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Background: Different studies have provided some evidence for the association between
BST1 polymorphisms and Parkinson’s disease (PD). The extent to which these genetic
effects are consistent across different populations is unknown.

Methods: A meta-analysis of PD case-control studies using a common set of three variants
was conducted. Published reports were obtained from electronic databases including
Pubmed, Embase, Chinese National Knowledge Infrastructure (CNKI) and Cochrane
Library databases between August 2010 and January 2018.

Results: A total of 11 individual studies with 8,725 cases and 17,079 controls were included.
The results showed statistically significant association between the dominant model of
rs11931532 and PD risk in Asian populations (P=0.006, OR [95% CI]=1.22 [1.06—1.41)).
Significant association was also detected between the allelic, dominant, and recessive models
of rs4698412 and PD risk in Asian populations (allelic model: P<0.00001, OR [95% CI]=1.22
[1.16-1.29]; dominant model: P<0.00001, OR [95%CI]=1.35 [1.20-1.52]; recessive model;
P=0.0003, OR [95% CI]=1.30 [1.13-1.50]). Nevertheless, the pooled analyses suggested that
no significant association was uncovered between rs11724635 and PD risk (£>0.05).
Conclusion: The meta-analysis suggests that the rs11931532 and rs4698412, but not
rs11724635 might be risk factors for PD in Asian populations.
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Introduction
Parkinson’s disease (PD) is a common neurodegenerative disease that affects 1-2%
of individuals aged >65 years."*> The progressive loss of the nigro-striatal dopami-
nergic neurons and presence of Lewy bodies were shown to be the most important
histopathological features.>* Increasing evidence has supported that multiple genes,
environmental factors including smoking, alcohol consumption, well water and
pesticide use, as well as the interactions among these aspects, contributed to the
etiology of PD.>” To date, genome-wide association (GWA) studies and familial
PD cases studies have identified Alpha-synuclein (SNCA),® Leucine rich repeat
kinase 2 (LRRK2),” Parkins (PARK3/9/10/11/15/16/17/18),'°'> HLA-DQBI1,'®
serine threonine kinase 39 (STK39),'” and bone marrow stromal cell antigen 1
(BST1)'® to be the susceptible loci for PD.

BSTI, also referred to as CD157, is located on human chromosome 4 (4pl5)
and belongs to the NADase/ADP-ribosyl cyclase family, which is also a member of
the CD38 gene family.*'® Recent genetic analysis identified the CD157/BST1 gene
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as a susceptibility marker for PD. The genetic association
between BST1 polymorphisms such as rs11931532,
rs12645693, rs4698412, and rs4538475 and PD risk have
been reported in several populations by GWA and case-
control studies.*?°2* Although numerous studies have
demonstrated the association, inconsistency was presented
for different allele frequencies among study populations,
particularly in different ethnicity and geographical
groups.10’15’25728

Meta-analysis is an effective tool to compensate the
limitations by combining all publications and improve
statistical power to obtain potential effects of an individual
study with small or moderate sizes of subjects. The pur-
pose of performing this meta-analysis is to reduce hetero-
geneity and summarize the published evidence on the
prevalence of the BST1 polymorphisms among patients
diagnosed with PD.

Materials and methods

|dentification of eligible studies

This meta-analysis followed the Cochrane collaboration defi-
nition and PRISMA 2009 guidelines for meta-analysis and
systematic review.?’ Literature were searched on electronic
databases including Pubmed, Embase, Chinese National
Knowledge Infrastructure (CNKI) databases, and the
Cochrane Library databases with the following terms: bone
marrow stromal cell antigen 1; BST1; CD157; polymorph-
ism; single nucleotide polymorphism; SNP; and Parkinson’s
disease; PD. No language was limited. The search deadline
for publications was June 1, 2018. Other potentially relevant
studies were retrieved by cross-references.

Inclusion criteria: (1) case-control or cohort designed
study; (2) refer to the association of BST1 polymorphims
and PD risk; (3) the genotype data in the studies were
sufficient and available to extract; and (4) the distribution
of genotypes in the control group were in Hardy-Weinberg
equilibrium (HWE).

