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Spinocerebellar ataxia (SCA) 23 is a type of spinocerebellar
degeneration, and its causative gene, prodynorphin (PDYN), has
been identified [1]. This degenerative disease is characterized by
an ocular motility disorder, gait ataxia, and dysarthria. According
to a report on affected Dutch families, onset occurred between
the ages of 43 and 56 years. These patients exhibit slow saccades,
dysmetria, gait and limb ataxia, and abnormalities in the vibration
sense below the knee. Hyperreflexia is commonly observed as well.
Postural tremor of the head and upper limbs among some of the
family members is diagnosed as essential tremor. The family mem-
bers also experience mild dementia starting at approximately 50
years of age. Cerebral imaging has shows a high degree of cerebellar
atrophy; one patient showed frontotemporal, cerebellar vermis,
and bulbospinal atrophy [2].

We report a case of an outpatient (the proband) in our hospital
who exhibited clinical manifestations of spinocerebellar degenera-
tion and the “hot cross bun” (HCB) sign on brain MRI; we per-
formed SCA genetic analysis on this patient.

The proband (Fig. 1A; II-6) had mild ataxia before the age of 10
years. She exhibited signs such as dysmetria, gait ataxia, dysarthria,
and hyperreflexia but no essential tremor, deep sensory distur-
bance, or distal neuropathy. She was the youngest of six siblings,
and her fifth-oldest sister (II-5) had head tremor and symptoms
similar to those of the proband. The III-3 was only interviewed by
his mother (II-5). His mother said that III-3 had only a minor
head tremor. Symptoms of autonomic dysfunction, such as ortho-
static hypotension, lower urinary tract symptoms, or intestinal
dysfunction, were not observed in these patients.

Brain MRI of the proband showedmoderate atrophy of the brain
stem and cerebellum (Fig. 1BeD) since the early stage of the dis-
ease. Furthermore, brain MRI in the horizontal plane showed the
HCB sign in the brain stem (Fig. 1C) and atrophy outside the globus
pallidus (Fig. 1D), which are characteristic of the parkinsonism type
of multiple system atrophy (MSA-P). Cerebral blood flow scintig-
raphy performed simultaneously with the MRI showed a greater
reduction of blood flow in the brain stem than in the cerebellum
(Fig. 1E). For these reasons, she was first diagnosed as
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tocerebellar-type multiple system atrophy rather than spi-
llar degeneration.

Genomic DNA samples were extracted from peripheral blood
leukocytes from the proband and her sister (II-6 and II-5).
Screening for repeat expansions at the SCA1, SCA2, MJD, SCA6,
SCA7, SCA8, SCA12, SCA17, SCA31, SCA36, and DRPLA loci was per-
formed in the proband (II-6) using fragment analysis and/or
repeat-primed polymerase chain reaction analysis, but we could
not observe the expected gene mutations. Next, we performed
exome sequencing analysis of the proband. Briefly, exon sequences
were enriched using the SureSelect Human All Exon v4 þ UTRs Kit
and the Illumina Hiseq2000 platform [3]. We then screened the
processed DNA for single-nucleotide variants (SNVs) in previously
known causative genes of autosomal dominant spinocerebellar
ataxia, such as SPTBN2, TTBK2, KCNC3, PPKCG, ITPR1, KCND3, PDYN,
FGF14, and AFG3L2. We found one heterozygous novel mutation
(p.R213H, c.638A > G) in PDYN. The p.R213H mutation was shared
by both II-5 and the proband. This mutation was not observed in
422 Japanese control subjects. Analysis of R213H using the PRO-
VEAN and Polyphen-2 database software suggested severe alter-
ations of protein function (PROVEAN score, �4.804 and Polyphen-
2 damage score, 1.00). The p.R213H mutation occurred near
p.L211S, p.R212W, and p.R215C [2], which also show abnormal pro-
tein structures. Amino acid regions 202e230 are completely
conserved among mammals (Fig. 2).

The genetic mutation of SCA23 has been described as a disease
with onset at middle age and slowly progressing cerebellar degen-
eration. A neuropathological examination of SCA23 autopsy tissue
has revealed neuronal loss in the Purkinje cell layer, dentate nuclei,
and inferior olivary nuclei [2]. Additional neurological examination
has revealed dysarthria and oculomotor problems, such as slowing
saccades and ocular dysmetria [1].

However, in this study, we observed head tremor with the neck
turned sideways in addition to cerebellar manifestations in this first
Japanese familial case. We analyzed previously reported clinical
manifestations other than those evident in our case and observed
that the disease appears to have several clinical manifestations,
such as neck tremor and typical cerebellar signs alone. This type
of neck tremor is highly similar to that observed in Parkinson's dis-
ease with tremor. Therefore, on the basis of the observed neck
tremor, a careful diagnosis is necessary.

In our case, brain MRI showed the HCB sign. Many previous re-
ports on the HCB sign in brain MRI have indicated the usefulness of
slit-like hyperintense T2 signals predominantly in the rear of the
lateral putamen, with the HCB sign in the pons, for differential diag-
nosis of MSA-P and Parkinson's disease [4]. However, even some
healthy elderly individuals exhibit an abnormal signal in the
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Fig. 1. SCA23 pedigree in Japan. The patient II-6 is the proband (A). Brain T2WI MR sagittal image of the proband (B). A brain T2WI-MR image showing the “hot cross bun” sign as a
cruciform. A hyperintense signal can be seen in the atrophied pontine (C). Brain T2MRI in a T2WI MR horizontal image. A hyperintense signal in the rear of the lateral putamen is
shown (D: arrow head). Brain single-positron emission computed tomographic three-dimensional stereotactic surface projection analysis (3D-SSP) of the SCA23 proband (E). The
cerebellar bloodstream is largely decreased relative to other regions.

Fig. 2. Amino acid sequence alignment of the PDYN gene exon 3 region. Positions
202e230 in Homo sapiens are highly conserved across species, including human
(Homo sapiens; NP_060841.3), chimpanzee (Pan troglodytes; XP_519635.2), dog (Canis
lupus; XP_539946.2), mouse (Mus musculus; NP_766341.3), rat (Rattus norvegicus;
XP_224757.4), chicken (Gallus gallus; XP_420453.2), and zebra fish (Danio rerio;
XP_001333479.2). *The reported mutation position. The sequences were aligned using
the NCBI homologene web site (http://www.ncbi.nlm.nih.gov/homologene).
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putamen on MRI at �1.5T. Therefore, some values of magnetic field
strength may yield false positive results [5]. In addition, hyperin-
tense signals in the rear of the lateral putamen are also observed
in patients with SCA17 or adult GM1 gangliosidoses; the HCB sign
is also detectable in patients with SCA2, SCA7, SCA8, or fragile X-
associated tremor ataxia syndrome. As observed in our SCA23
case, genetic testing should be considered for individuals with
SCA23 and the HCB sign on brain MRI or hyperintense signals in
the rear of the lateral putamen. Recent studies show that the HCB
sign in the brain stem is associated with pontocerebellar tract
degeneration [5]. In our case, the patient had the HCB sign
(Fig. 1C) and atrophy of the pons and brain stem on brain MRI.
Therefore, the pontocerebellar tract may have been damaged. In
conclusion, we identified a new point mutation (p.R213H) in the
PDYN gene. Our results suggest that the p.R213H mutation causes
severe functional abnormalities. The family of the patient in this
case is the first familial case of SCA23 to be identified in Japan.
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Further analysis of SCA23 is required to investigate the association
of clinical manifestations and mutations in Japan.
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