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Abstract
Genetic variation of the α-synuclein gene (SNCA) is known to cause familial parkinsonism, however
the role of SNCA variants in sporadic Parkinson’s disease (PD) remains elusive. The present study
identifies an association of common SNCA polymorphisms with disease susceptibility in a series of
Irish PD patients. There is evidence for association with alternate regions, of protection and risk
which may act independently/synergistically, within the promoter region (Rep1; OR: 0.59, 95% CI:
0.37 – 0.84) and the 3′UTR of the gene (rs356165; OR: 1.67, 95% CI: 1.08 – 2.58). Given previous
reports of association a collaborative effort is required which may exploit global linkage
disequilibrium patterns for SNCA and standardise polymorphic markers used in each population. It
is now crucial to identify the susceptibility allele and elucidate its functionality which may generate
a therapeutic target for PD.
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Introduction
Genomic variations at the α-synuclein locus (SNCA) are observed to cause familial forms of
parkinsonism (Chartier-Harlin et al., 2004; Ibanez et al., 2004; Nishioka et al., 2006; Singleton
et al., 2003). Monoallelic triplication of SNCA (four copies) was first described in one kindred
with fulminant manifestation of early-onset parkinsonism with dementia (Muenter et al.,
1998). Subsequently SNCA duplication patients (three copies) were identified who present with
a less severe disease that is more reminiscent of typical Parkinson’s disease (PD) (Chartier-
Harlin et al., 2004; Ibanez et al., 2004). The symptoms appear to correlate with SNCA gene
expression and the level of α-synuclein protein (Farrer et al., 2004). Familial forms of disease
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are rare and only a handful of SNCA multiplication kindreds have been reported, however the
identification of familial genes has provided great insight into parkinsonism pathogenesis and
generated mechanistic hypothesises for PD (Farrer, 2006).

PD is one of the most prevalent age-related neurodegenerative disorders, with approximately
~2% of the population older than sixty-five years being affected. Neither SNCA multiplication
nor the three identified pathogenic substitutions (A30P, E46K and A53T) are a cause of typical
late-onset sporadic PD (Farrer, 2006). However a modest over-expression of SNCA over the
lifetime of an individual may increase risk of developing PD. This hypothesis is promoted by
association of common polymorphic variants within the SNCA locus that may effect a
differential transcriptional expression in vitro (Chiba-Falek and Nussbaum, 2001; Kobayashi
et al., 2006; Maraganore et al., 2006; Mizuta et al., 2006; Mueller et al., 2005; Pals et al.,
2004).

Herein we describe a study examining the association of a set of 14 polymorphic markers
spanning the haplotypic structure of the SNCA locus within a group of Irish PD patients and
healthy subjects.

Subjects and Methods
Blood samples were obtained from 186 unrelated clinically diagnosed Irish PD patients (61%
female, 39% male with mean age of 61 ± 12 SD years). The mean age at onset was 50 ± 11
years in the 139 (75%) patients for whom this information was available. Each patient was
matched based on gender, age (+/− 4 years) and ethnicity to an unrelated control without
evidence of neurological disease (n=186). All patients were examined and observed
longitudinally by a movement disorders neurologist (JMG and TL) and diagnosed with PD
according to published criteria (Gelb et al., 1999). Patients with atypical symptoms or poor
response upon dopaminergic treatment were excluded. All subjects had been followed up in a
movement disorders clinic for at least five years. Ethics Committee approval was obtained and
written consent given by all subjects.

DNA was obtained from blood for all subjects, using standard protocols. Fourteen polymorphic
markers traversing the SNCA locus, including the 5′ and 3′ regions, were selected for analysis.
SNP genotyping was performed using TaqMan chemistry on an ABI7900 genetic analyzer and
the microsatellite Rep1 (D4S3481) was examined using fluorescent-labeled primer PCR
reaction with electrophoresis performed on an ABI3730 with Genemapper software for
analysis (Applied Biosystems Inc.). In patients where genotype data was only available for one
sample of a matched pair the other subject was retained in the analysis. For the controls in each
population, c2 tests of Hardy-Weinberg equilibrium (HWE) were implemented using
Haploview (Barrett et al., 2005).

Haplotype analysis was performed in S-Plus score tests for association as described previously
(Schaid et al., 2002), with adjustments made for age and sex. P-values were obtained from the
asymptotic chi-square distribution of the score statistic. Haplotypes with an overall frequency
of less than 1% were not considered. Individual associations between PD and each marker were
measured by odds ratios (OR’s) and corresponding 95% confidence intervals (CI’s) obtained
from logistic regression models adjusted for age and sex.

