These mutations in the SPTBN2 spectrin repeats may affect
the structure, binding properties and overall function of the protein,
and also lead to SCAS. To date, no curative treatment for autosomal-
dominant spinocerebellar ataxias has been found. Therefore, in
addition to its value in genetic counseling, genetic knowledge of the
relevant loci might help to identify the possible targets of pharma-
ceutical interventions.

Clinical presentations similar to those in our family have been
reported in other SCA5 families.> The age at the onset is typically
from the third to fifth decade, with highly variable symptoms that
worsen over time. The major characteristics of SCA5 are slow
progression with patients remaining ambulatory even after decades
of suffering from the disease and having an approximately normal
longevity.!> The MRI findings in four patients were pronounced
cerebellar atrophy, but the brainstem remained intact, in accordance
with the major clinical presentation. Our study suggests that SCAS
should be considered in a pure form of autosomal-dominant
cerebellar ataxia when SCA6 or SCA31 is excluded, particularly in
Japan.

A single infantile-onset SCA5 patient with a heterozygous missense
mutation (c.1438C>T, p.R480W) in the SPTBN2 gene has been
reported.” The parents of the patient were healthy and
nonconsanguineous. This is a much more severe phenotype with
ataxia and global development delay.” Meanwhile, a homozygous
mutation in the SPTBNZ gene has been reported in a consanguineous
family with childhood developmental ataxia and cognitive
impairment.!®!” Thus, recessive mutations in the SPTBN2 gene
might cause a more severe disorder than SCA5, that is, resembling
one infantile-onset SCA5.” This suggests that beta-IIl spectrin has an
important role in both development and cognition in addition to its
function in the cerebellum. Cognitive impairment is an integral part
of a recessive ataxic syndrome, and the condition is called spectrin-
associated autosomal-recessive cerebellar ataxia type 1 (SPARCA1).13
The identification of SPARCAI and normal heterozygous carriers of
the stop codon in SPTBNZ2 provides insights into the mechanism
underlying the molecular dominance in SCA5 and demonstrates that
the cell-specific repertoire of spectrin subunits underlies a novel group
of disorders, namely, the neuronal spectrinopathies, which include
SCAS, SPARCAL and a form of West syndrome.16 '

In summary, there are increasing numbers of SPTBN2 mutations
being reported, and we added a novel SPTBN2 mutation to the
‘spectrinopathies’, which will be useful for elucidating the molecular
mechanism underlying the ‘spectrinopathies’.
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Autosomal-recessive complicated spastic paraplegia
with a novel lysosomal trafficking requlator

gene mutation

Haruo Shimazaki," Junko Honda," Tametou Naoi," Michito Namekawa,’
Imaharu Nakano,” Masahide Yazaki,® Katsuya Nakamura,® Kunihiro Yoshida,
Shu-ichi Ikeda,® Hiroyuki Ishiura,* Yoko Fukuda,* Yuji Takahashi,* Jun Goto,”

Shoji Tsuji,* Yoshihisa Takiyama®

ABSTRACT

Background Autosomal-recessive hereditary spastic
paraplegias (AR-HSP) consist of a genetically diverse
group of neurodegenerative diseases characterised hy
pyramidal tracts dysfunction. The causative genes for
many types of AR-HSP remain elusive. We tried to
identify the gene mutation for AR-HSP with cerebellar
ataxia and neuropathy.

Methods This study included two patients in a
Japanese family with their parents who are first cousins.
Neurological examination and gene analysis were
conducted in the two patients and two normal family
members. We undertook genome-wide linkage analysis
employing single nucleotide polymorphism arrays using
the two patients’ DNAs and exome sequencing using
one patient’s sample.

Results We detected a homozygous missense mutation
(c.4189T>G, p.F1397V) in the lysosomal trafficking
requlator (LYST) gene, which is described as the
causative gene for Chédiak—Higashi syndrome (CHS).
CHS is a rare autosomal-recessive syndrome
characterised by hypopigmentation, severe immune
deficiency, a bleeding tendency and progressive
neurological dysfunction. This mutation was co-
segregated with the disease in the family and was
located at well-conserved amino acid. This LYST
mutation was not found in 200 Japanese control DNAs.
Microscopic observation of peripheral blood in the two
patients disclosed large peroxidase-positive granules in
both patients’ granulocytes, although they had no
symptoms of immune deficiency or bleeding tendency.
Conclusions We diagnosed these patients as having
adult CHS presenting spastic paraplegia with cerebellar
ataxia and neuropathy. The dlinical spectrum of CHS is
broader than previously recognised. Adult CHS must be
considered in the differential diagnosis of AR-HSP.

