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Abstract
Background  Spinocerebellar ataxia type 8 (SCA8) is a rare autosomal dominant neurodegenerative disease caused by CTA/
CTG repeat expansion in the ATXN8/ATXN8OS gene.
Methods  To analyze the frequency and clinical characteristics of SCA8 patients in mainland China, we combined polymerase 
chain reaction (PCR) and triplet repeat-primed PCR (TRP-PCR) to detect the CTA/CTG expansion. We studied a cohort of 
362 ataxia patients in which the other known causative genes had been previously excluded, from among 1294 index patients. 
Positive samples were validated by southern blotting.
Results  The CTA/CTG expansion was observed in six probands, accounting for approximately 0.46% (6/1294) in all patients, 
and 1.66% (6/362) in patients without definite molecular diagnosis. Clinically, aside from the typical SCA8 phenotype, some 
patients carrying the CTA/CTG expansion exhibited the cerebellar form of multisystem atrophy (MSA-C) and ataxia with 
paroxysmal kinesigenic dyskinesia (PKD).
Conclusion  For the first time, we described the PKD phenotype in association with CTA/CTG expansion, suggesting that 
CTA/CTG expansion might play a role in the pathogenesis of paroxysmal dyskinesia symptoms.

Keywords  Spinocerebellar ataxia type 8 (SCA8) · Trinucleotide repeat expansion · ATXN8/ATXN8OS · Cerebellar form of 
multisystem atrophy (MSA-C) · Paroxysmal kinesigenic dyskinesia (PKD)

Introduction

Spinocerebellar ataxias (SCAs) are a heterogeneous group of 
degenerative disorders that are clinically classified as either 
pure, with predominant truncal and limb ataxia, or complex, 
complicated with additional neurological features including 
pyramidal, extrapyramidal, and cognitive impairment; they 
are inherited in an autosomal dominant or sporadic pattern 
[1]. To date, genetic defects have been identified in over 38 
genes, with more than 45 loci implicated in total (https​://
neuro​muscu​lar.wustl​.edu/). SCA type 8 (SCA8) is a late-
onset and slowly progressive subtype with high clinical and 
genetic heterogeneity [2]. The typical features of SCA8 most 
frequently present as an adult-onset disease characterized 
by limbal and gait ataxia, dysarthria, and nystagmus [3, 4], 
but atypical phenotypes including infantile- and juvenile-
onset patients and patients with cognitive or psychiatric dys-
functions and multisystem atrophy (MSA) have also been 
reported previously [5–8].

Yao Zhou and Yanchun Yuan contributed equally.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0041​5-019-09519​-2) contains 
supplementary material, which is available to authorized users.

 *	 Junling Wang 
	 junling.wang@csu.edu.cn; wjling8002@126.com

1	 Department of Neurology, Xiangya Hospital, Central 
South University, 87 Xiangya Rd, Changsha, Hunan, 
People’s Republic of China

2	 Laboratory of Medical Genetics, Central South University, 
Changsha 410008, Hunan, People’s Republic of China

3	 Key Laboratory of Hunan Province in Neurodegenerative 
Disorders, Central South University, Changsha 410008, 
Hunan, People’s Republic of China

4	 National Clinical Research Center for Geriatric 
Diseases, Xiangya Hospital, Central South University, 
Changsha 410008, Hunan, People’s Republic of China

http://orcid.org/0000-0001-5117-5204
https://neuromuscular.wustl.edu/
https://neuromuscular.wustl.edu/
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-019-09519-2&domain=pdf
https://doi.org/10.1007/s00415-019-09519-2


2980	 Journal of Neurology (2019) 266:2979–2986

1 3

SCA8 is inherited in an autosomal dominant pattern with 
incomplete penetrance, caused by CTA/CTG trinucleotide 
repeat expansion in the ATXN8/ATXN8OS gene [2]. To date, 
most studies have reported a pathogenic repeat length of 
more than 80 [9]. Nevertheless, large repeats of over 800 
have been reported both in clinically affected and unaffected 
individuals [10, 11]. The CTA/CTG repeat expansion is bi-
directionally expressed as two molecules with expanded 
motifs. SCA8 is the first reported SCA subtype potentially 
associated with both an RNA gain of function caused by 
CUG expansion in transcripts and the pathogenic effects of 
polyglutamine expansion in the protein [12].

