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Adult-onset vanishing white matter disease
with novel missense mutations in a subunit of
translational regulator, EIF2B4

To the Editor:

Vanishing white matter disease (VWM) is one of
the most prevalent inherited leucoencephalopathies with
autosomal recessive inheritance. The clinical features
of VWM are episodes of rapid neurological deterio-
ration provoked by stresses, such as fever and minor
head trauma, during a chronic progressive course (1).
Magnetic resonance imaging (MRI) findings that exhibit
leukoencephalopathy, with lesions having cerebrospinal
fluid (CSF)-like signals, are very characteristic. The
phenotypic variation is broad — most cases of VWM
develop in early childhood though adult-onset cases
have also been reported occasionally. Severe forms
start in the prenatal or early infantile period and lead
to early death (2). In contrast, much milder variants
start in adolescence or adulthood and are character-
ized by slow disease progression. VWM is caused
by mutations in the genes EIF2BI-5 encoding the
subunits of eukaryotic translation initiation factor 2B
(eIF2B). Among them, mutations in EIF2B5 are the
most common, accounting for 60-70% of all cases of
VWM (3). On the other hand, mutations in EIF2B4
are 4—14% (4, 5). Here, we describe a patient with
adult-onset VWM who carries novel missense mutations
in EIF2B4.

A 59-year-old Japanese woman presented to our hos-
pital. She noticed gait unsteadiness and forgetfulness
at the age of 56, which exacerbated slowly. She had
experienced no episodes of rapid neurological symp-
toms evoked by stresses. Her birth and development
during childhood were normal, and she had no ovarian
failure. The family history was unremarkable. Her par-
ents did not have a consanguineous marriage. Neurolog-
ical examinations showed spastic paraparesis, increased
bilateral patellar tendon reflexes, and bilateral extensor
Babinski signs. Mini-Mental State Examination score
was 16. Wechsler Adult Intelligence Scale-third edi-
tion (WAIS-III) revealed a low intelligence quotient
(verbal IQ of 66, performance 1Q of 59, full-scale
1Q of 60).

Brain MRI showed symmetric diffuse high-intensity
lesions in the deep white matter on T2-weighted
images. The lesions in the deep frontal white matter had

CSF-like signals on fluid-attenuated inversion recovery
(FLAIR) images (Fig. lab). The results of routine
laboratory tests were normal. CSF examination showed
elevation of protein at 54mg/dl (normal <40) and
increased glycine concentrations at 11.6 pmol/l (normal
7.7 + 3.5); the latter is considered a biochemical marker
for VWM (6).

The clinical course and MRI findings characteris-
tic of VWM prompted us to perform genetic anal-
yses. Sanger sequencing of all exons of the VWM
causative genes, EIF2BI-5, revealed novel heterozy-
gous missense mutations, ¢.617T>C (p.Met206Thr) and
¢.952A>G (p.lle318Val) in EIF2B4. Furthermore, direct
nucleotide sequence analysis of the plasmids, in which
genomic segments containing c¢.617T>C and ¢.952A>G
in EIF2B4 were cloned, revealed that the mutations,
c.617T>C (p.Met206Thr) and ¢.952A>G (p.Ile318Val),
were located on different alleles (Fig. 1c).

As shown in Fig. 1d, the amino acid I1e318 of EIF2B4
is highly conserved among species, and p.Ile318Val
mutation is predicted to be probably damaging and dis-
ease causing by Polyphen-2, SIFT, and Mutation Taster.
On the other hand, the amino acid Met206 is highly con-
served among mammals. By SIFT and Mutation Taster,
p-Met206Thr is predicted to be damaging and disease
causing (Fig. 1d). These mutations were not present in
276 unrelated Japanese control subjects, and not regis-
tered in the Human Genetic Variation Database (HGVD),
a database of the exome sequencing of 1208 Japanese
individuals.

