and R1628P are the two most common LRRK2 variants in Asian patients with PD (1–3). In particular, the G2385R variant increases the risk of PD in the Han Chinese population by nearly 2-fold (4). The LRRK2 protein is integrated with GTP and protein kinase enzymes and is widely expressed in various tissues and involved in central nervous system functioning, including in the nigrostriatum and caudate nucleus (5). G2385R is located on the C-terminal of the LRRK2's WD40 domain, which is involved in the interaction of LRRK2 with other proteins (1).

Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is widely used in the clinical treatment of advanced PD (6, 7). Critically, the efficacy of DBS surgery varies based on the population of PD patients treated. Patients who meet the following criteria often achieve satisfactory surgical results (8–10), including good responsivity to levodopa, a shorter disease duration, younger age at onset, levodopa-responsive axial motor symptoms, and normal cognition and mental status. However, whether genetic factors influence STN-DBS outcomes remains unclear (11, 12). Previous studies and case reports have found that PD patients with various genetic mutations have differing treatment responses to DBS. However, no existing reports have focused on the outcomes of bilateral STN-DBS in Han Chinese PD patients positive for the G2385R variant. To test this, we retrospectively compared clinical outcomes of STN-DBS surgery between G2385R variant carriers and non-carriers in Han Chinese PD patients.



MATERIALS AND METHODS


Participants

A total of 95 PD patients of Han nationality who underwent bilateral STN-DBS surgery in the Department of Neurosurgery at Qilu Hospital of Shandong University between January 2015 and December 2017 were included. All patients were diagnosed with PD by movement disorder specialists in the Department of Neurology at Qilu Hospital of Shandong University, using the United Kingdom Parkinson's Disease Society Brain Bank criteria and met the criteria for DBS surgery, as described previously (6, 13). Among them, 57 patients with specific clinical data and DNA samples agreed to participate in this study. Patients with family history of PD were excluded.



Genetic Analysis

Peripheral blood samples were collected from all participants for DNA extraction. DNA was extracted from peripheral blood leukocytes by standard procedures. Genomic DNA was amplified by polymerase chain reaction (PCR). PCR primers for G2385R and R1628P variants were used, as reported previously (3, 4). PCR products were sequenced by an ABI 3730xl DNA analyzer (Applied Biosystems, Inc., Foster City, CA, USA) and data were analyzed using ChromasPro software (Technelysium, South Brisbane, Australia). G2385R+/R1628P– patients were assigned to the positive G2385R group (G2385R+ group) and G2385R–/R1628P– patients were assigned to the negative G2385R group (G2385R– group). Written, informed consent was obtained from all participants and the study was approved by the Ethics Committee of Qilu Hospital of Shandong University [Approval number: KYLL-2017(KS)270].



Clinical Assessments

Clinical data from 57 PD patients were collected at a pre-surgical timepoint (baseline), and then again 12 months after surgery. However, a sub-set of these volunteers were also followed up at later time-points including a 24 month post-surgery follow-up (n = 9) and a 36 month post-surgery follow-up (n = 5). Clinical data included the Mini-Mental State Examination Scale (MMSE), the Hamilton Depression Rating Scale (HAMD), the Unified Parkinson's Disease Rating Scale (UPDRS-I: Cognition, Behavior, and Emotion; UPDRS-II: Daily Activity; UPDRS-III: Motor Function; UPDRS-IV: Levodopa-induced Motor Fluctuations and Dyskinesia), and levodopa equivalent daily dose (LEDD) (14). In addition, the following specific subscores from the off-medication UPDRS-III were also included: tremor (UPDRS-III questions 20 and 21), rigidity (UPDRS-III question 22), bradykinesia (UPDRS-III questions 23–26), and axial symptoms (UPDRS III questions 27–30). Post-DBS stimulation settings were also recorded.

The primary outcomes were changes in off-medication UPDRS-II scores and UPDRS-III scores and decreases in LEDD from the pre-DBS baseline to 12 months post-DBS. These were compared between groups. Secondary outcomes included the UPDRS-I scores and off-medication UPDRS-III subscores, UPDRS-IV scores, MMSE and HAMD, and post-DBS stimulation settings.



