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Genome-wide association study confirms extant
PD risk loci among the Dutch

Javier Simón-Sánchez*,1, Jacobus J van Hilten2, Bart van de Warrenburg3, Bart Post3, Henk W Berendse4,
Sampath Arepalli5, Dena G Hernandez5, Rob MA de Bie6, Daan Velseboer6, Hans Scheffer7, Bas Bloem3,
Karin D van Dijk4, Fernando Rivadeneira8,9, Albert Hofman8, André G Uitterlinden8,9, Patrizia Rizzu1,
Zoltan Bochdanovits1, Andrew B Singleton5 and Peter Heutink1

In view of the population-specific heterogeneity in reported genetic risk factors for Parkinson’s disease (PD), we conducted a

genome-wide association study (GWAS) in a large sample of PD cases and controls from the Netherlands. After quality control

(QC), a total of 514799 SNPs genotyped in 772 PD cases and 2024 controls were included in our analyses. Direct replication

of SNPs within SNCA and BST1 confirmed these two genes to be associated with PD in the Netherlands (SNCA, rs2736990:

P¼1.63�10�5, OR¼1.325 and BST1, rs12502586: P¼1.63�10�3, OR¼1.337). Within SNCA, two independent signals in

two different linkage disequilibrium (LD) blocks in the 3¢ and 5¢ ends of the gene were detected. Besides, post-hoc analysis

confirmed GAK/DGKQ, HLA and MAPT as PD risk loci among the Dutch (GAK/DGKQ, rs2242235: P¼1.22�10�4, OR¼1.51;

HLA, rs4248166: P¼4.39�10�5, OR¼1.36; and MAPT, rs3785880: P¼1.9�10�3, OR¼1.19).

European Journal of Human Genetics (2011) 19, 655–661; doi:10.1038/ejhg.2010.254; published online 19 January 2011

Keywords: SNCA; BST1; GAK/DGKQ; HLA; MAPT; PD

INTRODUCTION

A genetic contribution to Parkinson’s disease (PD) is well recognized1–3

with B10% of the cases carrying mutations that lead to rare
Mendelian forms of the disease.4 Recently, independent genome-
wide association studies (GWAS) established an unequivocal role for
common genetic variants in the etiology of PD5–11 and suggested a
population-specific genetic heterogeneity, with SNCA, PARK16,
BST1 and LRRK2 as shared risk loci for PD,6–8,10,11 and MAPT as an
European-specific risk locus.6,7 Besides, variation in the GAK/DGKQ,5

the HLA region10 and a locus in chromosome 12q2411

has been proposed to exert a risk for PD in different European
populations.

To determine the role of these loci in the Dutch population
and to find new genetic factors exerting a risk for PD, we carried
out what is, to our knowledge, the first GWAS for PD in the Dutch
population.

SUBJECTS AND METHODS

Subjects
As a product of a national collaborative venture, a total of 841 PD patients

were recruited from four different centers within the Netherlands (Scales for

Outcomes in Parkinson’s disease, SCOPA, http://www.scopa-propark.eu;

the Academic Medical Center Amsterdam, AMC, http://www.amc.uva.nl);

the Parkinson Centrum Nijmegen, ParC, http://www.umcn.nl; and the VU

University medical centre, VUmc, http://www.vumc.nl). All patients were

self-reported Caucasian individuals from the Netherlands. The assessed samples

consisted of 533 males and 308 females with a mean age at onset ranging

from 16 to 84 years (mean¼57.5 years; standard deviation¼12). For more

information about these samples, please visit the websites listed above.

Genome-wide genotyping data from 2082 control participants from

the Rotterdam study III12–14 (ERGO Young) genotyped with Human610K

beadchips from Illumina (http://www.illumina.com) were used as our control

population. Of these, 912 were males and 1116 females. The mean age was

53.75 years with a range of 45–95 years.

Genotyping
All 841 PD cases were genotyped at 592 839 unique positions with

Human660W-Quad beadchips from Illumina, a powerful tool for GWAS.

For more information about this genotyping platform, please visit http://

www.illumina.com.

Quality control (QC) procedures
After extensive QC approaches (see Supplementary Material for details),

the final number of fully genotyped samples from the Netherlands was 2796

including 772 cases and 2024 controls. Each of these was genotyped in a total of

514 799 unique autosomal SNPs.