The frequency of SCA8 differs among populations and 
regions. The highest frequency of 5.9% was observed in Fin-
land [13]. In addition, SCA8 has also been reported in the 
USA [14], Scotland [7], Mexico [14], Portugal [15], Italy 
[16], Brazil [17], Yugoslavia [18], Czech Republic [19], 
and Asian countries [20, 21] with relatively lower frequen-
cies, indicating that SCA8 is a relatively rare SCA subtype 
worldwide. In Taiwan, the CTA/CTG expansion was not 
found to be associated with ataxia symptoms [22], but was 
observed in typical and atypical Parkinson’s disease cases 
[23]. Recently, several cases of SCA8 were reported in main-
land China and Japan [20, 21].

Therefore, to further elucidate the frequency and clinical 
features of SCA8 in mainland China, CTA/CTG expansion 
was detected in a large cohort of ataxia patients.

Materials and methods

Subjects

A large cohort of 1294 unrelated Chinese SCA patients 
was referred to the outpatient neurology clinic of Xiangya 
Hospital, Central South University from February 1994 to 
December 2017. The clinical diagnosis of SCA was made 
based on the criteria proposed by Harding [24]. We recruited 
probands with either sporadic or autosomal dominant inher-
itance, excluding those with autosomal recessive inheritance. 
Those with known causative genetic mutations of SCA1, 
SCA2, SCA3, SCA6, SCA7, SCA12, SCA14, SCA17, 
SCA21, SCA35, SCA36, SCA40, and DRPLA subtypes 
were excluded in the first step. Ultimately, a selected cohort 
of 362 ataxia patients (121 dominantly inherited and 241 
sporadic cases) and 261 healthy controls were available for 
analyzing the distribution of alleles at the ATXN8/ATXN8OS 
locus. The mean age at onset was 39.72 ± 14.44 years (range: 
10–70 years old). According to our procedure, relatives of 
the identified patients with pathogenic repeats were recruited 
in a follow-up visit. Thus, another 11 clinically unaffected 
subjects were also included in the CTA/CTG repeat analysis 
(Supplementary Table 1).

Written informed consent was obtained from all sub-
jects, as approved by the Ethics Committee and the Expert 
Committee of Xiangya Hospital, Central South University 
(equivalent to an Institutional Review Board). Genomic 
DNA was extracted from peripheral blood using a standard 
extraction method.

Standard PCR, triplet repeat‑primed (TRP)‑PCR, 
and southern blotting

We used standard PCR to detect CTA/CTG trinucleotide 
repeats. The target sequence covering the CTA/CTG repeat 
was amplified with a pair of fluorescently labeled primers 
designed according to published primer sequences [2, 25]. 
Homozygous samples were reanalyzed with fluorescent 
TRP-PCR to detect whether there was long pathogenic CTA/
CTG repeat expansion. The primer sequences are listed in 
Supplementary Table 2. The fluorescent PCR product was 
analyzed using an ABI-Prism 3730 Genetic Analyzer, 
and the data were examined using Gene Mapper software 
(Applied Biosystems, Foster City, CA, USA). A typical 
sawtooth pattern indicated the expansion of the CTA/CTG 
trinucleotide repeats, which will be validated in southern 
blotting as previously described [10].

Whole exome sequencing

One patient (F6: III-1) who presented with ataxia and par-
oxysmal kinesigenic dyskinesia (PKD) was found to carry 
the CTA/CTG expansion. Whole exome sequencing (WES) 
was performed to exclude the PRRT2 and other paroxysmal 
disease pathogenic mutations using a method described pre-
viously [26].

Clinical investigation

Clinical history was acquired from all patients, and system-
atic clinical examination and evaluation were performed in 
all patients by at least two experienced neurologists. A full 
battery of clinical neurological and neuropsychological tests 
was conducted, including brain magnetic resonance imag-
ing (MRI), electromyogram (EMG), somatosensory evoked 
potential (SEP), Scale for Assessment and Rating of Ataxia 
(SARA), International Cooperative Ataxia Rating Scale 
(ICARS), minimum mental state examination (MMSE), 
montreal cognitive assessment (MoCA), Hamilton Anxiety 
Scale (HAMA), Hamilton Depression Scale (HAMD), and 
neuropsychiatric inventory (NPI).

Data analysis

Statistical analysis was performed using the data analysis 
software SPSS 25.0. Proportions of ataxia patients and 
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controls with the CTA/CTG expansion were compared using 
Fisher’s exact test. The threshold of statistical significance 
was set at p < 0.05.