Statistical Analyses

Data were analyzed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). If normally distributed, measurements were expressed as means ± standard deviations. Otherwise, percentiles (P25–P75) were used for non-normal distributions. For categorical data, data were described in the form of frequencies (percentages). Between-group pre-surgical measurements were compared using t-tests or non-parametric tests, while categorical data were compared with chi-squared or Fisher's exact probability tests for between-group comparisons. A linear mixed model was used for post-surgical group comparisons. Paired t-tests or Kruskal-Wallis non-parametric tests were used to compare preoperative and postoperative indexes. The chi-square test was used to compare stimulation settings. P < 0.05 was used to detect statistical significance.




RESULTS


Baseline Demographics and Clinical Characteristics

Fifty-seven PD patients with bilateral STN-DBS (20 with units produced by Medtronic, USA, 37 by PINS Medical, China) were enrolled, including 8 patients in the G2385R+ group and 49 patients in the G2385R– group. The G2385R+ group accounted for 14% of the total sample size. Patients' basic pre-surgical demographics and clinical data are shown in Table 1. There were no significant differences in age, gender, age at onset, disease duration, motor symptoms, levodopa responsiveness, or Hoehn and Yahr Scale between the groups.


Table 1. Baseline G2385R+ and G2385R− group characteristics.
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Group-Wise Comparisons

There were no significant differences in UPDRS parts I to IV, LEDD, MMSE, and HAMD between the two groups in pre-surgical baseline characteristics (Table 2).


Table 2. Preoperative and postoperative clinical characteristics of G2385R– and G2385R+ group participants with bilateral STN-DBS.
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A linear mixed model was used to compare the influence of the G2385R variant on the effects of STN-DBS (15). We found no statistical differences between the two groups in the three primary outcomes at 12 months post-DBS. Among the secondary outcomes, post-surgery rigidity in the G2385R+ group was significantly improved compared to the G2385R– group levels (P = 0.045; Table 2).



Baseline vs. Post-surgery

In both groups, UPDRS-II and III off-medication scores improved remarkably 12 months post-surgery. UPDRS-II scores in the G2385R+ and G2385R– groups improved by 36.95 and 35.48%, respectively. UPDRS-III score percent changes were 46.08 and 45.45%, respectively. LEDD reductions were 41.95 and 37.50% in the two groups, respectively (Table 2).

Table 3 shows the comparisons of the postoperative scores to preoperative scores in both groups. While the G2385R– group improved on all scores except for the MMSE, the G2385R+ group improved on all scores except for the MMSE, HAMD, tremor, axial symptom, dyskinesias, and motor fluctuations.


Table 3. Comparison of outcomes between preoperative baseline and 12 months post-operation in the G2385R− and G2385R+ groups.
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The comparison of 9 PD patients between baseline and the 12 and 24 month follow-ups are described in Supplementary Table 1. At two follow-up sites, UPDRS-II and UPDRS-III (including subscore rigidity) scores were decreased; whereas LEDD scores were significantly reduced relative to baseline. Supplementary Table 2 shows the changes of 5 PD patients in a 36 month post-surgery follow-up relative to baseline. Except for the significant decrease in UPDRS-III scores, there were no significant differences in other scores.



Stimulation Settings

The stimulation settings for the two groups are shown in Table 4. Eight patients in the G2385R+ group received 16 sets of parameter settings and 49 patients in the G2385R– group obtained 98 sets of parameter settings. There were no statistically significant differences in proportional distributions of monopolar stimulation, bipolar stimulation, double monopolar stimulation, and interleaved stimulations between the two groups. The postoperative voltage used in PD patients in the G2385R+ group was significantly higher than that used in G2385R– group patients (P = 0.033). However, there was no significant difference in pulse width or frequency between the two groups.