Exclusion criteria: (1) repeated studies, letters, disser-
tations, abstracts or reviews; and (2) publications that
violated the inclusion criteria.

Data extraction

Two independent investigators (L.J. and L.L.) manually
extracted the data. Any disagreements were resolved through
discussion among the authors to achieve a consensus.
Information on the first author, published year, ethnicity, num-
ber of cases and controls, genotyping methods, mean ages of

cases and controls, ratio of male:female, Hardy-Weinberg
equilibrium (HWE) for control group, number of alleles and
genotype, and SNPs were extracted, and are listed in Table 1.
All discrepancies were resolved by a consensus achieved by J.
M.L.

Quality assessment

All included studies were evaluated using the Newcastle-
Ottawa Scale (NOS)*® independently by L.L. and F.H. Any
discrepancies in the assessment were resolved by the third
author (L.T.). Adequacy of case definition, representative of
the cases, selection of controls, definition of controls, com-
parability cases/controls, comparability cases/controls, same
method of ascertainment, and non-response rate were taken
into account and given a corresponding score. The quality
scores ranged from 0-9. Only studies with a score of 6 or
higher were included.

Statistical methods

All statistical analyses were performed using the STATA 12.0
software (StataCorp, College Station, TX, USA) and
Revman 5 (Cochrane Collaboration, London, UK). The
odds ratio (OR) and 95% confidence interval (95% CI)
were calculated for evaluating the association between
BST1 polymorphisms and PD risk. The pooled ORs were
calculated using a genetic model of allelic, recessive, and
dominant models. The statistical significance of the OR was
determined using the Z-test. Variation and heterogeneity
were evaluated using Cochran’s Q-statistic. The random
effect model was used when there was significant heteroge-
neity across studies (I>>50% or P<0.05), otherwise the fixed
effect model was used in meta-analysis. Sources of hetero-
geneity were evaluated by stratification analysis of ethnicity.
Sensitivity analysis was performed to assess the effects of
individual study on pooled results and the stability of results.
The publication bias was detected with Begg’s test and
Egger’s test. P<0.05 was considered statistically significant.

Results

Characteristics of the studies

As shown in Figure 1, a total of 1,173 studies were
identified through the initial search. After screening the
titles and abstracts, 37 studies were excluded for being
duplicated studies, and 1,085 studies were excluded for not
being related to the genetic association between BSTI
polymorphisms and PD risk. After reading the full articles,
35 studies were excluded for being reviews, letters, short
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Table | Characteristics of included studies
Reference | Year | Ethnicity/ | Case | Control | Genotyping | Age Female | HWE | SNPs NOS
location methods (mean %, casel
1SD), control
case/
control
Chang et al?? | 2011 Chinese 636 510 Massarray 55.83%11.18/ | 40.6%/ P>0.05 | rsl1931532; |7
52.44+14.01 43.1% rs4698412;
rs| 1724635
Miyake 2012 | Japanese 229 357 TagMan 68.418.7/ 61.6%/ P>0.05 | rsl1931532; | 8
et al®® 66.6+8.5 61.1% rsl 1724635
Chang et al®® | 2015 | Chinese 596 597 Agena 68.68+10.82/ | 45.9%/ P>0.05 | rsl1724635 7
Massarray 60.0£12.7 54.4%
Cui et al*® 2018 | Chinese 168 196 Massarray 68.82+10.70/ | 41.7%/ P>0.05 | rs11931532; | 6
67.35+5.51 45.4% rs4698412
Tian®' 2012 | Chinese 1,019 1,030 Sequencing 54.16x12.50/ | 41.5%/ P>0.05 | rsl1931532; | 7
52.16£16.45 47.6% rs4698412
Satake 2011 | Japanese 1,078 | 2,628 HumanHap550 | NA NA P>0.05 | rsl1931532; | 6
etal [11%° array rs4698412
Satake 2011 Japanese 988 2,521 HumanHap550 NA NA P>0.05 | rs11931532; | 6
etal [2]%° array rs4698412
Tan et al'® 2010 | Chinese 433 916 Massarray NA 44%/40% P>0.05 | rsl1931532; | 6
rs4698412
Simén- 2011 | the 772 2,024 Human660W- 57.5£12.0/ 39.9%/ P>0.05 | rs11931532; | 8
Sanchez Netherlands Quad array 53.75+13.4 53.6% rs4698412
etal®
Spencer 2011 UK 2,190 | 5,667 Human660- NA 27.0%/NA | P>0.05 | rs4698412 6
et al® Quad array
Xie¥? 2011 | Chinese 744 743 Sequencing 53.05£10.9/ 36.7%/ P>0.05 | rs4698412 6
52.34+12.1 41.6%
Chen et al”’ | 2014 | Chinese 468 487 TagMan 66.02+9.46/ 49.8%/ P>0.05 | rsl1724635 8
67.16+9.33 66.5%