INTRODUCTION

Hereditary spastic paraplegias (HSP) comprise a
genetically diverse group of inherited neurological
disorders mainly exhibiting increased tone of the
lower limb muscles with various associated symp-
toms. HSP are classified into two subtypes, that is,
pure and complicated forms. The pure HSP pre-
sents with symptoms of progressive bilateral leg
spasticity and weakness, exaggerated tendon
reflexes and positive pathological  reflexes.

Meanwhile, the complicated HSP has additional
neurological symptoms, as follows: mental impair-
ment, extrapyramidal signs, cerebellar ataxia, per-
ipheral neuropathy, muscle atrophy and optic
atrophy, as well as symptoms other than neuro-
logical ones.’

HSP can be inherited in an autosomal-dominant
(AD), autosomal-recessive (AR) or X-linked reces-
sive (XR) pattern. Fifty-seven spastic paraplegia
gene (SPG) loci have been assigned and about 40
causative genes have been identified to date. The
pure HSP is mainly transmitted as an AD trait,
whereas the complicated HSP exhibits AR or XR
transmission.  SPG4, the most common pure
AD-HSE is accounting for about 50% of such
cases.” The most frequent AR-HSP is SPG11, which
shows a complex phenotype, including cognitive
impairment, a thin corpus callosum and peripheral
neuropathy.® However, the majority of causative
genes for AR-HSPs remain to be identified.

A number of pathogenic mechanisms underlying
HSPs have been suggested by studies on several
implicated genes for HSPR HSP is thought to be
involved in intracellular trafficking, resulting from
disruption of the axonal transport of molecules,
organelles and other cargos, which predominantly
affects the distal parts of motor neurons.*

Here, we present an AR-HSP family with cere-
bellar ataxia and neuropathy with a novel homozy-
gous missense mutation in the lysosomal trafficking
regulator (LYST) gene. LYST is known as the causa-
tive gene for Chédiak-Higashi syndrome (CHS,
OMIM #214500),° which is a rare AR syndrome
characterised by hypopigmentation, severe immune
deficiency, a bleeding tendency and progressive
neurological dysfunction.

METHODS

Patients

This study included two patients from a family
with spastic paraplegia, cerebellar ataxia and per-
ipheral neuropathy. The family tree is shown in
figure 1C. The parents were first cousins. Two
affected (II-1 and 1I-2) and two unaffected
members (II-3, HI-1) of the family underwent
neurological examinations and blood analyses. All
of the genomic DNA samples were obtained with
written informed consent.

shiBogyifight Aktivis-authdoy{omtheiremployerpaptioPraodisced by BMJ Publishing Group Ltd under licence. 1
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Linkage analysis

We extracted genomic DNAs from blood samples in the two
affected individuals (II-1 and II-2) (figure 1C). Then, we con-
ducted multipoint parametric linkage analysis using a pipeline
software, SNP high-throughput linkage analysis system (SNP
HiTLink).® We can directly import SNP chip data for the
Mapping 100k/500k array set and Genome-Wide Human SNP
array V.6.0 (Affymetrix, Santa Clara, California, USA) and pass
to a multipoint parametric linkage analysis program, Allegro,
with this system.” We calculated Parametric logarithm of the
odds (LOD) scores using Allegro V2 with the parameter setting
of an AR model with 100% penetrance.

Exome sequencing

We extracted Genomic DNA from leucocytes from one patient
(II-1) and then sheared. We purified the sample using Agencourt
AMPure XP beads. We prepared an adaptor-ligated library and
clustered on the cBOT system ([llumina, San Diego, California,
USA). We performed exon capture with a SureSelect Human All
Exon 50 Mb Kit (Agilent). We carried out paired-end sequen-
cing on an Illumina Hiseq 2000, which generated 101 bp reads.
We aligned the sequences with the human genome reference
sequence  (hgl9  build, http:/hgdownload.cse.ucsc.edu/
goldenPath/hg19/chromosomes/) using a Burrows-Wheeler
Aligner for sequence alignment, variant calling and annotation.
We carried out substitution calling with a Genome Analysis
Toolkit (GATK, http:/www.broadinstitute.org/gsa/wiki/index.
php/The_Genome_Analysis_Toolkit). SNP calls were made with
a GATK Unified Genotyper, and indel calls were made with a
GATK IndelGenotyper V2. We performed SNP calling with ref-
erence to dbSNP135 (ftp:/ftp.ncbi.nlm.nih.gov/snp/orgasms/
human_9606/ASN1 flat/) and 1000  Genomes  (ftp:/
1000genomes.ebi.ac.uk/voll/ftp/release/20110521). All variants
were annotated with reference to consensus coding sequences
(CCDS) (NCBI release 20111122) and RefSeq (UCSC dumped
20111122).

