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Objective: To examine whether PARK16, which was re-
cently identified as a protective locus for Parkinson dis-
ease (PD) in Asian, white, and South American popula-
tions, is also associated with PD in the genetically
homogeneous Ashkenazi Jewish population.

Design: Case-control study.

Setting: A medical center affiliated with a university.

Subjects: Five single-nucleotide polymorphisms (SNPs)
located between RAB7L1 and SLC41A1 were analyzed in
720 patients with PD and 642 controls, all of Ashkenazi
Jewish origin.

Main Outcome Measures: Haplotypes were defined
and risk estimates were determined for each SNP and hap-
lotype. Bioinformatic analysis defined the putative pro-
moter region of RAB7L1 and the transcription factor bind-
ing sites that are potentially affected by 2 of the tested SNPs.

Results: All testedSNPswere significantly associatedwith
PD (odds ratios=0.64-0.76; P=.0002-.014). Two of them,
rs1572931andrs823144,were localizedtotheputativepro-
moter region of RAB7L1 and their sequence variations al-
teredthepredictedtranscriptionfactorbindingsitesofCdxA,
p300,GATA-1,Sp1,andc-Ets-1.Only0.4%ofpatientswere
homozygous for the protective rs1572931 genotype (T/T),
comparedwith3.0%amongcontrols(P=5�10−5).ThisSNP
was included in a haplotype that reduced the risk for PD by
10- to 12-fold (P=.002-.01) in all patients with PD and in a
subgroupofpatientswhodonotcarrytheAshkenazifounder
mutations in the GBA or LRRK2 genes.

Conclusions: Our data demonstrate that specific SNP
variations and haplotypes in the PARK16 locus are asso-
ciated with reduced risk for PD in Ashkenazim. Al-
though it is possible that alterations in the putative pro-
moter of RAB7L1 are associated with this effect, the role
of other genes in this locus cannot be ruled out.
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P ARKINSON DISEASE (PD)
(OMIM 168600) is a multi-
factorial, age-related disor-
der affecting about 2% of the
elderlypopulation.More than

a decade of study of familial and sporadic
PD has revealed PD as a disorder with com-
plex genetic background involving mul-
tiple affected genes and genetic loci1,2 and
also multiple environmental risk factors.3

Most of the genes studied were associated
with increasedrisk forPD;however,2 large-
scale genome-wide association studies in
Japanese and North American and Euro-
peanpopulations identifiedPARK16, anovel
locus on chromosome 1q32 (OMIM
613164) that was associated with a reduced
PDrisk.4,5 This regionencompasses5genes:
SLC45A3 (OMIM 605097), NUCKS1
(OMIM611912),RAB7L1(OMIM603949),
SLC41A1 (OMIM 610801), and PM20D1
(OMIM 613164).4,5 Recently, the associa-
tion between PARK16 and PD was also con-

firmedinethnicChinese,6,7 European,8,9 and
Chilean10 populations but was not con-
firmed in other studies in Spanish, Euro-
pean, and North American populations.11-13

Thehighprevalenceof founderGBAand
LRRK2mutations inmorethanathirdof the
Ashkenazi JewishpatientswithPD 14,15 is an
additionaldemonstrationforthegeneticho-
mogeneity of this population.16 This phe-
nomenonrenders thispopulationuseful for
detecting other common genetic variations
that affect PD risk. Herein, we aimed to ex-
amine whether such alterations exist in the
PARK16 locus in Ashkenazim.

METHODS

STUDY POPULATION

The PD patient cohort included 720 con-
secutively recruited individuals (62.6%
men) (Table 1), with a mean (SD) age at
enrollment of 67.5 (10.4) years. The 642
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control samples included 267 sex-matched elderly controls
with a mean (SD) age at enrollment of 69.1 (10.9) years
(62.9% men) and 375 young controls (mostly women, 20-45
years old). All patients and controls were of full Ashkenazi
Jewish origin. Details regarding the cohort recruitment,
diagnostic criteria, and interview procedures were previ-
ously published.14,15 All participants signed informed con-
sent before entering the study. The Institutional and
National Supreme Helsinki Committees for Genetic Studies
approved the study protocols and the informed consents.

