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Abstract 

We report a 67-year-old Japanese woman with ataxia with oculomotor apraxia type 2 

(AOA2). She was born to consanguineous parents and showed a teenage onset, a slowly 

progressive cerebellar ataxia and sensory-motor neuropathy and an elevated level of 

serum α-fetoprotein (AFP). All of these clinical features were consistent with typical 

AOA2. She lacked oculomotor apraxia, as frequently observed in previously reported 

AOA2 patients. She was homozygous for a novel nonsense mutation, Glu385Ter 

(E385X), in the senataxin gene (SETX). To our knowledge, this is the fifth Japanese 

family with genetically confirmed AOA2. The mutations in SETX in Japanese AOA2 

families are heterogeneous, except for M274I, which has been found in two unrelated 

families. More extensive screening by serum AFP followed by molecular genetic 

analysis of SETX in patients with the Friedreich ataxia (FRDA)-like phenotype may 

reveal that AOA2 is more common in Japan than previously thought.  

   

Ataxia with oculomotor apraxia type 2 (AOA2) is a rare form of autosomal recessive 

cerebellar ataxias associated with axonal sensory-motor neuropathy1. The 

disease-causing gene (SETX) encodes a protein, senataxin, with a homology to the 

fungal Sen1p protein2. Senataxin (SETX), which is composed of 2,677 amino acids, 

contains a DNA/RNA helicase domain (1,931-2,446 amino acids) near the C-terminus, 

and is likely to play important roles in DNA repair and transcription and RNA 

processing2-4. The N-terminal domain (64-593 amino acids) of SETX is considered a 

putative protein interaction domain essential for proper localization of SETX5. 

To date, more than 50 mutations have been identified in AOA2 families worldwide 1, 2, 

6-12. The mutations are distributed across the entire gene, without any specific mutation 
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hotspots. Most of the mutations are frameshift, or nonsense mutations, supporting that a 

loss of function of SETX is critical for the development of AOA2.  

In this study, we describe a 67-year-old Japanese patient with AOA2 who carried a 

novel homozygous nonsense mutation, Glu385Ter (E385X), in SETX. Consistent with a 

prolonged clinical course, she showed prominent fiber type grouping in muscle biopsy. 

This study identifies the fifth Japanese family with genetically confirmed AOA22, 8, 13-15 

(H. Takashima, personal communication). 

 

Case report 

The patient was a 67-year-old Japanese woman, who was born to consanguineous 

parents and attained normal developmental milestones during infancy. At approximately 

17 years old, she began falling frequently while walking. At age 20, she was referred to 

the hospital because of an unsteady gait. Soon thereafter, she was diagnosed with 

cerebellar ataxia, and by age 22, she could not walk without assistance. At 

approximately 40 years old, she began to exhibit speech disturbance and became clumsy 

with her hands.  

She had her first extensive medical examinations at age 46. Neurological examination 

revealed horizontal gaze nystagmus and dysarthria, but not oculomotor apraxia. In 

addition, she showed distal dominant muscle atrophy and weakness, hypesthesia of the 

glove and stocking type, loss of position and vibration sense, and limb and truncal 

ataxia. Deep tendon reflexes were decreased in her upper extremities, and absent in her 

lower extremities. Pyramidal tract signs were not evident. She was not able to stay 

standing even when holding a handrail. Routine blood and cerebrospinal fluid studies 

were normal. Magnetic resonance imaging (MRI) of the brain revealed atrophy in the 
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cerebellar hemispheres and vermis, but not in the brainstem. Needle electromyogram 

showed high amplitude and long duration motor potentials in the muscles examined. 

Ulnar nerve motor conduction velocity was 48 m/sec, and compound-muscle action 

potentials (CMAP) of the lower limbs could not be obtained. Sensory nerve conduction 

velocities were reduced in both the upper and lower limbs. A quadriceps muscle biopsy 

revealed large fiber type grouping (Figure 1a), and a sural nerve biopsy revealed a 

severe loss of myelinated fibers without onion bulb formation. At this time, she was 

diagnosed as having a combined phenotype of spinocerebellar ataxia and sensory-motor 

neuropathy.  

At age 67, her condition was reevaluated in our hospital. Her cognitive function was 

well preserved. She showed horizontal gaze nystagmus and disturbance of smooth 

pursuits. Her speech was slurred, but dysphagia was absent. Head tremor was observed. 