Abbreviations: HWE, Hardy-Weinberg equilibrium; SNP, single nucleotide polymorphism; NOS, Newcastle-Ottawa scale; NA, not available.

communications, or conference abstracts. In addition, five
studies were excluded for unavailable data. Overall, a total
of 11 studies were finally enrolled in the present meta-
analysis ®10-2022.2325°2831.32 Among  these studies, the
study conducted by Satake et al*® involved two different
groups. We treated each group as an individual study.
Therefore, there were 12 studies with 8,725 PD patients
and 17,097 healthy controls in the present meta-analysis:
Two studies were on Caucasians,®>° the others were on -
Asiang, 10-20:22:23:26-28.31.32 A t4a] of eight, nine, and three
studies have reported the association between rs11931532,
rs4698412, and rs11724635 and PD risk, respectively. The
genetic distributions of the control groups in all studies
were all consistent with the Hardy-Weinberg equilibrium
(HWE). The Newcastle-Ottawa Scale (NOS) was used for

Results of meta-analysis
Significant association was observed between the dominant
model (TT+CT/CC) of rs11931532 and PD risk (P=0.006,
OR [95%CI]=1.22 [1.06—1.41]), but not in allelic (T/C) and
recessive models (TT/CT+CC) of rs11931532 (allelic model:
P=0.25, OR [95%CI]=1.24 [0.86—1.78]; recessive model:
P=0.47, OR [95%CI]=1.05 [0.91-1.22]) (Table 2, Figure
2). Subgroup analysis stratified by ethnicity showed that the
significant association between the dominant model (TT
+CT/CC) of rs11931532 and PD risk can only be found in
the Asian subgroup (P=0.01, OR [95%CI]=1.24 [1.05—
1.47]), but not in the Caucasian subgroup (Table 2).

For rs4698412, significantly different distributions in
cases and controls were detected between the allelic, domi-
nant, and recessive models and PD risk (allelic model:

quality assessment, and all of the studies achieved moder-  P<0.0001, OR [95%CI]=1.16 [1.08-1.25]; dominant
ately high quality scores above 6 (Tables 1 and S1). model: P<0.00001, OR [95%CI]=1.35 [1.20-1.52];
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Figure | PRISMA flow chart of studies included and excluded.

recessive model; P=0.0003, OR [95%CI]=1.30 [1.13-1.50])
(Table 2, Figure 3). Subgroup analysis stratified by ethnicity
showed that significant associations between the allelic,
dominant, and recessive models of rs4698412 and PD risk
can only be found in the Asian subgroup (allelic model:
P<0.00001, OR [95%CI]=1.22 [1.16-1.29]; dominant
model: P<0.00001, OR [95%CI]=1.35 [1.20-1.52]; reces-
sive model; P=0.0001, OR [95%CI]=1.30 [1.13-1.50]), but
not in the Caucasian subgroup (P>0.05) (Table 2).

No association was found between genetic models of
rs11724635 and PD risk (Table 2, Figure 4). The subgroup
analysis stratified by ethnicity was canceled for lack of
sufficient data in the Caucasian group.

