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Abstract
Background and purpose: Spinocerebellar ataxia 21 (SCA21) is a rare autosomal domi-
nant neurodegenerative disorder caused by TMEM240 gene mutations. To date, SCA21 
has been reported only in a limited number of families worldwide. Here, we describe clini-
cal and molecular findings in five additional SCA21 patients from four unrelated families, 
diagnosed through a multicentre next generation sequencing-based molecular screening 
project on a large cohort of patients with degenerative and congenital ataxias.
Methods: A cohort of 393 patients with ataxia of unknown aetiology was selected. 
Following the identification of heterozygous pathogenic TMEM240 variants using a target 
resequencing panel, we carried out an in-depth phenotyping of the novel SCA21 patients.
Results: Five patients from four unrelated families, three of Italian and one of Libyan 
origin, were identified. These patients were carriers of previously reported TMEM240 
mutations. Clinically, our SCA21 cohort includes both adult onset, slowly progressive cer-
ebellar ataxias associated with cognitive impairment resembling cerebellar cognitive af-
fective syndrome and early onset forms associated with cognitive delay, neuropsychiatric 
features, or evidence of hypomyelination on brain magnetic resonance imaging. None 
of our patients exhibited signs of extrapyramidal involvement. The so-called “recurrent” 
c.509C>T (p.Pro170Leu) mutation was detected in two of four families, corroborating its 
role as a hot spot.
Conclusions: Our results confirm that SCA21 is present also in Italy, suggesting that it 
might not be as rare as previously thought. The phenotype of these novel SCA21 patients 
indicates that slowly progressive cerebellar ataxia, and cognitive and psychiatric symptoms 
are the most typical clinical features associated with mutations in the TMEM240 gene.
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INTRODUC TION

Autosomal dominant spinocerebellar ataxias (SCAs) are rare neu-
rodegenerative disorders, clinically manifesting with the core fea-
tures of slowly progressive gait instability, limb incoordination, and 
cerebellar dysarthria. Up to 48 distinct causative SCA genes have 
been identified so far [1,2] repeat expansions are a major aetiology 
of SCA, accounting for about 60% of cases, and conventional muta-
tions are reported in 3%–6%, so a significant number of cases still 
remain undiagnosed [3].

Recently, the large-scale application of next generation sequenc-
ing (NGS) diagnostic approaches has improved both the molecular 
and phenotypic characterisation of SCAs [2]. In this regard, muta-
tions in the transmembrane 240 (TMEM240) gene have recently 
been associated with SCA type 21 (SCA21) [4].

So far, only 13 unrelated SCA21 families have been reported [4–
7], diagnosed mostly through NGS-based targeted multigene panel 
(TRP) screening. A recurrent mutation (c.509C>T; p. Pro170Leu) was 
detected in seven of 13 families, with no evidence of a common an-
cestor origin. The emerging phenotype in SCA21 includes a slowly 
progressive cerebellar ataxia, often associated with cognitive impair-
ment and parkinsonism, and in some cases associated with hyperki-
netic movement disorders [7].

Here, we report the results of a collaborative study, based on 
NGS-TRP molecular screening of a large SCA cohort that has allowed 
us to identify four additional SCA21 families and gather further in-
formation on its clinical manifestations.

METHODS

The study was carried out in line with the principles of the Declaration 
of Helsinki, and ethical approval was obtained at all three participat-
ing centres (Fondazione Policlinico Universitario A. Gemelli IRCCS, 
Università la Sapienza, and IRCCS Fondazione Stella Maris, Italy). We 
enrolled 393 subjects (326 sporadic, 67 familial) who were examined 
at movement disorders specialist centres and diagnosed with degen-
erative SCA, after ruling out other acquired aetiologies. Except for 
one proband coming from North Africa, two Brazilian siblings with 
Italian step-parents, and one patient from Peru, all the other patients 
were of Italian origin. These patients tested negative for pathologi-
cal repeat expansions at Friedreich's ataxia (FRDA), SCA 1, 2, 3, 6, 7, 
17, and Fragile X -tremor ataxia syndrome (FXTAS) loci. All patients 
gave their informed consent to participate to the study.

The annual disease progression rate was estimated as (Scale for 
the Assessment and Rating of Ataxia [SARA] score at the last exam-
ination – SARA score at the first examination)/years of follow-up. In 
adult patients, the neuropsychological examination included Mini-
Mental State Examination and a test battery exploring in detail all 
cognitive domains [8].