Table 4. Stimulation settings.
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DISCUSSION

In the present study, 8 G2385R+ PD patients and 49 G2385R– PD patients with bilateral STN-DBS who were similar in ethnicity (Han Chinese), age, gender, age at PD onset, age at DBS surgery, duration of disease, and other clinical features were included. The symptoms of patients in both groups improved after bilateral STN-DBS. We found no significant differences in motor function, activities of daily living, and LEDD reductions between the G2385R+ and G2385R– groups post-DBS, indicating that the G2385R variant did not significantly influence the effects of DBS on PD symptoms in this population.

LRRK2 gene was first described in a large Japanese family with autosomal dominant PD (16). The gene was subsequently confirmed in several European families. However, the phenotype of LRRK2-related PD is difficult to distinguish from idiopathic PD. The clinical manifestations of LRRK2-related PD have been described as being more benign than those shown in idiopathic PD, where motor symptoms (disease severity, rate of progression, occurrence of falls, and dyskinesia) and non-motor symptoms (cognition and olfaction) are less severe (17), whereas familial PD caused by LRRK2 have been described as being similar to idiopathic PD (18). Unlike idiopathic PD patients, the clinical features of G2385R-related PD remain unclear. When compared with non-carriers, carriers of the G2385R variant experience a longer disease duration (19), an earlier age of onset (4), a higher proportion of postural instability and gait disorder (PIGD) and motor fluctuations, and higher LEDD as compared to non-carriers (20). However, there are also clinical studies suggesting that G2385R carriers have clinical features similar to idiopathic PD patients (21). A recent meta-analysis reported an association between the G2385R variant in LRRK2 and idiopathic PD phenotypes, demonstrating no significant difference in gender distribution, age at onset, initial symptoms, motor symptoms, depression, LEDD, or motor complications (22).

The efficacy of DBS in patients carrying the LRRK2 variant have been investigated in several studies. These studies have mostly focused on the G2019S variant (15, 23–26), which differs from the G2385R variant in its geographical distribution and clinical characteristics. As mentioned above, G2385R variants are more often found in patients from East Asia (7.3–11.8%) (27). According to two previous studies, the prevalence of this variant in Han Chinese PD patients was 11.8 and 8.3%, respectively (4, 28). While G2019S variants are most prevalent in sporadic PD patients of Westerners, Ashkenazi Jewish individuals (10–15%), and North African Arabic individuals (~40%) (15). A recent study showed that the Movement Disorder Society-Sponsored Revision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS) part II and III scores and the frequency of motor fluctuations among G2385R variant carriers were higher than among either G2019S variant carriers or idiopathic PD patients in a sample of 516 G2019S variant carriers, 199 G2385R variant carriers and 790 patients with idiopathic PD (29). The incidence of the PIGD phenotype among G2385R and G2019S variant carriers was also higher than that among idiopathic PD patients. Previous studies have shown that patients with the G2019S variant respond better to DBS than non-variant carriers (24), but the effect of the G2385R variant on the efficacy of DBS remains unclear. The present study addressed this gap by revealing that the G2385R variant had no significant influence on primary outcomes in our patient population. According to the analyzed outcomes, it slightly improved the secondary outcome of rigidity (P = 0.045), whereas the difference of rigidity score at the pre-surgical baseline showed a slightly lower value (P = 0.054). Moreover, the improvement of rigidity, which is one of the symptoms of PD, may not convey valuable information for the impact of G2385R variant on DBS efficacy.

After analyzing the postoperative stimulation settings, we found that the stimulation voltage used in the G2385R+ group was significantly higher than that used in the G2385R– group. However, there were no significant differences in frequency, pulse width, or parameter settings between the two groups. All patients were programmed with constant pressure. As an important measure of stimulation energy, the total electrical energy delivered (TEED) was calculated using the following formula: [(voltage2× pulse × width × frequency)/impedance] (30). Due to a lack of impedance data, TEED could not be calculated for further comparison. Stimulation settings are key to the efficacy of DBS (31), with differences in postoperative parameter settings potentially causing differential improvements in motor symptoms. Voltage is the most prominent factor in improving motor symptoms in PD with DBS (32). In the present study, differences in voltage between the two groups may have influenced the evaluation of postoperative motor symptoms. Furthermore, while postoperative stimulation settings and DBS-related efficacy are rarely reported in PD-by-genotype studies, these factors may be relevant confounds (11).

