RFC1-related ataxia is a mimic
of early multiple system atrophy

INTRODUCTION

Multiple systems atrophy (MSA) is a rare
neurodegenerative disorder combining
varying presentations of cerebellar
impairment, parkinsonism and auto-
nomic dysfunction that relies on patho-
logical examination for a definitive
diagnosis.' > The second consensus diag-
nostic criteria (SCDC) subdivide patients
into two groups based on a predomi-
nance of either parkinsonism (MSA-P) or
cerebellar impairment (MSA-C).” MSA is
frequently misdiagnosed, especially early
in the disease course, with only 60% of
possible and probable MSA meeting the
pathological criteria.?

A recessive intronic expansion in repli-
cation factor C subunit 1 (RFC1) has
been found to be a cause of late-onset
ataxia and cerebellar ataxia, neurop-
athy and vestibular areflexia syndrome
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(CANVAS),* Due to the overlapping
clinical features of MSA and CANVAS,
we hypothesised that the recessive RFC1
expansion may be implicated in patients
that atypically fit the diagnostic criteria
for MSA. Here, we present three cases
with biallelic RFC1 expansions: two clin-
ically diagnosed with ‘probable’ MSA
and one with ‘probable’ based on the
SCDC for MSA.?

METHODS

Samples

We enrolled 207 patients with ‘possible’
and ‘probable’ MSA, from the National
Hospital for Neurology and Neurosur-
gery (NHNN). MSA diagnosis based on
the SCDC for MSA.?

Genetic testing

Genomic DNA was extracted from blood
and investigated under approval of the
joint ethics committee of the UCL Insti-
tute of Neurology and The NHNN,
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London, UK (UCLH: 04/N034). Flanking
PCR, repeat-primed PCR and Southern
blot were performed on all samples as
previously described” (figure 1A).

RESULTS

Three patients had biallelic RFC1 expan-
sions, as defined by no amplifiable
product on PCR, and a positive repeat
primed PCR for AAGGG,, (figure 1A,B).
The allelic frequencies in clinical MSA
cases were 1.7% (n=7) for pathogenic
AAGGG(n), 2.4% (n=10) for AAAGG(H),
11.4% (n=47) for AAAAG  and 82.8%
(n=343) for AAAAG, (figure 1D).
Southern blotting revealed two large
expansions, sized at 9434 kb (887 repeat
units) and 12477 kb (1495 repeat units)
in patient 1 (figure 1C) and 11244kb
(1249 repeat units) in patient 2, corre-
sponding to the two expanded alleles;
both patients were initially diagnosed
with ‘possible’ MSA. There was insuffi-
cient DNA to perform a Southern blot
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Clinical presentation of affected patients. (A) Workflow of RFCT screen; clinical screening of cohort leads to sample gDNA undergoing flanking

PCR and those with no amplifiable product and potential carriers are taken forward for RPPCR. Samples with a positive RPPCR trace (hallmark sawtooth
pattern) are then Southern blotted, confirming size of expansion. (B) CANVAS RPPCR positive fragment analysis traces for patients 1, 2 and 3 and a
positive CANVAS and negative control. (C) Southern blot results with size of bands indicated; 12 477 and 9434 bp for patient 1 which encompass 953

and 1541 repeat units, 11 244 bp for patient 2 (1315 repeat units) (black dashed lines), 11 244 bp for positive CANVAS control and 5000 bp for negative
control. (D) Allelic carrier frequency of different allelic combinations in clinical MSA cohort. Known pathogenic conformation AAGGG/AAGGG underlined.
(E) Neuroimaging of patient 1 at age 66 years. (i) MRI head T2 FLAIR axial sequence showed minimal changes in basal ganglia, (i) DaTscan showed
asymmetrical reduction in putaminal dopamine transporter uptake (black arrow), (iii) MRI head T2 axial sequence showed pontine and middle cerebellar
peduncle atrophy without "hot cross bun’ sign and (iv) MRI head T1 sagittal sequence shows cerebellar and medulla atrophy. (F) Neuroimaging of patient
2 at age 65 years. (i) MRI head T2 FLAIR axial sequence showed normal pontine appearance, (ii) MRI head T1 sagittal sequence showed no evidence of
cerebellar or brainstem atrophy and (iii) MRI head T2 FLAIR axial sequence showed normal appearance of basal ganglia. (G) Neuroimaging of patient 3 at
age 56 years. (i) MRI head T2 axial sequence showed symmetrical diminution of lentiform nuclei with subtle hyperintensity along dorsolateral aspect of the
putamen, (ii) MRI T2 axial sequence showing ‘hot cross bun’ sign and (jii) MRI T1 axial sequence showed pontine and cerebellar atrophy. (H) NCS showed
sensory neuronopathy with normal motor studies and mild distal denervation on EMG while for patient 1 and patient 2 showed sensory neuronopathy with
normal motor studies. Patient 3 was normal. (11), wild type conformation; bp, base pairs; CANVAS, cerebellar ataxia, neuropathy and vestibular areflexia
syndrome; CMAP, compound motor action potential; DML, distal motor latency; EMG, electromyography; gDNA, genomic DNA; MCV, motor conduction
velocity; MSA, multiple systems atrophy; MUP, motor unit potentials; N, normal; (n), expanded conformation; NCS, nerve conduction study; RBD, REM sleep
behaviour disorder; REM, rapid eye movement; RPPCR, repeat primed PCR; SAP, sensory action potential; TP, tibialis posterior.
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for patient 3, initially diagnosed with
‘probable” MSA.