DNA samples were analysed at the neurogenetic laboratory 
of the IRCCS Fondazione Stella Maris (Pisa) through a TRP meth-
odology (SureSelect, Agilent) that includes 273 genes related to 

hereditary ataxias using an Illumina NextSeq500 platform, previ-
ously described [9]. The Ingenuity Variant Analysis suite (QIAGEN) 
was used for variant annotation according to an in-house validated 
pipeline; the impact of mutations on TMEM240 was determined in 
silico using 11 prediction tools [10]. Gene variants were confirmed 
by Sanger sequencing, followed by segregation studies whenever 
possible and by an in-depth phenotyping of the five identified carri-
ers of pathogenic variants in TMEM240.

Apart from patients with SCA21 mutations herein described, in 
this cohort we also identified cases presenting with SCA14 (manu-
script in preparation), SCA15, SCA5, SCA19, SCA28, and SCA48 [11] 
mutations.

RESULTS

Demographic, clinical, and neuroimaging characteristics of the 
SCA21 patients diagnosed in this study are summarised in Table 1. 
Figure 1 illustrates their pedigrees.

The index case of Family A (Patient 1) is a Libyan 80-year-old male 
who developed progressive gait ataxia and speech problems during 
his 60s, later complicated by mild signs of cognitive impairment. 
His first neurological examination, at the age of 74 years, showed 
slurred speech, moderate trunk and limb ataxia (SARA score = 15), 
and a gaze-evoked nystagmus. Clinical revaluation 4 years later doc-
umented a mild progression of ataxic symptoms (SARA score = 18, 
annual progression rate = 0.6 points/year).

His 45-year-old son (Family A, Patient 2) referred for mild gait 
imbalance and rapid eye movement sleep behaviour disorder, both 
started around 40 years of age. His examination showed very mild 
cerebellar signs (SARA score = 6.5) together with slight upper limb 
postural tremor and mild executive and verbal cognitive impairment.

Patient 3 (Family B), was reported to have strabismus, mild hand 
tremor, and clumsiness causing frequent falls when he was a child, 
with a subsequent progressive improvement of symptoms during ad-
olescence. In his 30s, he noticed progressive gait difficulties. Clinical 
examination at the age of 45 years showed cerebellar ataxia and pos-
tural upper limb tremor. After a 7-year follow-up, a progression in 
SARA score from 10 to 23 (1.8 points/year) was documented.

Patient 4 (Family C) is a 13-year-old boy who presented at the 
age of 3 years with clumsiness. A first neurological examination at 
6 years showed mild gait and limb ataxia (SARA score = 5) and mild 
intellectual disability (global intelligence quotient score = 65); at the 
age of 13 years, his SARA score was 6 (0.16 points/year).

The earliest onset of symptoms occurred in Patient 5 (Family 
D), a 7-year-old child born of unrelated healthy parents, with a 
global developmental delay (trunk control at 12  months, walking 
at 24 months, and first words by 18 months). By 1 year of age, he 
showed truncal ataxia, dysmetria, and intention tremor. During the 
following 4 years, his motor functioning progressively improved and 
his clinical picture was dominated by anxiety, hyperactivity, attention 
problems, irritability, and impulse control disorder. His last examina-
tion, at the age of 7 years (Video S1), showed a prominent ocular 
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movement disorder characterised by opsoclonus, associated with 
slight appendicular ataxia and distal dystonic posturing of the hands 
associated with jerky movements when arms were held extended.

Overall, in all our probands brain magnetic resonance imaging 
(MRI) showed cerebellar atrophy, more pronounced in the vermis 
(Figure  2); moreover, a brain MRI performed at 2  years of age in 
Patient 5 displayed signs of delayed myelination (not shown).

Three previously described pathogenic missense mutations 
in TMEM240 were detected in the four unrelated SCA families of 
this study: c.509C>T (p. Pro170Leu), c.239C>T (p. Thr80Met), and 

c.196G>A (p. Gly66Arg). Family segregation studies indicated that 
c.196G>A occurred as a de novo event in Patient 5, whereas they 
could not be performed for Patient 4 to confirm the sporadic occur-
rence of the c.239C>T variant.

DISCUSSION

We report five novel SCA21 cases belonging to three Italian and 
one Libyan family. Overall, 17 families from Europe, Asia, Africa, and 

TA B L E  1  Demographics and main diagnostic features of SCA21 patients

Family A B C D

Patient I-1 II-2 II-3 II-4 II-5

Sex M M M M M

Origin Libya Libya Italy Italy Italy

Age of onset, years 62 40 30 3 0

Age at diagnosis, years 79 46 52 12 7

Symptom of onset GA GA GA Clumsiness DD

Gait ataxia +++ + ++ ++ ++

Dysarthria ++ + – – –

Hypokinetic signs – – – – –

Hyperkinetic signs – – – – +(DY)

Ocular findings Ny Ny HS HS OP

Tremor – + (postural) + (postural) + (intention) + (intention and postural)

Psychomotor delay – – – + ++

Cognitive decline ++ + + – –

SARA at first visit 15 6.5 10 5 n.d.

