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Table 1. continued

Patient 1 2 9 3 4 5 6 7 8 10 CRTR-D BCAP31 X-ALD
Brain MRI nd T2 hyperinten- T2 hyperinten- T2 Mild focal Myelination ~ No abnor-  nd Diffuse Enlarged Myelination Periventricular Predominantly
sities in sities in GP, hyperintensities  dilatation left delay malities increased ventricles, thin delay, T2 hypomyelina- parieto-
periatrial decreased in BG, Sylvian T1 hyperin- CC, thin WM, hyperintensi- tion, occipital
WM, thin volume WM,  myelination fissure, tensities in myelination ties, thin CC, cere- WM abnor-
CC myelination delay, thin CC immature WM delay® enlarged bral/cerebellar  malities
delay, very myelination ventricles, atrophy
thin CC; cere-
cerebellar bral/cerebellar
vermian atrophy
atrophy
Cerebral creatine nd Deficient Deficiént Deficient nd nd nd nd nd nd Deficient nd/normalf nd
(MRS)
Adrenal nd nd nd nd ? Small adrenal nd nd nd Adrenal nd nd Addison'’s
glands hypoplasy disease
Other symptoms Episodes of high  Hydronephrosis Thymus Unexplained
fever, hypoplasia episodic fever
hydronephrosis
Creatine uptake nd Deficient Deficient Deficient Deficient Deficient nd nd nd nd Deficient nd nd
in fibroblasts
Urinary Cr/Crn Increased Increased Increased Increased nd nd nd nd nd nd Increased nd nd
VLCFAs nd Normal Normal Normal Increased Increased Increased Increased Increased Increased nd nd Increased
Other Possible mito- Possible Mildly Possible
biochemical chondrial mitochondrial elevated mitochondrial
abnormalities dysfunction? dysfunction®, NHz, dysfunction
, elevated elevated NH; normal (rare)?
NH3 during during febrile lactate
febrile episodes and
episodes organic
acids
Reference Kampetal. (1) Anseimetal. Osakaetal. (6) Anselm et al. (5), Corzo et al. Corzo et al. Corzo et al. lwasaetal.(4) Kampetal. (1) Cacciaglietal.  Steinberg
(5), patient patient 2 (3), patient (3), patient 1 (3), patient 2 7) et al. (2)
1; Howidi 3
etal. {8);
Kamp et al.

(1)

BG, basal ganglia; CC, corpus callosum; Cr/Crn, creatine to creatinine ratio; CRTR-D, creatine transporter deficiency; FTT, failure to thrive; Gl, gastro intestinal; GP, globus pallidus; IUGR , intrauterine growth retardation; LF, liver failure; MRI,
magnetic resonance spectroscopy; MRS, magnetic resonance spectroscopy; nd, not determined; RF, respiratory failure; SD, standard deviations; SNHL, sensorineural hearing loss; VLCFAs, very long chain fatty acids; WM, white matter;
X-ALD, X-linked adrenoleukodystrophy, ?, unknown; —, absent; +, present.
20ne exceptional patient is alive at 13 years and attained sitting, with autonomous wheelchair and simple sign language.
®Normal audiogram at 4 years, mild low-frequency hearing loss at 36 years.
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®Normal brain stem evoked potentials at 1 year.

9No consistent dysmorphisms were described.

©Brain autopsy showed in addition to heterotopia and dysplasia of inferior olivary nuclei.

Normal creatine levels were measured in one patient.

