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was unchanged (Fig. 4A). The expression level of SLC9A6
variant 2 increased in all samples after CHX treatment,

however the increase was significant only in control samples
(Fig. 4B).

Decreased Expression of the NHEB Protein
From Mutant SLC9A6

Western blotting was performed to investigate expression of
the NHE6 protein in the homogenate of lymphoblastoid cell
lines from the patient and his mother. As a result, protein
expression of NHE6.1 was not detected in the patient
(Fig. 5A,B). The same NHES6.1 was detected in HeLa cells and
cells from the patient’s mother as well as in the controls. NHE6.0,
which was expected to be 10~20kDa smaller than NHE6.lon
SDS—PAGE [Ohgaki et al., 2008], was not detected in any sample
(Fig. 5B).

162

SLCYA6 variant 1
SLCY9AB variant 2

GAPDH

Variant 1: 399bp
Variant 2; 303bp

+ /1 ajewa4 joquo)
- /T 9jeway joi3u0)
+ /7 ajewiag j013U00

O
<
=3
1
e
-t
0
2
o
w
N

.

)

Variant1
Variant 2

he patient compared ta that in four normal
atment increases the

mpared to that on LrAclicatment increases: the-; -
d four narmal controls samples. () After CHX

n the patient a

DISCUSSION

In this study we investigated 22 male AS-like patients and 104 male
patients with XMR, and identified only one AS-like patient with a
SLCIAG frameshift mutation. This result further confirms SLC9A6
is not a major cause of AS-like cases, as reported by Fichou et al.
[2009]. Although the number of patients with XMR in this study
was small, SLCIA6 is likely to account for only small proportion of
XMR cases.

Patients with SLC9A6 mutations reported by Gilfillan et al.,
exhibit cardinal features similar to those of AS including severe
developmental delay, mental retardation with absent or minimal
use of words, easily provoked laughter, ataxia, epilepsy, hyper-
kinetic movement, nystagmus, and microcephaly.

Gilfillan et al. also identified possible features of difference
between these patients and AS patients, including slow progression
of symptoms, thin body, cerebellar atrophy, increased glutamate/
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glutamicacid peak on MRS, and rapid frequency of 10—~14 Hz waves
onEEG (TableI). Our patientlost his ability to walk although he did
not demonstrate spasticity, demonstrating a slowly progressive
clinical course consistent with findings in Gilfillan’s report. Indeed,
slow progression may be a distinctive clinical feature for patients
with SLC9A6 mutations. One of the families which Gilfillan et al.
investigated was previously reported by Christianson et al. [1999],
and designated as Christianson syndrome. Schroer et al. reported
patients with Christianson syndrome, and they showed that the
patients demonstrated an AS-like phenotype. However, while the
clinical features of our patient were consistent with those of most
patients previously reported by Gilfillan, there were differences
including the EEG findings and lack of cerebellar atrophy. Despite
this, our patient did meet the diagnostic criteria for AS [Williams
et al., 2006]. Therefore, this study further demonstrated that a
patient with a SLCIA6 mutation may resemble patients with AS.
Further, this striking similarity between patients with AS and those
with SLC9A6 mutations suggests a possible relationship between
the gene function of UBE3A and SLC9A6 in the developing brain.

Our patient’s mutation created a frameshift resulting in 7
missense amino acids followed by a stop codon. This mutation
was present only in SLC9A6 transcript variant 1. SLC9A6 mRNA has
two transcript variants caused by alternative splicing in exon 2
(Fig. 1), but the role of each variant has not been clarified. The
mutation detected in our patient only affects variant 1 sequence, but
the phenotype of the patient was as severe as those in previously
reported patients. Therefore, our finding suggests that the NHE6.1
plays an important role in brain function.

Nonsense mediated decay is involved in regulating the expres-
sion of alternatively spliced forms containing PTCs [Lareau et al.,
2007; Nietal,, 2007]. Since the identified mutation was predicted to
result in a PTC, we speculated that NMD could be involved in
disease pathogenesis. The result of QRT-PCR showed a significant
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decrease in SLC9A6 variant 1 mRNA expression in the patient
sample. This reduction was restored by CHX treatment, while
SLC9A6 variant 1 expression was unaltered by CHX treatment in
normal control samples. Expression of SLC9A6 variant 2 in the
patient on the other hand, was significantly increased compared to
that in control samples, however it was not influenced by CHX
treatment. Therefore, the ¢.441delG mutation in the patient seems
to have modified the alternative splicing pattern, leading to an
increase in variant 2 expression. Alternatively, low variant 1 could
trigger a regulatory feed back on transcription causing the apparent
increase in variant 2 expression. A mutation causing premature
protein truncation could alter the splicing pattern and lead to exon
skipping, use of alternative splice sites, and intron retention
[Hentze and Kulozik, 1999; Mendell and Dietz, 2001]. Our results
indicated that the c.441delG mutation caused a PTC altered the
splicing pattern, and activated NMD machinery then downregu-
lated SLCYAG variant | expression.

As protein NHEG6.1 was not detected, this indicates an absence of
intact NHE6.1. NHE6.0 was also not detected. These findings
conclusively indicated that the identified mutation should cause
total loss-of-function. Recently, Garbern et al. identified cases with
an in-frame deletion of three amino acids, who showed milder
dysmorphic features and higher gross motor abilities than those in
cases previously reported [Garbern et al,, 2010]. Their in-frame
deletion should not cause total loss-of-function but create a mildly
dysfunctional protein. Therefore, severe phenotypes including
severe developmental delay and progressive neurological deterio-
ration may be caused by truncated mutations and less severe
phenotypes may be caused by missense or in-frame mutations,
and such mild phenotypes are likely missed in patients with mild
developmental delay.

Given that the SLCI9A6 variant 2 was upregulated, we speculated
that upregulated variant 2 might partially compensate for the
absence of NHES.1. However, we could not establish the upregu-
lation of the NHE6.0 protein, rather it was not detected in the
patient’s lymphoblastoid cells. NHE6.0 may be unstable compared
to NHE6.1. Alternately, NHE6.0 translation may be inhibited.
Further investigation is required to definitively answer this
question.