This is the second reported case of adult-onset VWM
with mutations in EIF2B4 (4). The age of 56, when
our case developed symptoms, is the oldest among
patients with EIF2B4 mutation thus reported (5). So
far, the influence of genotype on the phenotype in
EIF2B4 mutation has not yet been clarified. Reveal-
ing the genotype—phenotype relationship is important
as it enables clinicians and genetic counselors to pro-
vide appropriate information to patients and families.
Our case indicates that the heterozygous c.617T>C
(p-Met206Thr) and c.952A>G (p.lle318Val) mutations
in EIF2B4 might be related to the late-onset milder form
of VWM.
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(C) Exon 7 8 9 10

Allele 1 — S waa ™ S —
Amino acid sequence Ala Thr Val Ala e Ser
Nucleotide sequence GCC ACG GTG GCA ATT TCA

|

1

€.617T>C (p.Met206Thr)

Exon 7 8 9 10
Allele 2 — MR " — V —
Amino acid sequence Ala Met Val Ala Val Ser
Nucleotide sequence GCC ATG GTG GCA GTT TCA

|

¢.952A>G (p.lle318Val)

(d) EIF2B4 novel heterozygous mutation p.Ile318Val

Homo sapiens I VL A A Q A 1 S R F A Y QK
Rattus norvegicus I v L A S Q A/1!/S R F A s K K
Mus musculus I V L A A Q A I S R F A I K
Canis lupus familiaris 1 V L A A Q A 1 S R F A Y K
Gallus gallus I VL A A £ A1 S K S A | K
Xenopus tropicalis I + L A A A1 S K A K
Danio rerio I 1T L A A 1 S A K
EIF2B4 novel heterozygous mutation p.Met206Thr
Homo sapiens S S V1 H P A MY R L G L QY
Rattus norvegicus S S v 1 H P AMV RL GL QY
Mus musculus S S V1 H P A MV R L G L QY
Canislupus familiaris § S VvV I H P A M V R L G L Q Y
Gallus gallus S S V1 H P A|V)V RL G L QY
Xenopus tropicalis S S &4 I H P G|\ I R L G L QY
Danio rerio AT V. 1 H P I V R L G L Q Y

Fig. 1. T2-weighted images show symmetric, diffuse high-intensity lesions in the deep white matter (a); replacement by cerebrospinal fluid (CSF) was
present predominantly in the deep frontal white matter on FLAIR images (b). Heterozygous novel missense mutations, ¢.617T>C (p.Met206Thr) and
¢.952A>G (p.lle318Val) were identified in EIF2B4 (c). The amino acid Ile318 is highly conserved among species, and the amino acid Met206 is highly
conserved among mammals (d).
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Novel mutations in the PNPLA6 gene in
Boucher-Neuhauser syndrome

Kishin Koh!, Fumikazu Kobayashi', Michiaki Miwa!, Kazumasa Shindo!, Eiji Isozaki?, Hiroyuki Ishiura®,
Shoji Tsuji® and Yoshihisa Takiyama!

On whole-exome sequencing, a novel compound heterozygous mutation (c.2923A>G/c.3523_3524insTGTCCG, p.T9754/
p.1175_1176insVS) and a novel homozygous one (¢.3534G >C, p.W1178C) in the PNPLAG6 gene were identified in sporadic
and familial Japanese patients with Boucher-Neuhduser syndrome (BNS), respectively. However, we did not find any mutations
in the PNPLAG6 gene in 88 patients with autosomal recessive hereditary spastic paraplegia (ARHSP). Our study confirmed the
earlier report that a PNPLA6 mutation causes BNS. This is the first report on PNPLA6 mutations in non-Caucasian patients.
Meanwhile, PNPLA6 mutations might be extremely rare in Japanese ARHSP patients. Moreover, we first found hypersegmented

neutrophils in two BNS patients with PNPLA6 mutations.