Validation of mutations by Sanger sequencing
We amplified exon 12 of LYST and flanking intronic sequences
using the genomic DNA of the two patients using a M]J
Research PTC-100 Thermal Cycler (Marshall Scientific,
Brentwood, New Hampshire, USA). The primer sequences were
as follows: LYST ex12-F: agg aat gct gat atg tgt ggg; LYST
ex12-R: cac att ttt acg gct caa gga. We performed Sanger
sequencing according to an established standard protocol on an
Applied Biosystems (ABI) 3730 capillary sequencer (Applied
Biosystems, Carlsbad, California, USA). We also analysed
genomic DNA samples from 200 Japanese subjects without
apparent neurological disorders as controls.

The institutional review boards of the Jichi Medical
University, the Shinshu University, the University of Tokyo and
the University of Yamanashi approved this study.

RESULTS

Clinical features

The proband (II-2) was a 53-year-old man who was admitted to
our hospital because of gait disturbance and slowly progressive
weakness of the lower extremities. He was experiencing difficul-
ties in walking up stairs and standing upright at age 48 years.
Later he walked with a cane due to unsteadiness. His
Mini-Mental State Examination (MMSE) score was 25/30. On
neurological examination, he showed bilateral leg spasticity, and
bilateral iliopsoas muscle weakness and atrophy. Tendon reflexes

were exaggerated in all extremities except for diminished ankle
jerks. He showed extensor bilateral plantar responses. We could
observe subtle ataxia in the upper extremities. Brain MRI
showed mild cerebellar atrophy, and spinal MRI revealed mild
thoracic cord atrophy (figure 2A). Mild decreases of motor and
sensory nerve conduction velocities in the lower extremities
were revealed by a nerve conduction study, but SNAPs were not
evoked in the sural nerves. Motor-evoked potential examination
disclosed marked delay of the central motor conduction times in
the corticospinal tracts. His eyes exhibited no areas of hyperpig-
mentation or hypopigmentation on ophthalmological examin-
ation. Pigmentary abnormalities of the skin were not observed.
Peroxidase staining of peripheral blood revealed giant granules
in granulocytes (figure 2B) and mild reduction of natural killer
cell activity.

The second case, an older brother of the proband (II-1),
showed almost the same clinical presentations except for the leg
tonus. He suffered from gait difficulty at age 58 years and
became unable to walk for a long time at age 62 years. A year
later he walked with a cane and was admitted to our hospital
for slowly progressive gait disturbance. His MMSE score was
16/30. Neurological examination at age 63 years showed bilat-
eral iliopsoas muscle weakness and atrophy, but leg spasticity
was not noted. Tendon reflexes were diminished in all extrem-
ities with extensor plantar responses bilaterally. Mild ataxia in
the upper extremities was observed. Brain MRI showed mild
cerebellar atrophy, whereas spinal MRI revealed no spinal cord
atrophy. A nerve conduction study showed normal motor and
sensory nerve conduction velocities in the upper and lower
extremities, whereas the amplitudes of compound muscle action
potentials and sensory nerve action potentials were decreased in
all extremities, and F-wave conduction velocities were decreased
in the lower extremities. Motor-evoked potential examination
revealed prolongation of the central motor conduction times in
the corticospinal tracts. Needle EMG showed chronic neuro-
genic patterns in his legs. A sural nerve biopsy disclosed a
decreased number of nerve fibres of large diameter and residual
axonal swelling, but no formation of onion bulb-like structure.
Peripheral blood examinations showed peroxidase-positive giant
granules in granulocytes and reduced natural killer cell activity.

Identification of candidate chromosome areas

We found linkages to a several parts of chromosomes 1 (rs3914503-
rs2186205), 2  (rs12614444-rs4035021), 11 (rs11235880-
rs120435) and 17 (rs7216464-rs4128515, rs7217461-rs11079098),
with maximum cumulative LOD scores of 1.8 (figure 1A).
These four chromosome parts did not contain previously
reported HSP loci.