NHES is found in the membranes of early recycling endosomes
and transiently in plasma membranes. Its distribution is regulated
by RACK1 [Ohgaki et al., 2008]. Recycling endosomal trafficking is
essential for the growth of dendritic spines during LTP in the brain
[Park et al., 2006]. The function of the protein product of UBE3A4,
E3 ubiquitin ligase, is also associated with dendritic spine mor-
phology. Mice with a maternal null mutation in Ube3a are also
reported to have defects in LTP, and manifest motor and behavioral
abnormalities [Jiang et al., 1998]. In a recent study, Ube3a deficient
mice demonstrated dendritic spine dysmorphology [Dindot et al.,
2008]. Thus, UBE3A and SLC9A6 could interact in a common
pathway involved in dendritic spine development, with a mutation
in either leading to an AS-like phenotype.
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CLINICAL RECORD

Successful cochlear implantation in a patient
with mitochondrial hearing loss and m.625G>A

transition
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Abstract

Objective: We present a patient with mitochondrial hearing loss and a novel mitochondrial DNA transition, who

underwent successful cochlear implantation.

Case report: An 11-year-old girl showed epilepsy and progressive hearing loss. Despite the use of hearing aids, she
gradually lost her remaining hearing ability. Laboratory data revealed elevated lactate levels, indicating mitochondrial
dysfunction. Magnetic resonance imaging showed diffuse, mild brain atrophy. Cochlear implantation was performed,
and the patient’s hearing ability was markedly improved. Whole mitochondrial DNA genome analysis revealed a novel
heteroplasmic mitochondrial 625G>A transition in the transfer RNA gene for phenylalanine. This transition was not
detected in blood DNA from the patient’s mother and healthy controls. Mitochondrial respiratory chain activities in

muscle were predominantly decreased in complex I

Conclusion: This case indicates that cochlear implantation can be a valuable therapeutic option for patients with

mitochondrial syndromic hearing loss.

Key words: Sensorineural Hearing Loss; Cochlear Implantation; Mitochondrial DNA

Introduction

There have recently been many reported cases of sensori-
neural hearing loss of mitochondrial origin. In such patients,
the effectiveness of cochlear implantation has been recog-
nised in those with the m.1555A>G and m.3243A>G
mutations.! However, the efficacy of such treatment for
patients with other mitochondrial DNA mutations has not
yet been defined.

Here, we present a patient with syndromic hearing loss,
probably caused by a novel mitochondrial DNA mutation
(m.625G>A), who gained excellent benefit from cochlear
implantation.

Case report

The patient, an 11-year-old girl, was the first child of healthy
and nonconsanguineous Japanese parents. There was no
family history of hearing loss or epilepsy, and the patient
had had no perinatal problems. Her motor and cognitive
development was normal, but she displayed an abnormally
short stature for her age.

The patient’s hearing difficulty had first been noticed by
her mother at the age of six years. Two years later, the
patient had been examined by an otolaryngologist for the
first time, and bilateral hearing aids had been prescribed.
However, her hearing ability continued to deteriorate.
There had been no previous exposure to aminoglycoside

antibiotics. In addition to hearing loss, at the age of eight
years the patient had begun to suffer generalised tonic sei-
zures, uncontrolled by valproic acid. At the age of 10
years, she had been referred to our institution, as her
family had moved to the locality near our hospital.

On physical examination, the patient had a height of
[19.0cm (3.0 standard deviations (SD)), a weight of
21.9kg (—1.7 SD) and a head circumference of 53.6 cm
(+0.9 SD). Cranial nerve and cerebellar functions were
normal. Hypertrichosis was observed. Although her muscle
force did not decrease, she was unable to exercise for extended
periods of time. Deep tendon reflexes were normal, without
spasticity. She was unable to communicate verbally, although
her intelligence appeared normal as she could communicate in
writing and could solve age-appropriate arithmetic problems.
Otitis media was not found.

Laboratory data revealed mildly elevated blood lactate
levels (24.0 mg/dl (normal range, <17 mg/dl), with a pyr-
uvate level of 1.0 mg/dl (normal range, <0.9 mg/dl)), and
noticeably elevated cerebrospinal fluid lactate levels
(55.8 mg/dl, with a pyruvate level of 2.0 mg/dl).

Electroencephalography revealed no distinct epileptic dis-
charge during waking and sleeping states.

Computed tomography showed no internal ear malfor-
mations. Magnetic resonance imaging (MR1) revealed mild
brain atrophy without focal lesions (Figure la).
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Formal pure tone audiography revealed hearing thresholds
of between 90 and 120 dB at 250 through to 4 kHz. The
patient’s hearing aids only minimally improved her hearing
thresholds (Figure 1b).

Auditory evoked potential testing showed a barely detect-
able auditory reaction at maximum intensity stimulation of
105 dB.

Therefore, the patient was considered to be a candidate for
cochlear implantation.

Informed consent for participation in academic research
was obtained from the patient and her parents.

During cochlear implantation, temporalis muscle and skin
specimens were obtained.

Genomic DNA was extracted from blood, skin and muscle
specimens. Sequencing of the whole mitochondrial genome
was performed using the mitoSEQ resequencing system
(Applied Biosystems, Foster City, California, USA).
Polymerase chain reaction amplification was conducted,
using forward mismatch primer (nucleotides 601-624, 5'-
GCAATACACTGAAAATGTTTAGC-3; where G=
guanine, C = cytosine, A = adenine and T = thymine) and
reverse primer (nucleotides 768-786, 5'-CGTTTTGAG
CTGCATTGCT-3'). This enabled the m.625G>A sequence
to be specifically recognised, and cut using the restriction
enzyme BstOI (Promega, Madison, WI, USA). The pro-
portion of heteroplasmy was approximately measured by

()]

125 250 500 1,000 2000 4,000 8,000

n
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120

FIG. 1

(a) Axial magnetic resonance imaging brain scans, showing mild brain atrophy without focal lesions. (b) Left ear audiogram taken at 11 years,

before cochlear implantation, following progression of hearing loss (hearing aids were no longer useful). (c) Left ear audiogram taken one month

after implantation, showing significant improvement, with hearing thresholds of almost 25 — 45 dB. A = sound source 1 m away, without
hearing aids; A = with hearing aids in both ears
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using a mixture-template standard curve of wild type and
mutant clones.

The activities of the mitochondrial respiratory chain com-
plexes I, II, III and IV were assayed, using methods pre-
viously described.> We used the diagnostic criteria for
respiratory chain disorders previously published by Bernier
et al.