Case studies

Patient 1 has possible MSA: symptom
onset at 62 years old, autonomic tests
within 3 years of disease onset showed
mild cardiovascular autonomic dysfunc-
tion, levodopa non-responsive parkin-
sonism and a cerebellar syndrome (online
supplemental video 1). He progressed to
wheelchair use at 67 years, complicated by
neurogenic bladder and presyncope. He
had no preceding chronic cough or pins
and needles. His brother also had ataxia,
attributed to alcohol abuse and died at
62 years old. Examination at 69 years old
revealed a combination of parkinsonism
and cerebellar ataxia with orthostatic
blood pressure drop >30/15mm Hg.
His strength was retained but reflexes
were brisk with absent ankle jerks and
absent plantar response. Pinprick was
absent throughout with asymmetrical
impairment of vibration to trunk and
reduced proprioception distally in the
lower limbs. Neuro-otological review
showed no vestibular areflexia. Routine
investigations for ataxia and genetic tests
(SCA 1, 2, 3, 6, 7, 12, 17, FRDA and
whole exome sequencing) were negative.
Figure 1E and H show his MRI head,
DaTscan and nerve conduction study
(NSQ).

Patient 2  has possible MSA:
symptom onset at 62 years old, ortho-
static decrease of blood pressures was
<30mm/15 mm Hg with symptoms of
unexplained bladder urgency, levodopa
non-responsive parkinsonism and a cere-
bellar syndrome (online supplemental
video 2). Her initial symptoms were
postural dizziness, gait imbalance and
cough with rapid decline developing
dysphagia, dysarthria and mild neuro-
genic bladder over 2 years. Family history
was not contributory. On examination at
age 66, she had a stooped posture and
narrow-based gait with loss of bilateral
arm swing. VORs were impaired on
bedside testing. In additional to cere-
bellar ataxia, finger tapping was slow
and showed decrements with interrup-
tions. Her overall strength was preserved
with absent plantar reflex. Her other
reflexes were symmetrical and brisk.
Sensory examination revealed loss of
vibration to ankles and absent pinprick
sensation in lower limbs and distal upper
limbs. Routine investigations for ataxia
were normal. Genetic tests were nega-
tive. Figure 1F and H showed the results
of her MRI head and NSC.

Patient 3 has probable MSA: symptom
onset at age 53 vyears old, ortho-
static decrease of blood pressures was
>30mm/15mm Hg, levodopa non-
responsive parkinsonism and a cerebellar
syndrome. Her initial clinical manifes-
tations were gait imbalance, dysarthria
and increased extrapyramidal tone in
her right hand. Her family history was
not contributary. On examination at age
56, she had a broad-based gait, head
drop and axial flexion deformity. She
was bradykinetic with increased tone
and reduced tempo in her right hand but
no increased tone in her lower limbs.
with a slight reduction in her left. She
also had finger dysmetria bilaterally with
impaired tandem gait. Her reflexes were
reduced in the lower limbs with upgoing
plantar responses bilaterally. Autonomic
testing showed parasympathetic impair-
ment, with postural blood pressure drop,
unexplained urinary urgency and incom-
plete bladder emptying. NCS results were
normal (figure 1H). MRI head showed
extensive atrophy of the superior and
middle cerebellar peduncles, cerebellum
and pons (figure 1G). Genetic tests were
negative.

