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Genetic factors play significant roles in the causes of Parkinson’s disease (PD). Recently, a meta-analysis
of genome-wide association study (GWAS) has identified 17 loci associated with PD. The objective of our
study was to investigate the association of 17 single-nucleotide polymorphisms with the risk of PD in
Chinese population. We performed a case-control association study, and 1189 subjects comprising 652
PD patients and 537 controls were genotyped by using a Mass ARRAY System or a TaqMan assay.
We found that rs601999 (OR (95% CI) ¼ 3.378 (2.273e5.051), p < 0.001), rs11343 (OR (95% CI) ¼ 0.426
(0.210e0.862), p ¼ 0.018), rs353116 (OR (95% CI) ¼ 0.738 (0.577e0.943), p ¼ 0.015), and rs2280104 (OR
(95% CI) ¼ 1.371 (1.078e1.743), p ¼ 0.010) were significantly associated with PD in Chinese population.
However, no significant association was found in the remaining 13 single-nucleotide polymorphisms
between both groups.

� 2018 Elsevier Inc. All rights reserved.
1. Introduction

Parkinson’s disease (PD) is the second most common neurode-
generative disorder. It is characterized by a variety of motor and
nonmotor symptoms. The neuropathological features of PD are
caused by progressive loss of dopaminergic neurons in the sub-
stantia nigra and aggregation of a-synucleinepositive Lewy bodies
(LBs) in the surviving neurons. The exact pathogenesis of PD re-
mains poorly understood, but mounting evidence has revealed that
genetic factors may play significant roles in the causes of PD (Deng
et al., 2017; Rocha et al., 2018).

Genome-wide association studies (GWAS) have provided
tangible gains in understanding the genetic architecture of PD.
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More than 24 loci involved in PD have been identified by GWAS
(Nalls et al., 2014). Recently, Diana Chang et al. have identified 17
novel PD loci using a comprehensivemeta-analysis of GWAS (Chang
et al., 2017). To validate the role of these new loci in susceptibility to
PD in other ethnicities, we conducted a case-control association
study of these 17 variants in our Chinese Han population.
2. Materials and methods

Our study included a total of 652 patients with PD (male/female:
391/261, age: 61.17 � 9.12 years) and 537 unrelated healthy control
subjects (male/female: 342/195; age: 63.57 � 12.9 years). The
diagnosis of PD was made according to the United Kingdom Par-
kinson’s Disease Society Brain Bank Clinical Diagnostic Criteria. The
genotypes of these 17 SNPs were determined using a Mass ARRAY
System or a TaqMan assay (Beijing Genomics Institute). The power
calculations were performed using Quanto (Gauderman, 2002). All
other statistical analyses in this study were performed using SPSS
21.0 for Windows. Odds ratios (OR) and 95% confidence intervals
(95% CI) were used to assess the strength of polymorphisms and PD
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Table 1
Genotypic analysis of 17 loci

SNP (Candidate gene) HWE Genotype/Allele Association test PD Control P OR (95% CI) Pa OR (95% CI)a

rs4653767 (TPKB) 0.511 Genotype Genotypic (CC/CT/TT) 34/248/354 30/200/285
Dominant ((CCþCT)/TT) 282/354 230/285 0.913 0.987 (0.781e1.247) 0.886 0.983 (0.777e1.243)
Recessive (CC/(CTþTT)) 34/602 30/485 0.724 0.913 (0.551e1.513) 0.687 1.108 (0.673e1.826)

Allele C/T 318/956 262/770 0.814 0.978 (0.809e1.181) 0.788 0.975 (0.806e1.178)
rs34043159 (IL1R2) 0.403 Genotype Genotypic (CC/CT/TT) 159/310/163 123/272/137

Dominant ((CCþCT)/TT) 469/163 395/137 0.988 0.998 (0.767e1.299) 0.988 0.998 (0.766e1.300)
Recessive (CC/(CTþTT)) 159/473 123/409 0.419 0.894 (0.683e1.205) 0.439 0/899 (0.685e1.178)

Allele C/T 628/636 518/546 0.631 1.041 (0.884e1.225) 0.633 1.041 (0.883e1.225)
rs353116 (SCN3A) 0.378 Genotype Genotypic (AA/GA/GG) 238/303/105 162/271/97

Dominant ((GGþGA)/AA) 408/238 368/162 0.024 0.755 (0.591e0.964) 0.015 0.738 (0.577e0.943)
Recessive (GG/(GAþAA)) 105/541 97/433 0.354 0.886 (0.640e1.174) 0.294 0.849 (0.626e1.153)

Allele G/A 513/779 595/465 0.042 0.843 (0.715e0.994) 0.027 0.829 (0.703e0.979)
rs4073221 (SATB1) 0.064 Genotype Genotype (TT/GT/GG) 516/106/14 417/97/11