GENETIC VARIATIONS ANALYSIS

Genomic DNA was isolated from peripheral blood using stan-
dard protocols or from saliva according to the manufacturer’s
instructions (Oragene; DNA Genotek). Table 1 details some
demographic and clinical characteristics and the frequencies
of the GBA and LRRK2 G2019S mutations in our cohort of 720
patients with PD. Mutations in the LRRK2 and GBA genes were
identified as previously described,14,15 and the LRRK2 G2019S
mutation (rs34637584) was also detected using TaqMan as-
say ID C_63498123_10 in the StepOnePlus Real-Time PCR Sys-
tem (Applied Biosystems). The 5 tested single-nucleotide poly-
morphisms (SNPs) within the PARK16 locus (eTable 1, http:
//www.archneurol.com) were analyzed using TaqMan assays.

A 1588–base pair (bp) fragment that contains the putative
promoter region of RAB7L1, exon 1 and part of exon 2, and
the coding sequences of exons 2 through 6 and their exon-
intron boundaries were amplified (Biometra GmbH) (the spe-
cific primers are detailed in eTable 2) and sequenced using the
BigDye Terminator cycle sequencing chemistry in the auto-
mated ABI 3100 Genetic Analyzer (Applied Biosystems).

BIOINFORMATIC ANALYSIS OF THE RAB7L1
PUTATIVE PROMOTER REGION

The following tracks, implemented in the University of Califor-
nia, Santa Cruz, Genome Browser, were used to predict the pu-
tative promoter region of RAB7L1: CpG Islands, ENCODE Tran-
scription Factor ChIP-seq, and ENCODE Promoter-Associated
Histone Mark (University of California, Santa Cruz). To analyze
the possible effects of the rs823144 and rs1572931 SNPs located
within this promoter on the putative transcription factor bind-
ing sites, 15-bp sequences from each side of the SNP were ana-
lyzed using TFSEARCH (http://www.cbrc.jp/research/db

/TFSEARCH.html). The parameters used for this comparison were
vertebrate matrices only, with a threshold score of 75.0 points
(of a maximum 100.0), as was previously described.17,18

STATISTICAL ANALYSIS

Differences in continuous variables were tested using analysis
of variance or a t test. A �2 or Fisher exact test was used for
comparison of categorical variables. Bonferroni correction for
multiple comparisons was applied and a cutoff P value of .01
was set for the analysis of the 5 SNPs (Table 2). Since the al-
lele and genotype frequencies of all tested SNPs did not differ
between the young and elderly controls (Table 2) or between
men and women (data not shown), these variables were not
included as covariates in the analysis. To test for any deviation
from Hardy-Weinberg equilibrium among patients with PD and
controls, a goodness of fit test with 1 df was applied. Calcula-
tions of odds ratios (ORs) for minor allele carriers were done
using the online Hutchon calculator.19 For haplotype analysis,
HPlus software version 3.2 was used.20 Analysis of the Affyme-
trix SNP 6.0 array results was done using the Golden Helix SNP
& Variation Suite software (Golden Helix, Inc). To calculate
linkage equilibrium (D� and r2), we used the CubeX online cal-
culator.21 SPSS software version 17 (IBM SPSS Inc) was used
for all other data analyses.