9Transient elevated lactate, increased excretion tricarboxylic acid intermediates, ethyl-malonic acid and 3-methylglutaconic acid and/or decreased activity of respiratory chain complexes in muscle biopsy.
hReported in one patient with a SLC6A8 mutation.
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is not described in isolated ABCDI (2) or BCAP3]
deficiencies (7). Only ftransient increases of liver
transaminases, mainly during febrile episodes, were
found in patients with BCAP3]~SLC6AS deletions and
were also described in patients with isolated BCAP31
defects (7). Therefore, the hepatic cholestasis appears to
result from the combined loss of BCAP31 and ABCD] .
Loss of BCAP3! might aggravate the peroxisomal
defect caused by ABCD/ deficiency. BAP3 ! interacts
with Fis1 (11), which, together with DIpl, is implicated
in both mitochondrial and peroxisomal fission (15).
However, peroxisomes of normal size and number were
reported in patients with BCAP3[-ABCDI deletions (3,
4). Although the mechanism remains unclear, clearly
there is a synergistic deleterious effect on bile acid
transport and/or synthesis associated with concomitant
BAP31 and ALD protein deficiency.

Severe dystonia and choreoathetosis were only noted
in patients with SLC6AS-BCAP31 deletions. However,
dystonia is probably related to loss of BCAP31 because
it was also described in isolated BCAP3I defects.
Patients with BCAP31-ABCD/I deletions died before
these neurological symptoms usually appear.

Remarkably, patient 2 with an isolated deletion of the
3’-end exons of SLC6AS had the same severe phenotype
as patients with BCAP3] deficiency, but without the
hearing loss. RT-PCR detected BCAP3/ mRNA in
fibroblasts of this patient, which rules out a complete
abrogation of BCAP31 transcription; however, we did
not rule out the possibility of an impaired transcription.
It is unlikely that the severe phenotype is only due
to the complete loss of SLCOAS because deletion of
SLCOAS exons 5-12 was not associated with this
severe presentation. If only deletions extending beyond
the 3'-end of SLC6AS are associated with a more severe
phenotype, then it is plausible that this phenotype is
due to a perturbation of regulatory elements in the
non-coding region between SLC6AS and BCAP3I.
Interestingly, one of the patients reported by Cacciagli
et al. (7) had a deletion of BCAP3] exon 8 to SLC6AS
3’-UTR. He had normal cerebral creatine levels but
reduced fibroblast SLC6AS mRNA.

Three patients had contiguous gene deletions that
extended beyond SLC6A8, BCAP31 and ABCDI.
These additional genes may also have contributed
to their phenotype. Patient 10 had more profound
microcephaly and more genes deleted than the other
patients. PLXNB3, based on its abundant expression in
the brain and role in neurite outgrowth, may contribute
to cerebral features (16). In support of this, a patient
with a deletion of ABCD! exons 3-10 and PLXNB3
exons 1-2 had convulsions, predominantly occipital
white matter abnormalities and possible developmental
delay at 3 years (17). PNCK (deleted in patients 3 and
4) is also mainly expressed in the brain (18). No isolated
defects of this gene have been reported to the best of
our knowledge.

In conclusion, we confirm that BCAP31 deficiency
is associated with profound developmental delay,
sensorineural hearing loss, failure to thrive, severe
dystonia, increases of liver transaminases and childhood
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death, However, only deletions involving both BCAP31
and ABCDI are associated with hepatic cholestasis
and death in the first year, probably due to synergistic
effects. Isolated deletions of SLC6AS extending beyond
the 3-end may be associated with a more severe
phenotype than the classic CRTR-D, comparable (o
the phenotype in loss of BCAP31 but without the
hearing loss.

Supporting Information
The following Supporting information is available for this article:

Appendix S1. Data on direct sequencing of the break points and
RT-PCR of BCAP3].

Additional Supporting information may be found in the online
version of this article,
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SUMMARY

Aberrations in the glycosylphosphatidylinositol (GPI)-anchor biosynthesis pathway
constitute a subclass of congenital disorders of glycosylation, and mutations in seven
genes involved in this pathway have been identified. Among them, mutations in PIGY
and PIGO, which are involved in the late stages of GPl-anchor synthesis, and PGAP2,
which is involved in fatty-acid GPl-anchor remodeling, are all causative for hyperphos-
phatasia with mental retardation syndrome (HPMRS). Using whole exome sequenc-
ing, we identified novel compound heterozygous PIGO mutations (c.389C>A
[p.Thri30Asn] and c.1288C>T [p.GIn430%]) in two siblings, one of them having epilep-
tic encephalopathy. GPl-anchored proteins (CD16 and CD24) on blood granulocytes
were slightly decreased compared with a control and his mother. Our patients lacked
the characteristic features of HPMRS, such as facial dysmorphology (showing only a
tented mouth) and hypoplasia of distal phalanges, and had only a mild elevation
of serum alkaline phosphatase (ALP). Our findings therefore expand the clinical
spectrum of GPl-anchor deficiencies involving PIGO mutations to include epileptic
encephalopathy with mild elevation of ALP.