Statistical analyses
Quanto software was used to estimate power (University of South California,

http://hydra.usc.edu/gxe). Odds ratios (OR) considering a P-value of

9.71�10�8 (genome-wide significance level after Bonferroni correction) and

different allele frequencies were calculated (Supplementary Figure 1).
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For association analyses, all estimates and tests were carried out with

PLINK15 (http://pngu.mgh.harvard.edu/~purcell/plink/).

For each SNP that successfully passed our QC process, a multi-covariate

logistic regression analysis following an additive model was applied. Covariates

used in our model were gender, age at onset and age at ascertainment

(for cases and controls, respectively), and the first two components of the

MDS values after calculation of pairwise IBS. Although the genomic inflation

factor (based on median w2) was low (l¼1.06, Supplementary Figure 3),

we chose to adjust for genomic control to correct for possible population

substructure.

In a first approach aiming to determine (in the Dutch) the role of previously

identified PD genetic risk factors, we decided to look closely at the results for

SNCA (chromosome 4q21),5–7 MAPT locus (chromosome 17q21.1),5,7 LRRK2

(chromosome 12q12),6,7 PARK166,7 (chromosome 1q32), BST1 (chromosome

4p15),6 the GAK/DGKQ locus (chromosome 4p16),5 the HLA region (chromo-

some 6p21.3)10 and chromosome 12q24 locus.11 A total of 30 SNPs from these

loci were selected for closer scrutiny.

The LD structure of the associated loci was analyzed using Haploview 4.116

(Broad Institute of MIT and Harvard, www.broad.mit.edu/mpg/haploview/)

and blocks delimited using the D’-based confidence interval method developed

by Gabriel et al17 as implemented in Haploview. Risk haplotypes were counted

and OR values were plotted with R v.2.7.2 (http://cran.r-project.org/).

A logistic regression analysis of the most associated SNP in each block

conditioned to variation at the most associated SNP in the other block

(if applicable) was carried out to test for statistical independence of the signals

detected.

For SNCA, the population attributable risk (PAR) was calculated using

the formula PAR¼(p(RR�1))/(p(RR�1)+1)�100, where p is the prevalence

of the risk allele in the population and RR is the relative risk. As we showed

that association from the 3¢ and 5¢ LD block is independent (see results),

the combined PAR was calculated with the formula cPAR¼
1�(1�PAR3¢ block)�(1�PAR5¢ block).

For MAPT locus, the presence of alleles in the H1 and H2 haplotypes was

accomplished using rs1981997 as a haplotype tag SNP because the major (G)

and minor (A) alleles of this SNP are fixed in the H1 and H2 haplotypes,

respectively.9,18 To determine which of the associated alleles in the MAPT locus

were present in H1 (previously associated with PD19–24) a two-locus haplotype

association analysis of rs1981997 and SNPs in the MAPT region was carried out

using PLINK.15

Although we are aware that the sample size of this cohort has a limited

power and a GWAS would probably fail to find any associated locus after

correcting for 514 799 independent tests, we decided to carry out this analysis

to look for specific PD risk loci in the Dutch population. For this purpose, each

genotyped SNP was tested for association using the multi-covariate logistic

regression explained above.

RESULTS

After QC, a total of 772 Dutch PD cases and 2024 controls from the
Rotterdam study12–14 genotyped in a total of 514 799 unique auto-
somal SNPs, were included in our analyses (Table 1). To assess the
homogeneity of our cohort, identity by state (IBS) distances were
calculated. This analysis revealed that both cases and controls share
common ancestry (Supplementary Figure 1A) consistent with that
seen in CEU (CEPH Europeans from Utah) (Supplementary Figure
1B, C). Power calculations showed that our sample has adequate
power to detect variants conferring a risk with an OR of 1.4–1.5
depending on the minor allele frequency of such variant (Supplemen-
tary Figure 2).

As we are aware that our population is of limited size to detect risk
loci with the effect size previously described for PD in Europeans at
the significance level requested by GWAS, the first objective of this
project was to determine the role, in the Dutch population, of
previously identified genetic risk factors. Thus, association results
from 30 SNPs in SNCA,5–7 MAPT locus,5,7 LRRK2,6,7 PARK16,6

BST16 and GAK/DGKQ,5,10 HLA10 and chromosome 12q24 loci,11

were selected for close scrutiny. Two SNPs in SNCA and BST1 were
significantly associated with PD in our population after correcting for
30 independent tests (Po0.00166 in both instances, Table 2).
Although no association was found in any of the other SNPs, a
trend toward an association in the DGKQ/GAK and MAPT loci
was detected (Table 2). Post-hoc analysis of results at these two
locations and the HLA region, provided evidence of the role of
these three loci in the pathogenesis of PD in the Dutch. No association
was found in LRRK2, PARK16, or the chromosome 12q24 locus.
A more detailed description of the results obtained at each locus is
given below.

