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Abstract
Multiple system atrophy (MSA) is by nature a ‘sporadic’ disease with no evidence of familial
aggregation observed. However the SNCA multiplication families have clinically displayed
parkinsonism and autonomic dysfunction. The present study did not find any SNCA multiplications
in a series of 58 pathologically confirmed MSA cases excluding this event as a common cause of
MSA. The question of a genetic component in MSA remains to be answered.
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Introduction
Genomic multiplication of the α-synuclein locus (SNCA) has been observed to cause
parkinsonism, dementia and autonomic dysfunction [1,2]. The α-synuclein protein has also
been demonstrated to be a major constituent of Lewy bodies in Parkinson’s disease (PD) and
the glial cytoplasmic inclusions (GCI) which are the pathognomonic hallmark of multiple
system atrophy (MSA) [3–6]. MSA is a neurodegenerative disorder with a mixed clinical
presentation combining autonomic dysfunction, parkinsonism and cerebellar or pyramidal
symptoms [7,8].
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MSA is classified based on the predominant clinical features – parkinsonism is the major
feature of eighty percent (MSA-P) while cerebellar features (MSA-C) are the most prominent
findings in twenty percent of patients [7]. The initial clinical signs of MSA-P can make it
difficult to differentially diagnose it from early PD. In addition up to thirty percent of MSA-P
patients may have a transient response to levodopa therapy. Both MSA and PD are classified
as synucleinopathies along with dementia with Lewy bodies (DLB) based on predominate α-
synuclein pathology. The clinical spectrum and overlap of these disorders are reflected in the
SNCA multiplication families [1,2].

Although no pathogenic mutation has been found to cause MSA, the identification of SNCA
multiplication families suggest that over-expression of α-synuclein can result in parkinsonism
with autonomic dysfunction. Although this hypothesis is supported by increased levels of the
α-synuclein protein in MSA blood plasma, two other studies show no differential SNCA mRNA
expression pattern in brain samples of patients with MSA in comparison to controls [9–11].
These contrary findings highlight tissue-specific expression and it is noteworthy that in contrast
to brain tissue phosphorylation of α-synuclein serine 129 does not occur in platelets of MSA
patients [12].

Herein we investigate a series of pathologically confirmed definite MSA cases for SNCA
multiplication using a novel semi-quantitative PCR methodology we have developed.

Methods
A total of 58 cases with neuropathological report of definite MSA, based upon the presence of
neuronal loss and gliosis in vulnerable basal ganglia and brainstem nuclei, as well as
pathognomonic α-synuclein immunoreactive GCIs [13]. Cases were obtained from the Mayo
Clinic Jacksonville brain bank and University of Miami/NPF Brain Endowment Bank™ and
the University of Saskatoon. Institutional Ethical review boards approved the study and
informed written consent was provided by all donors. All cases were examined for evidence
of SNCA multiplication.

DNA was extracted from frozen brain tissue for each case by standard protocol with
Wizard®Genomic DNA Purification (Promega). To determine whole gene multiplication
primer pairs and probes were designed to exon 5 of the SNCA gene, (Forward primer 5′
GGAGTCCAAGCTGAATCTTTCTAACA3′ & Reverse primer 5′
GAGCATGTAGAGAGCAAATGATTCTCA3′). A fluorescent-labeled (5′ FAM) DNA probe
to measure expression was designed to SNCA exon 5 sequence (5′
CTGTCATTGTCACATTTC3′). An endogenous control assay designed against exon 5 of the
Presenilin2 gene (Forward 5′CCTTCTCCCTCAGCATCTACAC3′, Reverse 5′
GTGTTCAGCACGGAGTTGAG3′, & 5′FAM-labeled probe 5′
ATTCACTGAGGACACACCC3′). All primers and probes were designed using File Builder®
software and purchased from Applied Biosystems. Quantitative PCR was carried out using
TaqMan® expression chemistry protocol, 25ng genomic DNA was amplified with 0.25μl
primer probe, 2.5 μl TaqMan 2X Universal PCR Master Mix (Applied Biosystems) The thermal
cycle conditions were performed at 50°C for 2min, 95 °C for 10 min, followed by 40 cycles
at 95 °C for 15 s for denaturation and 60 °C for 1 min for annealing and extension. Each sample
was run in triplicate and control DNA from known SNCA multiplication cases were included
as controls on each run. All assays were performed on the ABI 7900HT Fast Real-Time PCR
System. The fluorescent signal was analyzed and genomic copy number determined using ABI
SDS 2.2.2 Software (Applied Biosystems).
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Results and Discussion
This study investigated pathologically confirmed MSA cases for evidence of genomic
multiplication of the SNCA locus based on the hypothesis that over-expression of the α-
synuclein protein can lead to disease. We developed a semi-quantitative PCR-based method
using ABI Taqman chemistry to identify duplication or triplication of the SNCA locus (Figure
1). Our probe was designed to identify whole gene multiplication and does not detect single
exon deletion, multiplications or rearrangements that may effect differential isoform
expression. Therefore, although we did not observe any SNCA gene multiplication in MSA
cases, we can not rule out a role for increased expression of the α-synuclein protein in MSA.
Of note, a patient with parkinsonism and early autonomic dysfunction who received a diagnosis
of ‘probable MSA’ has been identified who was found to harbor a SNCA duplication [14]. This
proband has a family history of autosomal dominant parkinsonism.

This case would suggest that over-expression of the SNCA gene resulting in increased levels
of α-synuclein protein can lead to autonomic dysfunction and a clinical presentation of MSA;
however, direct sequencing of the exons of the SNCA gene in eleven pathologically confirmed
MSA cases did not reveal any coding variants [15]. Recently, Ozawa and colleagues (2006)
generated a set of twenty-one haplotype-tagging SNPs (htSNPs) that capture 95% of haplotypic
diversity of the SNCA gene [16]. This study performed by the European MSA study group did
not observe any frequency difference between the MSA cases and controls for any of the
individual SNPs or the defined haplotypes within the SNCA gene [16].

This group also recently employed the same methodology and study design to report no
association between the UCH-L1 gene and MSA [17]. In these studies, as in the present series,
no distinction was made between MSA-C and MSA-P and it may be that SNCA and other
parkinsonism-related genes may have a more important role in the MSA-P cases. A number
of other candidate genes including MAPT, APO-E, synphilin and cytochrome P-450 have been
examined in MSA although no association has been confirmed [18–21].

MSA is regarded as a sporadic disease with little evidence of familial aggregation. Recent
genetic findings in PD, another ‘sporadic disorder’, have implicated pathogenic mutations in
at least six genes, which calls for a reconsideration of the diagnostic criteria [22]. Similar to
PD, a family history of disease is regarded as an exclusion criterion for a clinical diagnosis of
MSA [7]. The lack of family history creates a scenario whereby population-based studies may
offer the best hope for addressing this question. Genome-wide association studies may be one
approach and through the collaborative efforts of the MSA study groups (European-MDSA
and North American-MSA) the increased sample size may provide enough power to detect the
genetic loci or highlight key pathways in the pathophysiology of MSA. The identification of
genetic factors influencing susceptibility to and the pathogenesis of MSA will provide novel
therapeutic targets.
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Figure 1.
The relative quantification (RQ) results obtained from the ABI 7900HT Fast Real-Time PCR
System. The DNA from subjects carrying a SNCA duplication or triplication was included on
each assay as positive controls. There was no evidence of any of our 58 MSA cases harboring
a SNCA multiplication event.
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