Exome sequencing allowed identification of the candidate
gene substitutions

Exome sequencing covered 98.65% of the target region with an
average sequence depth of 106.24X. All coding sequences in
the four candidate chromosomal areas were covered at least
eight times. The presence of consanguinity and two asymptom-
atic parents supported that the patients have homozygous
disease-causing mutations. We selected all coding variants in the
homozygous regions and then filtered them by discarding var-
iants documented in the dbSNP135 and the 1000 Genomes
Project, and heterozygous and synonymous substitutions. We
identified three novel homozygous, non-synonymous single
nucleotide variants: ¢.4189T>G (p.F1397V) in LYST in the
chromosome 1 candidate area (figure 1B), c¢.5135G>A (p.
G1712E) in FAT3 in the chromosome 11 candidate area and
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Figure 1 Linkage analysis and mutation of the /ysosomal trafficking regulator (LYST) gene in the family. (A) Linkage analysis involving single
nucleotide proteins revealed the highest logarithm of the odds (LOD) scores (about 1.8) in parts of chromosomes 1, 2, 11 and 17 (arrows). These
four areas were thought to be candidate areas in which the causative gene was located. (B) Exome sequencing using one patlent s DNA identified
the mutation of the LYST gene on chromosome 1. This mutation was demonstrated with Integrative genomics viewer (IGV).?® (C) Family tree and
Sanger sequencing validation. Sanger sequencing confirmed the homozygous missense mutation (c.4189T>G, p.F1397V) of the LYST gene identified
in the proband and the affected brother. This mutation was co-segregated with the disease in this family. (D) This amino acid substitution
(p.F1397V) is located at a highly conserved residue within the concanavalin A (ConA)-like lectin domain (amino acid numbers 1390-1691) of the
LYST protein.
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Figure 2 MRI and peripheral blood findings in the proband (I1-2). (A) Brain and spinal MRI of the proband. Brain T1-weighted MRI (a, b) showed
mild cerebellar atrophy, and spinal T2-weighted MRI (c, d) disclosed mild thoracic cord atrophy. (B) Peripheral blood leucocytes findings in the
proband (May—Giemsa stain (a) and peroxidase stain (b)). We could observe large granules in the proband’s leucocytes and large peroxidase-positive

ones in granulocytes.

c.1045T>C (p.F349L) in ANGPTLS in the chromosome 11
candidate area with reference to dbSNP135. These three varia-
tions were validated by Sanger sequencing. No such variations
were detected in the chromosome 2 and 17 areas. Subsequently,
the two candidate gene variants in FAT3 and ANGPTLS could
be excluded as polymorphisms because these variants of the two
genes were not co-segregated in the normal family members.
The another candidate gene variant of LYSTwas predicted to be
a functionally deleterious mutation with the prediction pro-
grams (PROVEAN, Polyphen-2 and Mutation Taster) and con-
firmed to be a homozygous missense mutation (c.4189T>G, p.
F1397V) on Sanger sequencing in the two patients, II-1 and II-2
(figure 1C). This missense mutation was co-segregated within
the family members (figure 1C) and not found in 200 Japanese
control genomic DNA samples. This mutation is located at a
highly conserved residue (figure 1D) within the concanavalin A
(ConA)-like lectin domain (amino acids numbers 1390-1691).%

DISCUSSION

The present two patients exhibited spastic paraplegia, peripheral
neuropathy and mild cerebellar ataxia with AR transmission.
Autosomal recessive hereditary spastic paraplegia (AR-HSP)
with cerebellar ataxia and neuropathy is considered to be SPG7
with the Paraplegin gene alteration linked to chromosome
16q24.3,° SPG21 with the Maspardin gene mutation linked to
chromosome 15q22.31,'® SPG27 linked to chromosome
10922.1-q24.1'! and SPG30 with the KIFIA mutation linked
to chromosome 2q37.3.12 13 However, linkage analysis did not
show all reported HSP gene locus linkages, and whole exome
sequence analysis did not disclose the Paraplegin, Maspardin and
KIF1A gene mutations. According to these results, we could
conclude that the causative gene in this family was not one of
the previously reported HSP ones.

Through linkage analysis of the two patientss DNA and
whole exome sequencing using one individual’s DNA, we could
identify a novel homozygous missense mutation in the LYST
gene. This homozygous mutation was shared by the two
patients. We considered the LYST gene mutation was causative
of the neurological deficits in these two patients because it was
co-segregated within their family members, located at a highly
conserved amino acid, and not found in the normal controls.
Moreover, large granules in leucocytes and reduced natural
killer cell activity could support the diagnosis of CHS.