Cochlear implantation and clinical course

The patient underwent left-sided cochlear implantation
(using a CI24RCS device; cochlear LTD, Lane Cove,
Australia) at the age of 11 years.

One month after implantation, she was able to use the tele-
phone, clearly indicating improvement in her hearing func-
tion. Audiological data indicated a good response
(Figure 1c). Her speech perception score increased to
almost 100 per cent, from O per cent before surgery.

Twenty months after surgery, the patient and her parents
were satisfied with her improved communication, and she
continued to attend regular school classes. Her epileptic sei-
zures were well controlled by carbamazepine and clonaze-
pam. Her neurological signs and symptoms remained
nonprogressive,  possibly due to vitamin Bl
supplementation.
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FIG. 2

Detection of the heteroplasmic m.625G> A transition. Diagrams represent screening of the patient’s peripheral blood (a) and her mother’s per-

ipheral blood (b) for whole mitochondrial DNA genomes, and show the heteroplasmic m.625G> A transition in the patient’s blood but not the

mother’s blood. (c) Electrophoretic strip showing that, in the presence of the m.625G> A mutation, the 186 base pair (bp) fragment was cleaved

into 162 and 24 bp fragments (the latter not shown) by (BstOI is manufactured by Promega, Madison, WI, USA). This mutation was present in a

heteroplasmic state in the patient’s blood, muscle and skin, but was not detected in the mother’s blood. Wild-type clones contained only the
m.625G sequence.

Histological analysis

Unfortunately, many artifactual opaque fibers were observed in
the temporalis muscle biopsy. Nevertheless, a few cytochrome
c oxidase (COX) negative fibres were identified, although there
were no ragged red fibres or strongly succinate dehydrogenase
(SDH) reactive blood vessels (data not shown).

Genetic analysis

Whole mitochondrial DNA genome analysis, using periph-
eral blood DNA, detected two heteroplasmic base tran-
sitions: m.625G>A (Figure 2a) and m.5231G>A (data not
shown).

The m.625G> A transition was present in a heteroplasmic
state in the patient’s blood, muscle and skin, but was not
detected in her mother’s blood (Figures 2b). The proportion
of m.625G>A in muscle and skin was higher than that in
blood (the approximate mutation load was 80 per cent in
muscle and skin, and 70 per cent in blood) (Figure 2c).
This transition was not present in 50 healthy controls.

The heteroplasmic m.5231G>A transition was present in
both the patient’s and her mother’s blood.

Biochemical analysis

Respiratory chain enzyme assay showed that complex III
activity was markedly decreased (30 per cent relative to
citrate synthase, 17 per cent relative to complex II) while
complex IV activity was slightly decreased (55 per cent rela-
tive to citrate synthase, 31 per cent relative to complex II).

Discussion

Mitochondrial sensorineural hearing loss is divided into the
nonsyndromic type associated with m.1555A>G and
the syndromic type associated with m.3243A>G. The
complex of mitochondrial encephalopathy, lactic acidosis

and stroke-like episodes (known as MELAS) is representa-
tive of the latter.’

We considered our case to be the syndromic type, because
the patient had short stature and suffered from hypertrichosis
and epilepsy. Moreover, she showed high lactate levels in her
blood and cerebrospinal fluid, and mild brain atrophy on
MRI.

In the syndromic type of mitochondrial hearing loss, the
retrocochlear auditory pathways require investigation,
specifically to establish whether the auditory peripheral
nerve and central nervous system (CNS) are intact or not.
However, successful cochlear implantation has been reported
in patients with the mitochondrial encephalopathy, lactic
acidosis and stroke-like episode complex.*® Sue et al.
have reported successful cochlear implantation in such a
patient, who had profound, bilateral hearing loss.°

Our case, too, underwent successful cochlear implantation,
despite possible CNS disorders. In patients with many types
of mitochondrial, profound, sensorineural hearing loss, we
speculate that cochlear implantation may represent a promis-
ing treatment, because hearing loss associated with mito-
chondrial disorders is more likely to be caused by cochlear
dysfunction than retrocochlear abnormalities."®’ Results
from a guinea pig cochlear model also suggest that chronic
mitochondrial dysfunction may most predominantly affect
the stria vascularis and supporting cells.® Therefore, we
believe that cochlear implantation should be considered in
patients with progressive sensorineural hearing loss associ-
ated with a mitochondrial disease, regardless of whether
their hearing loss is syndromic or nonsyndromic.

Of course, this treatment option should be reviewed for the
potential complications; it may develop contraindications on
the MRI scan (unless the magnet in the receiver-stimulator
has been moved), or adverse events such as post-implant
meningitis due to bacterial cellulitis.’
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In our patient, whole mitochondrial DNA genome analysis
detected two different heteroplasmic, one-base substitutions:
m.625G>A and m.5231G>A.

Although heteroplasmic single nucleotide polymorphisms
are rare, the m.5231G>A transition is unlikely to be patho-
genic, because it has been listed as a single nucleotide poly-
morphism in the Mitomap database,'” and because it was
carried by our patient’s healthy mother.

On the other hand, the m.625G>A transition (which
involves the transfer RNA gene for phenylalanine) has not
previously been reported in association with disease. This
transition lies in close vicinity to the site of the
m.622G>A mutation, which has been reported to be
present in mild mitochondrial disease with hearing impair-
ment."' Moreover, other mutations in the same transfer
RNA gene for phenylalanine (e.g. m.582T>C,
m.583G>A, m.606A>G, m.608A>G, m.611IG>A,
m.618T>C, m.636A>G and m.642T>C) have been recog-
nised and listed in Mitomap, with deafness frequently men-
tioned as a clinical symptom.’®™* In our patient, respiratory
enzyme studies revealed a significant defect in complex III
and a possible slight defect in complex IV, relative to
citrate synthase and complex II. These results resembled
those for other mutations of the same mitochondrial transfer
RNA gene for phenylalanine, such as m.622G>A and
m.618T>C."1% Moreover, m.625G>A was not identified
in our patient’s mother’s peripheral blood DNA, implying
a de novo origin of the mutation, although this is not conclus-
ive because only blood DNA was available from the mother.
Such sporadic mutations have been reported in other patients
with the same mitochondrial transfer RNA phenylalanine
gene mutation.'>'®

Accordingly, we conclude that the m.625G>A transition
may cause mitochondrial respiratory dysfunction and syn-
dromic hearing loss. Another standard muscle biopsy and
cybrid study would clarify the pathogenicity of the
m.625G> A transition.

