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Abstract: Background: Autosomal dominant spinocerebellar ataxia 36 (SCA36) is caused by hexanucleotide
repeat expansion in the NOP56 gene.

Objectives: To assess frequency, clinical and genetic features of SCA36 in Eastern Spain.

Methods: NOP56 expansion was tested in a cohort of undiagnosed cerebellar ataxia families (n = 84). Clinical
characterization and haplotype studies were performed.

Results: SCA36 was identified in 37 individuals from 16 unrelated families. It represented 5.4% of hereditary
ataxia patients. The majority were originally from the same region and displayed a shared haplotype. Mean age
at onset was 52.5 years. Non-ataxic features included: hypoacusis (67.9%), pyramidal signs (46.4%), lingual
fasciculations/atrophy (25%), dystonia (17.8%), and parkinsonism with evidence of dopaminergic

denervation (10.7%).

Conclusions: SCA36 is a frequent cause of hereditary ataxia in Eastern Spain, and is associated with a strong
founder effect. SCA36 analysis should be considered prior to other studies, especially in AD presentations.
Parkinsonism reported here broadens SCA36 clinical spectrum.

SCA36 is caused by a large GGCCTG hexanucleotide non-
coding repeat in the nucleolar protein 56 (NOP56) gene. It was
initially described in Western Japan (3.6% of all SCA)' and in the

Methods

Patients were enrolled from the Ataxia Clinic at Hospital

Costa da Morte region of Spain (6.3%).> Patients usually exhibit
late-onset progressive cerebellar ataxia, characteristically associ-
ated with upper and lower motor neuron involvement in the
form of lingual and/or skeletal muscle atrophy and fasciculations,
and sensorineural hearing loss.”” In recent years, additional fea-

4-6

tures were added to SCA36 phenotypes such as dystonia™ ~ and

Universitari i Politécnic La Fe, a national referral center for
Hereditary Cerebellar Ataxia and Spastic Paraplegia. The inclu-
sion criteria were: (1) patients with a progressive cerebellar ataxia
with negative studies for acquired etiologies; (2) sporadic or AD
presentation; and (3) negative genetic studies including analysis
of trinucleotide repeat expansion ataxias (SCA1, SCA2, SCA3,

SCA6, SCA7, SCAS8, SCA12, SCA17, DRPLA and Friedreich

ataxia) and/or clinical exome sequencing.® Ultimately, SCA36

cognitive-affective cerebellar syndrome (CCAS).”
In this study, we investigated the frequency and clinical char-

acteristics of SCA36 in Eastern Spain. Haplotype analysis was was screened in 84 index patients from 297 pedigrees. Written

conducted to ascertain a founder effect in our population. informed consent was obtained before the genetic analysis.
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Clinical Assessments

Symptomatic subjects and family members at risk were clinically
assessed. Demographic, familial and clinical data, including the
Scale for Assessment and Rating of Ataxia (SARA) were col-
lected. Preclinical stage was considered if the SARA score was
<3 while carriers free of symptoms and signs were considered
asymptomatic.g Cognitive assessment was based on patient, care-
giver and clinician impression. Disability was assessed at last visit
with the ataxia disability scale.'’ I-123-Iofluopane presynaptic
nigrostriatal imaging (DaTSCAN®) was performed if parkinso-
nian signs (bradykinesia, rigidity and/or tremor) were identified.
The DaTQUANT 2.000  Software application
(GE Healthcare, Little Chalfont, UK) was used to perform semi-

quantitative analysis. The volumes of interest were semi-

version

automatically placed over the right and left putamen and caudate
nucleus in the transaxial slice showing most intense tracer uptake.
To calculate the striatum to background ratios (SBR), tracer
uptake was compared with a reference region placed in the
occipital cortex. In addition, SBR scores were compared to an

age-matched healthy controls database.

Genetic Analysis

Screening of the hexanucleotide repeat was ruled out with both
conventional PCR and Repeat-Primed PCR (RP-PCR) as pre-
viously described."”® The number of repeats in non-expanded
alleles was calculated according to an amplicon of 174pb with a
static region of 132 pb.

Haplotype analysis: D20S113 (chr20:2,035,488) and D20S842
(chr20:2,686,204) microsatellite markers flanking the NOP56
gene were studied through PCR-fragment analysis. D20S113
was amplified using primers FOR:5-TAACAGTGGTTGA-
CTCTCAGAGG-3' and REV:5'-AAGAGGTGCTGTCACAT-
ATTTATTC-3', while D20S842 using FOR:5'-ACAGCCT
TCATCGACTTCGT-3' and REV:5'-GTCCACCCCTTCTC-
CTAACC-3'. Forward primers were labeled with 6-FAM at the
5'-end. The annealing temperature was 60°C. Capillary electro-
phoresis was conducted on ABI PRISM 3130XL. Fragment
analysis was performed using Gene Mapper software (Thermo
Fisher).

Statistical Methods

Chi-squared or Fisher’s test were used to compare categorical
variables. Distribution of continuous variables was assessed with
Kolmogorov—Smirnov test and subsequently non-parametric tests
were used. In all analysis P < 0.05 was considered statistically
significant.