CHS is a rare, AR early-onset disorder characterised by severe
immune deficiency, frequent bacterial infections, skin pigmenta-
tion or albinism, a bleeding tendency and progressive neuro-
logical dysfunction in most cases.™ It is often complicated by a
lymphoproliferative condition called the ‘accelerated phase’. A
classic diagnostic feature of CHS is enlarged granules in leuco-
cytes, melanocytes, platelets and so forth. Most cases present in
early childhood with haematological dysfunction, whereas a
small number of cases with the adult form of CHS predomin-
antly exhibit slowly progressive neurological dysfunction
without apparent immunodeficiency or a bleeding tendency.
Neurological involvement in CHS can include parkinsonism,!*
dementia,'® cerebellar ataxia, peripheral neuropathy and spastic
paraplegia.’” Although the neurological phenotypes of our cases
resembled those previously reported,'” the main symptom in
those patients was cerebellar ataxia that was more severe than
that in our cases.

The gene responsible for CHS was identified in 1996, and
was called LYST> '® The LYST gene is a large gene that has 51
coding exons and an open reading frame of 11403 kb.® The
LYST protein, which is a large, putative cytosolic protein of
425 kDa (3801 amino acids), is ubiquitously expressed and
involved in control of the exocytosis of secretory lysosomes.” *
The IYST protein has a BEACH (named after BEige And
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Chédiak-Higashi) domain (amino acid numbers 3132-3422),
Trp-Asp (WD) 40 repeats (amino acid numbers 3477-3778) and
a ConA-like lectin domain (amino acid numbers 1390-1691).%
The LYST protein has been proposed to act as a scaffold protein
in the mediation of fusion or a fission event of vesicles.”” The
mutation in this family (p.F1397V) is located within the
ConA-like lectin domain. This domain could be involved in
oligosaccharide binding associated with protein trafficking and
sorting along the secretory pathway.®

Recently, Drosophila with a gene mutation of an LYST homo-
logue was revealed to exhibit impaired autophagy.®’ The loss of
function of some HSP-related proteins, TECPR2** and spasti-
zin,®* caused autophagic dysfunction and induced spastic para-
plegia. Therefore, autophagic impairment might have resulted
in spastic paraplegia in the CHS patients.

Karim et al** found apparent genotype-phenotype correla-
tions in CHS, that is, that severe childhood CHS involved a
functionally null mutation, whereas missense mutations were
seen only in the two later-onset forms. They reported four mis-
sense mutations, two of which are located in the ConA-like
lectin domain. Our cases correspond to late-onset, slowly pro-
gressive neurological CHS with a missense mutation of the
LYST gene. According to the information on the Japanese cases
in the literature,>? the Japanese adult CHS cases with LYST mis-
sense mutations (R1563H or V1999D) showed spastic paraple-
gia, gaze nystagmus and diminished ATRs. Thus, their
phenotypes were similar to those of our cases. Moreover, as far
as we know, this family had one of the oldest adult CHS cases
{onset of 58 years) with a LYST gene mutation in the literature.
To date, a 57-year-old man has been reported who suffered
from sensorimotor polyneuropathy and muscle wasting with a
heterozygous LYST gene mutation (p.Y2026X).>

In this family, the proband showed spastic paraplegia domin-
antly as well as neuropathy and mild cerebellar ataxia, whereas
the brother mainly showed peripheral neuropathy with a posi-
tive Babinski sign, cerebellar ataxia and dementia. These two
patients did not exhibit parkinsonism. The phenotypic variety
in this family might be explained by environmental factors or
other modifier gene mutations.

In summary, we could diagnose these patients as having adult
CHS presenting spastic paraplegia with neuropathy and cerebel-
lar ataxia. As far as we know, this family includes one of the
oldest adult CHS cases in the literature. The clinical spectrum
of CHS is broader than previously recognised, and this family
shows phenotypic variability. Adult CHS must be considered in
the differential diagnosis of AR-HSPs. The linkage analysis and
exome sequencing were useful for identifying the causative
mutation in this family.
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Fig. 1 Percentage of SCA types in our hospital (1998-2012).
The graph shows that SCA3 is the most frequent (33.3%) subtype in
our hospital. The second most frequent subtypes are DRPLA and
SCAG at the same percentage (15.4%), followed by SCA31 and SCA2
at the same percentage (12.8%) and SCA1 (10.3%). The percentage
is calculated with the number of family.
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Hereditary spastic paraplegia: up to date

Yoshihisa Takiyama, M.D., Ph.D.”