KEY WORDS: Congenital disorders of glycosylation, Epileptic encephalopathy, Glyco-
sylphosphatidylinositol anchors, PIGO.

More than 100 mammalian cell-surface proteins are
anchored to the plasma membrane by the addition of gly-
cosylphosphatidylinositol (GPI) to their C-termini. More
than 20 genes are involved in the GPI-anchor biosynthesis
pathway'? of which 7 are mutated in GPI-anchor defi-
ciencies, a subclass of congenital glycosylation disorders,
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in association with neurologic impairments.3w7 Among
them, mutations in PIGV, PIGO (both are involved in the
last step of GPI-anchor synthesis), and PGAP2 (involved
in fatty-acid GPI-anchor remodeling) have been identi-
fied in patients with hyperphosphatasia with mental retar-
dation syndrome (HPMRS), also known as Mabry
syndronw.3"8

PIGO encodes GPI ethanolamine phosphate transferase
3, which is also known as phosphatidylinositol-glycan bio-
synthesis class O. To date, only three HPMRS families
with compound heterozygous mutations in PIGO have
been reported. In this study, we performed whole exome
sequencing of a Japanese family containing two affected
siblings, one of them having epileptic encephalopathy, and
identified novel PIGO mutations that expand the clinical
spectrum of P/GO abnormalities to include epileptic
encephalopathy.
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MeTHODS

DNA samples and subjects

All four family members (two affected siblings with epi-
leptic encephalopathy and their parents) were analyzed.
Clinical information, peripheral blood samples (individual
II-1 and his parents), and the umbilical cord of individual II-
2 were obtained after written informed consent was given.
DNA was extracted using standard methods. Experimental
protocols were approved by the institutional review board
of Yokohama City University School of Medicine.

Whole exome sequencing (WES)

Genomic DNA was captured using the SureSelect Human
All Exon v4 Kit (51 Mb; Agilent Technologies, Santa
Clara, CA, US.A)) and sequenced on an Illumina
HiSeq2000 (Illumina, San Diego, CA, U.S.A.) with 101 bp
paired-end reads. Exome data processing, variant calling,
and variant annotation were performed as previously
described.” PIGO mutations detected by WES were con-
firmed by Sanger sequencing, and searched for in the variant
database of our 408 in-house control exomes. For individual
II-2, only those PIGO mutations identified in individual II-1
were checked by Sanger sequencing.

Flow cytometry
Surface expression of GPI-anchored proteins was exam-
ined as previously described.®

ResuLTs
Clinical features
A summary of the clinical features of individuals II-1 and
II-2 is shown in Table S1. Both siblings had intractable

seizures and severe developmental delay, which were
compatible with epileptic encephalopathy.

Case report 1

Individual II-1 is a 19-year-old male born to nonconsan-
guineous parents after a 38-week gestation with no
asphyxia. His birth weight was 3,250 g (+0.5 standard devi-
ation [SD]), height 52.0 cm (—1.4 SD), and head circumfer-
ence 34.0 cm (—0.5 SD). Developmental milestones were
delayed with no head control achieved at 6 months. At
1 year of age, he developed complex partial seizures with
staring, crying, and irregular respiration leading to cyanosis.
Brain magnetic resonance imaging (MRI) revealed no
abnormalities (Fig. 1A,B). At 1 year and 11 months of age,
he had intractable seizures refractory to valproate, zonisa-
mide, and clonazepam. His body weight at this time was
10.54 kg (—0.8 SD), height 84.8 cm (—0.1 SD), and head
circumference 45.3 cm (—1.9 SD). He was able to smile but
unable to control his head or speak any meaningful words.
He had a high arched palate and a tented mouth (Fig. 1E).