Distal muscle wasting and weakness with finger and foot deformities were evident 

(Figure 1b and c). Routine blood studies were normal, but serum α-fetoprotein (AFP) 

was markedly high (123.0 ng/ml, normal range 0-10 ng/ml). MRI of the brain revealed a 

megacisterna magna and atrophy of the cerebellar hemispheres and vermis (Figure 1d). 

MRI of the spinal cord and abdominal ultrasonography showed no abnormal findings. 

Because the clinical and laboratory features in this patient were consistent with 

AOA2, we searched for a mutation in SETX in this patient according to the previous 

report8. The results showed that the patient carried a novel homozygous nonsense 

mutation, E385X (c. 1153G -> T in exon 8) (Figure 1e) in SETX, while her two 

unaffected siblings were heterozygous for this mutation.  

 

Discussion 
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AOA2 is an early-onset cerebellar ataxia of autosomal recessive inheritance caused 

by mutations in SETX 1, 2. It generally starts with cerebellar ataxia, and then axonal 

sensory-motor neuropathy overlays with disease progression. Oculomotor apraxia is 

included in the disease acronym, but it is not a consistent feature of the disease1, 2. 

Less common clinical features include pyramidal signs and movement disorders such 

as dystonia, choreic movements, and tremor. Intelligence, as well as bulbar and 

respiratory functions are relatively unaffected in AOA2 patients. Almost all patients 

with AOA2 (>90 %) show elevated serum AFP, which serves as a good diagnostic 

marker for AOA21, 2. Despite a large heterogeneity in SETX mutations in more than 

50 AOA2 families with various ethnic backgrounds, its clinical findings and course 

are relatively consistent.  

The patient described in this study became wheelchair-bound in approximately 5 

years after onset. This is a shorter period than previously reported 6, 7, 9, 12. However, 

despite rapid deterioration of functional independence after onset, her overall clinical 

course was very protracted, and the patient survived into her late 60s. The prominent 

fiber type grouping observed in the quadriceps muscles was consistent with chronic 

denervation and reinnervation in peripheral nerves. 

AOA2 was described initially in a Japanese family13, and to our knowledge, the 

present family is the fifth with genetically proven AOA2 in Japan2, 8, 13-15 (H. 

Takashima H, personal communication). Mutations in SETX identified in Japanese 

AOA2 families are heterogeneous, except M271I, which has been found in two 

unrelated Japanese families2, 8, 15 (H. Takashima H, personal communication). E385X 

reported in this study causes an early truncation in the N-terminal domain, which is 

very likely to lack both N-terminal and helicase domain functions. 
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To date, more than 50 mutations have been identified in AOA2 and 4 mutations in 

its allelic disorder, amyotrophic lateral sclerosis 4 (ALS4), worldwide1, 2, 6-12, 16. The 

pathogenic mechanism of SETX mutations for causing two different allelic diseases, 

AOA2 and ALS4, needs to be further clarified. All the 4 SETX mutations reported in 

ALS4 patients are missense mutations, 3 of which cluster within either DNA/RNA 

helicase domain or N-terminal domain16. On the other hand, most of the AOA2 

mutations are nonsense or frameshift, most likely causing a loss of function of SETX.  

In Japan, autosomal-recessive cerebellar ataxia accounts for approximately 1.8 % 

of spinocerebellar ataxia patients17, but the disease frequency of each subtype in 

ARCA is unclear. A genetically confirmed Friedreich ataxia (FRDA) patient has not 

been found in the Japanese population, and the majority of patients with the 

FRDA-like phenotype may be confirmed as AOA1, AOA2, ataxia with vitamin E 

deficiency (AVED), or autosomal recessive spastic ataxia of Charlevoix-Saguenay 

(ARSACS) if examined by genetic testing. Since elevation of serum AFP 

concentration is highly specific for AOA2, biochemical screening followed by 

molecular genetic testing of SETX in patients with the FDRA-like phenotype will 

facilitate our understanding of the disease frequency of the subtypes in ARCA in 

Japan.       
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Figure legends 

Figure 1.  The muscle biopsy from the quadriceps muscles shows a large fiber type 

grouping (a, routine ATPase stain, bar = 100 μm, age 46). Distal muscle wasting in the 

hands and fixed flexion of the PIP and DIP joints are seen (b, age 67). Clubfoot and 

drop foot deformities are observed (c, age 67). Magnetic resonance images show 

atrophy in the cerebral hemispheres and vermis (d, age 67), and the sequencing results 

of SETX indicate a homozygous E385X mutation, (e). The asterisk indicates the 

position of a G-to-T substitution. For the cDNA, the nucleotide number +1 corresponds 

to the A of the ATG translation initiation codon. 



Figure 1.

 