RESULTS

IDENTIFICATION OF SNPs THAT ARE
ASSOCIATED WITH MODIFIED PD RISK

The PARK16 locus was defined by Satake et al4 on chro-
mosome 1q32 between 203 910 000 and 204 070 000 (ge-
nome assembly GCRh37). To select candidate SNPs for
this study, we used unpublished results from a genome-
wide analysis of 426 DNA samples done in our labora-
tory (A.O., unpublished data, June 2009). The samples
were from 128 elderly controls and 298 patients with PD,
all of Ashkenazi origin. Since the patients samples were
greatly enriched for LRRK2 G2019S carriers (25.2%) and
for GBA mutations carriers (31.2%), they did not repre-
sent the true carrier rate in the Ashkenazi PD popula-
tion. These 426 samples were processed on the Human

Table 1. Characterization of the Ashkenazi Patients With PD

No. (%)

Noncarriers
of GBA or LRRK2

G2019S Mutations

Carriers
of GBA

Mutations

Carriers
of LRRK2
Mutations Total

Sample size 479a 142b 99c,d 720
Women 168 (35.1) 55 (38.7) 47 (47.5) 270 (37.5)
AAO, mean (SD), y 60.7 (11.4) 57.4 (10.7) 57.0 (11.4) 59.6 (11.3)
AAO�50 y 75 (15.9) 35 (24.8) 20 (21.1) 130 (18.3)
Age at enrollment, mean (SD), y 68.5 (10.4) 64.9 (10.1) 66.4 (10.5) 67.5 (10.4)
Family history of PD

First-degree relative 66 (13.8) 22 (15.5) 31 (31.3) 119 (16.5)
First- or second-degree relative 100 (20.9) 38 (26.8) 43 (43.4) 181 (25.1)

Abbreviations: AAO, age at onset; PD, Parkinson disease.
aData regarding AAO was not available for 5 patients.
bData regarding AAO was not available for 1 patient.
cData regarding AAO was not available for 4 patients.
d Including 10 patients who carry both the LRRK2 G2019S mutation and an Ashkenazi founder GBA mutation.

ARCH NEUROL / VOL 69 (NO. 1), JAN 2012 WWW.ARCHNEUROL.COM
106

©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



SNP array 6.0, according to the manufacturer’s proto-
cols (Affymetrix Inc). In this array, 40 SNPs are in-
cluded in the PARK16 region. Two of them, rs1772153
and rs1775151, with uncorrected P values �.007 (red
circles in the eFigure) were chosen for the initial analy-
sis of the entire unselected consecutively recruited co-
hort of 720 patients with PD.

The third SNP for analysis was rs947211, the most sig-
nificantly PARK16-associated SNP in Satake et al4 (black
circle in the eFigure). Table 2 details the genotypes and
minor allele frequencies in all patients and controls. Since
the minor allele frequencies were similar in both sub-
groups of controls, young and elderly, the 2 groups were
analyzed together (total controls in Table 2). In addi-
tion, although most young controls were women, there
were no differences in the allele and genotype frequen-
cies between men and women (data not shown), allow-
ing us to analyze both sexes together. Table 2 (top 3 SNPs)
demonstrates that all the minor alleles of these 3 SNPs
were significantly associated with a reduced risk for PD.

Since rs1772153 and rs1775151 are closely located to
RAB7L1, 1698 and 1600 bp from its translation start site
(Figure), we searched for additional variations in this gene.

First, the RAB7L1 putative promoter region was defined
based on data available from the University of California,
Santa Cruz, Genome Browser (Figure). Second, a 1588-bp
region that includes the putative promoter was sequenced
in 8 individuals: 4 homozygous for both rs1772153 and
rs1775151 (C/C and T/T, respectively) and 4 heterozy-
gous (C/T and T/C). All 4 heterozygous individuals car-
ried 2 additional alterations within the putative RAB7L1 pro-
moter, 461 and 133 bp from its translation start site, an A�C
alteration in position 205744546 (rs823144) and a C�T
alteration in position 205744218 (rs1572931). Linkage dis-
equilibrium (LD) analysis was performed to determine the
linkage between these 5 SNPs. Linkage disequilibrium was
demonstrated between all these SNPs as detailed in eTable
3 (D�=0.89-1.0; r2=0.37-1.0). The LD statistics were simi-
lar in patients with PD and controls.