Epilepsia, 55(2):e13-e17, 2014
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His muscle tone was hypotonic, and deep tendon reflexes
were normal with negative Babinski sign. Chorea was
observed mainly in the upper extremities. He did not show
brachytelephalangy or nail aplasia (Fig. 1F).

Interictal electroencephalography (EEG), motor conduc-
tion velocities, visual evoked potential, short-latency
somatosensory evoked potentials, and electroretinogram
were normal. Auditory brain responses revealed only wave
L. Serum alkaline phosphatase (ALP) levels were 436 U/L
(normal range, 145-420),'° and calcium and phosphate
levels were normal. Metabolic analysis including lactate,
pyruvate, very long fatty acids, and organic acid showed no
abnormalities. His epileptic attacks sometimes led to gener-
alized tonic—clonic seizures. Ictal EEG showed rhythmic
fast waves, which appeared at the left side of the central
sulcus, followed by diffuse irregular spikes and waves. Phe-
nytoin and bromide treatment slightly decreased the seizure
frequency. He was often admitted to the hospital (>40
times) with respiratory insufficiency following upper respi-
ratory tract infection and/or prolonged convulsions, and
initiated home oxygen therapy at 2 years of age.

Swallowing and hand movement gradually deteriorated,
and spastic quadriplegia and hypertonus with rigidity of
both upper and lower limbs appeared at 4 years of age. At
6 years of age, his condition gradually deteriorated, and a
brain MRI at 6 years of age revealed diffuse cerebral and
cerebellar atrophy (Fig. 1C,D). ALP was slightly elevated
at around 10 years of age (900 U/L [normal range
130-560]), followed by a gradual decrease at around the age
of 19 (300 U/L [normal range 65-260]). At this time he
required mechanical ventilation. He had a very severe intel-
lectual disability and partial seizures with dyspnea every
day, despite administration of phenytoin, valproic acid, phe-
nobarbital, bromide, clobazam, and nitrazepam. Pyridoxine
has not been administered.

Case report 2

Individual II-2, the younger sister of individual II-1, was
born without asphyxia. She did not show any facial dysmor-
phology or other congenital malformations. At 7 months of
age, she developed generalized tonic—clonic seizures for
which she was administered phenobarbital. At 1 year of
age, she showed developmental delay with no head control.
At this time, she was admitted to hospital due to epileptic
convulsive status, and she died from multiorgan failure
3 days later. No autopsy was performed.

Identification of PIGO mutations and flow cytometry
analysis

We filtered out variants registered in doSNP135 data and
our in-house 91 control exomes, and narrowed down 193
rare protein-altering and splice-site variants (Table S2).
Among them, we identified compound heterozygous muta-
tions in two genes: PIGO (GenBank accession number
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Figure 1.
T-weighted brain MRI of individual ll-1. Axial (A) and sagittal (B) images revealed no signal or structural abnormalities at | year of age.
Axial (C) and sagittal (D) images at 6 years of age showing diffuse cerebral and cerebellar atrophy. Facial (E) and hand (F) photographs of
individual lI-1 at 19 years of age showing tented mouth (E) and no anomalous fingers (F).

Epilepsia © ILAE

NM_032634.3) and SCUBE! (NM_173050.3) (Table S3).
No homozygous mutation was detected. Four mutations are
rare, but one of two mutations in SCUBE/ is predicted as a
polymorphism by web-prediction tools (Table S3). There-
fore, PIGO mutations are the primary candidates. Two
PIGO mutations were also found in his sister (individual II-
2). A novel missense mutation ¢.389C>A (p.Thr130Asn) in
exon 1 was inherited from their father and a novel nonsense
mutation ¢.1288C>T (p.GIn430*) in exon 6 was inherited
from their mother. Surface expressions of CD16 and CD24
on granulocytes from the individual II-1 were slightly, but
clearly, decreased compared with a normal control and his
mother, demonstrating GPI-anchor deficiencies in the
patient (Fig. S1).