In PD cases, linear regression models adjusted for sex were used to examine individual
associations between age-at-onset and each marker. Linkage disequilibrium (LD) between
markers in study controls was assessed using r-squared (r2) values. In the case of the
microsatellite Rep1 the genotype was considered binary based upon the presence or absence
of the ‘259’ allele. The ‘259’ allele was chosen as it is postulated to be functionally protective
and has a relatively high frequency compared to the ‘263 risk’ allele. Statistical significance
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was determined at the 5% level. Multiple testing was adjusted for by using permutation analyses
to find the threshold P-value that controls the family-wise error rate at 5%.

Results and Discussion
A total of fourteen polymorphic markers (one microsatellite and 13 SNPs) were examined in
an Irish patient-control series (n=372). The markers where selected on the basis of previous
association data and the haplotype structure of the SNCA locus as ascertained from Haploview
to ‘tag’ the LD blocks observed. Single marker analysis showed a number of statistically
significant associations before correcting for multiple testing. Five SNPs as well as the
microsatellite Rep1 displayed P-values <0.05 prior to correction, with two estimated OR’s
>1.4 and three <0.6 (OR’s correspond to presence of the minor allele; Table 1, and presence
of the “259” allele; Table 2). Following correction a marginal protective association of Rep1
allele 259 remained (Table 2). These data were then analysed using an inferred haplotype 3-
SNP sliding window. P-values of <0.05 were observed for two haplotypes and three further
displayed suggestive P-values of <0.07, although they did not remain statistically significant
after correction (Table 3). There were no significant associations (P>0.05) with age-at-onset
in cases in single marker analysis (data not shown).

Measurements of LD between the individual markers were calculated and a number of the
markers dispersed across SNCA show high LD scores (Figure 1). Three promoter SNPs
(rs2583988, rs2619364 & rs2619363) appear to be in almost complete LD (r2= 0.99; D’=1.00).
Pals et al. (2004) reported a significant association with these three SNPs and Rep1 in a specific
SNCA promoter haplotype in Belgian PD patients (261-T-G-T), and although this result was
not observed in this Irish series our Rep1 data does demonstrate promoter association. The
three promoter SNPs are also in LD with a SNCA 3′UTR SNP rs356165 (r2= 0.44; D’=0.85).
The SNP rs356165 has the highest estimated OR (1.67, 95% CI: 1.08–2.58) in the SNCA gene
transcript, is the only SNP located in the 3′UTR and has been observed to associate with disease
in the previous studies (Mizuta et al., 2006;Mueller et al., 2005). This finding demonstrates
how multiple regions of the SNCA gene in LD can associate with disease.

Pals et al. also observed a noteworthy less significant association further along the gene in the
large intron 4 (~90Kb). These findings were supported by a large study in German PD patients
that observed significant associations at the 5′ promoter, intron 4 and 3′UTR regions (Mueller
et al., 2005). A third study in Japanese patients also identified multiple regions of SNCA (5′,
intron 4 and 3′) which may affect susceptibility to PD (Mizuta et al., 2006). The present study
observed a protective association in intron 4 with SNPs rs2737020 (OR 0.57, 95% CI: 0.37–
0.87) and rs356186 (OR 0.55, 95% CI: 0.36–0.84; r2= 0.72 between these two SNPs). This is
in contrast to previous studies that have shown a ‘risk’ association in intron 4 and although not
significant our SNP rs6848726 does show a ‘risk’ trend (OR 1.18, 95% CI: 0.77–1.80). These
alternate observations may be due in part to the smaller sample size of this study and the use
of different markers, no intron 4 markers match Mizuta et al. and only one marker, rs356186,
is examined in Mueller et al. and does not show association in their study (Mueller et al.,
2005).

Our findings confirm previous reports of association of common polymorphism in SNCA and
susceptibility to PD. This study observes a protective association with the Rep1 microsatellite
repeat in the promoter region of the SNCA and also a ‘risk’ region towards the 3′-end of the
gene. It is postulated that the length of the Rep1 repeat allele i.e. 263>261>259 is correlated
to an increased expression level of the SNCA transcript (Chiba-Falek and Nussbaum, 2001).
A recent collaborative analysis of the Rep1 promoter microsatellite suggests that the ‘259
allele’ is protective and ‘263’ is a risk allele in Caucasian populations (Maraganore et al.,
2006). However, Maraganore et al. 2006 do not observe any Rep1 association with age-at-
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onset as would be expected if the mechanism of disease is via simple, constitutive
overexpression of the gene, the authors suggest there must be an alternate mechanism of disease
susceptibility. The Rep1 association with susceptibility may reflect a scenario whereby the
increased expression reaches a threshold that increases risk but is not of a magnitude to effect
differential age-at-onset.