Journal of Human Genetics advance online publication, 29 January 2015; doi:10.1038/jhg.2015.3

Hereditary spinocerebellar ataxia associated with hypogonadotropic
hypogonadism is known as Gordon Holmes syndrome (GHS).! GHS
with chorioretinal dystrophy is called Boucher-Neuhduser syndrome
(BNS).2? BNS is inherited through autosomal recessive transmission,
and is a very rare disease that has been reported in <30 families so far.
Recently, GHS with dementia has been reported to be caused by the
OTUD4 and RNF216 mutations.*

Recently, while we revealed several candidate variations causing
BNS, PNPLA6 mutations, which cause spastic paraplegia type 39 with
an autosomal recessive mode of inheritance were identified in
Caucasian patients with BNS, GHS and spastic ataxia.>7 Here we
describe a novel compound heterozygous mutation and a novel
homozygous one in the PNPLA6 gene in two Japanese patients with
BNS. Furthermore, as hypersegmented neutrophils were reported in
two BNS families including our patients,® we attempted to find
hypersegmented neutrophils in BNS genetically proven patients.

We recruited one Japanese sporadic and one familial patient with
BNS. Patient 1 (sporadic) was a non-consanguineous kindred. Patient
2 (familial) was a consanguineous kindred with an affected brother
and sister. The detailed clinical findings in these patients have been
reported elsewhere.810 Patient 1 did not have any mutations in the
genes associated with Kallman syndrome (KAL1L, FGFR1, PROK2 and
PROKR?2) or spinocerebeller ataxias (SCAL, SCA2, M]D, SCA6, SCA7,
SCAS8, SCAI2, SCA17, SCA31, DRPLA and ARSACS).

Japan Spastic Paraplegia Research Consortium (JASPAC) has
assembled 429 index patients with hereditary spastic paraplegia. We
recruited patients with familial progressive spastic paraplegia, con-
sanguinity or a thin corpus callosum. From among these patients,

we selected 88 (16 with consanguinity and affected siblings, 20 with
only consanguinity, 24 with only affected siblings and 28 with a thin
corpus callosum) who were suspected of having autosomal recessive
hereditary spastic paraplegia.

The present study was approved by the institutional review boards,
and informed consent was obtained from all individuals.

We analyzed the genomic DNA of patient 1 and his parents by
whole-exome sequencing. Exome capture was performed using a
Sureselect Human All Exon*T V4 Kit (Agilent, Santa Clara, CA,
USA), followed by massively parallel sequencing using Ilumina
HiSeq 2000 (100bp paired end; Illumina, San Diego, CA, USA). We
aligned the exome data with BWA!! and extracted single-nucleotide
variations using GATK.!? We picked up novel homozygous mutations
(patient 1 has a homozygous mutation and his parents have a
heterozygous one) and novel compound heterozygous ones (patient
1 has compound heterozygous mutations and his parents
have a heterozygous mutation) under the condition of recessive
inheritance models by using dbSNP135 (ftp://ftp.ncbi.nlm.nih.gov/
snp/organisms/human_9606/ASN1_flat/), 1000 genomes (ftp://
ftp.1000genomes.ebi.ac.uk/voll/ftp/release/20110521) and the Human
Genetic Variation Database (http://www.genome.med.kyoto-u.ac.jp/
SnpDB/). Then we checked candidate mutations in patient 1 and his
parents and patient 2 by Sanger sequencing. Moreover, the missense
mutations identified were evaluated using in silico algorithms including
Polyphen 2 (http://genetics.bwh.harvard.edu/pph2/) and SIFT (http:/
sift.jevi.org/).

Unfortunately, we could not examine the affected siblings of patient
2. As the 88 patients recruited by the JASPAC had been subjected to
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whole-exome sequencing, we checked whether PNPLA6 mutations
exist or not. Exome capture was performed using an Agilent SureSelect
Human ALL Exon 50 Mb Kit (Agilent), followed by massively parallel
sequencing using Illumina HiSeq 2000 (100bp paired end). We
aligned the exome data with BWA!! and extracted single-nucleotide
variations using SAMtools.!? In addition, we performed blood testing
in patient 1.

We obtained 10.9, 12.2 and 14.0Gbp, and 117, 129 and
107 Gbp averaged depth on target for the proband, his father
and his mother, respectively. We found no novel homozygous
mutations. However, we found one compound heterozygous
mutation in patient 1. Only PNPLA6 was found to be a
novel  compound  heterozygous  mutation  (c.2923A>G/
€.3523_3524insTGTCCG, p.T975A/ p.1175_1176insVS) in patient 1.
On Sanger sequencing, the ¢.2923A > G mutation was found in patient
1 and his mother, and the ¢.3523_3524insTGTCCG one was found in
patient 1 and his father (Figure 1a). In silico analysis was performed for
the ¢.2923 A> G mutation. Polyphen 2 was ‘possibly damaging’ and
SIFT ‘damaging’.