SNCA
Although association of SNCA with PD is well established, it
remains unclear whether it is derived from the 3¢ or the 5¢ end of
the gene.6–8,25–32 In an effort to delineate the signal at this locus, we
examined the LD structure across this region. This analysis revealed
two LD blocks delimited at the intron 4 of SNCA as previously
described6–8,25 (Supplementary Figure 4). Although the strongest
signal detected in SNCA was located at the 3¢ block (rs2736990,
P¼1.63�10�5), a closer examination of the association signals
revealed that SNPs both in the 3¢ (lowest P¼1.63�10�5, rs2736990)
and the 5¢ blocks (lowest P¼1.78�10�3, rs356188) of the gene
appeared to be associated with PD in our population (Supplementary
Table 1). A logistic regression analysis using the allele dosage of the
most associated SNP in each block as a covariate, did not change the
results observed at the most associated signal in the other, indicating
that the two signals are independent (Supplementary Table 2) and
being in disagreement with previous results.7,25,32 LD analysis between
these two SNPs revealed a r2 value of 0.028 and a D’ value of 0.388,
further supporting this hypothesis.

Examination of the risk conferred by each of the haplotypes
contained in these blocks confirmed these results and showed that a
single haplotype contained in the 3¢ block and two other in the 5¢
block exerted the largest risk for PD in our population with ORs of
1.42, 1.41 and 1.48, respectively (Supplementary Figure 5).

BST1
Rs12502586 showed significant association with PD in our popula-
tion, with a P-value of 1.63�10�3 and an OR of 1.337. A closer look
into the association results at this locus revealed that three SNPs
presented with P-values of B10�3 (range 1.63�10�3�3.33�10�3,
Supplementary Table 3). Haplotype analysis of this region showed the
existence of two LD blocks containing haplotypes highly associated
with PD (P-values of 6�10�4 and 4�10�4, respectively). These blocks
span from LOC285550 to intron 3 of BST1 and from intron 4 of BST1
to intron 8 of this same gene. The associated haplotypes exert a risk for

Table 1 Population characteristics of the Dutch cohort used for these experiments

Country of origin Number Male/female ratio Age at onset (Mean (range)) Age at sampling (Mean (range))

Cases The Netherlands 772 1.75 55.3 (16–84) 62.36 (29–89)

RSIII Controls The Netherlands 2024 0.78 — 53.75 (45–95)
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PD with an OR of 1.24 and 1.36, respectively (Supplementary
Figure 6). A logistic regression analysis of the most associated SNP
in each block (rs4583752 and rs12502586, respectively) conditioned to
variation at the most associated SNP in the other, yielded a prominent
reduction of the detected association, indicating that both risk
haplotypes are tagging the same risk variant (Supplementary
Table 4). The linkage disequilibrium between these two had r 2 value
of 0.280 and a D’ of 0.938, further supporting the previous results.

GAK/DGKQ
Only two out of the three SNPs in the GAK/DGKQ locus, which were
reported to be associated with PD by Pankratz et al 5 were genotyped
in our cohort. One of these (rs1564282), which is most associated in
Pankratz’s study, was associated with PD in our population (Table 1).
Although this association did not surpass our conservative Bonferroni
correction for 30 independent tests, post-hoc analysis revealed the
existence of 11 SNPs with P-values o0.05 spanning 260.5 kb (lowest
P¼1.22�10�4, rs2242235) (Supplementary Table 5, Supplementary
Figure 7). Due to this, and because Bonferroni correction is
unnecessarily punitive when replicating genes that are known to be
associated with a certain trait, we consider these results as positive.