The impact of STN-DBS on cognitive function in PD patients has been controversial. Studies have reported that 36% of PD patients experience some cognitive decline 12 months after STN-DBS as compared to control patients (33). In the present study, we found no significant changes in MMSE between the two groups at 12 months post-surgery. However, the most consistent results from long-term follow-ups assessing cognitive changes after STN-DBS include decreased verbal fluency and executive functioning, symptoms which are consistent with the progression of parkinsonian dementia (34). Therefore, our use of the MMSE alone in the present study did not allow us to unequivocally conclude that cognitive function remained unaffected among patients in the present study. Future work should address verbal fluency and executive functioning more directly.

Several limitations of the present study should be acknowledged. First, the sample size of G2385R carriers included here was small. As such, we cannot exclude the possibility that our sample may have been statistically underpowered. Although the two groups were not matched by sample size, gender, age at onset, or disease duration, there were no significant differences in these factors or in motor symptoms or Hoehn and Yahr Scale pre-surgery. Moreover, since the total number of participants was relatively small, the frequency of the G2385R variant seems to be slightly higher than expected. A larger population of G2385R variant carriers is therefore needed to draw more conclusive results.

An additional limitation of the present study was its retrospective design. Due to gaps in the clinical data, many non-motor symptoms associated with PD, such as sleep disorder, fatigue, or dysfunction of the autonomic nervous system, were not specifically analyzed here. Non-motor symptoms are very important clinical features of PD and it is possible that the G2385R variant specifically affects these features of PD following DBS surgery. Future studies are needed to address this.

Finally, G2385R seems to be a risk factor for PD rather than a pathogenic, causative mutation. One hypothesis is that interactions with other genes or environmental factors may influence the penetrance and expression of G2385R mutation, thereby increasing the risk for developing PD (35). However, a recent study demonstrated that the G2385R variant altered the strength and quality of LRRK2 interactions and increased the rate of synaptic vesicle fusion. Given this, the G2385R variant may behave like a loss-of-function mutation (36).

In summary, understanding patients' genetic backgrounds is critical to understanding the clinical heterogeneity of PD and their varying responses to treatment. Given this, genetics should be carefully considered in the preoperative evaluation of PD patients and candidates for DBS. The results obtained in the present study help to clarify the potential influence of the G2385R variant on DBS outcomes in Parkinson's disease patients with a Han Chinese background. The results of the present study provide some critical guidance on the preoperative evaluation of these patients.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this manuscript will be made available by the authors, without undue reservation, to any qualified researcher.



ETHICS STATEMENT

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



AUTHOR CONTRIBUTIONS

ShuX, YL, and SC contributed to conception and design of the study. ShuX, WL, TC, CL, XM, and ShuoX performed the surgery. SC and QW performed the statistical analysis and drafted the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



FUNDING

This work was supported by the National Science Fund of China [Grant No. 81771373]; the Natural Science Fund of Shandong Province [Grant No. ZR2017MH054]; and National Key Research and Development Program of China [Grant No. 2016YFC0105901SDX]. The funding agencies had no role in the study design, the collection, analysis, or interpretation of data, the writing of the report, or the decision to submit the article for publication.



ACKNOWLEDGMENTS

The authors thank all the study participants.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2019.01231/full#supplementary-material



REFERENCES

 1. Farrer MJ, Stone JT, Lin CH, Dachsel JC, Hulihan MM, Haugarvoll K, et al. Lrrk2 G2385R is an ancestral risk factor for Parkinson's disease in Asia. Parkinsonism Relat Disord. (2007) 13:89–92. doi: 10.1016/j.parkreldis.2006.12.001

 2. Lu CS, Wu-Chou YH, van Doeselaar M, Simons EJ, Chang HC, Breedveld GJ, et al. The LRRK2 Arg1628Pro variant is a risk factor for Parkinson's disease in the Chinese population. Neurogenetics. (2008) 9:271–6. doi: 10.1007/s10048-008-0140-6