DiscussionN

In this study, we report two siblings with severe epileptic
seizures, developmental delay, and mild elevation of ALP
caused by two novel compound heterozygous mutations in
PIGO. In individuals II-1 and II-2 of the present study, the

p.Thr130Asn mutation in PIGO is located in an alkaline
phosphatase—like core domain, whereas the p.Gln430%*
mutation is expected to produce a truncated protein that
lacks most transmembrane domains (Fig. 2B). To date, only
three families with HPRMS are reported in association with
compound heterozygous PI/GO mutations: p.Leu957Phe
and p.Thr788Hisfs*5 in the first family, p.Leu957Phe and
¢.3069+5G>A skipping exon 9 leading to ¢.2855_3069del
(p-Val952Aspfs*24) in the second,” and ¢.355C>T
(p-Argl19Trp) and ¢.2497_2498del (p.Ala834Cysfs*131)
in the third.® These five mutations led to markedly
decreased expression of CD16, CD24, and CD59 on granu-
locytes from the patient or failed to recover expression of
GPI-anchored proteins in PIGO-deficient CHO cells, sug-
gesting that expression of GPI-anchored proteins was
severely impaired in the patients.’ *# On the other hand, indi-
vidual II-1 with p.Thr130Asn and p.GIn430* mutations
showed mildly decreased expression of CD16 and CD24 on
the surface of blood granulocytes. This difference in the
expression of GPI-anchored proteins might be associated
with lacking characteristic features of HPMRS in individual

Epilepsia, 55(2):e13-e17,2014
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Figure 2.

(A) Familial pedigree of individuals 1 (Il-1) and 2 (1l-2). (B) Distribution of PIGO mutations. Previously reported mutations are highlighted
in red. (C) Individuals lI-1 and 1I-2 carrying compound heterozygous mutations in PIGO. Their mother (I-1) carried c.1288C>T

(p-GIn430%), and their father (I-2) carried c.389C>A (p.Thr|30Asn).

Epilepsia © ILAE

II-1, such as facial dysmorphic features, hypoplasia of distal
phalanges, and elevation of serum ALP. Of interest, both
patients in our report and a patient reported by Kuki et al.
possessed missense mutations commonly in an alkaline
phosphatase-like core domain, and showed progressive
cerebral and cerebellar atrophy, and more severe intractable
epilepsy and developmental delay than the other two fami-
lies with PIGO mutations reported by Krawitz et al.>® This
fact raised a possibility that mutations in the alkaline phos-
phatase~like core domain can affect brain development and
function more specifically regardless of expression of GPI-
anchored proteins in blood granulocytes. Further accumula-
tion of patients with PIGO mutations and functional analy-
sis using neuronal cells are required for elucidating

Epilepsia, 55(2):e13-e17, 2014
doi: 10.1111/epi.12508

phenotype—genotype correlations in association with PIGO
mutations.

Our data expand the clinical spectrum of GPI-anchor
deficiencies to include epileptic encephalopathy. In addi-
tion, it has been recently reported that mutations in the
SLC35A2 encoding UDP-galactose transporter cause a con-
genital disorder of glycosylation in three patients, and five
of them showed seizures with hypsarrhythmia pattern on
electroencephalography.'""'? Therefore, it is likely that
abnormalities in glycosylation, including the GPI pathway,
may be one of the underlying defects in epileptic encepha-
lopathy.