The two most associated SNPs in this region (rs2242235 and
rs4690296 with P-values of 1.22�10�4 and 2.02�10�4, respectively)

are located in PCGF3, a gene 78 kb away from GAK and 188 kb away
from DGKQ, which encodes a protein with unknown function
containing a C3HC4 type RING finger for protein–protein interac-
tion. These two SNPs are contained in two different haplotype blocks
spanning from intron 1 to intron 8 of PCGF3 and intron 8 to intron 9
of this same gene, respectively. In addition, a predicted transcript,
LOC100118084 is contained in the first block. Each of the two blocks
contain a single haplotype associated with PD in our population
(P¼2�10�4 and 7.38�10�5, respectively) with an OR of 1.47 and
1.52, respectively (Supplementary Figure 8). The most associated SNPs
in each of these haplotype blocks are in strong LD with each other
(r2¼0.818, D’¼0.916), indicating that they are, most likely, tagging
the same risk variant in the region. A logistic regression analysis using
the allele dosage at the other marker as a covariate confirmed this
hypothesis (Supplementary Table 6).

HLA region
In the GWAS carried out by Hamza et al,10 only one SNP (rs3129882)
in this region exceeded genome-wide significance level. After in silico
replication and meta-analysis of the most significant SNPs, another six
SNPs in this region were associated with PD in their population.10

Of these, only rs3129882 was present in our genotyping platform.
Although this SNP was not associated with PD in our population

