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Abstract Alpha-synuclein gene (SNCA) polymorphisms
have been associated with the common sporadic form of
Parkinson’s disease (PD). We searched for DNA variants at
the SNCA 3" UTR through single strand conformation analysis
and direct sequencing in a cohort of Spanish PD patients and
controls. We have genotyped the 1s356165 SNCA 3" UTR
polymorphism in a total of 1,135 PD patients and 772 healthy
controls from two Spanish cohorts (Asturias and Navarre). We
identified six SNCA 3' UTR variants. Single nucleotide
polymorphism (SNP) rs356165 was significantly associated
with PD risk in the Spanish cohort (p=0.0001; odd ratio=
1.37, 95%CI=1.19-1.58). This SNP was also significantly
associated with early age at onset of PD. Our work highlights
rs356165 as an important determinant of the risk of
developing PD and early age at onset and encourages future
research to identify a functional effect on SNCA expression.
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Introduction

Parkinson’s disease (PD) (OMIM *168600) is the second
most common neurodegenerative disorder affecting 1-2%
of people older than 60 years (de Lau and Breteler 2006).
Mutations at several genes have been linked to rare familial
forms of PD. Most of the PD cases are sporadic, although a
family history of the disease is also a well-recognized risk
factor for PD (Dickson et al. 2009). Sporadic PD has a
multifactorial origin owing to the interaction of genetic/
inherited and environmental/acquired risk factors (Warner
and Schapira 2003). Rare mutations and genomic rear-
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rangements in the alpha-synuclein gene (SNCA) account for
approximately 2% of the autosomal dominant familial
forms of early-onset PD (Polymeropoulos et al. 1997).
SNCA encodes a pre-synaptic protein that is the main
component of the Lewy bodies, the pathological hallmark
of sporadic and many familial PD cases (Spillantini et al.
1997).

SNCA polymorphisms have been associated with spo-
radic PD through several case—control studies (Mizuta et al.
2006; Mueller et al. 2005; Pals et al. 2004; Yu et al. 2010).
Recent genome-wide association studies confirmed the
association between some of these single nucleotide poly-
morphisms (SNPs) with PD, with odd ratios (OR) in the
range 1.20-1.70 (Edwards et al. 2010; Satake et al. 2009;
Simon-Sanchez et al. 2009). Some of them mapped
downstream of the SNCA gene and a direct functional effect
was thus unlikely. For 3'UTR variants, post-transcriptional
regulation of SNCA expression through binding of micro-
RNAs (miRNAs) to this region could explain the association
to PD (Junn et al. 2009; Doxakis 2010). In this context, the
association of some SNPs/haplotypes with PD could be
explained by Linkage Disequilibrium (LD) with some
functional variants in the 3'UTR. To address this issue, we
characterized the SNCA 3'UTR variation in a large cohort of
PD patients and healthy controls. We found several variants
and a significant effect of the SNP rs356165 on PD risk and
disease age at onset.

Methods
Patients and Controls

PD patients and healthy controls were Caucasians from two
different Spanish regions (Asturias and Navarre). The
Asturias cohort consisted of 752 PD patients (mean age at
diagnosis 59+13 years; 47% male) and 480 healthy
controls (mean age at enrollment 62+18 years; 55% male),
and the Navarre cohort consisted of 417 PD patients (mean

Table 1 Demographics of the Asturias and Navarre cohorts

age at diagnosis 58+ 11 years; 62% male) and 292 healthy
controls (mean age 63+14 years; 35% male). Table 1
summarizes the main values of these patients and controls.
All the patients were recruited in the period January 2002—
December 2010 by neurologists from the movement disorder
units of five reference hospitals: Central de Asturias, Gijon,
Mieres and Avilés (Asturias cohort), and Clinica Universi-
taria de Navarra (Navarre cohort). PD was diagnosed
according to the UK Parkinson’s Disease Society Brain
Bank clinical criteria (Hughes et al. 1992). Patients with age
at onset <50 or >50 years were classified as early-onset (EO)
and late-onset (LO) PD, respectively.

The controls were healthy spouses of the patients and
healthy donors from the general population. None of the
controls presented PD at the age of enrollment. This study was
approved by the ethical committee of Hospital Universitario
Central de Asturias and the University of Navarra Ethical
Committee. All the patients and controls signed an informed
consent to participate in the project.

