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We present the case of a 46-year-old woman with gradually progressive ataxia, parkinsonism,
and neuropathy. Symptoms started at age 29 years with speech impairment and difficulty
walking. At presentation, she had mild midline ataxia and dysarthria. Left hand rest tremor
began at age 33 years. Over the next decade, she developed parkinsonism and lower ex-
tremity weakness, which was more prominent than ataxia (Videos 1 and 2 ). Her parkin-
sonism was responsive to levodopa, and over time, she developed motor fluctuations. She
also developed urinary retention and constipation. Medical history was otherwise notable for
lumbar radiculopathy, ankylosing spondylitis, elevated anti-nuclear antibodies, migraine,
and depression. Current examination reveals appendicular and gait ataxia, dysarthria, par-
kinsonism (left predominant), bilateral hip flexor weakness and foot drop, length-dependent
decrease in pinprick sensation, and hyperreflexia (bilateral Babinski and jaw jerk reflexes).
She is adopted and has 2 healthy teenaged sons. She is apparently of European descent but
does not know her family history.

On initial workup, very long chain fatty acids and vitamin E were normal, and human T-
lymphotropic virus type I and II testing was negative. Electromyogram/nerve conduction study
showed sensorimotor demyelinating neuropathy. MRI of the brain (Figure) showed no cere-
bellar atrophy or white matter abnormalities. I-123 ioflupane SPECT imaging showed de-
creased reuptake in the basal ganglia bilaterally. A spinocerebellar ataxia (SCA) trinucleotide
repeat panel showed long-normal repeats (31 and 32) in the ATXN2 gene encoding ataxin-2.
An ataxia exome panel was unremarkable; later testing showed a heterozygous intronic
AAGGG repeat expansion (115 repeats) of the RFC-1 gene encoding replication factor C
subunit 1. Whole-exome sequencing identified a known pathogenic variant in the VCP gene
encoding valosin-containing protein (heterozygous p.R159C c.475C>T). There was no evi-
dence of myopathy or Paget disease of bone (PDB).

Valosin-containing protein (VCP) is a ubiquitous enzyme that catalyzes the decomposition of
adenosine triphosphate (ATP) into adenosine diphosephate, that is involved in multiple cel-
lular processes including protein degradation. The R159C variant is associated with autosomal
dominant inheritance but variable neurodegenerative phenotypes within and between kin-
dreds; the most common being a combination of inclusion body myopathy and frontotemporal
dementia (FTD) with onset around 50–60 years,1 but Parkinson disease,2 spastic paraplegia,
and PDB have also been reported. Of interest, 1 individual in an R159C kindred (genotype
unknown) was initially diagnosed with spinocerebellar degeneration,3 but we are not aware of
other reports of ataxia. Classically, pathogenic variants in VCP have been associated with a
combination of myopathy, PDB, and FTD, but these phenotypes have been reported in-
dividually as well as in combination with amyotrophic lateral sclerosis (ALS), Parkinson, and
Charcot-Marie-Tooth.1,2 Penetrance is not well defined because of variability in age at onset.
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Pathogenic expansions of CAG repeats in the ATXN2 gene
are associated with a variety of neurodegenerative phenotypes
that segregate with trinucleotide repeat size.4 Repeats ≥33
cause autosomal dominant SCA type 2 (SCA2) with a range
of neurodegenerative phenotypes including progressive cer-
ebellar dysfunction, slowed saccades, pyramidal dysfunction,
neuronopathy and peripheral neuropathy, as well as levodopa-
responsive parkinsonism. Long-normal CAG repeats (30–33
repeats) have been associated with an increased risk of ALS,5

as well as progressive supranuclear palsy (30–32 repeats)6 and
multiple system atrophy (29–31 repeats).7 Autosomal re-
cessive pattern of inheritance has been reported in a Japanese
woman with two 31-repeat alleles who developed SCA2 at age
80 years.8

Cerebellar ataxia with neuropathy and vestibular areflexia
syndrome causes late-onset disease and was recently shown
to be associated with biallelic intronic repeat expansions in
RFC-1. Heterozygous expansions are overrepresented in
patients with undiagnosed ataxia compared with control
populations.9

In summary, our patient’s phenotype of parkinsonism,
cerebellar ataxia, and neuropathy is most similar to that
seen in SCA2. Furthermore, a SCA2 phenotype has been
reported in association with long-normal CAG expansions
in ATXN28 but at a much later age at onset. Parkinsonism
is well described in VCP variants; however, the VCP
R159C variant alone does not explain her ataxic symp-
toms.1 Our patient’s heterozygous intronic AAGGG repeat
expansion in RFC-1 does not explain her age at onset or
parkinsonism.9 We speculate that the phenotype of her
long-normal ATXN2 expansions has been modified by her
pathogenic VCP variant and heterozygous expansion in
RFC-1. Although no direct interactions between any of
these proteins have been reported,10 VCP and ataxin-2
protein mutations are strongly associated with pathologic
accumulation of TDP-43.1-3,5-7 It is important to counsel

our patient that she could still develop typical symptoms of
her VCP variant (myopathy, PDB, and FTD) as the disease
progresses. This combination of a VCP variant, long-
normal biallelic CAG repeats in ATXN2, and heterozygous
intronic AAGGG repeat expansion in RFC-1 has not been
reported previously. This case illustrates the potential for
interactions between genes associated with neuro-
degeneration and their role in the pathogenesis of new
phenotypes.
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Figure MRI of the Brain Without Contrast 11 Years After Symptom Onset

(A) Sagittal and (B) axial T2 fluid attenuated in-
version recovery sequence. An incidental arach-
noid cyst is present (right of midline). There is
minimal cerebellar atrophy.
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