Dominant ((GGþGT)/TT) 120/516 108/417 0.467 0.898 (0.672e1.200) 0.530 1.098 (0.820e1.470)
Recessive (GG/(GTþTT)) 14/622 11/514 1.000 1.052 (0.473e2.337) 0.776 0.890 (0.398e1.987)

Allele G/T 134/1138 119/931 0.539 0.921 (0.709e1.196) 0.637 0.939 (0.722e1.221)
rs12497850 (NCKIPS, CDC71) 0.136 Genotype Genotypic (GG/GT/TT) 0/53/597 2/36/493

Dominant ((GGþGT)/TT) 53/597 38/493 0.523 1.152 (0.747e1.777) 0.677 1.098 (0.976e1.698)
Recessive (GG/(GTþTT)) 0/650 2/529 0.202 - 0.117 -

Allele G/T 53/1247 40/1022 0.7 1.086 (0.714e1.651) 0.871 1.035 (0.680e1.577)
rs143918452 (ALAS1, TLR9, DNAH1, BAP1,

PHF7, NISCH, STAB1, ITIH3, ITIH4)
0.808 Genotype Genotypic (GG/GA/AA) 623/20/0 513/11/0

Dominant ((AAþAG)/GG) 20/623 11/513 0.361 1.497 (0.711e3.155) 0.330 1.451 (0.686e3.070)
Recessive (AA/(AGþGG)) 0/643 0/524 - - - -

Allele A/G 20/1266 11/1037 0.364 1.489 (0.710e3.122) 0.333 1.444 (0.686e3.039)
rs78738012 (ANK2, CAMK2D) 0.983 Genotype Genotypic (TT/TC/CC) 637/3/0 530/1/0

Dominant ((CCþCT)/TT) 3/637 1/530 0.631 2.496 (0.259e24.067) 0.455 2.381 (0.245e3.861)
Recessive (CC/(CTþTT)) 0/640 0/531 - - - -

Allele C/T 3/1277 1/1061 0.631 2.493 (0.259e23.997) 0.455 2.377 (0.245e23.064)
rs2694528 (ELOVL7) 0.127 Genotype Genotypic (AA/AC/CC) 555/79/2 478/47/3

Dominant ((CCþCA)/AA) 81/555 50/478 0.079 1.395 (0.961e2.024) 0.055 1.444 (0.992e2.102)
Recessive (CC/(CAþAA)) 2/634 3/525 0.664 0.552 (0.092e3.311) 0.545 0.574 (0.095e3.460)

Allele C/A 83/1189 53/1003 0.123 1.321 (0.927e1.884) 0.088 1.364 (0.955e1.947)
rs9468199 (ZNF184) 0.835 Genotype Genotypic (GG/GA/AA) 408/195/27 337/169/20

Dominant ((AAþAG)/GG) 222/408 189/337 0.806 0.970 (0.762e1.236) 0.793 0.968 (0.759e1.235)
Recessive (AA/(AGþGG)) 27/603 20/506 0.679 1.133 (0.628e2.044) 0.694 1.126 (0.622e2.041)

Allele A/G 249/1011 209/843 0.950 0.993 (0.809e1.220) 0.932 0.991 (0.806e1.218)
rs2740594 (CTSB) 0.983 Genotype Genotypic (GG/GA/AA) 0/6/641 0/1/533

Dominant ((GGþGA)/AA) 6/641 1/533 0.136 4.989 (0.599e41.570) 0.158 0.216 (0.026e1.811)
Recessive (GG/(GAþAA)) 0/647 0/534 - - - -

Allele G/A 6/1288 1/1067 0.136 4.970 (0.587e41.350) 0.159 0.217 (0.026e1.815)
rs2280104 (BIN3, SORBS3, PDLIM2, C8orf58) 0.681 Genotype Genotypic (CC/TC/TT) 395/230/22 362/157/15

Dominant ((TTþTC)/CC) 252/395 172/362 0.017 1.343 (1.056e1.708) 0.010 1.371 (1.078e1.743)
Recessive (TT/(TCþCC)) 22/625 15/51 0.617 1.218 (0.625e2.372) 0.633 1.177 (0.603e2.298)

Allele T/C 274/1020 187/881 0.025 1.266 (1.029e1.555) 0.025 1.268 (1.031e1.561)
rs13294100 (SH3GL2) 0.472 Genotype Genotypic (TT/GT/GG) 159/323/150 144/255/128

Dominant ((GGþGT)/TT) 473/159 383/144 0.403 1.118 (0.860e1.454) 0.448 1.107 (0.851e1.441)
Recessive (GG/(GTþTT)) 150/482 128/399 0.826 0.970 (0.740e1.272) 0.838 0.972 (0.741e1.276)

