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ABSTRACT: Background: A large hexanucleotide repeat expansion in C9orf72 has been identified as the most common genetic cause
in familial amyotrophic lateral sclerosis and frontotemporal dementia. Rapid Eye Movement Sleep Behavior Disorder (RBD) is a sleep
disorder that has been strongly linked to synuclein-mediated neurodegeneration. The aim of this study was to evaluate the role of the
C9orf72 expansions in the pathogenesis of RBD. Methods: We amplified the C9orf72 repeat expansion in 344 patients with RBD by a
repeat-primed polymerase chain reaction assay. Results: We identified two RBD patients carrying the C9orf72 repeat expansion. Most
interestingly, these patients have the same C9orf72 associated-risk haplotype identified in 9p21-linked amyotrophic lateral sclerosis and
frontotemporal dementia families. Conclusions: Our study enlarges the phenotypic spectrum associated with the C9orf72 hexanucleotide
repeat expansions and suggests that, although rare, this expansion may play a role in the pathogenesis of RBD.

RÉSUMÉ: Expansion des répétitions de C9orf72 dans le trouble des conduites du sommeil paradoxal. Contexte: Une importante expansion de la
répétition de l’hexanucléotide C9orf72 a été identifiée comme la cause génétique la plus fréquente de la sclérose latérale amyotrophique familiale et de la
démence fronto-temporale. Le trouble des conduites du sommeil paradoxal est un trouble du sommeil qui a été fortement associé à une
neurodégénérescence médiée par la synucléine. L’objectif de cette étude était d’évaluer le rôle des expansions de C9orf72 dans la pathogénie des
troubles du sommeil paradoxal. Méthodes: Nous avons amplifié l’expansion des répétitions de C9orf72 chez 344 patients atteints de troubles du sommeil
paradoxal au moyen d’une réaction en chaîne de la polymérase amorcée par la répétition. Résultats: Nous avons identifié deux patients atteints de troubles
du sommeil paradoxal porteurs de l’expansion des répétitions de C9orf72. Il a été extrêmement intéressant de constater que ces patients présentaient le
même haplotype de risque associé à C9orf72 dans les familles atteintes de sclérose latérale amyotrophique et de démence fronto-temporale liées à 9p21.
Conclusions: Notre étude élargit le spectre des phénotypes associés à l’expansion des répétitions de l’hexanucléotide C9orf72 et suggère que, bien que rare,
cette expansion pourrait jouer un rôle dans la pathogénie des troubles du sommeil paradoxal.
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Rapid eye movement (REM) sleep behavior disorder (RBD) is
a sleep disorder which primarily involves loss of muscle atonia
during REM sleep, leading to dream enactment behaviour (i.e.
patients move in response to the content of their dreams).1
Although RBD is not life threatening, recent studies indicate that
it is a well-established risk factor for neurodegenerative disease.2
Indeed, studies from sleep centres revealed that 40-65% of
patients with idiopathic RBD will develop a neurodegenerative
disease over a period of 10 years. In the large majority of cases this
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will be a synucleinopathy (Parkinson’s disease (PD), Dementia
with Lewy Bodies (DLB) or Multiple System Atrophy (MSA)).3
A recent case report also described an individual diagnosed with
frontotemporal dementia (FTD) three years after he started to
complain of sleep disturbance that polysomnography examinations revealed to be RBD.4
Recently, a non-coding hexanucleotide repeat expansion in the
C9orf72 gene has been identified as the most common genetic
cause of familial amyotrophic lateral sclerosis (FALS) and
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FTD.5,6 A recent study estimated that 37.6% of FALS patients and
25.1% of familial FTD patients carry the C9orf72 expansion,
respectively.7 The pathogenic expansion was found to be nonpenetrant in individuals younger than 35 years, 50% penetrant by
58 years, and almost fully penetrant by 80 years. However, large
expansions (>400 repeats) were recently found in 0.15% of
controls from the United Kingdom, suggesting that the penetrance
may be incomplete on a population scale.8 Given the presence of
common pathological features between ALS, FTD and other
neurodegenerative diseases, such as ubiquitinated TDP-43
positive inclusion bodies in the central nervous system,9,10 the
C9orf72 repeat expansion has since been tested in a panel of
neurodegenerative diseases which revealed a wide phenotypic
spectrum in the expansion carriers.11-15
Taken together and, given the clinical and pathological link
between ALS/FTD and PD and the link between RBD and PD, we
conducted a genetic screen of the C9orf72 hexanucleotide repeat
expansion in a cohort of RBD patients to investigate its potential
role in the pathogenesis of RBD.
METHODS
A total of 344 patients with RBD were enrolled in this study.
Clinical characteristics of these patients are summarised in
Table 1. Rapid eye movement sleep behavior disorder patients
were recruited through an international consortium. All cases
were seen by a neurologist specialized in sleep disorders and
diagnosed with definite RBD according to the International
Classification of Sleep Disorder criteria (ICSD-2). Written
informed consent was given by all participants and the study was
approved by the ethics and review boards of the participating
institutions. The analysis of the C9orf72 hexanucleotide repeat
expansion was performed by repeat-primed polymerase chain
reaction (RP-PCR) and complemented by a fluorescent fragment
length analysis as previously described.5 Alleles with more than
30 repeats were considered to be expanded.
RESULTS
Genetic screening of our cohort of 344 RBD patients revealed
two carriers of the C9orf72 hexanucleotide repeat expansion
(Figure 1). Fluorescent fragment length analysis of the C9orf72

