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N-terminal A30P, E46K, and A53T mis-sense
mutations in �-synuclein have been linked to familial
parkinsonism; �-synuclein has since proved to be a
major component of Lewy bodies and Lewy neurites,
the pathological hallmark of sporadic Parkinson’s
disease, and dementia with Lewy bodies.1 Genomic
triplication of the �-synuclein gene (SNCA) locus was
subsequently linked to autosomal-dominant, early-
onset parkinsonism-dementia in the Spellman-
Muenter (Iowa) kindred.2 The mutational mechanism
was confirmed by the discovery of a de novo SNCA
triplication in a Swedish-American family, in which
affected individuals present with autosomal-dominant
early-onset parkinsonism.3 Functional analysis of brain
mRNA and soluble protein concentrations in SNCA
triplication families highlights a relation between
SNCA genomic dosage, wild-type �-synuclein
expression, and familial Parkinson’s disease.3

SNCA genomic multiplication has been assessed in
nine French families with autosomal dominant
parkinsonism. The probands were originally identified
in 1993 as part of the Parkfanord research programme,
and clinical and genetic studies of their extended
families have been pursued over the past decade.4

Affected individuals had two or more of the cardinal
signs of Parkinson’s disease, including akinesia,
resting tremor, and rigidity with asymmetry.
Individuals with parkinsonism in whom levodopa was
given, were responsive to the treatment. Additional
signs of movement or memory disorder have been
assessed, including postural instability, postural
tremor, dystonia, and dementia.4 Blood was taken after
written informed consent was obtained. The
Institutional Review Board of Lille University approved
the programme.

We did quantitative genomic analysis of eleven
multiallelic repeat markers within and flanking the
SNCA locus (Acc# AF1633864). Semiquantitative PCR
was undertaken inside the log-linear amplification
range: 18–23 cycles with multiplex panels of three
markers or more spanning the SNCA locus. The ratio
of integrated peak areas was standardised with an
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Genomic triplication of the �-synuclein gene (SNCA) has been reported to cause hereditary early-onset parkinsonism

with dementia. These findings prompted us to screen for multiplication of the SNCA locus in nine families in whom

parkinsonism segregates as an autosomal dominant trait. One kindred was identified with SNCA duplication by

semiquantitative PCR and confirmed by fluorescent in-situ hybridisation analysis in peripheral leucocytes. By contrast

with SNCA triplication families, the clinical phenotype of SNCA duplication closely resembles idiopathic Parkinson’s

disease, which has a late age-of-onset, progresses slowly, and in which neither cognitive decline nor dementia are

prominent. These findings suggest a direct relation between SNCA gene dosage and disease progression.
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Figure: Semiquantitative SNCA microsatellite markers (A) and interphase and
metaphase FISH of PAC27M07 (B)
A: Representative chromatograms for one marker flanking SNCA, D4S2460, and
two markers between exons 4 and 5 (SNCA73K and SNCA77K). Allele sizes
indicated in bp and integrated peak areas, normalised to larger allele, shown
beneath. All three markers clearly show triplicated allele in Iowa patient, and
duplicated allele in French patient with SNCA duplication. Additional
chromatograms with allele sizes unique to each family are available on request.
B: FISH analysis of interphase and metaphase chromosomes from peripheral blood
and immortalised leucocytes, hybridised with PAC27M07 (112 kb) containing 
�-synuclein gene. Nuclear DNA is counterstained with 4�, 6 diamidine-2-
phenylindole (DAPI) (blue) and probe with fluorescent isothiocyanate (green).
Three signals are clearly distinguishable within interphase nuclear DNA. However,
on metaphase, tight apposition of chromosome 4 chromatids precludes resolution
of three distinct signals.
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internal diploid PCR control and compared with
diploid patients to quantify the allele copy number. We
used a sample with SNCA triplication as a positive
control. We used standard methods for fluorescent in-
situ hybridization (FISH), to confirm evidence for
SNCA multiplication. SNCA PAC27M07 DNA was
labeled as a FISH probe by nick-translation with
Spectrum green 11-dUTP (Vysis, Abbott, Rungis,
France). 