Results

Genetic characteristics of CTA/CTG expansion 
in mainland China

Among the 362 ataxia patients in which known causative 
genetic mutations were excluded, a total of 300 heterozy-
gous samples and 62 homozygous samples were revealed via 
standard PCR. Then, based on the TRP-PCR and Southern 
blotting results, six patients with CTA/CTG expansions were 
discovered from among the homozygous samples (Fig. 1a, 
b). The overall frequency of patients with CTA/CTG expan-
sions within our cohort was 0.46% (6/1294), with the patho-
genic repeat number ranging from 86 to 737 (86, 144, 171, 
469, 668, and 737, Fig. 1b). The frequency in patients with-
out definite molecular diagnosis was 1.66% (6/362). In the 
261 healthy controls, expansions with more than 80 repeats 
were not observed (Fisher’s test, p = 0.043). In follow-up 
visits of first-degree relatives, we found other two individu-
als with CTA/CTG expansion: in F1, the father (149 repeats) 
of the proband, and in F5, the mother (834 repeats) of the 
proband. The CTA/CTG expansion was not detected in other 
family members.

Clinical characteristics of patients with CTA/CTG 
expansion in mainland China

In the six probands with CTA/CTG expansion, aside from 
the typical SCA8 phenotype, one patient showed a probable 
cerebellar form of multisystem atrophy (MSA-C), and one 
showed ataxia with a PKD phenotype. The clinical features 
of these patients are detailed in Table 1. The six probands 
had no evident family history, although the first-degree rela-
tives of two probands (F1: II-1 and F5: III-1) were gene 
mutation carriers (Fig. 1c). The age at onset for the six 
patients ranged from 10 to 45 years (32.00 ± 15.64 years). 
The disease duration until the last examination ranged from 
7 to 16 years (10.00 ± 3.46 years). Most patients presented 
cerebellar signs such as gait disturbances, clumsy limbs, 
dysarthria, and dysfunction of ocular movement. Dysfunc-
tion of ocular movement presented as limitation of ocular 
movement and dysmetria of the saccade. Muscle strength 
remained normal during the disease course in all patients. 
Cerebellar atrophy on brain MRI was found in 5/6 patients 
(four with marked atrophy, one with moderate atrophy, and 
one with pontine ‘hot cross bun’ sign) (Fig. 1d). Cognitive 
impairment, anxiety, and depression were identified in some 

patients. Neurophysiologic examinations were performed in 
four patients, and no abnormalities were identified.

Cases with MSA and PKD symptoms

Patient 1 (F2: II-1) is a 58-year-old woman who presented 
with progressive gait instability, incoordination of limbs, 
and dysphagia at the age of 50. The patient also complained 
of frequent urination and constipation. She had no evident 
family history. Neurological examination revealed lingual 
tremor, severe hypokinetic dysarthria, diffuse hypertonia, 
and incoordination of limb movements. Lightheadedness 
was observed when standing up, and orthostatic hypoten-
sion was detected. Brain MRI demonstrated marked cerebel-
lar and pontine atrophy and pontine ‘hot cross bun’ sign 
(Fig. 1d). The patient was clinically diagnosed with probable 
MSA-C and was also shown to carry CTA/CTG expansion.

Patient 2 (F6: III-1) is a 26-year-old man presenting with 
progressive ataxia accompanied by PKD phenotype with 
onset by the age of ten. He presented with recurrent and 
brief attacks of rigidity and numbness of left limbs trig-
gered by sudden voluntary movement, lasting for about 10 s 
and with a frequency of 3–4 times per week. He also devel-
oped progressive gait ataxia and chorea. He moved with a 
wide-based gait and had difficulty with tandem gait. Clini-
cal examination revealed hyperreflexia and hypertonia of 
lower limbs. Unfortunately, we were unable to capture an 
attack of rigidity triggered during the outpatient examina-
tion. Although the attack was not witnessed in hospital, the 
symptoms were validated by the patient several times in the 
follow-up visit. MRI of the brain and thoracic spinal cord 
and electroencephalogram were all normal. According to 
WES, we did not observe PRRT2 or other paroxysmal dis-
ease-related pathogenic mutations. The rare variants identi-
fied in the patient are described in Supplementary Table 3. 
The patient was prescribed carbamazepine (0.1 g, tid), but 
it was refused in the follow-up visit due to side effects upon 
introduction.