DISCUSSION

We have identified three patients that
have biallelic RFC1 repeat expansions,
presenting with a combination of cere-
bellar ataxia and parkinsonism: two
initially diagnosed with possible MSA and
one with probable MSA. This expands
the spectrum of RFCI related disease
that can range from idiopathic late onset
ataxia through to CANVAS, but is absent
in neuropathologically confirmed MSA
cases.” We suggest that the phenotype
includes mimics of MSA-C and likely
other atypical parkinsonian phenotypes.
If these cases come to autopsy, we would
not expect to see MSA pathology.

These patients present with an MSA
mimic in the early stage, but slower clin-
ical and radiological progression suggest
that they are not phenotypically repre-
sentative of MSA. Sensory neuropathy is
always difficult to assess in MSA, given
the frequent cold and swollen feet with
dependent oedema.

Given the difficulty in diagnosing MSA
in the early stages, we recommend testing
for the RFC1 expansion in atypical MSA
and parkinsonian patients, particularly
in those with atypical features such as
peripheral neuropathy, slow disease
progression, impaired vestibulo-ocular
reflex and clinically mild autonomic
dysfunction.

Roisin Sullivan @ ," Wai Yan Yau © ,"?
Viorica Chelban © ,"? Salvatore Rossi,’
Natalia Dominik," Emer 0'Connor,'?
John Hardy,* Nicholas Wood,%*

Andrea Cortese © ,"? Henry Houlden © '

"Neuromuscular Diseases, UCL Queen Square Institute
of Neurology, London, UK

“The National Hospital for Neurology and Neurosurgery,
London, UK

*Institute of Neurology, Policlinico Universitario
Agostino Gemelli, Roma, ltaly

*Molecular Neuroscience, UCL, Queen Square, Intitute
of Neurology, London, UK

>Clinical and Movement Neurosciences, UCL Queen
Square Institute of Neurology, London, UK

Correspondence to Dr Roisin Sullivan,
Neuromuscular Disease, UCL Queen Square Institute of
Neurology, London WC1N 3BG, UK; r.sullivan@ucl.ac.uk

Acknowledgements We would like to thank the
participants and their families for their vital help

with this work. We would like to thank the Multiple
Systems Atrophy Trust, (55643 1) The Medical Research
Council R.S (MRC UK MR/J004758/1, G0802760,
G1001253) and AC (MR/T001712/1) alongside Ataxia
UK (540932) and the Rosetrees Trust (540930) for
funding this study and WY. We would like to thank

the Wellcome Trust (204841/2/16/Z) and the Inherited
Neuropathy Consortium (INC), which is a part of the
NIH Rare Diseases Clinical Research Network (RDCRN)
(U54NS065712) for funding and patient recruitment.
This study was supported by The Wellcome Trust in
equipment and strategic award (Synaptopathies)
funding (WT093205MA and WT104033/Z/14/Z) and
the MSA Trust. We would also like to acknowledge the
Association of British Neurologists’ Academic Clinical
Training Research Fellowship and Multiple Systems
Atrophy trust for funding VC.

Contributors RS conceptualised, organised and
executed the research project, with contributions from
WYY, VC, SR, ND and HH. The statistical analysis was
designed and executed by RS, with contributions from
WYY. The statistical analysis was reviewed and critiqued
by WYY, EO, AC and HH. The manuscript was written

by RS, with contributions from WYY and HH. The
manuscript was reviewed and critiqued by WYY, VC, SR,
ND, EO, JH, NW, AC and HH.

Funding This study was supported by Medical
Research Council (G0802760, G1001253, MR/
J004758/1, MR/T001712/1), Multiple System Atrophy
Trust (556431), Ataxia UK (540932), NIH Rare Diseases
Clinical Research Network (U54NS065712), Wellcome
Trust (204841/2/16/Z, WT093205MA, WT104033/
7/14/7), Rosetrees Trust (540930).

Competing interests None declared.
Patient consent for publication Obtained.

Provenance and peer review Not commissioned;
externally peer reviewed.

©®

OPEN ACCESS

Open access This is an open access article distributed
in accordance with the Creative Commons Attribution
4.0 Unported (CC BY 4.0) license, which permits others
to copy, redistribute, remix, transform and build upon
this work for any purpose, provided the original work
is properly cited, a link to the licence is given, and
indication of whether changes were made. See: https://
creativecommons.org/licenses/by/4.0/.

© Author(s) (or their employer(s)) 2021. Re-use
permitted under CC BY. Published by BMJ.