 3. Zhang Z, Burgunder JM, An X, Wu Y, Chen W, Zhang J, et al. LRRK2 R1628P variant is a risk factor of Parkinson's disease among Han-Chinese from mainland China. MDS. (2009) 24:1902–5. doi: 10.1002/mds.22371

 4. An XK, Peng R, Li T, Burgunder JM, Wu Y, Chen WJ, et al. LRRK2 Gly2385Arg variant is a risk factor of Parkinson's disease among Han-Chinese from mainland China. Eur J Neurol. (2008) 15:301–5. doi: 10.1111/j.1468-1331.2007.02052.x

 5. Zimprich A, Biskup S, Leitner P, Lichtner P, Farrer M, Lincoln S, et al. Mutations in LRRK2 cause autosomal-dominant parkinsonism with pleomorphic pathology. Neuron. (2004) 44:601–7. doi: 10.1016/j.neuron.2004.11.005

 6. Deuschl G, Schade-Brittinger C, Krack P, Volkmann J, Schafer H, Botzel K, et al. A randomized trial of deep-brain stimulation for Parkinson's disease. NEJM. (2006) 355:896–908. doi: 10.1056/NEJMoa060281

 7. Weaver FM, Follett K, Stern M, Hur K, Harris C, Marks WJ Jr, et al. Bilateral deep brain stimulation vs best medical therapy for patients with advanced Parkinson disease: a randomized controlled trial. JAMA. (2009) 301:63–73. doi: 10.1001/jama.2008.929

 8. Montgomery EB Jr. Predictors of effective bilateral subthalamic nucleus stimulation for PD. Neurology. (2003) 60:886–7. doi: 10.1212/WNL.60.5.886

 9. Pollak P. Deep brain stimulation for Parkinson's disease - patient selection. Handb Clin Neurol. (2013) 116:197–105. doi: 10.1016/B978-0-444-53497-2.00009-7

 10. Bronstein JM, Tagliati M, Alterman RL, Lozano AM, Volkmann J, Stefani A, et al. Deep brain stimulation for Parkinson disease: an expert consensus and review of key issues. Arch Neurol. (2011) 68:165. doi: 10.1001/archneurol.2010.260

 11. Rizzone MG, Martone T, Balestrino R, Lopiano L. Genetic background and outcome of Deep Brain Stimulation in Parkinson's disease. Parkinsonism Relat Disord. (2018) 64:8–19. doi: 10.1016/j.parkreldis.2018.08.006

 12. Kuusimaki T, Korpela J, Pekkonen E, Martikainen MH, Antonini A, Kaasinen V. Deep brain stimulation for monogenic Parkinson's disease: a systematic review. J Neurol. (2019). doi: 10.1007/s00415-019-09181-8. [Epub ahead of print].

 13. Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for Parkinson disease. Arch Neurol. (1999) 56:33–9. doi: 10.1001/archneur.56.1.33

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

 15. Greenbaum L, Israeli-Korn SD, Cohen OS, Elincx-Benizri S, Yahalom G, Kozlova E, et al. The LRRK2 G2019S mutation status does not affect the outcome of subthalamic stimulation in patients with Parkinson's disease. Parkinsonism Relat Disord. (2013) 19:1053–6. doi: 10.1016/j.parkreldis.2013.07.005

 16. Funayama M, Hasegawa K, Kowa H, Saito M, Tsuji S, Obata F. A new locus for Parkinson's disease (PARK8) maps to chromosome 12p11.2-q13.1. Ann Neurol. (2002) 51:296–301. doi: 10.1002/ana.10113

 17. Healy DG, Falchi M, O'Sullivan SS, Bonifati V, Durr A, Bressman S, et al. Phenotype, genotype, and worldwide genetic penetrance of LRRK2-associated Parkinson's disease: a case-control study. Lancet Neurol. (2008) 7:583–90. doi: 10.1016/S1474-4422(08)70117-0

 18. Khan NL, Jain S, Lynch JM, Pavese N, Abou-Sleiman P, Holton JL, et al. Mutations in the gene LRRK2 encoding dardarin (PARK8) cause familial Parkinson's disease: clinical, pathological, olfactory and functional imaging and genetic data. Brain. (2005) 128:2786–96. doi: 10.1093/brain/awh667

