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Abstract

Here we report a boy with epidermal nevus syndrome associated with brainstem and cerebellar malformations and neonatal
medulloblastoma. The patient had epidermal nevi and complicated brain malformations including macrocephaly with polymicro-
gyria, dysmorphic and enlarged midbrain tectum, enlarged cerebellar hemispheres with small and maloriented folia. The patient died
after surgical resection of medulloblastoma which was newly recognized on MRI at 51 days of age. Postmortem pathological exam-
inations showed very unique and bizarre malformation of the midbrain and hindbrain. The cercbellar cortex exhibited a coarse,
irregular and bumpy surface, blurred border between the Purkinje cell layer and internal granule cell layer, and many foci of
heterotopia in the cerebellar white matter. The brainstem showed multiple anomalies, including enlargement of superior colliculi,
hypoplasia of pyramidal tracts and dysplasia of inferior olivary nuclei. The unusual constellation of brain malformations of our
patient will widen the spectrum of epidermal nevus syndrome.
© 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction and a variety of congenital defects in the brain, connec-
tive tissue, and ocular, skeletal, cardiac, genitourinary,

Epidermal nevus syndrome (ENS) is a rare and even endocrine systems [1-3]. A wide spectrum of
neurocutaneous syndrome consisting of epidermal nevi brain abnormalities has been reported in ENS including

unilateral hemimegalencephaly, vascular malformations,
agenesis of the corpus callosum, and Dandy-Walker
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cerebellum, and neonatal medulloblastoma. Here we
report neuroimaging and pathological findings of this
infant.

2. Patient report
2.1. Clinical course

The patient was a boy born after 38 weeks of gesta-
tion with birthweight of 3540 g. He is the first child of
non-consanguineous healthy parents. Macrocephaly
and enlarged fourth ventricle were noted on fetal ultra-
sonography at 22 weeks of gestation. He was delivered
by scheduled caesarean section because of macroceph-
aly. His Apgar score was 9 at 5 min. He was admitted
to our hospital because of unstable respiration and
macrocephaly.

On admission, marked macrocephaly with head cir-
cumference of 40.0cm (+4.6 SD), tachypnea with
retraction, and general hypotonia were recognized.
Flesh-colored verrucous plaques were present on his
neck, left scapular area, and lower back (Fig. 1A). Rou-
tine blood cell counts and chemistry were unremarkable.
Serum lactate, pyruvate, and ammonia levels were
within normal range. Metabolic screening for amino
and organic acid analyses was also unremarkable.
Array-comparative genomic hybridization analysis
using Human Genome CGH Microarray 105A chip
revealed no genomic copy number aberrations.

Head CT on the first day of life (Fig. 2A and B)
revealed poor gyral formation with few and shallow

sulci. The lateral ventricles were mildly dilated and the
fourth ventricle dysmorphic and enlarged. Abnormally
increased attenuation, presumed to be calcification,
was identified in the left frontal lobe and both cerebellar
hemispheres. MRI on the same day revealed a dysmor-
phic, enlarged midbrain tectum with disproportionately
enlarged inferior colliculi (Fig. 2C); a small cerebellum
that wrapped around the brain stem ventrally and had
small and maloriented folia (Fig. 2D); and polymicrogy-
ria affecting much of the right cerebral hemisphere
(Fig. 2E and F). The subcortical white matter of the left
frontal lobe was abnormally hyperintense on TI-
weighted images and hypointense on T2-weighted
images, suggesting calcification. The corpus callosum
was markedly T1 hyperintense and thick in its anterior
half. The caudate and lentiform nuclei were poorly dif-
ferentiated from the surrounding structures.

EEG 3 h after birth showed ictal changes with contin-
uous rhythmic theta waves in the left frontal area.
Although no convulsive movement was observed, his
respiration was irregular and a fluctuation of blood
pressure was recognized. Ictal EEG changes were sub-
sided with intravenous phenobarbital and his vital signs
were stabilized simultaneously. Thus, autonomic insta-
bility was considered to be caused by seizures. Back-
ground EEG activities were markedly abnormal
without physiological wave forms. Subclinical seizures
from the left frontal areas were occasionally observed
on serial EEGs.

His general condition gradually improved, although
he required mechanical ventilation for 16 days and

Fig. 1. Skin and tumor. (A) The back of the patient. Verrucous plaques (arrows) were present on his neck, left scapular area, and lower back. (B and
C) The skin showed papillomatous epidermal hyperplasia, hyperkeratosis and hypergranulosis (B, bar = 800 um), in addition to abnormal folliculo-
sebaceous glands (C, bar = 400 pm), hematoxylin eosin staining. (D and E) Histology of the tumor. Densely packed cells with highly chromatic
nuclei and scanty cytoplasm were seen (D, bar = 60 un, hematoxylin eosin staining). Coarse granules was visualized by immunohistochemistry for

synaptophysin (E, bar = 60 pm).
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15t day of life.

518t day of iifé.