SNCA 3'UTR Analysis

The SNCA 3'UTR was amplified in the 727 patients and 480
controls from the Asturias cohort in four overlapping frag-
ments, which were subjected to Single Strand Conformation
Analysis (SSCA) to identify nucleotide changes (Supplemen-
tary Table 1). Fragments with atypical electrophoresis
patterns were sequenced to characterize the nucleotide
changes (Supplementary Figure 1).

SNP rs356165 Genotyping

SNP 15356165 was also genotyped through polymerase chain
reaction followed by Restriction Fragment Length Polymor-
phism (PCR-RFLP) with 7ail and electrophoresis in 4%
agarose gels to visualize the two alleles (Supplementary
Figure 1). To confirm the accuracy of the genotyping
method, we sequenced several individuals representative of
each genotype as standard samples.

Asturias Navarre Total

PD (N=752) Controls (N=480) PD (N=417) Controls (N=292) PD (N=1,169) Controls (N=772)
Mean age (years) 59+13 62+18 58+11 63+14 59+12 64+17
Age range (years) 22-91 18-97 18-84 18-100 18-91 18-100

Male
Early onset (<50 years)

356 (47%) 263 (55%)
159 (21%) -

Family history of PD 218 (29%) -

261 (62%)
108 (26%) -
114 (27%) -

102 (35%) 648 (56%) 323 (42%)
267 (23%) -

332 (28%) -

PD Parkinson’s disease
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LRRK2 Mutations

Genomic DNA was obtained from blood and the three
common LRRK2 mutations (R1441G and R1441C in exon
31 and G2019S in exon 41) were determined in all the
patients through direct sequencing of PCR fragments, as
reported (Mata et al. 2006).

Statistical Analysis

Differences between allelic and genotype frequencies were
compared through a Chi-squared test. The Chi-squared test
was also used to determine whether the observed genotype
frequencies differed from those expected under the Hardy—
Weinberg equilibrium. The Student’s 7' test was used to
compare the mean age between two groups (risk alleles and
risk genotypes between patients and controls or EO vs. LO
patients). The effect of each variable (genotype, sex, and
age) on PD risk was calculated through multiple logistic
regressions. A p<0.01 was considered as statistically
significant.

Results
SNCA 3'UTR Genetic Variation

To determine whether 3’ UTR variants could be associated
with PD, we screened the SNCA region in patients and
controls from Asturias (Table 1 summarizes the main
characteristics of patients and controls). A total of four
overlapping fragments were amplified and subjected to
SSCA. After sequencing all the heterogeneous electropho-
resis patterns, we identified four previously reported SNPs:
¢.404 C>T (missense for tyrosinel36, 1s76642636), c.*139
T>G (rs10024743), ¢.*501 C>T (rs17016074), and c.*893
A>G (rs356165) and two new variants: c.*575 579del
(ATTTT deletion) and ¢.*502 G>A (Supplementary Figure 1).

With the exception of 1s356165, the minor allele frequencies
were <0.01 (Table 2). Allele rs356165 G was significantly
more frequent in the patients group (p<0.0001; OR=1.42;
95%CI=1.19-1.69).

Replication of the Association Between rs356165 and PD

SNP rs356165 was initially genotyped through SSCA in the
Asturias PD patients and controls. We confirmed the
patients and controls genotypes through PCR-RFLP and
genotyped an additional cohort from a different population
(Navarre). We confirmed the association between this SNP
and PD, with a significantly higher frequency of the
rs356165 G allele among the patients. Rs356165 AG and
GG frequencies were higher among the patients (AA vs.
AG + GG p<0.0001, OR=1.37, 95%CI=1.19-1.58),
suggesting a dominant effect for this allele on PD risk
(Table 3). After performing a multiple logistic regression
including age at onset, sex, and rs356165 as covariates, this
SNP remained significantly associated with PD (p<0.0001,
OR=1.34, 95%CI=1.09-1.65).

SNP 15356165 is a Modifier of Age at Onset

The disease age at onset was significantly different between
1s356165 genotypes, carriers of the 1s356165 G allele showed
a significantly lower disease age at onset compared to AA
homozygote (57.6+12.5 vs. 60.10+£12.8; p=0.003). This
effect can be also observed when comparing the genotype
frequencies between the EO and LO groups (Table 4).

We also analyzed the effect of rs356165 on the age at
onset in patients with one of the three common LRRK2
mutations. We found a lower mean age at onset among
r$356165 G carriers (53.4+13.2 vs. 58.8+11.7) and a
higher frequency of AG + GG among the LRRK2+ EO
patients (Table 4). However, these were no significant
differences maybe because they were based only on 34
patients.