Discussion

SCA8 is a unique SCA subtype characterized by slowly pro-
gressive ataxia, associated with additional features such as 
pyramidal and extrapyramidal symptoms, cognitive impair-
ment, and psychiatric abnormalities. In our research, we 
identified six ataxia patients with pathogenic CTA/CTG 
repeat expansion in the ATXN8/ATXN8OS gene, with no 
evidence of expanded alleles in healthy controls. Patients 
with CTA/CTG expansion accounted for approximately 
1.66% (6/362) of patients without definite molecular diag-
nosis. This is the largest scale study to analyze the associa-
tion between CTA/CTG expansion and ataxia syndromes 
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Fig. 1   Clinical and genetic characteristics of patients with CTA/CTG 
expansion in the ATXN8/ATXN8OS gene. a Results of standard PCR 
and TRP-PCR. x-axis: product size in bp; y-axis: peak height. Panel 
A: two normal-sized alleles by standard PCR; panels B and C: one 
normal homozygous control detected by standard PCR (B) and TRP-
PCR (C); panels D and E: one patient detected by standard PCR (D) 
(the second allele was too large to be detected), and TRP-PCR (E). 
b Result of southern blotting. From left to right, M = DNA molecu-
lar weight marker; 1 = F1:I-1; 2 = F1:II-1; 3 = F5:II-3; 4 = F5:III-1; 

5 = F2:II-1; 6 = F3:III-1; 7 = F4:II-1; 8 = F6:III-1; 9 = normal control; 
c SCA8 pedigree. Squares: males; circles: females; arrow: proband; 
filled symbols: affected; symbols with a dot: unaffected gene muta-
tion carriers; “+/-”: heterozygous CTA/CTG expansion; “-/-”: no 
CTA/CTG expansion. Due to ethical considerations, the pedigree 
structure has been simplified. d Brain MRI of patient F2: II-1. A: 
sagittal T1-weighted, showing marked cerebellar atrophy; B: axial 
T2-weighted, showing severe cerebellar atrophy, marked pontine atro-
phy, and ‘hot cross bun’ sign
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in mainland China. Our results indicated that in mainland 
China, SCA8 repeat expansion is worthy of investigation 
in ataxia patients after exclusion of the common SCA sub-
types, especially in sporadic patients with slow progression. 
We did not analyze the interruptions within the CTG tract, 
as the estimate for pathogenic CTA/CTG repeats depends 
only on repeat length. As reported previously, almost all 
CTA/CTG repeat tracts with fewer than 50 repeats do not 
have interruptions, while pure and interrupted expansion 
can both be found in SCA8 patients with > 80 CTA/CTG 
repeats; interruption may play some role in penetrance [10]. 

Incomplete penetrance was also observed in this study. None 
of the six patients had a known family history. Family 1 
exhibited paternal genetic transmission, with a decrease of 
63 repeats. In family 5, maternal transmission was observed 
with a decrease of 97 repeats. However, although the mother 
and father of the probands carried CTA/CTG expansions, 
they did not show ataxia at the last neurological examina-
tion. In our cohort, the penetrance was lower than that previ-
ously reported, which might be explained by different back-
grounds or modifying factors. The low penetrance makes it 
difficult for genetic counseling clinically, therefore, should 

Table 1   Clinical characteristics of patients with CTA/CTG expansion in the ATXN8/ATXN8OS gene

AD autosomal dominant, S sporadic, F female, M male, / data unavailable, MRI magnetic resonance imaging, EMG electromyogram, SEP soma-
tosensory evoked potential, ICARS International Cooperative Ataxia Rating Scale, SARA​ Scale for Assessment and Rating of Ataxia, MMSE 
minimum mental state examination, MoCA montreal cognitive assessment, HAMA Hamilton Anxiety Scale, HAMD Hamilton Depression Scale, 
NPI neuropsychiatric inventory, N normal

F1 F2 F3 F4 F5 F6

Inheritance pattern AD S S S AD S
Number (Pedigree ID) 1(II:1) 2(II:1) 3(III:1) 4(II:1) 5(III:1) 6(III:1)
Lengths of CTA/CTG repeats 86 668 144 171 737 469
Age at onset (years) 30 50 13 45 21 10
Disease duration (years) 10 8 14 11 7 16
Initial symptom Dysarthria Gait instability Dysarthria Gait instabil-

ity
Incoordina-

tion of right 
upper limb

Gait instabil-
ity and PKD 
symptoms

Cerebellar signs Ataxia Mild Severe Severe Moderate Mild Mild
Dysarthria Mild Moderate Severe Moderate N N
Dysphagia N Moderate N Moderate N N

Eye abnormalities Oculomotor 
disorders

Slightly slow 
movement,

Impaired 
smooth 
pursuit

Impaired 
smooth 
pursuit

Slow ocu-
lomotor, 
impaired 
smooth 
pursuit

N N

Nystagmus N N N N N N
Pyramidal impairments Hyporeflexia N Hyperreflexia Hyporeflexia Hyperreflexia Hyperreflexia 

of lower 
limbs

Extrapyramidal impairments N Hypertonia of 
all limbs

Hypertonia in 
left lower 
limb

Hypotonia of 
all limbs

N Hypertonia in 
left lower 
limb

ICARS scores 15/100 / / 34/100 47/100 10/100
SARA scores 7/40 23/40 / 16/40 11.5/40 3/40
Diagnostic examination Brain MRI 