In patient 2, we found a novel homozygous mutation (c.3534G >C,
p-W1178C) in the PNPLA6 gene (Figure 1b). Polyphen 2 was
‘probably damaging’ and SIFT ‘damaging’. We could not, however,
rule out a pseudo-homozygous state (for example, due to a deletion),
as we could not show that each parent had carried one of the two
variants in a heterozygous state because of their death.

As we found a novel compound heterozygous mutation and a novel
homozygous one in the PNPLAG6 gene in patients 1 and 2, respectively,
we concluded that PNPLA6 mutations had caused BNS in our
patients.

In the 88 autosomal recessive hereditary spastic paraplegia
patients of the JASPAC, we did not find any non-synonymous
PNPLA6 mutations, insertions or deletions
sequencing.

on whole-exome

Blood testing of patient 1 revealed 9% of hypersegmented neu-
trophils. That of patient 2 revealed 28%, as previously reported
Umehara et al.® (Figure 2).

In the present study, we found a novel compound heterozygous
mutation and a novel homozygous one in the PNPLA6 gene in two
Japanese patients with BNS. We have confirmed the earlier report that
PNPLA6 mutations cause BNS® as same as other studies.!*!® To date,
seven BNS families have been reported to have had PNPLA6

Figure 2 Hypersegmented neutrophils in patient 1. Blood testing of patient
1 revealed 9% hypersegmented neutrophils. As hypersegmented neutrophils
were found in patients 1 and 2, Boucher-Neuhduser syndrome patients with
PNPLA6 mutations might have hypersegmented neutrophils.

| COCOGTGAGCA |

- ccces GcA
UV

T

gt

; ' TGTCC
Exon30 TGTCCGGCTGG

¢.3523_3524insTGTCCG

TGTCC
TGTCCGGCTGG

p.1175_1176insVS W A
(forward) WANAN

AW\/J\/\J/\/

Figure 1 Electropherograms of two Japanese patients with Boucher-Neuhduser syndrome. (a) A novel compound heterozygous mutation (c.2923A>G/
€.3523_3524insTGTCCG) in the PNPLAG gene was identified in patient 1. A heterozygous mutation of ¢.2923A>G was derived from the mother, and that
of ¢.3523_3524insTGTCCG from the father. (b) A novel homozygous mutation (pc.3543G>C) in the PNPLAG gene was identified in patient 2. Yellow blocks
show the positions of missense mutations. Green, red, black and blue indicate A, T, G and C, respectively. Exon 25 is a reverse sequence, and exon 30 a

forward one.
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Table 1 PNPLA6 mutations reported so far
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phosphate-induced delayed neuropathy, which is characterized by
degeneration of long axons in the spinal cord and peripheral nerves