Conclusion

We report a sporadic case of progressive sensorineural
hearing loss and epilepsy due to a mitochondrial disorder,
successfully treated with cochlear implantation. The novel,
heteroplasmic m.625G>A transition in the mitochondrial
transfer RNA gene for phenylalanine may have been the
pathogenic mutation in this case.

Cochlear implantation should be considered for patients
with progressive, profound, bilateral, sensorineural hearing
loss due to mitochondrial disease other than that due to the
m.3243A>G mutation of the transfer RNA (tRNA(lew))
gene, or the m.1555A>G mutation of the 12s rivosomal RNA.
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Hand-foot-genital syndrome with a 7p15 deletion:
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Hand-foot-genital syndrome (HFGS; MIM 140000) is a congeni-
tal limb malformation syndrome involving small hands and feet
with unusually short great toes and abnormal thumbs.! HFGS is
caused by mutations in HOXAI3 located on 7pl3.2, a HOXA
family member that correlates to construct patterning of the ver-
tebrate.? Patients with a deletion encompassing HOXA13 also
have typical features of HFGS.?

Many deletions involving 7p15 have been reported. All dele-
tions involving HOXA13 include HFGS features.>® Nevertheless,
because larger deletions often show severe clinical features,
HFGS phenotypes may not be recognized in such large-deletion
cases. In contrast, patients with smaller deletions involving 7p15
appear to have mild developmental delay and charactensnc facies
in association with HFGS.*®

Here we report on a patient with a 6.9 Mb deletion at 7p 15.
Compared to previous studies, we propose that a small deletion
of 7p15 causes a clinically recognizable syndrome.

Case report
Patient

The boy was born at 39 weeks of oestauon as: the founh ¢ nld of
healthy parents. Other family members were also healthy. His
birthweight, length, and head circumference were 2560 g
(~1.2 8Dy, 48.0 cm (0.5 SD), and 32.5 cm (~0:2 SD), respec-
tively. In the neonatal period he developed feeding difficulty. He
showed mild developmental delay, and acquired head control at
age 3 months, rolling over at 7 months, unassisted walk at 14
months, and meaningful words at 15 months.

At age 10 years he was suspected of having Prader-Willi
syndrome (PWS) for his smail hands and feet, short stature,
developmental delay, feeding dzfﬁculty during infancy and mild
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obesity, which developed after childhood. Examination at 13
years showed a height of 138 cm (-2.5 SD), and a weight of
44 kg (0.5 SD). He exhibited mildly dysmorphic facies includ-
ing bifrontal marrowing and low-set posterior rotated dysplastic
ears (Fig. 1a.d). He did not have ophthalmological or audiologi-

cal | complications. He had small hands and feet with clinodactyly

of the bilateral fifth finger, and short, curved and broad great toes
(Fig. 1b.e.g). X-ray demonstrated small pointed distal phalanges

*.and hypoplastic middle phalange of the fifth digits (Fig. 1c), and

hypoplasia of the middle and distal phalanges (Fig. 1f). Bone age
at 10 years 4 months was delayed and estimated to be 6 years 6

‘months. Genital anomaly was not present. He did not have intel-
“lectual or behavioral problems and attended regular primary
-school although a formal IQ test has not been done.

170

Prader—-Willi syndrome and maternal uniparental disomy 14
(upd(14)mat) syndrome was excluded on genetic tests (data not
shown),” and G-band chromosomal analysis showed a normal
karyotype of 46,XY. Microarray analysis was then performed, as
described in the following section.

DNA methylation analysis

Genomic DNA was isolated from peripheral blood leukocytes of
the patient and his parents. DNA-methylation-specific poly-
merase chain reaction for SNRPN at 13q11.2 and MEG3 at
14q32.2 was performed as described previously to rule out PWS
and upd(14)ymat syndromes.”

Microarray analysis

We performed a chromosomal microarray analysis using
Genome-Wide Human SNP Nsp/Sty Array Kit 5.0 (Affymetrix,
Santa Clara, CA. USA) for genomic DNA isolated from periph-
eral blood leukocytes of the patient and his parents. Microarray
analysis of the patient detected a 6.9 Mb deletion at 7p15.3-p15.1
[arr7p15.3p15.1(22 460 185-29 360 960)x1] (Fig. 2). This dele-
tion was not identified in his parents, indicating the de novo
origin of the deletion. Single nucleotide polymorphism (SNP)
genotyping in the deleted region showed that the deletion was of
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Fig. 1 Facial expression and limb abnémnalitks in kthek present patient. (a) Mildly dysmorphic facies with bifrontal narrowing, (d) Lateral view

demonstrating low-set posterior rotated dysplastic ears. (b) Left hand showing short digits and clinodactyly of the fifth finger. (¢) X-ray showing
small pointed distal phalanges and hypoplasia of the middle phalange of the fifth digit: (e,g) Left foot showing a short, curved and broad great

toe. (f) X-ray showing hypoplasia of the middle and distal phalanges.

paternal origin (data not shown). The deletion contained the
HOXA cluster including HOXAI3 as well as 56 other genes
(Fig. 2). ,

Discussion

Hand-foot-genital syndrome caused by a deletion encompassing
HOXAI3 shows additional features, such as mildly dysmorphic
facies, developmental delay. feeding difficulty in the neonatal
period, and borderline mentality or intellectual disability.**¢ Four
patients with a small deletion involving HOXA3 located at 7p15

© 2012 The Authors
Pediatrics International © 2012 Japan Pediatric Society
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have been reported.* The present patient, with manifestations
similar to those of the four previous cases, had a deletion con-
taining HOXA13. This let us make further delineation of HFGS,
that is, ‘deletion-positive’ (deletion+) HFGS (Table 1). Although
the ear, nose and eye of the five patients with deletion+ HFGS
were mildly dysmorphic, their facial characteristics remained
inconclusive. Developmental delay, albeit mild, was present in all
five patients, and intelligence varied from normal to mildly dis-
abled. It is noteworthy that three of the five patients had neonatal
feeding difficuity. Deletion+ HFGS may involve developmental
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Fig. 2 Microarray results of the patient. (a) 6.9 Mb interstitial dele-
tion at 7pl15.3-p15.1 [arr7pl5.3p15.1(22 460 185-29 360 960)x 1].
(b) Overlapping deletions of five patients.*® Shortest region of
overlap (SRO: arrow) is approximately 2 Mb. (c) Schematic of
included genes in the deletion region. Genome coordinates are
according to the 36.1 build (March 2006) of the human reference

genome at the UCSC database (http://genome.uesc.edw/). The SRO.
(arrow) is defined from the proximal border of the deletion of Dung:

etal.’s patient 2 to the distal border of that of the present patient
(chr7:26 374 754-29 360 960), containing nine genes plus HOXA
cluster.* In addition, the Dung et al. reported positions were arranged
from the 34 build (July 2003) to 36.1 build?