Table 2 Replication of previous GWAS results in the Dutch cohort

Previous GWAS Dutch GWAS

SNP Chromosome Position Locus P-value OR P-value OR

rs11931074 4q22 90858 538 SNCA 1.62�10�14 1.46 2.15�10�3 1.387

rs3857059 4q22 90894 261 SNCA 3.74�10�15 1.48 2.13�10�3 1.387

rs2736990 4q22 90897 564 SNCA 2.24�10�16 1.23 1.63�10�5 1.325

rs393152 17q21 41074 926 MAPT 1.95�10�16 0.77 9.45�10�3 0.8167

rs17563986 17q21 41347 100 MAPT 1.67�10�14 0.78 7.65�10-3 0.8119

rs1981997 17q21 41412 603 MAPT 3.55�10�14 0.78 7.69�10�3 0.812

rs8070723 17q21 41436 901 MAPT 9.64�10�14 0.79 8.64�10�3 0.8146

rs2532274 17q21 41602 941 MAPT 8.24�10�11 0.83 9.16�10�3 0.8161

rs2532269 17q21 41605 885 MAPT 5.62�10�13 0.79 0.014 0.8255

rs2668692 17q21 41648 797 MAPT 7.87�10�14 0.79 0.02 0.8338

rs169201 17q21 421 45386 MAPT 4.39�10�14 0.78 0.056 0.8617

rs199533 17q21 42184 098 MAPT 1.09�10�14 0.78 0.050 0.8581

rs11564162 12q12 38729 159 LRRK2 9.52�10�5 0.87 0.961 0.9962

rs2896905 12q12 38779 683 LRRK2 7.81�10�3 0.93 0.909 0.9926

rs1491923 12q12 38877 384 LRRK2 1.55�10�5 1.14 0.705 1.026

rs947211 1q32 202 484 322 PARK16 0.01 0.93 0.123 0.8892

rs708730 1q32 202 509 437 PARK16 1.59�10�3 0.9 0.848 1.017

rs823128 1q32 203 980 001 PARK16 7.29�10�8 0.66 0.385 0.8316

rs823156 1q32 204 031 263 PARK16 7.60�10�4 0.89 0.838 0.9827

rs11240572 1q32 204 074 636 PARK16 6.11�10�7 0.67 0.961 1.01

rs11931532 4p15.3 15334 864 BST1 0.44 0.94 0.642 1.095

rs12502586 4p15.3 15335 662 BST1 0.07 1.08 1.63�10�3 1.337

rs12645693 4p15.3 15338 632 BST1 0.44 0.94 0.766 1.06

rs4698412 4p15.3 15346 446 BST1 0.03 0.94 0.021 0.8616

rs4538475 4p15.3 15347 035 BST1 0.27 0.98 0.602 0.9563

rs12646913 4p15.3 15348 374 BST1 0.03 0.92 0.372 0.8931

rs1564282 4p16 842 313 DGKQ/GAK 6.7�10�7 1.7 4.56�10�3 1.309

rs11248060 4p16 954 359 DGKQ/GAK 2.5�10�7 1.69 0.013 1.27

rs3129882 6p21.3 32517 508 HLA 2.9�10�8 1.31 0.312 1.07

rs4964469 12q24 105 474 117 12q24 2.38�10�7 1.16 0.381 1.04

Abbreviations: GWAS, genome-wide association study; SNP, single nucleotide polymorphism.
A total of 30 SNPs significantly associated with PD in four GWAS performed in European5,7,10,11 and Japanese6 populations were selected for closer scrutiny. P-values and odds ratios for these
SNPs are compared with the results at those same positions in the Dutch cohort. To note, although variation in rs3129882 was not associated with PD in our population, post-hoc analysis revealed
36 SNPs nominally associated with PD in this locus (see HLA region results section).
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(P¼0.13), post-hoc analysis of this region revealed the existence of
36 SNPs with P-values below 0.05 (lowest P¼4.39�10�5, rs4248166)
spanning a total of 440.1 kb (Supplementary Table 7, Supplementary
Figure 9).

The four most associated SNPs in this region (P-values ranging
from 4.39�10�5 to 7.98�10�5) are located in two consecutive
LD blocks. Each of these blocks contains a haplotype associated
with PD in our population (P-values of 6.90�10�5 and 6.63�10�5,
respectively) with ORs of 1.32 and 1.28, respectively (Supplementary
Figure 10). The most associated SNPs in each of these haplotype
blocks are in strong LD with each other (r2¼0.758, D’¼0.984),
indicating that they are tagging the same risk variant. A logistic
regression analysis using the allele dosage at the other marker as a
covariate confirmed this hypothesis (Supplementary Table 8).

The next association signal in this locus lies on rs17533090. Although
this signal is 223.46 kb away from the one explained in the previous
paragraph, it is in relatively strong LD with it (r2¼0.376, D’¼0.616),
indicating that they are, most likely, tagging the same risk variant.
A logistic regression analysis using the allele dosage at rs4248166 as a
covariate confirmed this hypothesis (Supplementary Table 9).

MAPT locus
Again, Bonferroni correction is unnecessarily conservative when
replicating genes known to be associated with PD. A total of 20
SNPs in this locus were nominally associated with PD in our
population (lowest P¼1.9�10�3 at rs3785880) (Supplementary
Table 10). Genotypes at rs1981997 allowed us to differentiate between
H1 and H2 haplotypes at this locus as the major (G) and the minor
(A) alleles of this SNP are fixed in the H1 and H2 haplotypes,
respectively.9,18 This analysis showed that the H1 haplotype frequency
in the Dutch population is 77.64%.

Two-locus haplotype analysis of this SNP and the most associated
SNPs in our data set (Po0.01) revealed medium to high r 2 values in
all SNP pairs (Supplementary Figure 11). A two-locus association
analysis showed that, in all instances, positive effect sizes were found
in haplotypes in which the G allele of rs1981997 was present
(Supplementary Table 11).

Genome-wide analysis
As expected, none of the SNPs tested reached genome-wide signifi-
cance (Figure 1). The most significant signal was found on rs7995973,
with a P-value of 5.41�10�6 and an OR of 0.72. This SNP is part of an

associated locus containing 39 SNPs nominally associated with
PD in our population of which eight had a P-value below 10�3

(Supplementary Table 1). This locus is on chromosome 13q31 and
contains LOC729479 and SPRY2 (Supplementary Figure 12).

In an attempt to replicate these results, logistic regression models
were applied to these 39 SNPs from two recently published GWAS
datasets in European populations.5,7 This approach failed to find any
association after correcting for 39 independent tests (Supplementary
Table 12).

DISCUSSION

In this study, we present the results of the first GWAS of PD in the
Dutch population. Given the population-specific heterogeneity
in reported genetic risk factors for PD,6,7 the first objective of this
project was to determine the role, in our population, of the genetic
risk factors identified in previous GWAS in European and Japanese
populations.5–7,9 This approach confirmed SNCA and BST1 as PD risk
loci. Association of the tested SNPs in GAK/DGKQ, HLA and MAPT
loci did not surpass our stringent Bonferroni correction for 30
independent tests. However, given the strong a priori for each of
these loci, correcting across all the tests carried out is unnecessarily
conservative. For this reason and because post-hoc analyses revealed
the existence of 11, 36 and 20 SNPs nominally associated with PD at
these loci (GAK/DGKQ, HLA and MAPT, respectively), we are
confident that the signals detected represent a true association with PD.