IN SILICO ANALYSIS SUGGESTED THAT rs823144
AND rs1572931 MAY AFFECT TRANSCRIPTION

FACTOR BINDING SITES

The online software TFSEARCH was used to predict
whether rs823144 and rs1572931 may modify the bind-

Table 2. Genotypes and MAFs of SNPs Within the PARK16 Locus Among Ashkenazi Patients With PD and Controls

SNP and Genotypes

No. (%)

OR (95% CI)a P Valuea

Patients
With PD

(n = 720)

Controls

Elderly
(n = 267)

Young
(n = 375)

Total
(n = 642)

SNPs Between the RAB7L1 and SLC41A1 Genes
rs1772153 (C�T)

C/C 452 (62.8) 147 (55.1) 203 (54.1) 350 (54.5)
C/T 240 (33.3) 100 (37.4) 143 (38.1) 243 (37.9)
T/T 28 (3.9)b 20 (7.5) 29 (7.8) 49 (7.6)b

MAF (T) 0.206 0.262 0.268 0.266 0.71 (0.57-0.88) .002
rs1775151 (t � C)

T/T 441 (61.3) 144 (53.9) 197 (52.5) 341 (53.1)
T/C 246 (34.1) 100 (37.5) 146 (38.9) 246 (38.3)
C/C 33 (4.6)c 23 (8.6) 32 (8.6) 55 (8.6)c

MAF (C) 0.217 0.273 0.280 0.277 0.72 (0.58-0.89) .002
rs947211 (G�A)

G/G 443 (61.5) 149 (55.8) 204 (54.4) 353 (55.0)
G/A 244 (33.9) 98 (36.7) 141 (37.6) 239 (37.2)
A/A 33 (4.6)d 20 (7.5) 30 (8.0) 50 (7.8)d

MAF (A) 0.215 0.258 0.268 0.264 0.76 (0.62-0.95) .014

SNPs Within the RAB7L1 Putative Promoter
rs823144 (A�C)

A/A 441 (61.3) 144 (53.9) 197 (52.5) 341 (53.1)
A/C 246 (34.1) 100 (37.5) 146 (38.9) 246 (38.3)
C/C 33 (4.6)c 23 (8.6) 32 (8.6) 55 (8.6)c

MAF (C) 0.217 0.273 0.280 0.277 0.72 (0.58-0.89) .002
rs1572931 (C�T)

C/C 584 (81.1) 201 (75.3) 276 (73.6) 477 (74.3)
C/T 133 (18.5) 60 (22.5) 86 (22.9) 146 (22.7)
T/T 3 (0.4)e 6 (2.2) 13 (3.5) 19 (3.0)e

MAF (T) 0.097 0.135 0.149 0.143 0.64 (0.51-0.81) .0002

Abbreviations: CI, confidence interval; MAF, minor allele frequency; OR, odds ratio; PD, Parkinson disease; SNP, single-nucleotide polymorphism.
aComparing the MAFs in patients and all controls.
bComparing patients and all controls: �2

2 = 14.30; P = .001.
cComparing patients and all controls: �2

2 = 13.87; P = .001.
dComparing patients and all controls: �2

2 = 9.27; P = .01.
eComparing patients and all controls: �2

2 = 18.63; P = 9 � 10−5.
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ing capacity of known transcription factors. The change
at rs1572931 adds a putative binding site for the CdxA
transcription factor (TFSEARCH score, 75.0) (Figure, B),
and the substitution at rs823144 potentially eliminates
the binding site for 1 transcription factor (c-Ets-1;
TFSEARCH score, 78.4) while adding binding sites for
3 others (p300, GATA-1, and Sp1; TFSEARCH scores:
76.2, 75.5, and 75.3, respectively) (Figure, B).

ONE OF THE POSSIBLE HAPLOTYPES
GREATLY REDUCES PD RISK

Table 2 (bottom 2 SNPs) details the genotypes and mi-
nor allele frequencies of rs823144 and rs1572931 in all
patients with PD and controls. Of the 5 tested SNPs, in-
dividuals with the rs1572931 C�T alteration had the low-
est risk for PD (OR=0.64; P=.0002). Among patients with
PD, only 0.4% were homozygous for rs1572931 T/T, com-
pared with 3.0% in controls (P=5�10−5, Fisher exact test).