Table 1  Clinical features on five patients with 7pl5 delétion -

HFGS with 7pl15 deletion 3

delay, feeding difficulty in the neonatal or infantile period and
short stature in addition to small hands/fe,et and genital anomaly.
Therefore, it is possible that the patients could be suspected to
have PWS. This pattern of abnonnalitiés‘-mig}t cause attending
physicians to suspect PWS, as was the case for the present
patient. Nevertheless, limb abnormalities of HFGS are distinct
from those of PWS. Bone abnormalities frequently found in
HFGS are not present in PWS: Therefore, detailed clinical inves-
tigation including X-ray c:{aminéﬁonof hands and feet may be of
help to differentiate HEGS from PWS.-

The 2.0 Mb shortest region of overlap (SRO) among the five
patients with deletion+ HFGS is_defined from the proximal
border of the deletion of Dung eral’s patient 2 to the distal
border of that of'the pre,s‘em patient, and should define its critical
region (Fig. 2).° The exact breakpoints of Jun et al."s patient were
not certain because the reference sequence was not provided, but
the distal breakpoint should be similar to that of the present
patient because it was located between STK31 and CHN2.S
Because the distal breakpoint of the present patient is located
within-7p13.1, several genes located more distally are excluded
from candidacy for deletion+ HFGS. The SRO among the five
pdtients contains nine genes other than the HOXA cluster (Fig. 2).
Among the nine genes, only JAZFI (TIP27) was designated as a
km‘or,bid gene, according to the OMIM database (hutp://
www.nebi.nlm.nih.gov/ominy/). JAZF] was initially identified as
a 7pl3-derived participant in the fusion gene resulting from
H7;17)(p15:q21) translocation in endometrial stromal sarcoma
cells:® Genome-wide association study demonstrated that an SNP
in JAZFI is associated with type 2 diabetes, but there have been

“Patient 2

Age (years), sex Patient 1 Patient 3 Patient 4 Patient §
Present case Jun et al. (2011 Dung er al. (2004)° case 1 Dung et al. {2004)° case 2 Dung ez al. (2004)° case 3
13, male Cd male 3. female 4, male 21, male

Chromosomal deletion o S

Location Tpl33plsl o Tpis3plsit 7pl53pld3 Tpt32pld2 7pi53pld42

Size (Mb) 6.9 OSe 9.8 9.0 12

Inheritance (parental origin) De novo (paternal) De novo De novo De novo De novo {maternal)
Development s o

Developmental delay + L + + NA

Speech delay + y + + + NA
Limb anomaly 2

Small hands and feet + . Tig + + NA

Clinodactyly of fingers 5th both - Ath right 5th bath 5th both

Other finger anomaly - ‘ Limited extension Shor: fingers Short fingers Thumb anomaly

. {1st, 2nd, 3rd)

Great toe anomaly Curved-and broad Hypoplasia Short and broad NA Hypoplasia

Other e anomaly Short tozs NA NA Shost toes pes planus NA
Genital anomaly .

Genital abnormality - Hypospadias NA NA Cryptorchidism
Facial features

Low-set ears +i . + NA NA +

Ear anomaly Posterior rotated Posterior angulated NA Short, slightly deformed NA

Palpebral fissures anomaly - Upslanted Upslanied Downslanted Upslanted

Flat nasal bridge - + + NA NA

Nostril anomaly - NA Anteverted NA Upturned

Forehead anomaly Bifrontal namowing Frontal bossing NA NA NA

Other facial anomaly - NA Bread lips broad nose Broad neck Large mouth reirognathia
Other features -

Short stature. + + NA + NA

Neonatal feeding difficulty + + NA NA +

+, feature present; ~, feature absent; NA, not available,

© 2012 The Authors

Pediatrics International © 2012 Japan Pediatric Society
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no data on the relationship between JAZF] and neurodevelop-
ment or brain function.’

Nonetheless, it remains inconclusive as to which genes are
responsible for additional phenotypes in deletion+ HFGS.
Further collection of cases of deletion+ HFGS will facilitate
identification of responsible genes.
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ARTICLE INFO ABSTRACT

We present 2 cases of malformations of cortical development and early onset epilepsy. The
first case is of a patient with left hemimegalencephaly who developed focal epilepsy at the
age of 2 days and cluster spasms at 1.5 months. After left functional hemispherectomy,
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Lissencephaly

seizures originated from the contralateral hemisphere, which had shown normal signals in
the preoperative magnetic resonance imaging study. The second case is of a patient with
lissencephaly, caused by a missense mutation in the doublecortin gene, who developed
West syndrome at the age of 5 months. In both the cases, I-jomazenil single photon
emission computed tomography performed during infancy showed significant hyper-
fixation in the dysplastic lesions. This finding indicates the immaturity of the affected
neurons and a gamma-aminobutyric acidergic involvement in epileptogenesis associated

with malformations of cortical development during infancy.
© 2011 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

received benzodiazepines around the time of the SPECT
scans.

Malformation of cortical development (MCD) is one of the
major causes of intractable childhood epilepsy.” Defects in
some processes of corticogenesis, including migration,
proliferation, or differentiation of neurons, can cause
diverse types of MCDs. Here, we report 2 cases of patients
with severe MCD and early onset epilepsy, who underwent
1237 jomazenil single photon emission computed tomog-
raphy (SPECT) during infancy. Neither of the patients had

2. Case study
2.1. Case 1

The patient was a boy with left hemimegalencephaly. His
detailed clinical history, including seizure development

* Corresponding author. Department of Pediatrics, School of Medicine, Fukuoka University, 45-1, 7-chome, Nanakuma, Jonan-ku,.