Table 1: Clinical characteristics of our cohort of RBD
patients.
Clinical data

Total affected (N = 344)

Ethnicity
Caucasian

267 (77.6%)

Japanese

77 (22.4%)

Gender
Male

271 (78.7%)

Female

73 (21.3%)

Age at RBD symptom onset (years)

59.9 (15-82)

Age at RBD diagnosis

66.1 (34-86)

The average and range (minimum-maximum) is given for age at symptoms
onset and age at diagnosis.
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repeat region in these two patients further confirmed the amplification of one non-expanded allele in each of them (Figure 1).
Moreover, 24 single-nucleotide polymorphisms (SNP) defining
the C9orf72 associated-risk haplotype16 and observed in 9p21linked ALS and FTD pedigrees were genotyped in these two
patients and revealed the same disease risk haplotype observed in
several populations (data not shown).
The first patient is a 65 year old man with no family history of
RBD or neurodegenerative diseases. He developed symptoms
of idiopathic PD at the age of 45, with excellent response to
dopaminergic therapy. He eventually had successful deep brain
stimulation for levodopa fluctuations. He developed symptoms of
RBD at the age of 58, which was confirmed on polysomnography
at age 60. He has no signs of cognitive impairment and is currently
being treated with ropinirole. The second patient is a 69 year old
man who developed symptoms of RBD at the age of 65. This was
confirmed on polysomnogram three years later. He has subsequently been documented to have hyposmia (a predictor of
synuclein-mediated neurodegeneration in RBD.17 He had noted
subjective cognitive impairment but formal neuropychological
testing, including frontal executive function, was normal. Magnetic
Resonance Imaging was normal. He later developed symptoms of
bradykinesia without clear rigidity or rest tremor. Response to trials
of piribedil and levodopa was equivocal.