Since rs823144 sequence changes were fully linked
to those in rs1775151 (eTable 3), and since all SNPs tested
herein demonstrated a reduced PD risk, we hypoth-

esized that a specific protective haplotype may exist in
Ashkenazim. Five haplotypes with a frequency of more
than 0.001 were defined for the tested SNPs (HPlus ver-
sion 3.2). These haplotypes, designated as A to E in
Table 3, were tagged by 3 SNPs (rs947211, rs1772153,
and rs1572931). As expected, carriers of haplotypes B and
D who harbor the rs1572931 C�T change had a signifi-
cantly reduced risk for PD. Notably, haplotype D dem-
onstrated a particularly high protective effect, a 10-fold
lower risk (P=.002) (Table 3).

Because of high frequencies of mutations in the GBA
and LRRK2 genes that increase PD risk among Ashke-
nazim14,15 (Table 1), it was possible that the carriage of
these mutations affected the risk estimates in Table 2. We
therefore reanalyzed the haplotypes after excluding all
241 carrier patients (Table 3). In noncarrier patients, only
haplotype D showed a significant protective effect
(OR=0.077; P=.01) (Table 3), suggesting that this al-
lele reduces the risk for PD independently of the exis-
tence of founder mutations in the GBA and LRRK2 genes.
Since the status of GBA and LRRK2 mutations in most
controls was not known, and the expected number of con-

A

B

CdxA

CpG

CpG

rs1572931

rs823144

rs1775151

rs1772153

rs947211

ENCODE PAHM

ENCODE PAHM

SLC41A1RAB7L1
10 kb

rs1572931

GCTGC/TTCTG

rs823144

Sp1

c-Ets-1

GATA-1

p300
GACGA/CCCTC

Figure. The RAB7L1 putative promoter region and single-nucleotide polymorphisms and their effects on transcription factor binding sites. A, Scheme of part of
the PARK16 locus (between 204 003 500-204 049 000 according to genome assembly GCRh37) depicting the structure of the RAB7L1 and SLC41A1 genes (exons
are in bold rectangles and the arrows point to the direction of transcription). The 5 diamonds represent the locations of the 5 single-nucleotide polymorphisms
analyzed in this study. CpG islands (green) and regions with a promoter-associated histone mark (ENCODE PAHM) (University of California, Santa Cruz) (pink) are
described at the bottom. B, Enlargement of the 5� region of the RAB7L1 gene (204 010 500-204 011 300) that includes its putative promoter. The green rectangle
represents the location of the CpG islands, and the pink graph represents the ENCODE PAHM that details the promoter signature in 9 cell lines (taken from the
University of California, Santa Cruz, Genome Browser). Below, the positions and sequences of rs823144 and rs1572931 are presented. The rectangles represent
the length of the transcription factor binding sites. The predicted changes associated with the different alleles are highlighted: additional transcription factor
binding sites are in green and elimination of a transcription factor binding site is in red (TFSEARCH [http://www.cbrc.jp/research/db/TFSEARCH.html]).

ARCH NEUROL / VOL 69 (NO. 1), JAN 2012 WWW.ARCHNEUROL.COM
108

©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



trol carriers was low, we did not include these variables
as covariates and did not estimate the risks for the GBA
and LRRK2 carrier groups separately.

ANALYSIS OF RAB7L1 CODING SEQUENCE
AND EXON-INTRON BOUNDARIES

To examine the possibility that the significant SNPs and
haplotypes detected herein are merely markers for func-
tional sequence changes in RAB7L1, we completed the
analysis of its coding exons and exon-intron boundar-
ies. Nine individuals were sequenced: 3 homozygous car-
riers of haplotype A, 3 homozygous carriers of haplo-
type B, and 3 heterozygous carriers of haplotype D (there
was not even 1 homozygous carrier of haplotype D in our
cohort). No additional sequence variations were found.