Fukuoka 814-0180, Japan. Tel.: +81 92 801 1011; fax: +81 92 863 1970.

E-mail address: higijh. n@gmail.com (N. Higurashi).

1090-3798/$ — see front matter © 2011 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejpn.2011.03.007



EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 15 (2011) 372375

373

associated with functional hemispherectomy, has been
previously reported.” He experienced seizures consisting of
motion arrest, apnoea, and facial cyanosis at the age of 2 days.
Magnetic resonance imaging (MRI) revealed enlargement of
and cortical dysplasia in the left cerebral hemisphere (Fig. 1A).
The right hemisphere appeared to be normal, except for the
slightly blurred grey-white matter demarcation in the medial
orbito-frontal cortex and some frontocentral regions. Ictal
electroencephalography (EEG) revealed that seizure activities
originated in the left centro-parietal region. Valproate and
phenobarbital were ineffective in ameliorating the seizures.
At 1.5 months of age, the patient developed epileptic spasms
in clusters. The EEG performed at the age of 2 months showed
a suppression-burst pattern on the left side. Because of early
onset intractable epilepsy, a left functional hemispherectomy
was performed in another hospital, at the age of 3 months.
However, intractable seizures originating from the right
hemisphere developed shortly after the operation. Follow-up
MRIs performed at the age of 7, 20, and 29 months showed
frontocentral cortical lesions in the right hemisphere, with
signs of progression of myelination, and an increase in the
thickness of the cortex (Fig. 1D).

We performed *I-iomazenil SPECT twice before surgery.
The first scan performed at age of 19 days showed significant
hyperfixation in a large cortical area of the left hemisphere,
particularly in the central region, and in the right frontocen-
tral cortex (Fig. 1B), corresponding to the dysplastic lesions.
Hyperfixation was also observed in the medial frontal and
medial temporal regions. These findings were very distinct
from the fixation patterns observed in the 3 control infants. All
axial images of the control subjects are presented as
Supplementary Figure, and some representative images of
a 5-month-old boy with benign infantile convulsions are

shown as Fig. 1H. The binding levels of iomazenil of the
control subjects were high in the occipito-parietal region,
especially in the primary visual cortex, and central region, but
low in the fronto-temporal region. Although all the control
infants suffered mild seizure episodes, they never had any
other neurological abnormalities or organic lesions identifi-
able by MRI. The second SPECT performed at the age of 2
months showed reduced fixation in the frontal and the left
parieto-temporal regions and enhanced fixation in the occip-
ital cortex, which was considered a normal developmental
change (Fig. 1C).
2.2 Case 2
The patient was a boy with type I lissencephaly caused by
a missense mutation in doublecortin gene (c.2T > A). His
postnatal psychomotor development was retarded. Cluster
spasms appeared at the age of 5 months. His interictal EEG
revealed a pattern of hypsarrhythmia, and hence, he was
diagnosed with West syndrome. MRI performed upon
admission revealed lissencephaly with an anterior severity in
the anterior-posterior direction (Fig. 1E). The spasms were
temporarily relieved by adrenocorticotropic hormone treat-
ment. When he was 12-months-old, we added valproate to the
treatment regimen. His seizures changed into focal seizures
consisting of upward rolling of his eyeballs for a few seconds,
and the seizure frequency decreased to a few times a day. The
interictal EEG performed at the age of 17 months showed
occasional spikes in the right occipital derivation.
l-jomazenil SPECT performed at the age of 6 months
before the adrenocorticotropic hormone treatment, revealed
pronounced hyperfixation across the entire cortex (Fig. 1F).
This finding persisted in the follow-up scan at the age of 17

Fig. 1 — MRI and "®I-iomazenil SPECT images of the 2 patients and a control subject. (A, E) T2-weighted images and (D)
T2-weighted axial image (left) and T1-weighted sagittal image (right). (A—D) case 1: (A, C) 2 months, (B) 19 days, and (D) 29
months. (E—G) case 2: (E, F) 6 months, and (G) 17 months. (H) Control SPECT images of a 5-month-old infant with benign
infantile convulsions. MRI, magnetic resonance imaging; SPECT, single photon emission computed tomography.
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months (Fig. 1G). Compared to the control images
(Supplementary Figure and Fig. 1H), the frontal hyperfixation
was obviously abnormal; however, the hyperfixation in the
occipital region, where the MRI showed a normal-shaped
cortex, may be a physiological change.

3. Discussion

In both the patients with severe MCD, **I-iomazenil SPECT
demonstrated abnormal hyperfixation in the lesions during
early infancy. During normal development of the brain,
postnatal neuronal maturation occurs early in the occipital
and central regions and later in the frontal region. This
development is corroborated by a synchronous progression of
myelination and an increase in regional cerebral blood flow,
which can be detected by MRI and SPECT. The images of the
control infants in this study indicate that the iomazenil
binding is symmetrically high initially in these regions,
particularly in the occipital area, and is usually low in the
fronto-temporal region during infancy (Supplementary Figure
and Fig. 1H). In both patients, however, the hyperfixation
areas extended beyond these physiological regions and
included the frontal region. In case 1, the iomazenil binding
in the left occipito-temporal region with a dysplastic cortex
was asymmetrically higher than that in the right region with
a normal-shaped. cortex. Because *’l-iomazenil SPECT is
usually evaluated by visualizing the regional differences in the
tracer binding level, we could not determine whether the
absolute binding amount had increased in the dysplastic
lesions. The relative fixation level, as compared to the physi-
ological hyperfixation in the occipital region, however, indi-
cates that the iomazenil binding in the lesions may have
actually increased beyond the physiological level.