 19. Li C, Ting Z, Qin X, Ying W, Li B, Guo Qiang L, et al. The prevalence of LRRK2 Gly2385Arg variant in Chinese Han population with Parkinson's disease. MDS. (2007) 22:2439–43. doi: 10.1002/mds.21763

 20. Sun Q, Wang T, Jiang TF, Huang P, Li DH, Wang Y, et al. Effect of a leucine-rich repeat kinase 2 variant on motor and non-motor symptoms in Chinese Parkinson's disease patients. Aging Dis. (2016) 7:230–6. doi: 10.14336/AD.2015.1026

 21. Liang D, Shu L, Pan H, Xu Q, Guo J, Yan X, et al. Clinical characteristics of PD patients with LRRK2 G2385R and R1628P variants. Neurosci Lett. (2018) 685:185–9. doi: 10.1016/j.neulet.2018.08.015

 22. Di W, Zeng Z, Li J, Liu X, Bo M, Lv H. The association between LRRK2 G2385R and phenotype of Parkinson's disease in Asian population: a meta-analysis of comparative studies. Parkinson's Dis. (2018) 2018:3418306. doi: 10.1155/2018/3418306

 23. Johansen KK, Jorgensen JV, White LR, Farrer MJ, Aasly JO. Parkinson-related genetics in patients treated with deep brain stimulation. Acta Neurol Scand. (2011) 123:201–6. doi: 10.1111/j.1600-0404.2010.01387.x

 24. Sayad M, Zouambia M, Chaouch M, Ferrat F, Nebbal M, Bendini M, et al. Greater improvement in LRRK2 G2019S patients undergoing subthalamic nucleus deep brain stimulation compared to non-mutation carriers. BMC Neurosci. (2016) 17:6. doi: 10.1186/s12868-016-0240-4

 25. Angeli A, Mencacci NE, Duran R, Aviles-Olmos I, Kefalopoulou Z, Candelario J, et al. Genotype and phenotype in Parkinson's disease: lessons in heterogeneity from deep brain stimulation. J Mov Disord. (2013) 28:1370–5. doi: 10.1002/mds.25535

 26. Schupbach M, Lohmann E, Anheim M, Lesage S, Czernecki V, Yaici S, et al. Subthalamic nucleus stimulation is efficacious in patients with Parkinsonism and LRRK2 mutations. MDS. (2007) 22:119–22. doi: 10.1002/mds.21178

 27. Dan X, Wang C, Ma J, Feng X, Wang T, Zheng Z, et al. MAPT IVS1+124 C>G modifies risk of LRRK2 G2385R for Parkinson's disease in Chinese individuals. Neurobiol Aging. (2014) 35:1780 e7–10. doi: 10.1016/j.neurobiolaging.2014.01.025

 28. Fu X, Zheng Y, Hong H, He Y, Zhou S, Guo C, et al. LRRK2 G2385R and LRRK2 R1628P increase risk of Parkinson's disease in a Han Chinese population from Southern Mainland China. Parkinsonism Relat Disord. (2013) 19:397–8. doi: 10.1016/j.parkreldis.2012.08.007

 29. Marras C, Alcalay RN, Caspell-Garcia C, Coffey C, Chan P, Duda JE, et al. Motor and nonmotor heterogeneity of LRRK2-related and idiopathic Parkinson's disease. MDS. (2016) 31:1192–202. doi: 10.1002/mds.26614

 30. Koss AM, Alterman RL, Tagliati M, Shils JL. Calculating total electrical energy delivered by deep brain stimulation systems. Ann Neurol. (2005) 58:168. doi: 10.1002/ana.20525

 31. Picillo M, Lozano AM, Kou N, Puppi Munhoz R, Fasano A. Programming deep brain stimulation for Parkinson's disease: the Toronto Western Hospital Algorithms. Brain Stimul. (2016) 9:425–37. doi: 10.1016/j.brs.2016.02.004