In conclusion, we have described two siblings with
epileptic encephalopathy that harbor novel compound
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heterozygous mutations in P/GO. Further genetic analysis
of GPI-anchor synthesis pathway is needed for the under-
standing of epileptic encephalopathy.
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Abstract

Vanishing white matter disease (VWM)/childhood ataxia with central hypomyelination (CACH) is an autosomal recessive leu-
koencephalopathy caused by mutations in one of five genes, EIF2BI-5, encoding the 5 subunits of eukaryotic translation initiation
factor 2B (eIF2B). The classical phenotype is characterized by early childhood onset and chronic progressive neurological deterio-
ration with cerebellar ataxia, spasticity, optic atrophy and epilepsy. However, the onset of disease varies from antenatal period to
adulthood. Cree leukoencephalopathy (CLE) is a severe variant of VWM and caused by a homozygous mutation (R195H) in the

EIF2BS5 gene.

The patient reported in this study developed lethargy, vomiting and seizure 3 days after an oral poliovirus vaccination at the age
of 4 months. She presented with rapid neurological deterioration within a month of onset. Brain MRI showed abnormal white mat-
ter intensity. Whole-exome sequencing identified two heterozygous mutations in the EIF2B5 gene: a known mutation, ¢.584G>A
(R195H, which is homozygous in CLE), and a novel mutation, ¢.1223T>C (I1408T, which resides in the “I-patch”). Mutations in
the “I-patch” encoded region of eIF2Be may be related to an early-infantile onset phenotype. This patient exhibits an early-infantile
onset and progressive disease course resembling CLE, suggesting a severe functional disruption of eIF2Be caused by R195H as well

as by I408T mutations.

© 2014 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Vanishing white matter disease (VWM); Cree leukoencephalopathy; Eukaryotic translation initiation factor 2B; elF2Bg; EIF2BS

1. Introduction

Vanishing white matter disease (VWM, OMIM#
603896)/childhood ataxia with central hypomyelination

* Corresponding author at: Department of Medical Genetics, Shin-
shu University School of Medicine, 3-1-1 Asahi, Matsumoto, Nagano
3908621, Japan. Tel.: +81 263 37 2618; fax: +81 263 37 2619.

E-mail address: ¥_takano@shinshu-u.acjp (K. Takano).

htepuffdx.dolorg/10. 1016/ braindev 201 4.10.002

(CACH) is an autosomal recessive brain disorder show-
ing white matter rarefaction and cystic degeneration.
Neurological signs are dominated by progressive cere-
bellar ataxia, spasticity, optic atrophy and epilepsy.
Febrile infections and minor head trauma may provoke
rapid neurological deterioration following normal devel-
opment [1]. Typical onset of VWM is at age 2-6 years,
but varies from prenatal to adulthood. Patients with

0387-7604/© 2014 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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early-infantile onset, especially before the age of 2 years,
present with a severe phenotype that commonly leads to
progressive deterioration and early death [1-3].

VWM is caused by mutations in any of the genes
(EIF2BI-EIF2B5) encoding the 5 subunits (elF2Ba-
elF2Bg) of the eukaryotic translation initiation factor
2B. The elF2B complex has guanine nucleotide
exchange factor (GEF) activity and is involved in the
initiation of translation of mRNAs into polypeptides
[4]. Dysregulation of protein synthesis under stress con-
ditions exclusively affects glial cells (oligodendrocytes
and astrocytes) in VWM brain [1]. Some genotype-phe-
notype correlations were identified in VWM patients {31,
In one example, Cree leukoencephalopathy (CLE), a
fatal leukoencephalopathy observed in the Native
American population, has a homozygous R195H muta-
tion in the elF2Be. Its onset is between 3 and 9 months
and death occurs by 2 years of age {5].

We report here a patient with an early-infantile onset
VWM related to the EIF2B5 gene. Her rapid neurolog-
ical deterioration and findings of brain magnetic reso-