2

J Neurol Neurosurg Psychiatry Month 2021 Vol 0 No 0

1ybuAdos Ag paroalold
'S92IAIBS Arelqi 1ON 1 TZ0g ‘9T Arenigad uo jwod fwqg-duul//:dny woly papeojumoq "TZ0Z Arenigad 6 U0 Z6052E-0202-duul/9eTT 0T Sse paysiignd 1s11y :AlreiydAsd BinsoinaN [0JnaN


https://dx.doi.org/10.1136/jnnp-2020-325092
https://dx.doi.org/10.1136/jnnp-2020-325092
https://dx.doi.org/10.1136/jnnp-2020-325092
https://dx.doi.org/10.1136/jnnp-2020-325092
http://orcid.org/0000-0002-4636-8033
http://orcid.org/0000-0001-6284-9163
http://orcid.org/0000-0002-5817-6290
http://orcid.org/0000-0002-2208-5311
http://orcid.org/0000-0002-2866-7777
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://jnnp.bmj.com/

REFERENCES

» Additional material is published online only. To
view, please visit the journal online (http://dx.doi.org/
10.1136/jnnp-2020-325092).

RS and WYY contributed equally.

| '.) Check for updates

To cite Sullivan R, Yau WY, Chelban V, et a/. J Neurol
Neurosurg Psychiatry Epub ahead of print: [please
include Day Month Year]. doi:10.1136/jnnp-2020-
325092

Received 10 September 2020
Revised 10 December 2020
Accepted 13 December 2020

C%D Linked

» http://dx.doi.org/10.1136/jnnp-2020-325504

J Neurol Neurosurg Psychiatry 2021;0:1-3.
doi:10.1136/jnnp-2020-325092

ORCID iDs
Roisin Sullivan http://orcid.org/0000-0002-4636-8033
Wai Yan Yau http://orcid.org/0000-0001-6284-9163

Viorica Chelban http://orcid.org/0000-0002-5817-6290
Andrea Cortese http://orcid.org/0000-0002-2208-5311
Henry Houlden http://orcid.org/0000-0002-2866-7777

1

Shy GM, Drager GA. A neurological syndrome
associated with orthostatic hypotension: a clinical-
pathologic study. Arch Neurol 1960;2:511-27.

2 Gilman S, Wenning GK, Low PA, et al. Second consensus

statement on the diagnosis of multiple system atrophy.
Neurology 2008;71:670-6.

Koga S, Aoki N, Uitti RJ, et al. When DLB, PD, and PSP
masquerade as MSA: an autopsy study of 134 patients.
Neurology 2015;85:404-12.

Cortese A, Simone R, Sullivan R, et a/. Biallelic
expansion of an intronic repeat in RFC1 is a common
cause of late-onset ataxia. Nat Genet 2019;51:649-58.
Sullivan R, Yau WY, Chelban V, et al. RFC1 intronic
repeat expansions absent in pathologically confirmed
multiple systems atrophy. Mov Disord 2020;35:1277-9.

J Neurol Neurosurg Psychiatry Month 2021 Vol 0 No 0

"1ybuAdos Ag paroarold
"$82IMI8S Atelqi] 10N e 120z ‘9T ArenigaH uo jwod fwg-duuly:dny woiy papeojumoq TZ0z Arenigad 6 U0 Z6052€-0202-duul/9eTT 0T se paysiand 1siy :Aireiyohsd Binsoinsn |oinsN


http://crossmark.crossref.org/dialog/?doi=10.1136/jnnp-2020-325092&domain=pdf&date_stamp=2021-02-09
http://​dx.​doi.​org/​10.​1136/jnnp-2020-325504
http://orcid.org/0000-0002-4636-8033
http://orcid.org/0000-0001-6284-9163
http://orcid.org/0000-0002-5817-6290
http://orcid.org/0000-0002-2208-5311
http://orcid.org/0000-0002-2866-7777
http://dx.doi.org/10.1001/archneur.1960.03840110025004
http://dx.doi.org/10.1212/01.wnl.0000324625.00404.15
http://dx.doi.org/10.1212/WNL.0000000000001807
http://dx.doi.org/10.1038/s41588-019-0372-4
http://dx.doi.org/10.1002/mds.28074
http://jnnp.bmj.com/

	﻿RFC1﻿-­related ataxia is a mimic of early multiple system atrophy
	Introduction
	Methods
	Samples
	Genetic testing

	Results
	Case studies

	Discussion
	References