Phenotype PNPLA mutations Reference leading to paralysis of the lower limbs. PNPLAG is primarily expressed
BNS p.T975A Ours in the nervous system and Leydig cells.?? Brain-specific deletion of
p.1175_1176insVS PNPLAG in mice resulted in severe neuropathologic symptoms
BNS p.W1178C (Homozygous) Ours concomitant with disruption of the endoplasmic reticulum, vacuola-
BNS p.V738Qfs*98 Synofzik et al.? tion of nerve cell bodies and abnormal reticular aggregates.”® Thus, the
p-V1110M Synofzik et al'®  lysophospholipase activity of PNPLAG has a critical funciion in the
BNS p.51045L Synofzik et al® maintenance of axonal integrity. The phospholipid esterase domain
pP1izal (EST) is altered on intoxication with organophosphorous
BNS p.G578W Synofzik et al.8 compounds.>2* EST 1 . ) i th .. i
0.F10665 pounds. [ has an important part in the enzyme activity o
BNS 0 T10581 (Homozygous) Synofzik et a1 PNPLAG, and associates with the cell membrane. It is noteworthy that
BNS p.YI6X Tarnutzer et 114 Most of the PNPLAG6 gene mutations reported, including ours, exist in
p.R289G the EST.
BNS Cc.343-2A>T Tarnutzer ef al.}* PNPLA6 mutations cause a broad neurodegenerative spectrum,
p.R1359W including disorders such as spastic paraplegia type 39, GHS, spastic
BNS p.S1045L Deik et al.15 ataxia, Oliver-McFarlane syndrome, Laurence-Moon syndrome and
p.S1173R cerebellar ataxia in addition to BNS.>1%20 A study of genotype-
GHS P-R1031Efs*38 Synofzik et al.° phenotype correlations would be required to elucidate the molecular
PR1362G mechanisms underlying PNPLAG-related disorders.
GHS p-51127C (Homozygous) Topaloglu et al."* As previously reported, 15-28% hypersegmented neutrophils were
GHS p.D376Gfs* 18 Topaloglu et al.!® found in BNS.® We found h d hils i ents 1
b.R1099C ound in . e foun yp?rsegrnente neutrophils in patients
GHS D.RI31IW Topaloglu ef 41,18 and 2, indicating that BNS patients with PNPLA6 mutations might
p.G832fs*13 have hypersegmented neutrophils. However, why hypersegmented
HSP p.M1012V (Homozygous) Rainier ef a5 neutrophils occurred is not clear. Recently, a patient with ataxia and
HSP p.R890H Rainier et a5 hypogonadism was reported to have hypersegmented neutrophils.?®
p.S982fs*37 The genes that cause hypogonadism and ataxia might also cause
HSP p.RB58X Yoon et al.l’ hypersegmented neutrophils. Further examinations are required to
Ex.17, 18 deletion address this issue.
HSP p.V263i Synofzik et al.®
pGBACE . CONFLICT OF INTEREST
SATX 2:511 fgg éfs-38 Synofzik et al. The authors declare no conflict of interest.
OMS/LMS p.R1099Q Hufnagel et af.1®
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OMS/LMS p.R1031fs*38 Hufnagel et al.19 We thank the Japan Spastic Paraplegia Research Consortium (JASPAC) for
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OMS/LMS c.1973+2T>G Hufnagel et a/.19 This work was supported by Grants-in-Aid from the Research Committee for
pVI215A Ataxic Disease, the Ministry of Health, Labour and Welfare of Japan.
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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; 11-6) had mild ataxia before the age of 10
years. She exhibited signs such as dysmeitria, 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 (1I-5) had head tremor and symptoms
similar to those of the proband. The 11I-3 was only interviewed by
his mother (II-5). His mother said that 1II-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 showed moderate atrophy of the brain
stem and cerebellum (Fig. {B—D) 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

/{dx.doi.org/10.3016/j.parkreldis.2014.12.028

1353-5020/@ 2015 Elsevier Ltd. All rights reserved.

@ CrossMark

olivopontocerebellar-type multiple system atrophy rather than spi-
nocerebellar 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, SCAG,
SCA7, SCAS, 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 + 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 1I-5 and the proband. This mutation was not observed in
42?2 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 202—230 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.

SW C

M.musculus DLYKRYGGFi RE I E{PKLKWDNQKRYGGFL 225
Runorvegicus DLYKRYGGFLRRIRPKLKWDNQKRYGGFL 225
M.mulatta DLYKRYGGFLRRIRPKLKWDNQKRYGGEL 229
H.sapiens DLYKRYGGFLRRIRPKLKWDNQKRYGGFL 230
P.troglodytes DLYKRYGGFLRRIRPKLKWDNQKRYGGFL 230
B.taurus DLYKRYGGFLRRIRPKLKWDNQKRYGGFL 234
Clupus DLYKRYGGFLRRIRPKLKWDNQKRYGGFL 232

R213H

Fig. 2. Amino acid sequence alignment of the PDYN gene exon 3 region. Positions
202-230 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_7663413), 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 (I fwww.nchi. 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, SCAS, 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 MRL
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.