Table 2 DNA variants found in the 3'UTR of SNCA in 727 patients and 480 controls from the Asturias cohort, according to the rs356165 genotype

Variant Patients, N=727 Total Controls, N=480 Total
1s356165 AA 1356165 AG 18356165 GG 1s356165 AA 1356165 AG 15356165 GG
(n=292) (n=338) (n=97) (n=247) (n=188) (n=45)
c. 404 C>T 2 (CT) 1 (CT) 0 3(CT) 3(CT) 1 (CT) 0 4 (CT)
c.*139 T>G (rs10024743) 1 (TG) 1 (TG) 0 2(TG) O 0 0 0
c.*501 C>T (rs17016074) 0 6 (CT) 4 (CT) 10 (CT) O 4 (CT) 0 4 (CT)
c.*502 G>A 0 0 0 0 1 (GA) 0 0 1
c.*575 579del 5 (del+/del-) 0 0 5 8 (del+/del-) 0 0 8

Parenthesis indicates the genotypes for the identified variants
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Table 3 SNCA rs356165 (3'UTR) genotypic and allelic frequencies in patients and controls

Asturias patients

Asturias controls

Navarre patients

Navarre controls

Total patients

Total controls

(N=727) (N=480) (n=408) (n=292) (n=1,135) (n=772)
rs356165
AA 292 (40%) 247 (52%) 158 (39%) 130 (45%) 450 (40%) 377 (49%)
AG 338 (47%) 188 (39%) 176 (43%) 129 (44%) 514 (45%) 317 (41%)
GG 97 (13%) 45 (9%) 74 (18%) 33 (11%) 171 (15%) 78 (10%)
*A 922 (0.63) 682 (0.71) 492 (0.60) 389 (0.67) 1,414 (0.62) 1,071 (0.69)
*G 532 (0.37) 278 (0.29) 324 (0.40) 195 (0.33) 856 (0.38) 473 (0.31)
*QG vs. A: Asturias, p<0.0001; OR=1.42, 95%CI=1.19-1.69; Navarre, p=0.016; OR=1.31, 95%CI=1.05-1.64; Total, p<0.0001; OR=1.37, 95%
CI=1.19-1.58
Discussion here reported (Mata et al. 2011). However, this SNP

SNCA mutations have been linked to familial autosomal
dominant PD (A53T, A30P, E46K) (Polymeropoulos et al.
1997; Kruger et al. 1998; Zarranz et al. 2004). In an
analysis of 140 patients (37 with a positive family history
of PD and 103 sporadic cases), we did not find mutations in
the five coding SNCA exons (Alvarez et al., unpublished
results). In addition to rare mutations, common SNCA
polymorphisms have been associated with the most
common sporadic forms of PD (Edwards et al. 2010;
Mizuta et al. 2006; Mueller et al. 2005; Pals et al. 2004;
Pastor et al. 2001; Satake et al. 2009; Simon-Sanchez et al.
2009). The mechanism by which these SNCA variants lead
to PD has not yet been established, although an effect on o~
synuclein expression has been proposed for some of them
(McCarthy et al. 2011). SNP rs356165 is in the 3'UTR of
SNCA and has been linked to PD risk among European and
Japanese (Mizuta et al. 2006; Mueller et al. 2005; Myhre et
al. 2008). This SNP was also associated with the disease in
the two Spanish populations included in our study, with the
strongest risk among individuals homozygous for the
1s356165 G allele and an OR value similar to the one
reported by others. Other SNPs in LD with rs356165 have
been associated with PD risk. Mata et al. found an
association between rs356219 and PD in the populations

mapped 3' downstream of SNCA, and the association to
PD could thus be attributed to LD with rs356165.

Our study also supported a significant effect of this SNP
on the age at onset. Homozygous for the G allele had a
mean age at onset 4 years lower and were significantly
more frequent among patients with early-onset PD
(<50 years) compared to homozygous for the A allele.
This effect on the age at onset has not been reported by
other studies that found a significant association between
1s356165 and PD. The G allele was also more frequent
among patients with one of the three LRRK2 mutations and
an early age at onset, although the comparison based on a
reduced number of patients was not significant results.