Heterogeneity
Significant heterogeneity were detected in the allelic model
of rs11931532 (P<0.00001, 1°=98%) and the allelic model

of 154698412 (P=0.003, I’=65%). Therefore, subgroup ana-
lysis stratified by ethnicity was performed . Notably, the
significant heterogeneity of the allelic model of rs11931532
was found in the Asian subgroup (P<0.00001, 1°=98%).
The significant heterogeneity of the allelic model of
154698412 disappeared in both Asian (P=0.43, ’=0%) and
Caucasian subgroups (P=0.08, 1°=67%) (Table 2). For the
allelic model of rs11931532 in the Asian subgroup, this
heterogeneity was contributed mainly by one positive
study conducted by Satake et al®’. Removal of this study
from meta-analysis gave 0% (P=0.61) heterogeneity.

Sensitive analysis and publication bias
Sensitivity analysis which excluded the influence of
a single study on the overall risk estimate by excluding
one study at a time was confirmed. The ORs were not
significantly altered in genetic models of rs11931532,
rs4698412, and rs11724635 in BST1 (Figure 5). Begg’s
test and Egger’s test were used to evaluate publication
bias. The P-value for Egger’s linear regression test
is shown in Figure 6. The results revealed that there was
no obvious publication bias in overall analysis for BST1
1511931532 (Pegger=0.435), 154698412 (Pegees=0.394), and
1511724635 (Pegaer=0.649) (Figure 6).

Discussion
In the present study, we have detected a significant associa-
tion between the allelic, dominant, and recessive models of
rs4698412, as well as the dominant model ofrs11931532 and
PD risk. To the best of our knowledge, this is the first study
observing the genetic associations between BST1 rs4698412
and rs11931532 and PD risk using a meta-analysis.
CD157/BST-1 plays a variety of roles in humoral
immune responses; neutrophil transmigration and hemato-
poietic stem cell support.>*** BST-1 produces cyclic ADP-
ribose, which is a second messenger that releases Ca”* from
intracellular Ca®" stores. Ca** dyshomeostasis has been pro-
posed a possible cause of selective vulnerability of dopami-
nergic neurons in PD.*>?° The rs11931532 and rs4698412
were located from intron 8 to 4.1 kb downstream of BST1
separately and may modify ADPribosylcyclase activity, thus
C a2+

neurons.?’>” There are an increasing number of new patho-

leading to dyshomeostasis in  dopaminergic
genic variants located in introns. Recent evidence suggested
that many disease-related intronic SNPs have been reported
to be responsible for aberrant splice processes.*®>° Satake
et al** 2 have also suggested rs11931532 may modify ADP-

ribosylcyclase activity, thus leading to Ca*" dyshomeostasis
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Table 2 The association between BST| polymorphisms and Parkinson’s disease
SNPs Genetic | Subgroup | Number | Numbers Test of association Model | Test of het-
(minor model of erogeneity
allele) studies 2
Case | Control | OR [95% CI] | P-value P-value | I
(%)
rs11931532 | Allelic (T) Total 8 10,646 | 20,364 1.24 [0.86—-1.78] | 0.25 R <0.00001 | 98
M
Asian 7 9,102 16,316 1.28 [0.86—-1.88] | 0.22 R <0.00001 | 98
Caucasian | 1,544 4,048 1.00 [0.71-1.41] | 0.25 - - -
Dominant Total 4 2,052 2,093 1.22 [1.06—-1.41] | 0.006 F 0.77 0
(TT+CT/
co)
Asian 4 2,052 2,093 1.22 [1.06—-1.41] | 0.006 F 0.77 0
Caucasian 0 - - - - - - -
Recessive Total 4 2,052 2,093 1.05 [0.91-1.22] | 0.47 F 0.31 17
(TT/ICT
+CC)
Asian 4 2,052 2,093 1.05 [0.91-1.22] | 0.47 F 0.31 17
Caucasian 0 - - - - - - -
rs4698412 Allelic (A) Total 9 16,056 | 32,470 I.16 [1.08-1.25] | <0.0001 R 0.003 65
(A)
Asian 10,132 | 17,008 1.22 [1.16-1.29] | <0.00001 | F 0.43 0
Caucasian 5,924 15,382 1.03 [0.92-1.16] | 0.62 R 0.08 67
Dominant Total 2,576 2,479 1.35 [1.20-1.52] | <0.00001 | F 0.67 0
(AA+GA/
GG)
Asian 4 2,576 2,479 1.35 [1.20-1.52] | <0.00001 | F 0.67 0
Caucasian 0 - - - - - - -
Recessive Total 4 2,576 2,479 1.30 [1.13-1.50] | 0.0003 F 0.44 0
(AA/GA
+GG)
Asian 4 2,576 2,479 1.30 [1.13-1.50] | 0.0003 F 0.44 0
Caucasian 0 - - - - - - -
rs1 1724635 | Allelic (A) Total 3 2,586 2,882 1.07 [0.96-1.20] | 0.19 F 0.34 7
A)
Asian 3 2,586 2,882 1.07 [0.96-1.20] | 0.19 0.34
Dominant Total 3 1,293 1,441 1.08 [0.92-1.27] | 0.33 0.56
(AA+CA/
co)
Asian 3 1,293 1,441 1.08 [0.92-1.27] | 0.33 0.56 0
Recessive Total 3 1,293 1,441 1.12 [0.92-1.37] | 0.25 0.42 0
(AAICA
+AA)
Asian 3 1,293 1,441 1.12 [0.92-1.37] | 0.25 F 0.42 0