Although a role of SNCA in the risk for PD is well established, it is
still unclear whether this association is derived from the 3¢ or the 5¢ end
of the gene.6–8,25–32 The data presented here supports the hypothesis
that two different signals in these blocks are present in the Dutch
population, which is in controversy with previous results.7,28,30–32

In a report by Mueller et al,25 the authors also detected two association
signals in the 3¢ and 5¢ blocks of SNCA. Interestingly, when stratifying
their cohort into males and females, as well as young and old PD
groups (according to the median age of 57 years), additional sig-
nificant association in the intron 4 region of the 5¢ block was found for
the female and the young patients’ subgroups. Stratifying our
data on the basis of gender and median age at onset/ascertainment
did not replicate such differences between either of the subgroups
(data not shown). These results do not support gender and age
heterogeneity for PD at this locus in the Dutch population, but
support the fact that two different variants are exerting a risk
for PD in our population.
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Figure 1 Manhattan plot of the results obtained after applying a logistic regression model following an additive mode of association. Age, sex and the two

first components of the Multidimensional Scaling (MDS) plot were used as covariates. No SNP reached genome-wide significance level after multiple tests

correction.
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Collectively, these results indicate that the population attributable
risk (PAR) by variation at the SNCA locus in the Dutch is larger than
previously described in other European populations,7 as it should be
calculated by adding the effect of variation from each independent LD
block. When the most associated SNPs at each block are considered,
the combined PAR at the SNCA locus would be 17.56% (6.39% at the
3¢ and 11.97% at the 5¢ block).

Several groups have focused their association studies on poly-
morphisms in the promoter region of SNCA, especially a microsa-
tellite marker B10 kb upstream of the gene (REP1, D4S3481).
Although there are some conflicting results regarding the association
of this marker with PD,33–37 most reports consistently describe a
positive association between the longer forms of REP1 and
PD.26,28,38,39, Gene expression differences caused by this repeat have
also been described both in vitro35,40 and in vivo.41,42 We agree
that examining this microsatellite in our population would help
understanding whether the effect detected on the 5¢ block is a residual
effect of variation in REP1 caused by LD between the associated alleles.
However, these experiments could not be performed because only
genotypic information was available for the control population used
in this study.

Results derived from the analyses performed herein, successfully
replicate the association at BST1. Although association at this locus
was originally presented as specific for the Japanese population,6,7 it
has recently been replicated in British8 and French11 populations as
well. Thus, this is the third study implicating BST1 on PD risk in a
European population.

Although association at this locus was not detected in the GWAS
carried out in a combined cohort of German and American samples,7

separating the data set by country of origin shows that rs12502586
is significantly associated with PD in the Germans, but not in
North Americans (P-values of 4.82�10�3 and 0.179, respectively)
(Supplementary Table 13).

These results together point to the hypothesis that variation in
BST1 represents a risk factor for PD in Japanese6 and European
populations7,8,11 (British, French, German and Dutch populations)
and that this effect has been diluted in the North America.7 A recent
report by Hamza et al10 in which a larger cohort of North American
samples have been assayed (2000 North American PD cases versus
971 typed in the previous German/North American study), identified
two of the six reported SNPs at this locus to be nominally associated
with PD. These results point to the hypothesis that the association
of BST1 is, indeed, diluted in North America and that large datasets
are needed to detect the effect of variation at this locus.

Given the known European population genetic substructure
(specially between northern and southern European populations
groups)43,44 and that American population represents an admixture
of individuals with northern and southern European ancestry,10,45 one
would expect allele frequency differences between North American
and European populations at the most heterogeneous loci. In case
of rs12502586, the allele frequency of the associated allele has been
diluted from 11.24 and 10.41% in the Dutch and German controls,
respectively, to 9.3% in the North American controls (Supplementary
Table 14). Owing to the small size effect of the associated allele, this
minor allele frequency changes can lead to differences of statistical
power to detect association. Thus, it is not surprising that there is a
diminished power to detect association at BST1 locus in the North
American population.

The events that trigger neuronal degeneration in PD remain
unknown. Some authors argue that PD may result from inflammatory
processes within the nervous system.46–48 From this perspective, it is

interesting that BST1 encodes a molecule that facilitates pre-B-cell
growth49 and has an aminoacid sequence that is 33% similar to CD38,
a key player in inflammatory processes. Although no autoimmune
disease has been found to be a convincing risk factor for PD, a possible
pathogenic link has been proposed between rheumatoid arthritis and
PD.50–52 It is noteworthy that BST1 expression is enhanced in bone
marrow stromal cell lines derived from patients with rheumatoid
arthritis.49

Interestingly, another region with genes implicated in neuroinflam-
mation (HLA region) has recently been associated with PD.10 In this
report, the authors identified rs3129882 to be associated with PD in
their population and chose to name this locus PARK18. Although
rs3129882 is not associated with PD in our population, post-hoc
analysis revealed 36 SNPs nominally associated with PD in the
Dutch (lowest P¼4.39�10�5), confirming, for the first time, the
role of this locus in PD etiology.