Only one of the nine French families examined with
newly developed semiquantitative PCR methods,
kindred P59, was identified with SNCA genomic
multiplication. DNA samples available from four
affected family members, within two generations,
showed a 50% rise in SNCA dosage (figure). The father,
now deceased, also had SNCA duplication since his
offspring (the proband and two sisters) inherited the
same chromosome 4q21-23 allele, identical-by-descent,
in common with their paternal aunt. The SNCA locus
in this family was not previously excluded by marker
segregation/linkage analysis, and sequencing of SNCA
was normal.4 Allele sizes within the SNCA duplication
are different from those previously identified in SNCA
triplication families, which is indicative of a de novo
mechanism for this genomic rearrangement.
Semiquantitative PCR results have been confirmed by
FISH analysis in two sisters, from whom Epstein-Barr-
Virus-transformed lymphoblastoid cell lines were
available (figure).

Only retrospective clinical information could be
obtained for the affected father (table), but a
neurologist regularly examined the other patients.
Their presentation and clinical course is similar to
idiopathic Parkinson’s disease (mean age onset 48·4,
SD 10·5, range 39–65 years, n=5). Among five family
members diagnosed with parkinsonism, three have
received levodopa therapy with benefit (father,
proband, sister 1). By contrast with disease within

SNCA triplication families, cognitive decline and
dementia were neither prominent nor an early feature
of disease progression. Disease duration was 17
(SD 7·2) years and age at death ranged from 57 to
84 years (n=3). The patient with the earliest onset had
the mildest course and longest survival. Two patients
were also treated for depression (proband and sister 1),
a symptom noted in previous generations. 

French family P59 is an example of SNCA
duplication resulting in familial parkinsonism with a
clinical phenotype that closely parallels typical
idiopathic Parkinson’s disease. Although brain tissue
was not available to assess �-synuclein gene and
protein expression, and the number of affected
patients is small (n=5), comparison of SNCA
duplication and triplication families could still be
informative. The mean age of onset in the French
family with SNCA duplication was 48·4 (SD 10·5)
years, more than a decade later than that observed in
the Iowa family, 36 (8·2, n=8), with SNCA triplication.
Duration between disease onset and death in the
affected individuals was also substantially longer in the
French family than in the Iowa kindred (17 [SD 7·2]
years vs 8·4 [3·7]). Neither cognitive decline nor
dementia was a prominent or early feature of disease
progression in SNCA duplication, by contrast with
SNCA triplication. Comorbid depression was a
problematic non-motor symptom in those with SNCA
multiplication and a common feature of many patients
with idiopathic Parkinson’s disease. Thus the origin of
SNCA genomic multiplications is de novo since the
duplication and triplication families have different
allele sizes, a finding that suggests intrinsic instability
in the 4q21-23 region.

There has long been contention as to whether
Parkinson’s disease, dementia with Lewy bodies, and
Parkinson’s disease with dementia represent a
continuum of one disorder or are distinct disorders.
Paradoxically, our data in SNCA multiplication families
with genomic duplication or triplication, provide a
unifying hypothesis since overexpression of a single
gene could lead to both parkinsonism and dementia
phenotypes. The relation of SNCA dosage with onset,
progression, and severity of Parkinson’s disease and
dementia with Lewy bodies is in agreement with
population genetic studies suggesting that genetic
variability within the �-synuclein promoter is a risk
factor for idiopathic Parkinson’s disease.5
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Relationship to proband