Abbreviations: SNP, single nucleotide polymorphism; R, random model; F, fixed model; OR, odds ratios; Cls, confidence intervals.

in dopaminergic neurons in PD.Strong evidence of an asso-
ciation for the dominant model of rs11931532 and PD risk in
Asian populations was found, which might indicate the
dominant model of rs11931532 was a risk factor of PD in

Asian populations.

The 3' UTR of genes were indicated to play an impor-

tant role in regulating the expression of genes. Thus, the

BST1 rs4698412 may increase the PD risk by changing
the expression level of BST1 gene. Significant associa-

tions were found in GWAS studies and case-control stu-
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A Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H ,Random, 95%ClI M-H ,Random, 95%CI
Chang 2011 669 1272 523 1020 12.7% 1.05[0.89, 1.24]
Cui 2018 170 336 193 392 12.0% 1.06 [0.79, 1.41]
Miyake 2012 209 458 302 714 12.3% 1.15[0.90, 1.45]
Satake-1 2011 970 2158 2102 5256 12.9% 1.23[1.11,1.36] =
Satake-2 2011 925 1976 1059 5042 12.9% 3.34[2.99, 3.73] i
Simoén-sanchez 2011 46 1544 121 4048 11.7% 1.00[0.71,1.41]
Tan 2010 424 866 916 1832 12.7% 0.96 [0.82,1.13]
Tan 2012 1060 2038 1036 2060 12.8% 1.07 [0.95,1.21]

Total (95% CI)
Total events

10646

4477 6252

Heterogeneity; Tau?=0.26; Chi?=301.00, df=7 (P<0.00001); 2=98% ‘

Test for overall effect; Z=1.16 (P=0.25)

20364 100.0%

1.24[0.86, 1.78]

0.01 0.1 1 10 100
Favors control  Favors experiments

QOdds ratio
M-H ,Fixed, 95%ClI

QOdds ratio
M-H .Fixed, 95%CI

B
Experimental Control
Study or subgroup Events  Total Events Total Weight
Chang 2011 494 636 381 510
Cui 2018 133 168 139 196
Miyake 2012 155 229 230 357
Tian 2012 818 1019 793 1030

Total (95% Cl) 2052

Total events 1600 1543
Heterogeneity; Chi?=1.14, df=3 (P=0.77); ’=0%
Test for overall effect; Z=2.73 (P=0.006)

28.2%

8.0%
17.3%
46.5%

2093 100.0%

1.18 [0.90,1.55]
1.56 [0.96,2.53]
1.16 [0.81,1.64]
1.22[0.98,1.50]

1.22[1.06, 1.41]

