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Parkinson's disease (PD) is a progressive neurodegenerative dis-
ease with an average onset around 65 years of age. Onset before 
age 50 is considered early-onset PD (EOPD), and about 15% of 
patients have hereditary or familial PD (FPD). Several genes are 
known to cause monogenic PD; however, ~90% of patients re-
main undiagnosed, even in FPD and EOPD. The motor and non-
motor symptoms, as well as molecular pathways of PD, show 
overlap with other neurological disorders. The cerebellar ataxia, 
neuropathy, and vestibular areflexia syndrome (CANVAS) is 
an autosomal recessive (AR) late-onset neurodegenerative dis-
order that is, in most cases, caused by biallelic (AAGGG)exp 
in the RFC1 gene; although, compound heterozygosity with 
pathogenic single nucleotide variants has also been reported [1]. 
Recent studies show only two-thirds of patients present with the 
complete CANVAS phenotype and that biallelic (AAGGG)exp 
may be present in patients suspected of having other disorders. 
Indeed, biallelic (AAGGG)exp was identified in patients with 
medicated parkinsonism and EOPD [2, 3] in the Finnish popu-
lation, and also, much more rarely, even in sporadic PD patients 
[4]. Therefore, it appears that biallelic (AAGGG)exp may repre-
sent a rare cause of PD with no or minimal additional clinical 
signs of CANVAS, and thus determining the prevalence of RFC1 
expansions in FPD is of particular interest in the field of PD 
genetics.

We tested 135 patients with FPD (66, 48.9%) and/or EOPD 
(69, 51.1%) who were part of a previously established cohort 
and provided written informed consent for genetic testing [5]. 
All were negative for monogenic PD by exome sequencing 

(ES) and MLPA testing [5]. CANVAS testing was performed 
by using a two-step fragment analysis PCR and ES testing 
approach, recently developed to facilitate routine CANVAS 
testing [6].

In our EOPD and FPD cohort, we found biallelic (AAGGG)exp in 
RFC1 in 2/135 patients (1.5%) (Table 1).

Both positive patients had EOPD, with one patient reporting a 
relative with EOPD. Similarly to recent studies, our PD patients 
did not present with additional distinct CANVAS presentations 
[2, 3].

We additionally found four heterozygous pathogenic expansion 
carriers (Table 1, 4/135, 2.6%), in whom no pathogenic SNV in 
RFC1 was identified; therefore, in whom the heterozygous state 
does not currently explain the clinical phenotype.

Previous Finnish population study reports the prevalence of 
biallelic (AAGGG)exp in patients with EOPD and medicated 
parkinsonism to be between 1.1% and 1.9% [2, 3], which is sim-
ilar to our observation of 1.5%. Interestingly, recent research on 
sporadic PD patients from the Parkinson's Progression Markers 
Initiative study found the estimated frequency of biallelic patho-
genic RFC1 expansions in PD to be 0.43% [4].

While the original research of CANVAS suggested the allelic 
frequency of the (AAGGG)exp to be between 0.7% and 4.0% in 
different populations, Finnish researchers found an estimated 
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allele frequency of 0.5% [2, 3] in their general population. 
Interestingly, in the Parkinson's Progression Markers Initiative 
study, which used short-read sequencing analysis for RFC1 bi-
allelic expansion screening and long-read sequencing using 
Oxford Nanopore Technology for validation, no carriers were 
identified among the controls [4]. This suggests that perhaps the 
short-read screening and long-read sequencing confirmation 
approach may underestimate the true prevalence of the patho-
genic (AAGGG)exp in carrier and biallelic states, while the orig-
inal research has perhaps initially overestimated the prevalence 
of the (AAGGG)exp. This highlights both the potential genetic 
heterogeneity of the expansion across different populations and 
the difficulties and discrepancies associated with existing labo-
ratory methods of detection.

While the mechanisms of pathogenicity remain to be explained, 
G-quadruplex-mediated toxicity has also been suggested to play 
a role independently of the loss-of-function mechanism of RFC1. 
The disease mechanisms in PD remain to be determined, in 
particular whether, in addition to the RFC1 expansion, similar 
pathogenic expansions will be identified in PD-associated genes 
with AR inheritance in the future and whether such discover-
ies will help explain the missing genetic contribution in FPD 
and EOPD.

Indeed, in our well-characterized FPD and EOPD cohort, the 
pathogenic biallelic RFC1 expansion was more common than 
previously identified compound heterozygous PARK2 patho-
genic variants [5], suggesting RFC1 expansion testing is merited 
in FPD and EOPD patients alike.

The results of our study represent an independent confir-
mation that pathogenic biallelic RFC1 expansions contrib-
ute to the genetic etiology of PD and can be found in FPD 
and EOPD with a frequency similar to that of established 
AR PD genes. While currently RFC1-positive PD is not 
clearly distinguishable from RFC1-negative PD, such ge-
netic background may play a role in future therapies or other 
interventions.
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