Father Aunt Proband Sister 1 Sister 2

Age (years) 62 at death 84 at death 57 at death 56 51
Age at onset (years) 39 65 48 40 50
Disease duration (years) 23 19 9 16 ··
Cause of death Septicaemia Heart attack Suicide NA NA
Initial symptom ·· ·· Bradykinesia Resting tremor Bradykinesia
Bradykinesia + + +++ ++++ +
Rigidity +++ ·· +++ +++ +
Resting tremor + + +++ +++ –
Postural instability + + – + –
Asymmetric onset + ·· + + +
Postural tremor – + + (adolescence) + –
UPDRS ·· ·· 55/108 86/108 5/108
Levodopa response + Not tried + + Not tried
SNCA duplication (PCR) NA + + + +
FISH confirmation NA NA NA + +

–=not present; +=mild; +++=marked; ++++=severe. NA=not applicable

Table: Clinical characteristics of patients from family P59 with SNCA duplication
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Parkinson’s disease is a common disorder caused by
neuronal loss, mainly affecting dopaminergic neurons
of the substantia nigra. Studies of familial forms of the
disease have identified a growing number of loci and
genes that are accountable.1 The �-synuclein gene
(SNCA) has been implicated in rare autosomal
dominant forms of Parkinson’s disease because of
either mis-sense mutations or gene triplications
associated with severe disease progression and atypical
physical signs, indicative of neurodegeneration
extending beyond the substantia nigra.2–4 To determine
whether simple duplications of SNCA might cause a
subset of familial forms of Parkinson’s disease, we
screened a total of 119 index patients.

Patients were recruited according to the following
inclusion criteria: presence of at least two of the
parkinsonian triad of signs (bradykinesia, rigidity, rest
tremor), and at least 30% improvement after levodopa
treatment, evaluated according to the unified
Parkinson’s disease rating scale (UPDRS); absence of
atypical features (extensor plantar reflex,
ophthalmoplegia, cerebellar signs, early dementia, or
early autonomic failure); and family history compatible
with dominant inheritance (ie, at least two affected
individuals in two successive generations).

Dosage of SNCA was assessed by semiquantitative
multiplex PCR. Exons 3 and 4 of this gene were
amplified in conjunction with exon 4 of the parkin
gene (not shown) and a 236 bp sequence of the

transthyretin gene (TTR236) as normalisation controls,
in at least two independent tetraplex PCR. PCR
products were analysed, after 23 cycles of amplification
(linear phase for each fragment) and migration on an
ABI377 or ABI3100 automated sequencer, with the
Genscan 3.1.2 and Genotyper 1.1.1 software (details on
request). The ratio between peak heights of exons 3
and 4 of the SNCA gene and the parkin and
transthyretin fragments were calculated for each
individual. These peak height ratios were compared
with those obtained in controls. Three copies of the
SNCA gene were amplified in patients with
duplications compared with two in controls for a ratio
of 1·5. For dosage of the SNCA gene, as for other
genes (eg, parkin), a ratio of 1·3 to 1·7 between the
peak height values normalised to controls was deemed
indicative of heterozygous duplication.

Genetic analyses revealed normal peak height ratios
in 115 patients and heterozygous duplications in two,
and were inconclusive in two. The two samples with
duplications were further validated with newly
developed microsatellite markers located in introns 2,
3, and 5 (data not shown; details on request); and
D4S2458, NACP-Rep1, and D4S2304 microsatellite
markers flanking SNCA (figure). Analysis of the
microsatellite markers showed that patients had
different sets of alleles, suggesting that the mutation
was not inherited from a common ancestor. The
minimum duplicated region extended from
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The �-synuclein gene (SNCA) has been implicated in autosomal dominant forms of Parkinson’s disease. We

screened 119 individuals from families with this rare form of the disease for SNCA duplications by

semiquantitative multiplex PCR. Two patients had duplications, which were confirmed by analysis of intragenic

and flanking microsatellite markers. The phenotype in both patients was indistinguishable from idiopathic

Parkinson’s disease and no atypical features were present, by contrast with reports of families with triplication of

the same gene. These results indicate that SNCA is more frequently associated with familial Parkinson’s disease

than previously thought, and that there is a clear dosage effect according to the number of supernumerary copies

of this gene.
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