“Department of Neurology, Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi

Hereditary spastic paraplegia (HSP) is a clinically and genetically heterogeneous group of neurodegenerative
disorders that are clinically characterized by progressive spasticity and weakness of the lower limbs. HSP genetic loci
are designated SPG1-72 in order of their discovery. In 206 Japanese families with autosomal dominant HSP, SPG4 was
the most common form, accounting for 38%, followed by SPG3A (6%), SPG31 (5%), SPG10 (2%), and SPG8 (1%). We
have identified novel mutations in the C120#f65 gene and the LYST gene in several Japanese families with autosomal
recessive HSP. JASPAC will facilitate gene discovery and mechanistic understanding of HSE. The future challenge will be

the establishment of treatment of HSE

Key words: hereditary spastic paraplegia, JASPAC, gene analysis

(Clin Neurol 2014;54:1009-1011)
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31-year-old woman presented with severe dystonia-parkinsonism. She had nonpro-

gressive psychomotor retardation and cogpitive dysfunction from childhood without

evidence of dystonia or parkinsonism. At age 30, she then developed severe dystonia

and gait disturbance. There was neither dystonia nor parkinsonism before age 30.
MRI revealed cerebral atrophy and iron accumulation in the globus pallidus and substantia nigra
(figure 1, A-D). The characteristic MRI findings were hyperintensity of the substantia nigra with
a central band of hypointensity in T1-weighted axial slices (figure 1, B). Beta-propeller protein-
associated neurodegeneration (BPAN) was diagnosed based on MRI findings and identification
of a novel heterozygous mutation in the WDR45 gene (NM_007075.3: ¢.519+1_519+3del)
(figure 2). This is a neurodegeneration involving brain iron accumulation (NBIA) characterized
by psychomotor retardation from childhood and dystonia-parkinsonism in midadulthood.™?
Although we could not analyze the father’s gene since he had died, the mother had no mutation
in the WDR45 gene (figure 2). Thus, it might be a de novo mutation in the WDR45 gene, as
reported previously."”

L-Dopa/decarboxylase inhibitor treatment (200 mg/day orally) led to improvement of the
rigidity and bradykinesia in our patient. She became able to move by herself by crawling on
her hands and knees and no longer needed meal assistance. In addition, she became able to
utter a few words like “thanks” and “bye,” although the dystonia of the lower limbs remained
unchanged. Since T1-weighted hyperintensity of the substantia nigra with a central band of
hypointensity has not been found in other NBIA disorders, including neuroferritinopathy,
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[ Figure 1  Brain MRI findings in the patient 1

(A, B) T2-weighted MRI shows marked hypointensity in the globus pallidus and substantia nigra in axial slices. {C)
T1l-weighted MRI shows hyperintensity of the substantia nigra with a central band of hypointensity in an axial slice
(arrows). (D) T1-weighted MRI shows cerebral atrophy and hyperintensity of the substantia nigra (arrowhead) in a sag-
ittal slice.

{ Figure 2 ldentification of a novel heterozygous mutation in the WDR45 gene }

Exon 8 Intron 8

Patient

Mother

Wild type allele CTGCAACTTGTGotgagccgtccagtyg

Mutantallele CTGCAACTTGTGagccgtccagtiggac

Electropherograms of the patient and her mother using a forward primer are shown. A novel heterozygous mutation
{(NM_007075.3: ¢.519+1_519+3del, underlined), which may result in abnormal splicing, was identified in intron
8 (splice donor site) of the WDR45 gene in the patient, as shown by the double signals due to the 3 bp deletion.
Meanwhile, the mother had no mutation in the WDR45 gene. The colored peaks denote nucleotide bases as follows:
black, guanine; red, thymine; blue, cytosine; and green, adenine.

© 2013 American Academy of Neurology
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aceruloplasminemia, and pantothenate kinase-associated neurodegeneration, this finding
should facilitate the diagnosis of BPAN.
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Unique combination of hyperintense
vessel sign on initial FLAIR and delayed
vasoconstriction on MRA in reversible
cerebral vasoconstriction syndrome: A
case report

Tomoaki Kameda', Michito Namekawa', Haruo Shimazaki',
Daisuke Minakata', Tohru Matsuura' and Imaharu Nakano?