nance imaging (MRI) was similar to those of CLE.
2. Case report

The patient is a 2 year-old girl, born to healthy and
unrelated Japanese parents at term and uneventfully.
The family history was negative for neurological disor-
ders. She developed lethargy, vomiting and seizures
without a febrile illness 3 days after an oral poliovirus
vaccination at the age of 4 months. She was referred
to our medical center because of intractable seizures at
the age of 5 months. Her height was 65 cm (+0.2 SD),
her weight was 5.72 kg (—1.6 SD), and her head circum-
ference was 39.1 cm (—2.2 SD). Although her develop-
mental milestones were mildly delayed, she could hold
her head, smile, follow objects with eyes and suckle dur-
ing the interictal period. She experienced several status
epilepticus and refractory complex-partial seizures. She
was treated with an intravenous midazolam for a month
followed by high-dose phenobarbital and other oral
antiepileptic drugs. Brain MRI showed a diffuse bilat-
eral symmetrical abnormal signal of the deep white mat-
ter characterized by a T2-weighted hyperintensity and
fluid-attenuated inversion-recovery (FLAIR) hypointen-
sity (Fig. 1A and B). Thus, the patient had a leukoen-
cephalopathy without macrocephaly, and an initial
diagnosis of either VWM, Krabbe disease, or metachro-
matic leukodystrophy was suspected because of her
brain MRI findings. The latter two diagnoses were
excluded via the following investigations. Blood tests
for metabolic disorders were normal, including: the lev-
els of lactate, very long-chain fatty acids, the activities of
lysosomal - enzymes  (galactocerebrosidase  and
arylsulfatase A), and amino acid analysis. Cerebrospinal
fluid (CSF) analysis showed an elevation of protein

(109 mg/dL; normal range 10-45 mg/dL) and glycine
(21.0 nmol/mL; normal range 3-8 nmol/mL). The ratio
of CSF to plasma glycine was slightly elevated (0.053;
normal range < 0.04). Interictal electroencephalograph
(EEG) did not show epileptic discharges. She presented
with rapid neurological deterioration, loss of head con-
trol, axial hypotonia, spasticity with increased deep ten-
don reflexes and clonus, sluggish light reflex and
dysphagia within a month of onset. EEG exhibited high
voltage multifocal spikes.

To identify the genetic cause of this early-infantile
onset leukoencephalopathy without macrocephaly, we
performed whole-exome sequencing as described previ-
ously [6]. The institution’s ethnical committee approved
this study. Peripheral blood samples were obtained from
the patient and parents after informed consent was
obtained. Compound heterozygous mutations in
EIF2B5 were detected in the patient. The first mutation
transmitted from her father was ¢.584G>A in exon 4,
resulting in the replacement of an arginine residue by
histidine (R195H). The second mutation, inherited from
her mother, was a novel ¢.1223T>C in exon 8§, resulting
in the replacement of an isoleucine residue by threonine
(1408T). Both mutations were not found in 212 normal
Japanese control exomes.

Now, the patient is 25 months old. Follow-up brain
MRI revealed progressive expansion of the white matter
lesion with involvement of thalami and the globus palli-
dus (Fig. 1C-F), where the lesion signal intensity is the
same as that of CSF (Fig. 1E and F). She is bedridden,
spastic quadriplegic, hardly ever reacts to stimuli and
presents with shallow breathing. She has suffered from
aspiration pneumonia and needed non-invasive positive
pressure ventilation several times. She depends on home
oxygen therapy and nasoduodenal feeding due to swal-
lowing difficulty and gastroesophageal reflux. Her
EEG still exhibits high voltage multifocal spikes, but
apparent seizures are not observed.

3. Discussion

Brain MRI findings and mild elevation of glycine in
CSF were consistent with those of VWM {11 However,
her presentation with an early-infantile onset at the age
of 4 months and rapid deterioration following a vaccina-
tion instead of a febrile illness or mild head trauma, were
not typical of VWM. To date, one VWM patient has
been reported with apparent developmental delay and
hypotonia shortly after a vaccination and an upper
respiratory tract infection at the age of S months {

J—

Thus, we suspect that vaccinations are involved in the
onset of VWM.