0.01 0.1
Favors control

10 100
Favors experiments

= "—‘:i—iﬂ—t

Control
Events _Total Weight

Experimental

Study or subgroup Events __ Total

QOdds ratio

M-H ,Fixed, 95%CI

QOdds ratio
M-H_,Fixed, 95%ClI

Chang 2011 158 363 110 510 25.6% 1.20[0.91,1.59] -
Cui 2018 37 168 54 196 10.9% 0.74[0.46,1.20]
Miyake 2012 54 229 72 357 12.0% 1.22[0.82,1.82] |
Tian 2012 242 1019 243 1030 51.5% 1.01[0.82,1.24] ]
Total (95% Cl) 2052 2093 100.0% 1.05[0.91, 1.22]
Total events 491 479
Hye OpR2= » — . 2=179 I t 1 1 |
Heterogeneity; Chi“=3.60, df=3 (P=0.31); I*=17% 0.01 01 1 10 100

Test for overall effect; Z=0.72 (P=0.47)

Favors control  Favors experiments

Figure 2 Forest plots of odds ratios for the association between BST| rs|1931532 and PD. (A) allelic model; (B) dominant model; (C) recessive model.

Abbreviation: PD, Parkinson’s disease.

dies. However, negative results were reported by Tan
et al'® and Chuang et al** in Chinese populations. The
inconsistency ofthese researchers may be due to the dif-
ferent ethnicity, study design, sample size, and environ-
mental factors. In our combined meta-analysis, we
association between BSTI1
rs4698412 and PD risk in Asian populations, but not in

observed a significant

Caucasian populations, which may indicate the genetic

background influences the effect of BST1 rs4698412 to
the PD risk. However, the sample size in the Caucasian
population was relatively small. To identify the associa-
tion between rs4698412 and PD risk in Caucasian popu-
lations, studies with a larger number of subjects from
multiple ethnicity are necessary.

When investigating the rs11724635 with genetic mod-
els, no significant association with PD was found in the
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A Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H Random, 95%CI M-H .Random, 95%CI

Chang 2011 532 1272 392 1020 9.2% 1.15[0.97, 1.36] =

Cui 2018 144 336 137 398 4.4% 1.40[1.30, 1.88] [

Satake-1 2011 819 2156 1735 5256 13.3% 1.24[1.12,1.38] "

Satake-2 2011 790 1976 1764 5042 13.1% 1.24 [1.11,1.38] .

Simén-sanchez 2011 664 1544 1781 4048 12.3% 0.96 [0.85, 1.08] y

Spenser 2011 2484 4380 6200 11334 15.7% 1.08 [1.01, 1.16] B

Tan 2010 346 866 715 1832 9.4% 1.04 [0.88, 1.23] i

Tan 2012 941 2038 821 2060 11.9% 1.29 [1.14, 1.47] o

Xie 2011 710 1488 630 1486 10.6% 1.24[1.07, 1.43] ini

Total (95% Cl) 16056 32470 100.0% 1.16 [1.08, 1.25] ]

Total events 7430 14175 )

Heterogeneity; Tau?=0.01; Ch?=23.08, df=8 (P=0.003); =65% =0 o1 o=1 ] 1=0 1003

Test for overall effect; Z=4.08 (P<0.0001)

Favors control Favors experiments

B
Experimental Control Odds ratio Odds ratio

Study or subgroup Events  Total Events Total Weight M-H Fixed, 95%CI M-H .Fixed, 95%CI

Chang 2011 430 636 317 510 23.8% 1.27 [1.00, 1.62] fur

Cui 2018 117 168 112 196 6.5% 1.72[1.12, 2.66] i3

Tian 2012 714 1019 649 1030 40.3% 1.37 [1.14, 1.65] L
Xie 2011 528 744 484 743 29.3% 1.31[1.05, 1.63] i

Total (95% Cl) 2567 2479 100.0% 1.35[1.20, 1.52] L

Total events 1789 1562
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Chang 2011 88 638 69 510 19.9% 1.03[0.73, 1.44] *

Cui 2018 28 168 28 196 6.5% 1.20[0.68, 2.12] -5

Tian 2012 227 1019 172 1030 40.2% 1.43[1.15,1.78] L

Xie 2011 182 744 146 743 33.4% 1.32[1.04, 1.69] o
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Figure 3 Forest plots of odds ratios for the association between BST| rs4698412 and PD. (A) allelic model; (B) dominant model; (C) recessive model.