(cerebellar 
atrophy)

Severe Severe, 
pontine ‘hot 
cross bun’ 
sign

Severe Severe Moderate N

EMG N / N N N /
SEP N / / N N /

Psychiatric scales MMSE scores 29/30 / 8/30 28/30 29/30 30/30
MoCA scores 19/30 / 3/30 24/30 28/30 30/30
HAMA scores 12 / / 5 32 2
HAMD scores 2 / / 16 19 6
NPI 5 / / 13 17 1
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be informed to the relatives and offspring of the patients 
with repeat expansions.

The frequency and phenotype of reported SCA8 patients 
vary in different regions [9]. The highest frequency of 5.9% 
was observed in Finland, while the frequency was 1.66% 
in our cohort. According to the literature, approximately 
80–90% of SCA8 cases present with dysarthria, and about 
30–50% of SCA8 patients present with nystagmus and sen-
sory signs [9]. However, in our study, nystagmus and sen-
sory signs were not observed, and dysarthria was only found 
in 4/6 patients. Cognitive impairment was found in 30% 
of patients (2/6), consistent with the literature [9]. Three 
affected patients showed either clinically significant or bor-
derline levels of anxiety and depression, which were also 
reported in America and European patients [7, 14].

SCA8 has been reported to have high clinical heteroge-
neity. Besides ataxia, some patients also exhibit cognitive, 
psychiatric dysfunction, multisystem atrophy (MSA), and 
other neurodegenerative disease phenotypes. Moreover, 
CTA/CTG expansion has also been detected in MSA [27], 
Parkinson’s disease [23], Alzheimer’s disease [28], amyo-
trophic lateral sclerosis [29], and psychosis [30]. In this 
study, two specific phenotypes, PKD and MSA, were found 
to be associated with CTA/CTG expansion. One patient with 
CTA/CTG expansion and symptoms suggestive of PKD phe-
notype was described. The PRRT2 and other paroxysmal 
disease pathogenic mutations were excluded by WES. To 
the best of our knowledge, this is the first report describ-
ing the PKD phenotype associated with CTA/CTG expan-
sion, extending the clinical spectrum of SCA8. It should 
be noted that our finding is not coincidental, as an episodic 
course has also previously been described in a few cases. 
For example, Gupta et al. reported SCA8 cases with epi-
sodic ataxia, migraines, and other fluctuating symptoms [9]. 
Some experimental research has also elucidated the episodic 
course. The expanded RNA transcript encoded by ATXN8OS 
is suspected to regulate the expression of the KLHL1 gene 
[31, 32], which may regulate ion channel location and sign-
aling, and is reportedly associated with cerebellar symptoms 
in animal models [33, 34]. Ion channel deficiency is involved 
in the pathogenesis of SCA symptoms and episodic courses, 
such as SCA6 and episodic ataxia type 2 [35]. In light of 
these observations, we suggest that the CTA/CTG expansion 
in the ATXN8/ATXN8OS gene might play an important role 
in the molecular mechanism of episodic symptoms. PKD 
phenotypes might be atypical clinical features of SCA8, 
but more research is required to investigate the underlying 
mechanism.

Besides PKD, we also described a patient carrying the 
CTA/CTG expansion with an MSA-C phenotype. In fact, 
some patients with a clinical diagnosis of probable MSA-C 
and a proven CTA/CTG expansion have already been 
reported [8, 27, 36]. However, some studies have failed to 

identify the CTA/CTG expansion in MSA-C patients [28, 
37], and the CTA/CTG expansion has also been detected 
in healthy controls. Therefore, considering the high genetic 
heterogeneity of SCA8, our research provides more evidence 
that multiple system atrophy might be an atypical symptom 
of SCA8.

In summary, SCA8 is a cerebellar disease with a high 
degree of clinical and genetic heterogeneity. We described 
the genetic and clinical features of SCA8 patients from 
mainland China and confirmed the association between the 
CTA/CTG expansion and MSA-C phenotype. For the first 
time, we suggest that CTA/CTG expansion may be associ-
ated with a PKD phenotype, and further investigations are 
needed to better understand the role of CTA/CTG repeat 
expansion in the underlying mechanism.
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