Association between certain HLA antigens and PD has largely
been suggested since postmortem analysis of the substantia nigra
(SN) in PD patients revealed the presence of activated microglia.46

In addition, the frequency of various HLA antigens was increased in
patients with PD and in patients dying from postencephalitic PD.53–55

Although PD is clearly not an autoimmune disorder, the occurrence of
a localized attack of microglia during the disease course has been
demonstrated with epidemiological,56,57 animal model58,59 and cell
culture60–62 approaches. Zhang et al 63 reported that aggregated
a-synuclein activates microglia which, as a consequence, are toxic
toward cultured dopaminergic neurons.

Thus, is it hypothesized that in response to something related to
a-synuclein accumulation, microglial cells are activated to undergo a
neuroinflammation process that, ultimately, kills the dopaminergic
neurons of the SN.

In a recent GWAS by Pankratz and colleagues, the authors carried
out a GWAS focusing only on familial PD cases. With this approach
they detected evidence of association to several chromosomal regions
including a locus containing GAK, TMEM175 and DGKQ, of which
GAK is of special interest because it was one of the 137 genes shown to
be differentially expressed in PD cases in a gene expression profiling
approach of parkinsonian SN.64 In our cohort, only two out of the
three SNPs reported to be associated with PD by Pankratz et al,5 were
successfully genotyped, one of them (rs1564282) being associated with
PD in our population.

Although this association did not surpass our conservative
Bonferroni correction, the a priori for this hypothesis is strong, as it
has been replicated in three independent studies.8,10,11 Thus, we would
at most correct for the SNPs tested within this locus and both of them
would be significantly associated with PD in our population
(Po0.025 in both instances, Table 2).
Post-hoc analysis revealed the existence of 11 SNPs nominally asso-

ciated with PD at this locus. Interestingly, the two most associated ones
are located in PCGF3, which is 78 kb away from GAK and 188 kb away
from DGKQ, and encodes a protein with unknown function containing
a C3HC4 type RING finger for protein–protein interaction. Although
the function of this transcript is still unknown, it is expressed in the
brain. Haplotype analyses also point to this gene as the one carrying
the risk variants for the development of PD in the Dutch population,
pointing to population-specific heterogeneity for PD in this
genomic region with different genes exerting risk in different Caucasian
populations. Further genotyping of cases and controls from different
populations will help understanding the role of this locus in PD.

No significant association was detected in the MAPT locus after
multiple tests correction. This is probably because of the relatively
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small size of the sample used for these experiments, as this locus is a
well-known PD risk locus among Europeans.5,7,9,23,65,66 If the same
hypothesis as that presented for GAK/DGKQ is applied, five out of the
nine tested SNPs would be borderline significant (in the range of
10�3) supporting a role of this locus in the development of PD among
the Dutch.

In our population, associated alleles at this locus occur in the
H1 haplotype. Genotyping of a larger cohort of Dutch PD cases and
controls will help confirming these results and defining what H1
subhaplotypes exert the risk for PD in the Dutch.

Last, we failed to find any new PD risk loci in the Dutch population.
The most associated locus in our cohort was located in chromosome
13q31 and contained LOC729479 and SPRY2. As the signal detected
was not significant after multiple test correction and because we failed
to replicate it in two other Caucasian GWAS data sets,5,7 we refrained
from drawing any further conclusions. For the same reason, further
conclusions cannot be drawn for other clusters of nominally asso-
ciated SNPs in regions with interesting biological candidates for
PD that did not reach genome-wide significance level. A table showing
the top 100 results is displayed in the Supplementary Material
(Supplementary Table 10).

In summary, we presented the results of the first GWAS in PD in the
Dutch population. These data directly confirmed SNCA and BST1 as
PD genes in the Dutch population. Besides, post-hoc analysis
confirmed a role for DGKQ/GAK, HLA and MAPT loci in modulating
the risk for PD in this population.
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