DISCUSSION
In this study, we performed a genetic analysis of the C9orf72
hexanucleotide repeat expansion in a cohort of patients with RBD
recruited through an international consortium including many of
the leading RBD research groups across the world. Two patients
with definite RBD were found to carry the repeat expansion.
Moreover, analysis of 24 SNPs corresponding to the C9orf72
associated-risk haplotype revealed the same common haplotype
observed in several populations, further suggesting that this
mutation derived from a single ancestor.
The diagnosis of PD was made in one case and the second
eventually developed equivocal signs of parkinsonism, with a
clear diagnosis not yet established. Although there are reports of
RBD occurring in a broad array of neurological conditions,1 RBD
is considered to be a very strong sign of a synuclein-mediated
neurodegenerative process. A very recent autopsy study concluded that 80 of 82 neurodegenerative disease patients with
polysomnogram (PSG)-proven RBD had synuclein deposition on
autopsy. In the total cohort of 172 patients (i.e. including non-PSG
confirmed cases), none had a primary diagnosis of frontotemporal
dementia and none had deposition of TDP-43.18 Among our two
patients, one had very strong clinical evidence of synucleinopathy
(particularly with levodopa fluctuations and positive response to
deep brain stimulation), whereas the second patient's clinical
diagnosis had not yet become clear (although the hyposmia and
equivocal parkinsonism provided additional evidence for neurodegenerative synucleinopathy). Therefore, our study suggests that
C9orf72 mutations can occur in clinical synucleinopathies,
including RBD. Recent studies of the C9orf72 expansions in
cohorts of PD patients across several populations revealed no
major role in PD pathogenesis.19-21 In addition, evidence is sparse
for the contribution of C9orf72 expansions in DLB although this
expansion was recently identified in 2 out of 102 patients who
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Figure 1: C9orf72 hexanucleotide repeat expansion analysis in RBD patients using the GeneMapper software (Applied Biosystems,
Carlsbad, CA, USA). Repeat-primed PCR fragment revealed the expanded pattern with a 6 base pair periodicity in patients 1 and 2
compared to the pattern observed in the unaffected individual (a-c, left). Fluorescent fragment length analysis of a PCR fragment
containing the C9orf72 repeat expansion showed the amplification of one non-expanded (wild-type) allele in patients 1 and 2 and two wildtype alleles in the unaffected individual with no C9orf72 expansion (a-c, right).

fulfilled the criteria for probable DLB (although diagnosis was not
confirmed pathologically).22
Since both patients in this study are Caucasians and both had
developed symptoms of neurodegenerative disease, one question
arises from this observation: can the C9orf72 repeat expansion be
considered as pathologically linked to RBD or it is in fact an
underlying genetic cause of the more severe neurodegenerative
subgroup of patients? The simplest way to answer this question
would be to analyze a larger cohort of patients, including those
who have had longstanding RBD without progression to other
neurodegenerative diseases. Such a comparison will allow direct
assessments of the role of C9orf72 mutations in prediction
of outcome. Moreover, the C9orf72 expansion appears to be much
more frequent in Caucasian ALS patients (37.6% in FALS)
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compared to the Japanese ALS population (3.4% in FALS).23
Consequently, the combination of Japanese and Caucasian RBD
patients in this study could have led to an underestimation of the
C9orf72 expansion frequency in the Caucasian subjects or its
overestimation in the Japanese subjects.
We cannot exclude that the co-occurrence of PD or DLB with
RBD in the same patient could be coincidental but, given the low
prevalence of these conditions in the general population and the
fact that RBD is strongly linked to synucleinopathies, a causal
relationship between these conditions is supported.
The examination of a genetic defect originally linked to
ALS and FTD in a cohort of RBD cases, a disease strongly linked
to synucleinopathy, suggests common pathways involved
in several neurodegenerative disorders.24 Interestingly, a recent
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study showed an association between RBD and familial
ALS in two siblings with a p.L84F missense mutation in the
SOD1 gene.25
In summary, we report here two patients with a clinical diagnosis of RBD carrying the C9orf72 repeat expansion. To the best
of our knowledge, this is the first report of a potential genetic risk
factor for RBD. Despite their novelty, our results have to be
interpreted with caution and will need to be independently replicated by other groups to firmly confirm a causative role of the
C9orf72 repeat expansion in the pathogenesis of RBD.
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