Abstract

Background: Reversible cerebral vasoconstriction syndrome is characterized by thunderclap headache and reversible
cerebral vasoconstriction on angiographic findings. It can be difficult to diagnose when initial angiography is normal.
Case results: A 30-year-old woman was admitted because of sudden-onset thunderclap headache and seizure on post-
partum day 7. Brain MRI on fluid-attenuated inversion recovery (FLAIR) showed hyperintense vessel sign (HVS), which
usually means slow flow due to severe proximal arterial stenosis. However, magnetic resonance angiography (MRA)
indicated that proximal arteries was normal. After nicardipine treatment, her symptoms improved dramatically. Follow-
up FLAIR on day 7 showed complete resolution of HVS, while a series of MRAs revealed reversible multifocal segmental
vasoconstriction.

Conclusions: HVS on initial FLAIR is useful for an early diagnosis of reversible cerebral vasoconstriction syndrome. As the
delayed vasoconstriction on MRA can be observed, reversible cerebral vasoconstriction syndrome may progress from

distal small to proximal larger arteries.
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Introduction

Reversible cerebral vasoconstriction syndrome (RCVS)
is a condition with clinical and radiological features
characterized by sudden-onset severe thunderclap head-
ache and reversible multifocal segmental constriction of
cerebral arteries, with or without focal neurological def-
icits (1). Conventional cerebral angiography and mag-
netic resonance angiography (MRA) are used for the
diagnosis and follow-up of vasoconstriction (1,2).
Magnetic resonance imaging (MRI) of cerebral vaso-
constriction shows various abnormalities such as
non-aneurysmal cortical subarachnoid hemorrhage,
intracerebral hemorrhages, cerebral intraparenchymal
T2-hyperintense lesions compatible with posterior
reversible encephalopathy syndrome, or border-zone
cerebral infarctions (1,3). Additionally, hyperintense
vessel sign (HVS) on fluid-attenuated inversion recovery
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(FLAIR) images has been reported in some cases of cere-
bral vasoconstriction (4-6). HVS is observed as hyper-
intense signals along the cerebral cortical surfaces, and
mainly has been observed in acute stroke patients asso-
ciated with large-vessel occlusion or severe stenosis (7).
Chen et al. have reported in their large series that HVS
has been observed in one-fifth of patients with RCVS
and associated with severe vasoconstriction (8).
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However, they have not described the difference in
timing between HVS and vasoconstriction on MRA.
We report a patient with RCVS, showing HVS on
initial FLAIR despite the absence of vasoconstriction
on initial MRA.

Case report

A 30-year-old woman presented to an emergency room,
reporting her worst-ever headache. The headache began
as a throbbing pain at the bilateral temples and reached
a peak within a few minutes. Her past medical history
included migraine without aura. Seven days before
onset, the patient had delivered a healthy infant. She
had no signs of hypertension or proteinuria during the
perinatal period. Clinical examination, cerebrospinal
fluid examination and head computed tomography
were normal. That night, she again developed a severe
headache. Sumatriptan administration only slightly
ameliorated the headache. The following morning, she
was found by her mother in a confused state, and a few
minutes later developed generalized tonic-clonic convul-
sions. She was immediately admitted to our hospital.
She complained of a severe headache, nausea and
blurred vision, and was disoriented to time and place.
Her systolic blood pressure was 120-150 mmHg, her
pulse rate was 100 beats per minute and temperature
was 37.2°C. Her pupils were isocoric with 3 mm diam-
eters and reactive to light. She presented with bilateral
blindness. Her strength, sensation and tendon reflexes
were all intact. Babinski sign and meningeal signs were
absent. Routine hematological and biochemical test
findings were normal except for a high level of plasma
D-dimer (29.4 pg/ml). The anticardiolipin and antinuc-
lear antibodies were negative. Brain magnetic resonance
imaging (MRI) T2-weighted and FLAIR images
showed multiple hyperintense areas in the bilateral cere-
bellum, occipital lobes and right frontal lobes. The
lesions were isointense on diffusion-weighted images
and hyperintense on apparent diffusion coefficient
value maps, indicating vasogenic edema. FLAIR ima-
ging also revealed HVS within the subarachnoid space
along the cortical surfaces in the bilateral middle cere-
bral artery territory. Her brain MRA was normal at this
time (Figure 1(a) and (b)).