Allele G/T 623/641 511/543 0.699 1.033 (0.877e1.216) 0.728 1.030 (0.873e1.214)
rs10906923 (FAM171A1) 0.064 Genotype Genotypic (CC/AC/AA) 202/307/130 180/240/111

Dominant ((AAþAC)/CC) 437/202 351/180 0.406 1.109 (0.868e1.418) 0.494 1.089 (0.852e1.395)
Recessive (AA/(ACþCC)) 130/509 111/420 0.814 0.966 (0.727e1.284) 0.733 0.951 (0.715e1.266)

Allele A/C 567/711 462/600 0.675 1.036 (0.879e1.220) 0.795 1.022 (0.867e1.205)

(continued on next page)
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susceptibility. A two-tailed p < 0.05 was considered significant for
all analyses.

3. Results

Therewere no significant differences in gender or age distribution
between patients and controls (supplementary file). All control ge-
notype frequencies in all of the studied polymorphisms were in
Hardy-Weinberg equilibrium. All genotyping reactions showed a
high genotyping quality, with the exception of the SNP rs353116,
rs4073221, and rs3740594. For this reason, we tested the three SNPs
with a TaqMan assay. In genotypic analysis, the dominant models of
rs2280104, rs601999, rs353116, and rs11343 were found to be
significantly closely associated with PD and the powers of these four
loci were more than 0.8 (table 1 and supplementary file). However,
no significant association in recessive models was found among any
of the SNPs between the two groups. In allelic analysis, the T allele of
rs2280104 and rs601999, the A allele of rs353116, and G allele of
rs11343 showed a higher risk of PD (table 1).

4. Discussion

GWAS is a powerful method for the detection of genetic factors
in polygenic diseases, such as PD, but it can produce spurious as-
sociation findings (Gomez-Garre et al., 2014). For this reason,
replication of associations in other ethnic groups is essential to
confirming the results. The present study was conducted to confirm
the association of 17 novel loci that had recently been identified by
Chang et al. through a comprehensive meta-analysis of GWAS with
PD in our Chinese Han population.

Lysosomal defects contributing to protein aggregates and cell
death are increasingly regarded as a major pathogenic event in PD
(Dehay et al., 2013). The candidate gene of rs601999 ATP6V0A1
(ATPase Hþ transporting V0 subunit a1) encoding protein
ATP6V0A1, a subunit of the vacuolar (Hþ)-ATPase, localizes to both
the presynaptic membrane and synaptic vesicles present at nerve
terminals. It is implicated in fusion between phagosomes and
lysosomes during phagocytosis in the brain (Toei et al., 2010).

Numerous gene and toxin studies have implicated mitochon-
drial dysfunction in PD pathogenesis (Subramaniam and Chesselet,
2013). COQ7, which is encoded by COQ7, has been reported to play
an essential role in COQ synthesis, maintenance of mitochondrial
integrity, and neurogenesis inmice (Nakai et al., 2001). Reduction of
the activity of COQ7 slowing down aging in Caenorhabditis elegans
and in mice indicates its involvement in development of neurode-
generative diseases (Wang et al., 2009).

SCN3A, the candidate gene of rs353116, encodes the pore-
forming Nav1.3 a subunit, which is responsible for the initiation
and propagation of action potentials in excitable cells such as
neurons (Hains et al., 2005). Dysregulation of sodium channel
Nav1.3 expression may contribute to epilepsy syndromes and
chronic neuropathic pain (Lamar et al., 2017). The Naþ/Ca2þ ex-
change defects induced Ca2þ toxicity by sodium channel Nav1.3
dysfunction may be a factor of degeneration of PD.

Bin3, the candidate gene of rs2280104, encodes a member of the
BAR superfamily of curved membrane and GTPase-binding pro-
teins. These proteins are implicated in signal transduction and ve-
sicular trafficking (Ramalingam et al., 2008). However, further
investigations are needed to explore the roles of these genes played
in pathophysiologic pathways of PD.

In conclusion, we have confirmed that rs601999, rs11343,
rs353116, and rs2280104 were associated with PD in Chinese
population. However, we fail to replicate the association of other 13
SNPs with sporadic PD in this study. As the difference of MAF
(minor allele frequency) between our population and 1000
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Genomics in PubMed (supplementary file), the ethnic difference
and environmental factors may account for the discrepancy be-
tween our study and Chang’s study. To the best of our knowledge,
this study is the first to replicate the novel GWAS meta-analysis by
which Chang et al. identified 17 loci in a cohort of Chinese popu-
lation. As the limitation of sample size, more studies in Chinese or
other populations with larger samples may help to evaluate the
relationship between these new loci and PD.
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