COMMENT

To our knowledge, our study demonstrates for the first
time the association between the PARK16 locus and PD
risk in the Ashkenazi Jewish population. The signifi-
cance of this locus for PD was recently demonstrated in
multiple population-based studies,4-10 suggesting that it
may be involved in PD pathogenesis worldwide. How-
ever, other genome-wide association studies in Europe-
ans and North Americans, including a large meta-
analysis,12,13 and a study of a Spanish population11 could
not confirm this association. Our results from the ge-
netically homogeneous Ashkenazi population strengthen
the importance of PARK16 in PD and add it to the short
list of genes (eg, SNCA [PARK1/4], LRRK2 [PARK8], and
GBA2]) that were already shown to affect PD risk in mul-
tiple populations.

We identified new genetic elements related to the
reduced risk for PD. A highly protective haplotype
associated with a 10-fold risk reduction (designated
herein as haplotype D) was defined between the
SLC41A1 and RAB7L1 genes. This haplotype includes
2 SNPs in the putative promoter region of RAB7L1
that alter predicted transcription factor binding sites.
No coding or splice site alterations in RAB7L1

sequence were found that could explain the protective
effect, suggesting that other, yet unknown, molecular
mechanisms are involved. Although our analysis
focused on the minor alleles and haplotypes that are
associated with reduced PD risk, it is clear that in this
locus there are genetic elements that are associated
with increased risk for PD, such as haplotype A
(Table 3). Our results do not rule out the possibility
that other genes or genetic variations within the
PARK16 region are responsible for its effect on PD.

The small LD block detected in our analysis of the
PARK16 locus is approximately 10 kilobases long. This
is smaller than the sizes of the PARK16 haplotypes ex-
pected in the Ashkenazi population. To better define the
actual size, sequencing of the entire region is necessary.
While the LD block described herein (eFigure) involves
the RAB7L1 and SLC21A1 genes, previously published
results4,5 suggested that the LD blocks in the Japanese and
North American and European populations encompass
a much larger region of about 160 kilobases, which in-
cludes 3 additional genes (SLC45A3, NUCKS1, and
PM20D1). Differences in LD block sizes could have re-
sulted from the different genotyping platforms used; the
differences between populations tested, ie, their sizes
and/or genetic homogeneity; or from a combination of
any of these.

The function of the protein encoded by RAB7L1 (RAB7,
member RAS oncogene familylike 1) is not known. The
RAB7L1 gene homology to human RAB7 (OMIM
602298)22 suggests that it is a member of the Rab (Ras-
related in brain) family of proteins. More than 60 Rab
genes are spread across the human genome, and they func-
tion as regulators in different membrane traffic path-
ways.23 Mutations in RAB7 cause Charcot-Marie-Tooth
type 2B neuropathy24 and knockdown of the Caenorhab-
ditis elegans Rab7 gene caused severe growth and motor
abnormalities selectively in �-synuclein transgenic
worms.25 Other Rab proteins were also suggested to be
involved in neurodegeneration and PD, including Rab1,26

Rab3a and Rab8a,27 and Rab11a.28

To conclude, our data confirmed the association be-
tween the PARK16 locus and reduced PD risk and dem-

Table 3. Frequencies of RAB7L1 Haplotypes in Ashkenazi Patients With PD and Controls

Population

Haplotype Haplotype Frequency

OR (95% CI) P ValueDesignation Variationsa
Patients

(n = 1440)
Controls

(n = 1284)

Entire cohort A GCC 0.783 0.723 1.950 (1.250-3.044) .003
B ATT 0.095 0.130 0.757 (0.582-0.983) .037
C ATC 0.109 0.122 0.901 (0.697-1.164) .424
D GTT 0.001 0.013 0.103 (0.024-0.444) .002
E ACC 0.011 0.012 0.951 (0.466-1.939) .889