Results

NOP56 expansion was identified in 37 individuals from 16 appar-
ently unrelated families. Of these, 28 were clinically affected,
three were in the preataxic stage (SARA <3) and six were

asymptomatic. All were Caucasian and most of them were origi-
nally from the same geographical area of La Costera, except pedi-
grees F4 and F13 that were originally from the city of Valencia
and Murcia respectively. All kindreds showed AD transmission,
except F6 that was sporadic, Figure 1.

Clinical Characteristics

The main clinical characteristics of the 28 affected subjects are
summarized in Table S1.. Mean age at onset was 52.5 (range:
44-67) and mean age at exam was 63.7 (range: 49—77). All cases
displayed a phenotype of progressive cerebellar ataxia. At onset,
most patients presented with unsteady gait (n = 23) and rarely
with other symptoms such as hearing loss (n = 2), loss of hand
dexterity (n = 1), dysarthria (n = 1) or muscle cramps (n = 1).
The average SARA score was 19 & 8.3 (mean £ SD). Gait ataxia
was the most prominent feature followed by lower limb ataxia
and dysarthria. Mild eye movement saccadic abnormalities were
common but only 11 (39.3%) patients showed horizontal nystag-
mus. A majority of patients (64%) exhibited ptosis and/or gaze
limitation, Figure 2, with no significant association with longer
disease duration or SARA scores.

Hypoacusia was the most distinguishable non-cerebellar fea-
ture (67.9%). Audiometry studies were available in four cases,
and showed bilateral sensorineural hearing loss with a drop of
approximately 40 dB at high frequencies. The presence of hear-
ing loss was not correlated with SARA scores. Mild pyramidal
signs were present in 46.4%. Lingual fasciculations and atrophy
were seen in five cases and orbicularis oculi myokymia in two.
Lower limb fasciculations were only identified in a patient with
axonal sensory-motor neuropathy. Few cases showed extra-
pyramidal features. Cervical dystonia was detected in three and
asymmetric upper limb dystonic posturing and tremor in two,
Figure 2. In three patients signs of parkinsonism (bradykinesia,
rest tremor) were identified. Rigidity was not observed.
DaTSCAN® and DaTQUANT analysis confirmed dopaminergic
denervation in these three cases compared to age-matching
healthy controls, Figure 2. Levodopa was administered only to
one patient without clinical improvement. The majority of
patients did not report cognitive impairment. Six patients
referred mild cognitive difficulties and three developed severe
dementia. In some cases, CCAS features such as disinhibition or
pseudobulbar affect were identified in usual clinical interviews.

Asymptomatic carriers were younger than preataxic cases
(mean age at exam 38 vs. 47.7 years). Age at exam of preataxic
carriers was 40, 35 and 54. Two referred mild gait imbalance and
one had been diagnosed with bilateral sensorineural hypoacusis at
32 years and had orbicularis oculi myokymia.

Brain MRI was available for review in 15 ataxic patients,
2 asymptomatic and 1 preataxic subject. Cerebellar atrophy was
evident in all symptomatic patients. Mild cerebellar atrophy was
noted in the preataxic case and in one asymptomatic 50 year-old
subject. After a mean disease duration of 11.3 £ 6.6 years
(mean £ SD; range: 2-27) independent gait was preserved in
9 (33.3%), permanent gait support was required in 8 (29.6%) and
9 were wheelchair-bound (33.3%). Mean disease duration was
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FIG 1. Pedigrees and haplotype analyses of nine Spanish SCA36 families. The common haplotype shared by all families is shaded in gray.
Squares represent males and circles females. A slash indicates a deceased individual. Black-filled symbol: symptomatic individual; gray-
filled symbol: asymptomatic carriers and preataxic individuals. (?) indicates no reliable phenotypic data. Asterisk on family 5 indicates a

probable recombination event on paternal chromosome.

higher in wheelchair-bound patients than in ambulant cases
(mean disease duration 17.6 &= 4.5 vs 8,3 & 4.9 years, P < 0.05).

Genetic Analysis

A total of 15 autosomal dominant SCA36 families and one spo-
radic case were identified. The majority of non-expanded alleles
carried between six and nine repeats, with the nine repeats-allele
being the most common (43%). The study of Short Tandem
Repeats (STRs) markers was performed in 37 individuals from
nine families (25 affected and 12 unaffected), Figure 1. Haplo-
type construction revealed a common haplotype composed of an
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amplicon of 178pb for the D20S113 marker and 214pb for the
D20S842, thus spanning 0.65 Mb. The STR marker D20S113
showed a low heterozigosity rate. This common allele was pre-
sent in all individuals tested. Contrarily, the D20S842 marker
was more polymorphic, with the 214pb allele being tightly
linked to the NOP56 expansion. STRs were also studied in iso-
lated affected patients from F4, F8, F12, F15 and F16 pedigrees.
Subjects from F8, F12, F15 and F16 harbored the common
alleles, although their phase could not be inferred due to the lack
of DNA sample from relatives. The individual from F4, origi-
nally from a different geographical area, did not carry the com-
mon allele for D20S842.
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FIG 2. Clinical and radiological findings in SCA36. (A) Bilateral ptosis in a patient that also displayed ophthalmoplegia; (B) Left-hand
dystonic postures in a SCA36 patient with dystonic tremor. (C) Sagital T-1 weighted MRI imaging showing cerebellar atrophy. (D)
123-loflupane reveals bilateral asymmetrical denervation with right striate reduced uptake. (E) Semiquantitative analysis with DaTQUANT™
for left posterior putamen confirms a decline (red spot) in tracer uptake compared to mean tracer uptake for age-matching healthy