There are several potential mechanisms for the iomazenil
hyperfixation in lesions. One of them is the association of
abundant GABA, receptor expression with immaturity of the
affected neurons and increased number of neurons and
synapses. During brain development, GABA is the first active
neurotransmitter, and it induces excitatory effects through
GABA, receptors.® This GABAergic excitation has been found to

be crucial to the progress in corticogenesis. A positron emis-

sion tomography study using flumazenil, aligand of the GABA,

receptor, suggested that GABA, receptor expression is higher .
inyounger children.” These studies indicate that the immature ;

neurons may express the abundant GABA, receptors,

In MCD lesions in paediatric patients, the presence of
immature neurons and predominance of GABAergic synaptic
activity have been demonstrated® In addition, increased
cortical thickness, delayed neurogenesis, and excessive

neuro- and synaptogenesis have been suggested in hemi- .

megalencephaly studies.®” In case 1, the iomazenil hyper-
fixation in the cortical lesions might represent these actively
ongoing abnormal corticogenesis. This notion is supported by
the postnatal increase in the thickness of the dysplastic cortex
in the right frontal lobe seen in this case. These results indi-
cate that abundant expression of GABA, receptors in MCD
lesions may play a critical role.

The excitatory GABAergic effects and abundant GABA,
receptors in affected neurons may induce or enhance the

epileptogenesis in MCDs during early infancy. Recent inves-
tigations indicate that the GABAergic excitation of immature
neurons that are connected to the normal pyramidal cells
might be crucial in inducing clinical seizures>®® In.the
epileptogenic lesions of cortical dysplasia and hippocampal
sclerosis, low expression of the potassium chloride co-trans-
porter KCC2 has been identified.’®** The upregulation of KGC2
is crucial to the developmental and functional transition from
excitatory to inhibitory GABAergic neurotransmission, which
may start shortly after birth.? The failure of the upregulation
of KCC2 would lead to prolonged excitation of the abundant
GABA, receptors in the dysplastic lesions.

Another possible mechanism for iomazenil hyperfixation
is the upregulation of postsynaptic GABA, receptors by
areduction in- or an impaired function of GABAergic neurons,
as suggested in previous reports.®™ Interestingly, the
involvement of DCX in the maturation of GABAergic neurons
was recently reported.®*® The DCX mutation reported in case 2
supports this hypothesis. k

In both the MCD cases reported, **l-iomazenil SPECT
showed lesional hyperfixation during early infancy. This
finding may be associated with the immaturity of the affected
neurons and ongoing corticogenesis and may help in
explaining epileptogenesis. Further investigation is required
to elucidate the exact mechanisms and pathogenic signifi-
cance of this finding.
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Abstract

High-dose phenobarbital (PB) therapy is effective for refractory status epilepticus. We reviewed medical records of patients with
intractable partial epilepsies on whom performed non-intravenous high-dose PB therapy. Thirteen patients received PB rectally or
orally at a dosage of 20-30 mg/kg/day initially, and the PB dosage was gradually reduced to a maintenance dosage of 5-10 mg/kg/
day orally. We evaluated the effectiveness and safety of this procedure after 14 days at the maintenance dosage level. Twelve patients
had partial seizures and one had secondary generalized seizures. In six of 13 patients (46%), seizure frequencies decreased more than
50%, and two of 13 patients (15%) became seizure free. In five of seven patients who were treated by continuous midazolam infusion
therapy, we were able to discontinue the midazolam therapy. Adverse effects were found in seven of 13 patients. We were able to
continue high-dose PB therapy in six patients because their adverse effects were transient and improved after a decrease in PB con-
centration, but we discontinued this therapy in the patient who developed Stevens—Johnson syndrome. Respiratory depression and
hypotension were not found in our study. We conclude that high-dose PB therapy is effective and may be considered as an additional
treatment for intractable partial epilepsy in childhood.
© 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: High-dose phenobarbital therapy; Intractable partial epilepsy; Status epilepticus; Non-intravenous; Stevens—Johnson syndrome

1. Introduction Only a few anecdotal studies reported that non-intra-
venous high-dose PB therapy was effective for intracta-
High-dose phenobarbital (PB) therapy, usually given ble epilepsy in childhood as an additional therapy [6,7].

intravenously, is effective for refractory status epilepti- We performed non-intravenous high-dose PB therapy
cus [1,2]. In Japan, where intravenous PB therapy was for intractable partial epilepsies during childhood, and
not available until October 2008, there were some evaluated the effectiveness and safety of this therapy.
reports that non-intravenous high-dose PB therapy

was effective for refractory status epilepticus [3-5]. In 2. Methods

these reports, PB was given intramuscularly, rectally,

or orally during high-dose PB therapy. We reviewed medical records of patients on whom

non-intravenous high-dose PB therapy performed
between January 1994 and July 2008 at Saitama Chil-
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Table 1
Patients’ characteristics, outcome, and adverse effects in high-dose PB therapy,
Case Sex Age at high- Past history and/or Seizure type Concomitant AEDs Duration of high- PB serum levels at Seizure outcome  Adverse
dose PB therapy complications (manifestations) dose PB therapy evaluation (pg/ml) effect
(days)
I . F 2 mo Neonatal asphyxia, Tonic posturing of the VPA 29 53 Effective No
mutlicystic legs, myoclonus of the
encephalomalacia, West  arms
syndrome, MR
2 M 10 mo MR Rolling up of the eyes, CLB, ZNS, MDL 21 69 Effective (seizure Drowsiness
apnea, clonic movements infusion free)
of the arms
3 F 11 mo Subcortical band Head rotation to the PHT, VPA 21 66 Effective (seizure  Drowsiness
heterotopia, MR right, tonic posturing of free)
the arms
4 M 4yr7mo MR Rolling up of the eyes, AZA, CZP, PRM, MDL 24 38 Effective No
tonic posturing of the infusion
arms
5 F 5yr 10 mo Huntington disease, MR Clonic movements of the CBZ, VPA, MDL 18 71 Effective No
arms infusion
6 F 6yr 9 mo Acute encephalopathy, Oral automatism, AZA, PB®, PHT, MDL 50 82 Effective Emotional
MR deviations of the eyes to  infusion instability
. the right
73 M Imo Neonatal asphyxia, MR Rolling up of the eyes, MDL infusion 30 44 Not effective No
tonic posturing of the
arms
8§ M  3mo West syndrome, MR Tonic posturing of the MDL infusion 31 54 Not effective No
legs B
9 M  Smo MR Rolling up of the eyes, PHT, VPA 41 27 Not effective Drowsiness
tonic posturing of the
arms
10 F 8 mo West syndrome, MR Rolling up of the eyes PHT 22 50 Not effective Drowsiness
11 M  lyr7mo ‘West syndrome, MR Clonic movements of the CLB, VPA, ZNS 21 40 Not effective
arms, oral automatism
Hypersecretion
of saliva
12 F 9yr 7 mo MR Loss of consciousness, CLB, ZNS, PB® 18 32 Not effective No
13 M 11 yr 10 mo MR Tonic posturing of the CLB, PHT, TPM, VPA, 8 ND Aborted Stevens—
arms, secondary MDL infusion Johnson
generalization syndrome,
liver
dysfunction