Patients without
founder LRRK2
or GBA mutations

(n = 958) (n = 1284)
A GCC 0.767 0.723 1.857 (1.125-3.066) .016
B ATT 0.097 0.130 0.766 (0.571-1.027) .074
C ATC 0.120 0.122 1.031 (0.779-1.363) .833
D GTT 0.001 0.013 0.077 (0.010-0.576) .012
E ACC 0.015 0.012 1.259 (0.602-2.635) .540

Abbreviations: CI, confidence interval; OR, odds ratio; n, number of alleles; PD, Parkinson disease.
aThe nucleotides represent rs947211, rs1772153, and rs1572931, respectively.
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onstrated that alterations within the RAB7L1 putative pro-
moter are associated with this effect. However, further
studies are necessary to determine whether it is RAB7L1
or other genes or genetic elements in the PARK16 locus
that are involved in modifying the risk for PD.

Accepted for Publication: May 4, 2011.
Correspondence: Avi Orr-Urtreger, MD, PhD, Genetic In-
stitute, Tel Aviv Sourasky Medical Center, 6 Weizmann St,
Tel Aviv 64239, Israel (aviorr@tasmc.health.gov.il).
Author Contributions: Dr Orr-Urtreger takes full
responsibility for the integrity of the data and the
accuracy of the data analysis. Study concept and design:
Gan-Or, Giladi, and Orr-Urtreger. Acquisition of data:
Gan-Or, Bar-Shira, Mirelman, Kedmi, Gurevich,
Giladi, and Orr-Urtreger. Analysis and interpretation of
data: Gan-Or, Dahary, and Orr-Urtreger. Drafting of
the manuscript: Gan-Or and Orr-Urtreger. Critical revi-
sion of the manuscript for important intellectual content:
Bar-Shira, Dahary, Mirelman, Kedmi, Gurevich,
Giladi, and Orr-Urtreger. Statistical analysis: Gan-Or,
Dahary, Kedmi, and Orr-Urtreger. Obtained funding:
Giladi and Orr-Urtreger. Administrative, technical, and
material support: Mirelman, Gurevich, Giladi, and Orr-
Urtreger. Study supervision: Bar-Shira, Giladi, and Orr-
Urtreger.
Financial Disclosure: None reported.
Funding/Support: This work was supported by a Tel-
Aviv Sourasky Medical Center Grant of Excellence, the
Kahn Foundation, Chief Scientist of the Ministry of Health
grant 3-4893, and Legacy Heritage Biomedical Science
Partnership Program of the Israel Science Foundation
grant 1922/08
Online-Only Material: The eTables and eFigure are avail-
able at http://www.archneurol.com.
Additional Contributions: We thank Mali Gana-Weisz,
PhD, Idan Amshalom, BMedSci, and Liron Rozenkrantz,
BA, for their assistance. This work was performed in par-
tial fulfillment of the requirements for a PhD degree of
Mr Gan-Or, Sackler Faculty of Medicine, Tel Aviv Uni-
versity, Tel Aviv, Israel.

REFERENCES

1. Gupta A, Dawson VL, Dawson TM. What causes cell death in Parkinson’s disease?
Ann Neurol. 2008;64(suppl 2):S3-S15.

2. Hardy J, Lewis P, Revesz T, Lees A, Paisan-Ruiz C. The genetics of Parkinson’s
syndromes: a critical review. Curr Opin Genet Dev. 2009;19(3):254-265.

3. Obeso JA, Rodriguez-Oroz MC, Goetz CG, et al. Missing pieces in the Parkin-
son’s disease puzzle. Nat Med. 2010;16(6):653-661.

4. Satake W, Nakabayashi Y, Mizuta I, et al. Genome-wide association study iden-
tifies common variants at four loci as genetic risk factors for Parkinson’s disease.
Nat Genet. 2009;41(12):1303-1307.

5. Simón-Sánchez J, Schulte C, Bras JM, et al. Genome-wide association study re-
veals genetic risk underlying Parkinson’s disease. Nat Genet. 2009;41(12):
1308-1312.
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