Regulation of gene expression can occur via a number of different mechanisms. Pre-
transcriptional modifications such as methylation of GC-rich regions can affect expression.
The SNCA locus may also encode self-regulatory elements such as siRNAs or natural antisense
transcripts (NATs) (Guo et al., 2006). Other mechanisms include dysregulated mRNA/protein
degradation and polymorphic variants which disrupt/create transcription factor binding sites
(TFBS) that effect a higher/lower expression profile resulting in the risky/protective alleles. A
number of bioinformatics databases are available to search for regulatory sequences (e.g.
http://www.gene-regulation.com/pub/databases.html) using the PROMO search engine
(TRANSFAC Ver. 8.3) we did not predict 3′UTR SNP rs356165 to alter a TFBS (Farré et al.,
2003). However alternative regulation strategies may support the hypothesis that variants in
LD with Rep1 although not located in the promoter, such as 3′UTR rs356165, may still be
responsible for the genetic association and postulated increase in α-synuclein expression.

SNCA multiplication families, and SNCA polymorphic association with PD, have now been
observed in both Caucasian and Asian populations. There is a relatively high level of LD within
the SNCA locus which makes it difficult to fine-map the true region of association.
Interestingly, the SNCA locus appears to have a different LD structure in the Caucasian, African
and Asian populations employed for The HapMap project (2003). The Asian SNCA map
demonstrates a lack of LD between the promoter region and the -3′ of the gene (Figure 2). The
study of Mizuta and colleagues (2006) in Japanese samples notably observed the strongest
association at the -3′ end of SNCA with a less significant association at the promoter region
which may indicate the position of a functional variant proximal to the 3′-end of SNCA.

Our results also indicate that there may be multiple independent/additive associations
throughout the SNCA locus. To fully resolve the ‘population-risk’ variant/s for sporadic PD at
the SNCA locus it is necessary to establish a collaborative effort, across ethnically diverse
populations, employing identical, dense marker sets and standardized clinical assessments of
motor and memory disorder in patients with parkinsonism.
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Figure 1.
Diagrammatic representation of the SNCA locus (Chr.4 90.87--90.98 Mb). r-squared values
measuring LD between markers calculated from control individuals. Marker positions are
available from http://www.ncbi.nlm.nih.gov/SNP (Rep1 is referenced as D4S3481).
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Figure 2.
Hapmap representation of the LD structure of the SNCA locus in three diverse ethnicities (r2

values are used to generate the LD plots, black squares represent r2=1 and white r2=0 between
markers). The SNCA locus appears to show a different pattern of LD in (a) Asian samples
(unrelated Japanese individuals from the Tokyo area and unrelated Chinese individuals from
Beijing) when compared to both (b) African (Yoruba people of Ibadan, Nigeria) and also (c)
European (Thirty U.S. trios with northern and western European ancestry collected by the
Centre d’Etude du Polymorphisme Humain). Interestingly the African and European LD
structure appears similar. Hapmap data for the SNCA locus was downloaded from
http://www.hapmap.org/index.html (Project data) and visualized using Haploview software
(Barrett et al., 2005).
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Table 2

Genotype and allele frequency of the Rep1 microsatellite in the promoter of SNCA

SNCA Rep1 Controls n=185 Patients n=184

Genotype n (%) n (%)

 259 19 (10.3) 11 (6.0)

 259/261 84 (45.4) 59 (32.1)

 259/263 3 (1.6) 9 (4.9)

 261 64 (34.6) 86 (46.7)

 261/263 13 (7.0) 18 (9.8)

 263 2 (1.1) 1 (0.5)

Allele n (%) n (%)

 259 125 (33.8) 90 (24.5)

 261 225 (60.8) 249 (67.7)

 263 20 (5.4) 29 (7.9)

- A logistic regression model considering Rep1 as binary (presence of the 259 alelle or not) and also adjusted for age and sex yielded a P-value of
0.006 (OR: 0.59: 95% CI: 0.37 – 0.84). P-values ≤ 0.006 are considered statistically significant after using permutation analysis to control the family-
wise error rate at 5%.
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Table 3

Inferred 3-SNP haplotype analysis

Markers in haplotype P-value

rs181489, rs11931074, rs356221 0.046

rs11931074, rs356221, rs356165 0.069

rs356221, rs356165, rs10516845 0.10

rs356165, rs10516845, rs356164 0.039

rs10516845, rs356164, rs356186 0.18

rs356164, rs356186, rs6848726 0.19

rs356186, rs6848726, rs2737020 0.24

rs6848726, rs2737020, rs2301134 0.24

rs2737020, rs2301134, rs2619363 0.11

rs2301134, rs2619363, rs2619364 0.069

rs2619363, rs2619364, rs2583988 0.51

rs2619364, rs2583988, Rep1 0.068

- After using permutation analysis to control the family-wise error rate at 5%, P-values ≤ 0.0087 are considered statistically significant.
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