SARA at last visit 18 6.5 23 6 n.d.

Timespan of FU 4 years – 7 years 7 years 6 years

Progression rate 0.6/year – 0.8/year 0.16/year –

Neuroimaging CA n.d. CA CA DM

Behaviour disorder – – – + ++

Others – REM-BD Strabismus Hearing loss –

Mutation c.509C>T
p.Pro170Leu

c.509C>T
p.Pro170Leu

c.509C>T
p.Pro170Leu

c.239C>T
p.Thr80Met

c.196G>A
p.Gly66Arg

Abbreviations: –, not present; +, mild; ++, moderate; +++, severe; CA, cerebellar atrophy; DY, dystonia; FU, follow-up; GA, gait ataxia; HS, hypermetric 
saccades; ID, developmental delay; M, male; n.d., not determined; Ny, nystagmus; OP, Opsoclonus; REM-BD, REM sleep-behavior disorder; SARA, 
Scale for the Assessment and Rating of Ataxia.

F I G U R E  1  Family trees of Families A, B, C, and D are displayed. Numbers indicate patients as listed in the text. Black arrows indicate 
probands

I 1 I I I

II           2 II 3 II 4 II 5

Family A Family B Family C Family D
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South America have been described, indicating that SCA21 occurs 
worldwide.

Regarding the clinical presentation of SCA21, various reports 
expanded its phenotypic spectrum from the initial report [4] includ-
ing various movement disorders, neuropsychiatric symptoms, and 
childhood onset forms [5–7] A recent review of SCA21 case series 
[7] has pointed out that the disease course of childhood cases is char-
acterised by a temporary improvement of the neurological symptoms 
during the first 5–10 years of life, and then becomes a slowly progres-
sive ataxia during adulthood. Accordingly, in our Cases 3 and 5, a clear 
improvement was evident from a motor standpoint during childhood.

Our data confirm the wide heterogeneity of SCA21 and its vari-
able age of onset; two of five patients showed a very early onset 
(<3  years), whereas symptoms occurred during adulthood in the 
other three cases. All patients manifested with a prevalent cerebel-
lar motor phenotype and related ocular abnormalities (illustrated in 
Table  1), either associated with cognitive delay or cerebellar cog-
nitive affected syndrome (CCAS), depending on the disease onset 
(infantile or adult, respectively). The occurrence of CCAS in SCA21 
was first reported by Braga-Neto et al. [12]; similar dysexecutive 
cognitive symptoms were detected by neuropsychological assess-
ment in our Patients 1 and 2. Moreover, as previously described in 
early onset SCA21 patients [6,7] both Patients 4 and 5 showed a 
developmental cognitive defect and severe impairment in emotions 
and affective control.

In line with current literature [4–7] we observed a relatively 
benign course of cerebellar symptoms in SCA21, with a slow pro-
gression of ataxia in late onset and a relative stability in early onset 
cases. Conversely, only Patient 5 in our SCA21 cohort manifested 
mild extrapyramidal symptoms, mainly consisting of slight dystonic 
posturing of the hands (Video S1).

All brain MRI available of our adult or adolescent patients 
showed cerebellar atrophy, more pronounced in the vermis; of note, 
Patient 5, on whom brain MRI was performed at 2 years, displayed 
signs of delayed myelination, which represents a novel described 
feature in SCA21.

All detected pathogenic variants reported in this study have al-
ready been described previously; our results confirm that c.509C>T 
(p.Pro170Leu) is a mutational hot spot in TMEM240. Interestingly, 
regarding the missense variant c.196G>A, the two siblings who were 
carriers of the same mutation originally described [7] manifested 
with important neuropsychiatric disorders, similarly to our Patient 5, 
thus suggesting a possible genotype–phenotype correlation for this 
particular mutation.

TMEM240 encodes a transmembrane protein of unknown func-
tion; recently, it has been shown [13] that its product is expressed in 
the whole mouse and human brain and is localised in all the afferents 
fibres projecting to Purkinje cells and in glutamatergic synaptic ter-
minals, suggesting a probable primary role of TMEM240 protein in 
the whole cerebellar network and thus explaining the motor, cogni-
tive, and social impairment of SCA21 patients.

In conclusion, we described four additional SCA21 families, doc-
umenting the presence of this mutation also in Italy and in North 
Africa. Our study also confirms that patients with early onset cer-
ebellar ataxias associated with mental delay and behavioural prob-
lems and with adult onset slowly progressive degenerative cerebellar 
ataxias associated with CCAS, with or without extrapyramidal fea-
tures, should be screened for SCA21 mutations.
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