Intravenous nicardipine, phenytoin and glycerol
infusion rapidly and dramatically improved the
patient’s mental status and visual function with the
severe headache almost disappearing. Follow-up MRI
performed on day 7 of admission revealed complete
resolution of HVS as well as the cerebrocerebellar intra-
parenchymal hyperintense areas, but MRA revealed
multifocal segmental stenosis of the basilar, posterior
and anterior cerebral arteries (Figure 1(c) and (d)).
She was clinically diagnosed with RCVS because

MRA on day 16 showed normalization of the arterial
vasoconstriction.

Discussion

Our patient developed thunderclap headache in the
postpartum period and subsequently generalized
tonic-clonic seizure, which may have been triggered
by the vasoactive drug sumatriptan. FLAIR sequence
of the initial MRI showed posterior reversible enceph-
alopathy syndrome (PRES) and HVS, while the initial
MRA was apparently normal. Thus, we were not able
to diagnose her condition at first. Because the follow-up
MRA revealed reversible cerebral arterial vasoconstric-
tion, we later diagnosed her condition as RCVS-PRES
overlap syndrome according to the typical clinical and
radiological features.

It is noteworthy that the first MRA did not show
significant vasoconstriction. Ghia et al. reported a
patient with RCVS who showed delayed vasoconstric-
tion despite resolution of the headache (9). In a recent
case series of 67 patients with RCVS, the first MRA did
not detect arterial vasoconstriction in 14/67 (21%)
patients (3). In this case series, cortical subarachnoid
hemorrhage, intracerebral hemorrhages, seizures and
posterior reversible encephalopathy syndrome asso-
ciated with distal arteries, which cannot be detected
by MRA (for example, distal cortical branches or pial
arteries), were mainly observed during the first week
after onset, and border-zone cerebral infarction, prob-
ably attributed to large arteries, mainly occurred during
the second week (3). To explain these findings, the
authors hypothesized that the initial arterial changes
might start from distal small arteries and progress
toward proximal large arteries. In contrast to MRA,
HVS was observed in the FLAIR sequence of only
the first MRI in our patient. Some previous reports
have similarly described HVS appearing in the early
stage of RCVS accompanied by multiple sites of vaso-
constriction on MRA (4-6). HVS is indicated by
dot-shaped or linear hyperintense signals within the
subarachnoid space along the cortical surfaces, and
was first described in acute stroke patients associated
with proximal large-vessel occlusion or severe stenosis
(8). HVS was also observed in patients with multiple
cerebral arterial stenoses, including cerebral vasocon-
striction in distal small arteries (3). The exact mechan-
isms of HVS remain unclear. One study suggested that
the retrograde leptomeningeal collateral flows might be
the origin of HVS (10), while another study indicated
that HVS might reflect extremely dilated pial vascula-
ture (11). In either hypothesis, HVS is likely to reflect
slow blood flow within distal small arteries dilated to
compensate for the hypoperfusion resulting from severe
arterial stenosis. Thus, even when MRA indicates that
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Figure |. FLAIR image on admission (two days after the onset of thunderclap headache) showed hyperintense areas in the bilateral
occipital lobes ((a) arrowheads), and multiple linear hyperintense signals along the cortical surfaces (hyperintense vessel sign) in the
bilateral middle cerebral artery territories ((2) arrows). MRA on admission (b) was normal. FLAIR image on day 7 (c) showed
complete resolution of the previous abnormalities. MRA on day 7 (d) showed multifocal segmental vasoconstriction (arrows) of the
basilar, posterior and anterior cerebral arteries.

FLAIR: fluid-attenuated inversion recovery; MRA: magnetic resonance angiography.

proximal arteries are normal, HVS might suggest the Importantly, HVS on initial FLAIR may be useful
result of more distal vasoconstriction. for an early diagnosis of RCVS. When HVS is detected

In conclusion, the unique radiological findings in in a patient with thunderclap headache, even if initial
our case suggest that vasoconstriction in RCVS may MRA is normal, RCVS should be considered among
progress from distal small to proximal large arteries. the probable differential diagnoses.
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Clinical implications

e Hyperintense vessel sign on initial fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging
(MRI) is useful for an early diagnosis of reversible cerebral vasoconstriction syndrome (RCVS).

e The unique radiological findings (combination of hyperintense vessel sign on initial FLAIR and delayed
vasoconstriction on magnetic resonance angiography (MRA)) suggest that vasoconstriction in RCVS may

progress from distal small to proximal large arteries.
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