Abbreviation: PD, Parkinson’s disease.

overall and subgroup population-based analysis. A recent
logistic regression analysis of data from a multi-center
hospital-based case-control study in Japan found no rela-
tionship between BSTI1 rs11724635 and sporadic PD.**
This negative result was replicated in subsequent studies
in Chinese populations.”**® However, a meta-analysis
based on the GWAS studies has revealed that the BSTI
rs11724635 was a strong susceptible factor for PD in US,

European, and Asian populations.>> As there was no avail-
able data in the studies conducted by Saad et al*', Spencer
et al®, and Simon-Sanchez et al*®, we had to exclude these
three studies in the present study. In addition, we enrolled
three other studies,>>?*?® and found no association
between BST1 rs11724635 and PD risk, which brings us
to the conclusion that the BST1 rs11724635 may not be
a risk factor for PD.
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Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H Fixed, 95%CI M-H ,Fixgd? 95%CI

Chang 2015 530 1192 504 1194 44.3% 1.10[0.93, 1.29] F

Chen 2014 371 936 392 974 36.7% 0.97 [0.81, 1.17]

Miyake 2012 188 458 260 714 19.0% 1.22[0.96, 1.55]

Total (95% CI) 2586 2882 100.0% 1.07 [0.96, 1.20]

Total events 1089 1156

Heterogeneity; Chi?=2.15, df=2 (P=0.34); ’=7% 001 01 1 10 100
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Chang 2015 413 596 400 597 41.6% 1.11[0.87, 1.42]
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Miyake 2012 145 229 209 357 20.3% 0.22[0.87,1.72] -

Total (95% Cl) 1293 1441 100.0% 1.08[0.92, 1.27]

Total events 852 918
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Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H Fixed, 95%CI M-H ,Fixed, 95%CI

Chang 2015 117 596 104 597 45.4% 1.16 [0.86, 1.55]

Chen 2014 77 469 83 487 37.0% 0.96 [0.68, 1.35]

Miyake 2012 43 229 51 357 17.6% 1.39[0.89, 2.16]

Total (95% ClI) 1293 1441 100.0% 1.12[0.92, 1.37]

Total events 237 238

Heterogeneity; Chi?=1.74, df=2 (P=0.42); ’=0%
Test for overall effect; Z=1.16 (P=0.25)
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Favors experiments
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Figure 4 Forest plots of odds ratios for the association between BST| rs| 1724635 and PD. (A) allelic model; (B) dominant model; (C) recessive model.

Abbreviation: PD, Parkinson’s disease.

Limitations should be taken into account. First, the poly-
morphisms included in the present meta-analysis were located
in the 5" or 3’ noncoding sequences of BST1 gene, and no
polymorphism in the coding sequences was included.
Although elements such as promoter, enhancer, or silencer
were usually at untranslated region, which might be respon-
sible for regulating gene expression, it still cannot be excluded
that there are rare forms of mutation in the coding region.
Further studies are required to include PD-associated poly-
morphisms in the coding sequences. Second, the number of
subjects in the present study was relatively small, especially in
the Caucasian subgroup, which may partly influence the result

of the association between the BST1 polymorphisms and PD
in the Caucasian population. The lack of a significant associa-
tion between SNP rs11724635 and sporadic PD is likely to be
attributable to insufficient statistical power. Third, ethnic spe-
cific effect is an important consideration in meta-analysis.
There were only two different ethnicities in the present
study. A larger number of studies with more subjects of
multiple ethnicities are necessary in the future.

Conclusions
Our meta-analysis suggests that the rs11931532 and
rs4698412, but not rs11724635, might increase the risk
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Figure 5 Sensitivity analyses between allelic models of BSTI rs11931532, rs4698412, rs11724635, and PD. (A) rs|1931532; (B) rs4698412; (C) rs|1724635.

Abbreviation: PD, Parkinson’s disease.
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Figure 6 Publication bias of literatures for BST| rs11931532, rs4698412, and rs| 1724635 were tested by Begg’ s funnel plot and Egger’ s test. (A) rs| 1931532; (B) rs4698412; (C)

rs|1724635.
Abbreviations: BST|, bone marrow stromal cell antigen 1.
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of PD in Asian populations. However, more large-scale
studies with a larger number of subjects are warranted to
confirm these findings.
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