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Abstract Spinocerebellar ataxia type 14 (SCA14) is a
rare form of autosomal dominant cerebellar ataxias
caused by mutations in the protein kinase Cy gene
(PRKCG). We have identified a Japanese patient with
SCA14 who carried the Glyl28Asp mutation in
PRKCG. She first noticed gait unsteadiness at around
age 42, and then her gait ataxia worsened very slowly
for more than 20 years. At age 62, she was still ambu-
latory, although cerebellar ataxia was clinically evident.
She is the second patient identified with the G128D
mutation. Both patients with this mutation showed pure
cerebellar ataxia. With only two families with SCA14
found in Japan prior to this study, the clinical features
and disease-causing mutations in PRKCG are hetero-
geneous in the same ethnic background.
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Introduction

Spinocerebellar ataxia type 14 (SCA14) is one of the
autosomal dominant cerebellar ataxias (ADCAs) and
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is associated with mutations in the protein kinase Cy
gene (PRKCG) (Chen et al. 2003). Mild, slowly pro-
gressive ataxia is a predominant feature of SCA14,
sometimes accompanied by myoclonus, cognitive
impairment, extrapyramidal signs, and sensory distur-
bance (Chen et al. 2005; Klebe et al. 2005; Stevanin G
et al. 2004; van de Warrenburg BP et al. 2003; Verbeek
DS et al. 2005; Yabe et al. 2003; Yamashita et al. 2000).
Here, we report a Japanese patient with the
Glyl128Asp (G128D) mutation in PRKCG, who
showed pure cerebellar ataxia with onset in middle age
and a protracted clinical course.

Case report

The patient first visited a hospital with a 2-year history
of gait unsteadiness at 44 years of age. Although she
could not run well, she was able to support herself
without any difficulty and to climb up and down stairs
without using banisters. She showed minimal cerebel-
lar ataxia in the limbs and trunk without any asym-
metry. There were no other neurological symptoms or
signs. Cerebellar atrophy in brain CT at that time was
not definitive. She was diagnosed as being in the early
stage of spinocerebellar degeneration. Since then,
medical follow-up had been disrupted for a long peri-
od, but her symptoms progressed gradually. She
revisited a hospital at the age of 60, 16 years after her
first visit. Her intelligence and mode were normal.
Ocular movement showed saccadic pursuit, but no
nystagmus was observed. Her speech was a little
scanning, but easy to understand. There was no dys-
phagia observed. She complained of a little difficulty in
writing and using chopsticks, and the finger-nose test
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indicated mild ataxia in both upper limbs. No invol-
untary or paroxysmal movements were observed.
Muscle strength and tone were normal. Deep tendon
reflexes were normal in all limbs, and pathological re-
flexes were not elicited. Both superficial and deep
sensations were normal. Her gait was ataxic, but she
was still able to climb up and down stairs without any
support. Symptoms or signs of autonomic dysfunction
were not observed. Routine laboratory examinations
of blood and urine were not remarkable. Brain MRI
revealed atrophy of the cerebellum (Fig. 1). Her mo-
ther, who died at age 79, had been diagnosed as having
Parkinson’s disease, although the clinical records were
not available. Her father was reported to not have
cerebellar ataxia, and died in his 70s. Detailed infor-
mation on other family members was not available. She
began to take an analogue of thyrotropine releasing
hormone (taltirelin hydrate 10 mg/day) orally at age
60. At age 62, she was still ambulatory.

Materials and methods

The patient gave a written informed consent for ge-
netic testing for previously known SCAs. The study
was performed according to the regulations of the
Ethical Committee of Shinshu University School of
Medicine. Genomic DNA was extracted from periph-
eral white blood cells using PUREGENE DNA puri-
fication kit (Gentra). Genetic testing strategy for
possible ADCA was as follows. Repeat expansions at
the loci for SCAL, 2, 3, 6,7, 12, 17, and DRPLA were
first screened as described elsewhere (Shimizu et al.
2004). Second, a C to T substitution in the 5" untrans-
lated region in the puratrophin-1 gene, a recently
identified gene for 16q22.1-linked ADCA, was
examined (Ishikawa et al. 2005; Ohata et al. 2006).
Then, genetic analysis for SCA14 was performed as

Fig. 1 Brain MR images of
the patient at 62 years of age
showing cerebellar atrophy

previously described (Klebe et al. 2005; Chen et al.
2003). PCR products were purified using a QIA PCR
Purification kit (Qiagen) and then directly sequenced
using a BigDyeR Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems), and analyzed on an Applied
Biosystems 3730x] DNA Analyzer.

Results and discussion

All CAG repeat expansions were excluded for SCA1,
2,3,6,7,12, 17, and DRPLA in this patient. She did
not have a C to T substitution in the puratrophin-1
gene. Direct sequencing of the amplified exon 4 of
PRKCG revealed a heterozygous G to A substitution
in codon 128 (Fig. 2), predicting a substitution of gly-
cine for aspartate (G128D). We have not found this
substitution in 146 chromosomes from unrelated 73
Japanese individuals (43 normal individuals, and 30
patients with neurological diseases other than SCA).
We also screened 16 genetically undefined ADCA
patients for this substitution, but none of them carried
it. Up to now, we have collected and genetically ana-
lyzed 148 patients with SCA (a representative patient
from each of 118 ADCA families and 30 patients with
sporadic SCA). In our series, SCA14 has been con-
firmed in only the one patient described here.

The G128D mutation has been identified in only one
patient prior to this study. That patient was a 55-year-
old man who showed cerebellar ataxia with an onset
age of 22 years (Chen et al. 2005). Similarly, our pa-
tient continued with her daily activities for more than
20 years following the disease onset. Very slowly pro-
gressive ataxia without significant extracerebellar
symptoms seems a predominant feature for a SCA14
phenotype with the G128D mutation. Family history
was not informative for both families with the G128D
mutation, suggesting that this mutation may have a low
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GTG CAC CAG GGC ATG AAA TGC
Val His GIn Gly Met

Lys Cys

control

GTG CACCAG GGC ATG AAA TGC

patient

Fig. 2 Direct sequencing of the amplified exon 4 of PRKCG.
The position of a heterozygous G to A substitution in codon 128
is indicated in the patient (arrow)

penetrance. To date, 19 mutations have been identified
in PRKCG, and thirteen of them are accumulated in
exon 4 of PRKCG (Chen et al. 2005; Dalski et al. 2006;
Hiramoto et al. 2006). Therefore, a screening of
PRKCG exon 4 for SCA14 is practically recommended
for patients with mild or slowly progressive ataxia,
even if they are single occurrences in their families,
when they are tested negative for more frequent forms
of SCA. We are now planning to screen ataxia patients
with no family history for mutations in PRKCG exon 4.

Despite a negative family history, our family is the
third with genetically defined SCA14 in Japan (Ya-
mashita et al. 2000; Yabe et al. 2003; Hiramoto et al.
2006). Early-onset (<age 27) Japanese patients with the
Q127R mutation showed axial myoclonus (Yamashita
et al. 2000; Yabe et al. 2003), but careful interview and
neurological examinations did not reveal such episodic
involuntary movements in our patient. Most of the
affected individuals from a Japanese family with the
S119F mutation showed pure cerebellar ataxia with
late onset, but one patient with early onset showed
generalized tonic—clonic seizures, pyramidal tract signs,
and mental retardation, as well as cerebellar ataxia
(Hiramoto et al. 2006). Clinical manifestations and
disease-causing mutations are heterogeneous in SCA14
in a population with the same ethnic background, al-
though the frequency of SCA14 is very low in the
Japanese population (Hiramoto et al. 2006).
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