A recent study showed a correlation between the
rs356165 G allele and the expression of a SNCA isoform
that lacks exon 5 (SNCA112) and results in a protein prone
to aggregation. Frontal cortex of homozygous for the risk G
allele showed higher SNCA112 levels compared to AA
homozygous. LD between rs356165 and some variants that
affected pre-mRNA splicing could explain the association
between this 3" UTR SNP and the level of the SNCA112
isoform and its effect on PD risk (McCarthy et al. 2011).
Several mechanisms could also explain a direct effect of
this SNP on PD risk. First, it could affect mRNA length.
SNCA contains several polyadenilation sites, and transcripts

Table 4 Rs356165 genotypic and allelic frequencies in early-onset PD (<50 years) and late-onset PD (>50 years), and mean (£) onset age in total

and LRRK2+ patients according to the genotype

Total Total LRRK2+ LRRK2+
EO (N=254) LO (N=881) EO (N=13) LO (N=21)
1s356165 Mean age at onset Mean age at onset
AA 85 (33%) 365 (41%) 60.1£12.8 5 (38%) 10 (48%) 58.8+11.7
AG 122 (48%) 392 (45%) 58+12.4 7 (54%) 8 (38%) 51.7+13.4
GG 47 (19%) 124 (14%) 56.6x12.8 1 (8%) 3 (14%) 58.7+12.9
A 292 (0.57) 1,122 (0.64) 17 (0.65) 28 (0.66)
G 216 (0.43) 640 (0.36) 8 (0.35) 14 (0.33)

EO early-onset PD, LO late-onset PD
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with different 3'UTR lengths have been found (Sotiriou et
al. 2009). An effect on the length of the SNCA transcript
was unlikely because this SNP was out of the polyadeny-
lation signals.

The rs356165 could also affect SNCA expression
through differential binding of miRNAs. MiRNAs are
small (approximately 20 nucleotides long) non-coding
RNAs that bind to the 3" UTR of mRNAs and regulate
expression at post-transcriptional level. Through this
process, miRNAs regulate many cellular processes, and
the deregulation of miRNA pathways could result in
neurodegeneration and PD (Hebert and De Strooper
2007). Some miRNAs have been implicated in the post-
transcriptional regulation of SNCA (Doxakis 2010). DNA
variants at the 3'UTRs could create or destroy miRNA
target sites, affecting gene expression. This could explain
the association of some 3" UTR polymorphisms to common
diseases, including PD (Wang et al. 2008). An in silico
analysis predicted that rs356165 would not affect the
binding of known miRNAs, but in vitro studies with
reporter plasmids containing the two 3" UTR sequences
should be necessary to determine whether this SNP has
some effect on mRNA stability. This SNP could have also
an effect on RNA editing (the conversion of adenosine to
inosine in double-stranded RNA). An online search in the
RNA editing database (www.cgen.com/research/Publications)
did not find an effect of this SNP on SNCA edition.
Adenosine deamination on 3'UTR regions could modify
the binding of miRNAs (Borchert et al. 2009). Because
inosine is chemically and functionally similar to guanosine,
the 1s356165 would not modify the miRNA-binding profile
of the natural A/G variation.

Finally, it is also possible that rs356165 was in LD with
some functional variant in the 3" UTR. In addition to this
common SNP, we found several 3'UTR rare variants but
none of them was predicted to affect the binding of known
miRNAs. Furthermore, the minor allele frequencies for
these polymorphisms were <0.01, suggesting a limited
contribution to PD risk in our population. A limitation of
our study was the use of SSCA to the search for DNA
variation, an indirect technique with a low rate for false
negatives. Thus, we could not exclude that some SNCA
minor variants were not detected. LD with SNPs at nearby
genes could also explain the association between rs356165
and PD. In this regard, SNCA is flanked 3' by the
multimerin 1 (MMRNI) gene and 5’ by the G protein-
regulated inducer of neurite outgrowth-3 (GRIN3) genes.
MMRNI encodes a factor V/Va binding protein that might
function as a carrier protein for platelet factor V, and an
effect on PD is unlikely. However, GRIN3 belongs to a
family of proteins that participates in the regulation of
synapsis transmission and energy metabolism, two processes
that could be impaired in PD.

In conclusion, we confirmed the association between the
common SNCA 15356165 SNP and PD in two independent
populations. We also provided evidence for a significant
effect of this SNP on the age at onset. The absence of other
3'UTR variants with PD relevance in our population
suggests that this variant could have a direct role on PD.
More functional studies to determine its effect on SNCA
expression should be of special interest.
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