The homozygous R195H mutation in the EIF2B5
gene has been associated with a severe variant of
VWM: Cree leukoencephalopathy (CLE). Our patient
has compound heterozygous mutations again consisting
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Fig. 1. Axial T2-weighted (A, C, E) and FLAIR (B, D, F) images of the patient. The first brain MRI at the ages of 5 months shows diffuse bilateral
symmetrical abnormal intensity of the deep white matter (A and B). Images obtained 3 months later exhibits expansion of the white matter lesion
with involvement of part of the thalami and the globus pallidus (C and D). The latest images obtained at the age of 25 months shows that whole white
matter has abnormal intensity, similar to cerebrospinal fluid, indicating cystic degeneration and the thalami and the globus pallidus are totally
involved (E and F). Brain atrophy is not observed.

A CLUSTALW

H. sapiens 379
C. lupus 379
B. taurus 431
M. musculus 375
G. gallus 365
D.rerio 361
D. melanogaster 344
S. cerevisiae 362
B eFfBe [ Gat )
144 165 347 437 547 721

Fig. 2. Sequence alignment of elF2Be homologs (A) and structure of human eIF2Be (B). An arrow shows the location of 1408T mutation. Shadowed
amino acids indicate isoleucine, leucine and valine residues. Asterisks denote known mutations causing VWM in the literature (A). Arrowheads
indicate the location of patient’s mutations (B). Abbreviations: nucleotidyl transferase domain (NT), I-patch (I), catalytic domain (Cat).
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Table 1
Patients with mutations in “I-patch” in elF2Bs.
Mutation in I-patch 2nd mutation Age at disease Age at last Score of disability” Refs.
onset (years) examination
(years)
14081 R195H 0.3 2.1 4 "
V430A S4471. 0.4 0.6 5
P427L P3238 0.8 1 5
LA25R RII3H 1 3 4
1385V Y343C 1 4 5
D387G R113H 1.5 & 4
A403V RII3H 1.5 2.3 Not available
D387G R113H 2 6 5
P427L Homozygous 2 8 2
N376D S4471. 2.9 5 2
1385V Y343C 3 7 3
R422X R113H 3 8.5 3
G386V S610-D613del 4.5 5.9 2
Average 1.8 3.7

* Score of disability (Fogli et al. [3}): [, stiff gait; 2, walk with help; 3, wheelchair-bound; 4, help for daily living; 5,

death.
Y This case.

of R195H and a novel [408T in the EIF2B5 gene, and
also has an early-infantile onset VWM that closely
resembles CLE with respect to the onset, the progressive
disease course and the brain MRI showing involvement
of the thalami and globus pallidus {7]. However, her
early-infantile onset phenotype cannot be explained by
the R19SH mutation alone, because other patients that
have R195H-containing compound heterozygous muta-
tions, either R195H/R113H or RI195H/Y483C, pre-
sented with classical or adult-onset phenotypes of
VWM, respectively [3.8]. The novel I408T mutation is
expected to be pathogenic, because isoleucine at position
408 is highly evolutionally conserved across different
species (Fig. 2A). Moreover, this amino acid change is
predicted to be deleterious by SIFT (htip://siftje-
vi.org/), PolyPhen-2 (htip://genetics.bwh.harvard.edu/
pph2/index.shtml)  and Mutation Taster  (http://
www.mutationtasier.org/). The isoleucine residue at
position 408 resides in the “I-patch”, which is a loose
hexad repeat, mainly composed of isoleucine, leucine
or valine residues (Fig. 2A and B). This has been
reported to be involved in interactions between the cat-
alytic elF2Bye complex and the other o,  and & sub-
units of the complete elF2B complex [9]. Thus, the
1408T mutation may exert an adverse effect on the func-
tion of the elF2B complex. In addition, Table 1 shows
13 patients with mutations in the “I-patch” encoded
region of elF2Be. They presented with an early mean
age of onset of 1.8 years (range, 0.3-5.9 years) and their
score of disability is relatively high. This suggests that
such “I-patch” mutations may be correlated with an
early-infantile onset form.

In summary, the patient presented with an early-
infantile onset phenotype as well as a progressive disease

course resembling CLE, suggesting a severe functional
distortion of the eIFF2Be protein caused by a compound
heterozygous mutation of R195H and 1408T of paternal
and maternal origin, respectively.
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