AEDs, antiepilptic drugs; AZA, acetazolamide; CBZ, carbamazepine; CLB, clobazam; CZP, clonazepam; F, female; M, male; MDL, midazolam; MR, mental retardation; MRI, magnetic resonance

imaging; ND, not done; mo, month; PB, phenobarbital; PHT, phyntoin; PRM, primidone; TPM, topiramate; VPA, valpric acid; yr, year; ZNS, zonisamide.
* All cases, except Case 7, were received rectal high-dose PB therapy initially. Only Case 7 was received oral high-dose PB therapy initially.
® PB was administered orally at standard dose. :
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by oral antiepileptic drugs (AEDs) or continuous intra-
venous midazolam (MDL) therapy. All patients were
hospitalized in our institution, and were treated. Medical
records were reviewed as follows: age at high-dose PB
therapy, past history and/or complications, seizure type,
concomitant AEDs when high-dose PB therapy per-
formed, dosage of PB, PB serum level, the duration of

high-dose PB therapy, seizure outcome, interictal elec-

troencephalogram (EEG) findings, and adverse effects.

Patients received PB orally or rectally at a dosage of
20-30 mg/kg/day initially for 2-4 days, after which the
PB dosage was gradually reduced to the maintenance
dosage of 5-10 mg/kg/day, as previous studies examined
[6,7]. After that, all of the patients received oral PB med-
ications at the same maintenance dosage. No AEDs
were added during high-dose PB therapy.

We evaluated the effectiveness and safety of high-dose
PB therapy after 14 days at the oral maintenance dosage
level, because the duration of the PB serum level at
steady-state was about 14 days. We evaluated the effec-
tiveness of this therapy as follows: “Effective” represented
a greater than 50% seizure reduction, “Not effective” rep-
resented a less than 50% seizure reduction, and “Exacer-
bation” represented an increase in seizure frequency.

3. Results

High-dose PB therapy was performed on 13 patients
(seven males and six females). The age range of the
patients who received high-dose PB therapy was 1
month to 11 years, and the age range of the patients at
the onset of epilepsy was 1 month to seven years (Table
1). Only one patient (Case 7 in Table 1) was received
oral high-dose PB therapy from the beginning of this
therapy. A history of neurological disorders was found
in all 13 patients: mental retardation in 13 patients, West
syndrome in four, neonatal asphyxia in two, Huntington
Disease in one, and acute encephalopathy in one. The
four patients who previously had West syndrome under-
went a combination therapy of vitamin B6, y-globulin,
adrenocorticotropic hormone (ACTH) therapy, and
thyrotropin-releasing hormone (TRH) therapy. Abnor-
mal findings of magnetic resonance imaging (MRI) were
found in nine patients (69%): cerebral atrophy in six
patients, multicystic leukoencephalomalacia in one, sub-
cortical band heterotopia in one, and cerebellar atrophy
in one. Partial seizures were found in 12 patients and
secondary generalized seizures in one, but primary gen-
eralized  seizures were not found. Seizures with motor
component, such as tonic posturing and clonic move-
ments, were common in 10 of 13 patients.

The concomitant AEDs were shown in Table 1 when
non-intravenous high-dose PB therapy had performed.
Phenytoin and valproic acid was used for five patients,
clobazam for four, zonisamide for three, acetazolamide
and PB for two, and carbamazepine, clonazepam,

primidone, and topiramate for one. MDL continuous
infusion therapy was performed on seven patients,
who had no complications induced by changes in medi-
cation, intercurrent infections, acute neurological insults
such as meningitis, trauma, and anoxia. Four of seven
patients who received MDL therapy had status epilepti-
cus (Cases 5, 6, 8, and 13 in Table 1). Other three
patients had repetitive partial seizures more than 20
times per day (Cases 2, 4 and 7).

In six of the 13 patients (46%), non-intravenous high-
dose PB therapy was effective, and two of them (Cases 2
and 3) became seizure free. We were able to discontinue
MDL continuous infusion in five patients (71%). Con-
cérning seizure type, this therapy was effective in five
of nine patients who had seizures with motor compo-
nents such as tonic posturing and clonic movements.
There was no difference in the duration (average =+ stan-
dard deviation days) of non-intravenous high-dose PB
therapy between the patients for whom this therapy
was effective and not effective, 27.2 +11.8 and 27.2 +
8.5 days, respectively. The average PB serum level at
evaluation was 63.2 pg/ml among the patients for whom
high-dose PB therapy was effective, and 41.1 pg/ml
among the patients for whom high-dose PB therapy
was not effective. Concerning interictal EEG findings,
all patients had frequently multifocal and/or generalized
electric abnormalities, such as spikes, polyspikes, spike-
wave complexes, and high-amplitude high voltage slow
waves. In the patients for whom this therapy was effec-
tive, the frequencies of these abnormalities decreased
and generalization disappeared, whereas there were no
changes of electric abnormalities in the patients for
whom this therapy was not effective.

Adbverse effects during the high-dose PB therapy were
found in seven patients (54%): drowsiness in four
patients, emotional instability in one, hypersecretion of
saliva in one, and Stevens-Johnson syndrome in one.
Drowsiness and emotional instability disappeared as
the PB serum level decreased. Case 11 in Table 1 needed
mandatory respirator support because hypersecretion of
saliva obstructed his airway. Case 13 in Table | pre-
sented with Stevens-Johnson syndrome and liver dys-
function; we therefore discontinued high-dose PB
therapy. He recovered after steroid therapy without
any sequelae. In our study, respiratory depression and
hypotension were not found.

4. Discussion

The present study showed that non-intravenous high-
dose PB therapy was effective for intractable partial
epilepsy in childhood. A reduction of more than 50%
of seizure frequency was found in 46% of the patients,
and discontinuation of MDL continuous infusion was
in 71%. Adverse effects were found in seven patients;
those in six patients were transient and improved after

— 180 —