 32. Moro E, Esselink RJ, Xie J, Hommel M, Benabid AL, Pollak P. The impact on Parkinson's disease of electrical parameter settings in STN stimulation. Neurology. (2002) 59:706–13. doi: 10.1212/WNL.59.5.706

 33. Smeding HM, Speelman JD, Huizenga HM, Schuurman PR, Schmand B. Predictors of cognitive and psychosocial outcome after STN DBS in Parkinson's Disease. J Neurol Neurosurg Psychiatry. (2011) 82:754–60. doi: 10.1136/jnnp.2007.140012

 34. Castrioto A, Lhommee E, Moro E, Krack P. Mood and behavioural effects of subthalamic stimulation in Parkinson's disease. Lancet Neurol. (2014) 13:287–305. doi: 10.1016/S1474-4422(13)70294-1

 35. Wang C, Cai Y, Zheng Z, Tang BS, Xu Y, Wang T, et al. Penetrance of LRRK2 G2385R and R1628P is modified by common PD-associated genetic variants. Parkinsonism Relat Disord. (2012) 18:958–63. doi: 10.1016/j.parkreldis.2012.05.003

 36. Carrion MDP, Marsicano S, Daniele F, Marte A, Pischedda F, Di Cairano E, et al. The LRRK2 G2385R variant is a partial loss-of-function mutation that affects synaptic vesicle trafficking through altered protein interactions. Sci Rep. (2017) 7:5377. doi: 10.1038/s41598-017-05760-9

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 © 2019 Chen, Liu, Wu, Xu, Li, Chen, Li, Ma, Xu 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-10-01231-t003.jpg
UPDRS |
UPDRS Il

UPDRS Il

Total scores
Tremor

Rigicity

Akinesia

Axial symptoms
UPDRS IV
Dyskinesia

Motor fluctuations
LEDD (mg/d)
MMSE

HAMD

Described by mean + standard deviation (normal distribution) and P50 (P25-P75) (skewed distribution).

G2385R- (n = 49)

Pre-surgical baseline  12-month post-surgery

4144225 251175
2302+7.19 14.76 £ 5.44
49.00 + 11,62 20.69+9.95

6.00 (0.50-12.00) 0.00 (0.00-1.50)

11.20£8.73 653 2.69
15.98 % 5.47 10.12 + 4.62

6.43£226 441218

1.00(0.00-2.00) 0.00 (0.00-1.50)
382+ 1.17 3,00 (1.00-4.00)

885.96 + 381.34 544.23 + 257.01
2551£4.29 25.65+4.15

15,49 £7.10 10.00 (5.00-15.00)

P

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

0.038
<0.001
<0.001
0.621
<0.001

G2385R+ (1 = 8)

Pre-surgical baseline  12-month post-surgery

513173 288+ 196
26.50 £ 7.50 13.13 £ 5.46
4338 + 1151 20,50  7.80
350 (0.00-6.50) 0,00 (0.00-1.75)
850 +2.51 413+ 1.96
15,88+ 5.17 7.25+292
675219 375261
2,00 (0.00-3.00) 0,00 (0.00-1.50)
388+ 1.13 250 (1.00-3.00)
1041.41 % 208.15 600,59 + 198.95
2663+ 2.26 26,75+ 2.87
19.75 £9.16 12.50 (3.75-21.50)

0.029
0.002

0.004
0.115
0.009
0.006
0.060

0.121
0.084
0.001
0.785
0.107

UPDRS, Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily dose; MMSE, Mini-Mental State Examination Scale; HAMD, Hamilton Depression Rating Scale.