controls.

Discussion

This is the second SCA36 Spanish series reported demonstrat-
ing a high frequency of SCA36 in the Spanish population.
NOP56 expansion was found in 37 individuals from 16 differ-
ent families. In a retrospective analysis of our total cohort of
SCA36 represented 5.4% (n = 16),
(Figure S1.). It was the second most frequent AD ataxia after

297 index cases,

SCA3. SCA36 frequency was similar to that observed in
northwestern regions of Spain.> Therefore, SCA36 testing
should be implemented and performed in our regional popu-
lation prior to other genetic tests. Similar to other studies, we
found a strong founder effect. >

Comparable to other series, all affected patients presented with
a late-onset cerebellar syndrome with slow progression.>” Unlike
previous reports, isolated facial or lingual fasciculations and
tongue atrophy were scarce in our series (25%).'**> Hearing loss
was present in two-thirds of our patients. Although hypoacusis is
a distinctive clinical feature of SCA36,'? it might be encountered

in diverse types of hereditary ataxia,''* especially mitochondrial

. 14,15
disorders. ™

Ptosis and gaze limitation were also common.
Therefore, it should be noted that in a given patient with ataxia,
ophthalmoparesis, and hearing impairment that might suggest a
mitochondrial disease phenotype, SCA36 testing should be
considered.

Extrapyramidal features such as oromandibular or cervical dys-
tonia*® have occasionally been reported in SCA36. In our
cohort, two siblings developed laterocaput and anterocaput
respectively, and one patient displayed asymmetric dystonic pos-
turing and tremor in the upper limbs. Dysfunction of the
cerebello-thalamo-cortical pathway is believed to be involved
in the pathophysiology of dystonia-ataxia syndromes.'®"”
Bradykinesia and resting tremor with evidence of dopaminergic
denervation was encountered in three patients (10.7%). An addi-
tional case reported REM sleep behavior disorder, a marker of
dopaminergic deficiency.'® Postural tremor was identified in
SCA36 series (7-29%),>*'" but parkinsonism has not been

reported to date.
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We tested two STR markers included in previous SCA36
haplotype studies. A common haplotype spanning 0.65 Mb was
identified in all the SCA36 families except in one subject origi-
nally from a different geographical area. This may be due to a
different founder effect or to the occurrence of recombination
events. Similarly to Japanese' and northwestern Spanish families,”
D20S842 showed a conserved allele in our cohort. A common
allele for the D20S113 marker has also been reported,” but it
also showed a high frequency in the control group.” Neverthe-
less, the lack of a universal nomenclature makes it difficult to
perform comparisons with previously reported data.

In conclusion, SCA36 was the second most frequent AD
ataxia in our series. Thus, in our geographical area, NOP56
expansion analysis should be prioritized to other genetic testing
in probands whether with an AD or sporadic presentation.
Although most patients display a predominant progressive cere-
bellar ataxia phenotype, less frequent clinical features such as
hearing loss, ophthalmoparesis, or extrapyramidal features might
assist the clinician to focus the genetic diagnosis.
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Supporting Information

Supporting information may be found in the online version of
this article.

Table S1. Clinical characteristics of SCA36 symptomatic
patients. M, male; F, female; vy, years; —, absent; +, present;
Pyramidalism, + mild, ++ moderate, +++ severe; GI, Gait

instability; H, Hypoacusia; ScP, saccadic pursuit; |Sc, slow sac-
cades; HpS, hypo/hypermetric saccades; LVG, limitation of ver-
tical gaze; LHG, limitation of horizontal gaze; P, ptosis; Fasc.,
fasciculations; mk, myokymias; Tr, tremor; Br, bradykinesia; NA,
not available; MCI, mild cognitive impairment; Disability scale,
0 = no gait difficulties; 1 = disease onset as defined by onset of
gait difficulties; 2 = loss of independent gait, as defined by per-
manent use of a walking aid or reliance on a supporting arm;
3 = confinement to wheelchair; 4 = death; S-M, sensory-motor
neuropathy.

Figure S1. Overall frequencies of different Genetic subtypes of
ataxia in our cohort of index cases. CANVAS: Cerebellar Ataxia
with Neuropathy and Vestibular Areflexia Syndrome; FXTAS,

Fragile-X Tremor Ataxia Syndrome.
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