OPS/images/fneur-10-01231-t004.jpg
G2385R- (n = 98) G2385R+ (1 = 16) P

Monopolar stimulation, 1 (%) 61 (62.24) 74875 0162
Bipotar stimulation, n (%) 1(1.02) 0 1.000
Double monopolar stimulation, n (%) 24 (24.49) 6(37.5) 0.430
Interleaved stimulation, n (%) 12 (12.24) 3(18.75) 0.753
Voltage (V) 242 0.41 264£035 0083
Pulse width (jus) 73.64 £ 1412 76.84 £ 1493 0224
Frequency (H2) 15195 +37.83 14026 + 42.64 0367

Data shown as mean + standard deviation.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of LRRK2 G2385R Variant on Subthalamic Deep Brain Stimulation Efficacy in Parkinson's Disease in a Han Chinese Population



		Introduction



		Materials and Methods



		Participants



		Genetic Analysis



		Clinical Assessments



		Statistical Analyses







		Results



		Baseline Demographics and Clinical Characteristics



		Group-Wise Comparisons



		Baseline vs. Post-surgery



		Stimulation Settings







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Effect of LRRK2 G2385R Variant on

Subthalamic Deep Brain Stimulation

Efficacy in Parkinson’s Disease in a
Han Chinese Population





OPS/images/fneur-10-01231-t001.jpg
G2385R+ (1 = 8)

Age at surgery (years) 62.38+9.84
Male/Female a4

Age at PD onset (years) 5213755
Disease duration (years) 10.25 373
UPDRS il (off medication) 4338 + 1151
UPDRS Il (on medication) 15.88 834
Levodopa responsiveness (%) 61.16 + 18.48
Hoehn and Yahr Scale 2942078

Data shown as means < standard deviations.
UPDRS, Unified Parkinson’s disease Rating Scale.

G2385R- (n = 49)

61.29+8.13
23/26

51.80 +£ 851
9.76 £ 4.17
49.00 £ 11.62
20.55 + 10.43
68.81 £ 18.21
2.90 +0.67

P

0.734
0.872
0919
0.754
0.209
0.234
0.738
0.880





OPS/images/fneur-10-01231-t002.jpg
UPDRS |

UPDRS Il

UPDRS Il improvement, %
UPDRS Il

Total scores

Tremmor

Rigidity

Akinesia

Axial symptoms

UPDRS Il improvement, %
UPDRS IV

Dyskinesia

Motor fluctuations

LEDD (mg/d)

LEDD reduction, %
MMSE

HAMD

Described by mean + standard deviation (normal distribution) and P50 (P25-P75) (skewed distribution).

Pre-surgical baseline

G2385R- (n = 49) G2385R+ (n = 8)
414 £2.25 513+1.73
2802 7.19 25,50 +7.50
Off medication
49.00 + 11.62 43.38 £ 11.51
600 (0.50-12.00) 350 (0.00-6.50)
11.20+3.73 8.50 £ 251
15.98 £ 5.47 15,88 £5.17
6.43+2.26 6.75+£2.19
1.00 (0.00-2.00) 2,00 (0.00-3.00)
3.82+1.17 3.88+1.13
885.96 + 381.34 1041.41 + 298,15
25514.29 26,63 +2.26
15.49 £7.10 19.75 £9.16

0.244
0.372

0.209
0.128
0.054
0.960
0.321

0.435
0.895
0.278
0.478
0.136

12-month post-surgery

‘G2385R- (n = 49) G2385R+ (n = 8)
251+1.75 288+ 1.96
14.76 £5.44 1313 £5.46

35.48 (18.47-47.27) 36.95 (33.33-66.31)
Off medication/Stimulation on

20.69+9.95 2050 +7.89
0.00 (0.00-1.50) 000 (0.00-1.75)
6.53 £ 2.69 413 +£1.96
1012+ 462 725292
441£2.18 875 +£2.61

45.45 (28.01-58.51) 46.08 (26.88-64.92)

0.00 (0.00-1.50) 0.00 (0.00-1.50)
3.00 (1.00-4.00) 2,50 (1.00-3.00)
544.23 + 257.01 600.59 + 198.95
37.50 (24.49-52.50) 41.95 (23.44-52.08)
25.65+4.15 26.75 £2.87
10.00 (5.00-15.00) 12.50 (3.76-21.50)

0.790
0.172
0.183

0.193
0.401
0.045
0.094
0.352
0.778

0.651
0.453
0.823
0.727
0.858
0.761

UPDRS, Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily dose; MMSE, Mini-Mental State Examination Scale; HAMD, Hamilton Depression Rating Scale.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