Fig. 2. Neuroimaging findings. (A and B) CT on the first day of life. Poor gyral formation, aberrant fourth ventricle, and high densities in the left
frontal area and cerebellar hemispheres were observed. (C-F) MRI on the first day of life. The corpus callosum was markedly hypertrophic in the
anterior half (C). The mesencephalic tectum was enlarged and dysmorphic, and the pons was small (C). The cerebellar vermis was small and
dysmorphic with insufficient folia formation (C).The cerebellar hemispheres were enlarged and wrapped around the brainstem (D). The cortical
surface was smooth and gyral formation was poor (E and F). Caudate and lentiform nuclei were poorly differentiated from the surrounding
structures (E and F). (G-I) MRI on the 51th day of life. A mass lesion was present at the posterior wall of the fourth ventricle (G). Tumor was
enhanced by paramagnetic contrast agent (H). Ventriclomegaly with ballooning of ventricular walls was observed (I).

nasogastric feeding for 30 days. However, his head cir-
cumference had been rapidly increasing since 35 days
of age. MRI on 51 days of age demonstrated marked
lateral and third ventricular hydrocephalus caused by
an enhancing mass lesion in the fourth ventricle
(Fig. 2G-I). Surgical resection was performed on
56 days of age. Tumor histology was diagnostic of
medulloblastoma. He died of a worsening of general
conditions after surgery on 57 days of age.

2.2. Pathological examination

Examination of the skin showed epidermal hyperpla-
sia (Fig. 1A), hyperkeratosis, hypergranulosis, and
abnormal folliculo-sebaceous glands (Fig. 1B and C),
leading to the diagnosis of epidermal nevus (nevus
sebaceous).

The surgical specimen of tumor consisted of densely
packed carrot shaped cells with highly chromatic nuclei
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surrounded by scanty cytoplasm (Fig. 1D). The tumor
had rare rosette formation and included a few reticulin
positive fibers. Neuronal differentiation was identified
by immunohistochemistry for synaptophysin (Fig. 1E).
The diagnosis was classic medulloblastoma.

The brain weighed 970 g after formalin fixation. The
left frontal pole, the right temporal pole and insular cor-
tex, and the bilateral paracentral cortex were agyric,
while the orbital surface of the frontal lobe and parietal
cortex demonstrated polymicrogyria (Fig. 3A). The
olfactory bulbs and tracts were widened. The corpus cal-
losum was hypoplastic (Fig. 3B). The ventral cerebellum
was multilobulated and displaced ventrally to the upper
brainstem (Fig. 3C). The vermis was not identified due
to surgical resection. The caudal surface of cerebellum
had irregular nodular bumps.

Histologically, the agyric cerebral cortex consisted of
cell-sparse molecular layer, superficial neuronal layer
and deep columnar distribution of neurons. The
polymicrogyric cortex showed fused molecular layer
across gyri (Fig. 3D). The bilateral caudate nuclei were
enlarged, showed irregular myelinated fibers, and much

perivascular pseudocalcification (Fig. 3E). The subnu-
clei were not differentiated in the thalamus.

The cerebellar cortex showed a blurred junction of
the Purkinje cell and internal granular layers, and ecto-
pic Purkinje cells within the internal granule layer
(Fig. 3F and G). Foci of heterotopia, consisting of
apparent Purkinje cells and granule cells, were scattered
in the white matter, and the dentate nuclei were not
identified. The superior colliculus was large, and the
middle cerebellar peduncles were ventrally displaced
(Fig. 3H). The cerebral crus, pontine longitudinal fascic-
ulus and medullary pyramids were hypoplastic. The
inferior olivary nucleus showed plump undulation
(Fig. 31).

3. Discussion

Central nervous system involvement in ENS varies
widely among the patients. Abdelhalim et al. reported
an infant with ENS characterized by enlargement of
both cerebral hemispheres, malformed basal ganglia,
and unilateral enlargement of cerebellar hemisphere

Fig. 3. Neuropathological findings. (A) The bilateral paracentral cortex was agyric. (B) Midline section. The anterior part of the corpus callosum
(asterisks) was thickened, whereas the posterior portion (arrows) was thinned. (C) The rostral part of cerebellum was lumpish and displaced ventrally
to the upper brainstem. (D) The orbital cortex demonstrated polymicrogyria, Kliiver-Barrea staining, bar = 5 mm. (E) The left caudate nucleus was
enlarged in comparison with the putamen, hematoxylin eosin staining, bar = 5 mm. (F) The cerebellar cortex showed blurred differentiation between
the ectopic Purkinje cell (arrows) and the internal granular layer, calbindin-D28K immunostaining, bar = 400 pum. (G) Heterotopia in the cerebellum
consisted of apparent Purkinje cells, which were immunoreactive for calbindin-D28K, bar = 200 um. (H) The upper midbrain showed enlargement of
the superior colliculus and hypoplasia of the cerebral crus, respectively, Kliiver-Barrea staining, bar = 5 mm. (I) The upper medulla oblongata
demonstrated dysplastic undulation of the inferior olivary nuclei, in addition to hypoplasia in the pyramis, Kltiver—Barrea staining, bar = 5 mm.
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with disorganized folia [6]. The neuroimaging and mac-
roscopic pathological findings have some similarities to
those of our patient, but their patient lacked severe
brainstem anomalies and medulloblastoma. These two
cases may represent a very severe form of ENS.

Our patient demonstrated very unique and bizarre
malformation of the midbrain and hindbrain, which is
very different from previous cases reported in conjunc-
tion with ENS. The cerebellar cortex was grossly abnor-
mal, exhibiting a coarse, irregular and bumpy surface.
Histologically, the border between the Purkinje cell layer
and internal granule cell layer was blurred in the cerebel-
lar cortex, and there were many foci of heterotopia in
the cerebellar white matter. The brainstem also showed
multiple anomalies, including enlargement of superior
colliculi, hypoplasia of pyramidal tracts and dysplasia
of inferior olivary nuclei. Pereira et al. reported the asso-
ciation of enlargement and disorganized folia in the left
cerebellum in a 24-year-old patient with ENS [7]. Since
the occurrence of infratentorial anomalies has only
rarely been reported in ENS [6,7], the combination of
supratentorial dysgenesis, infratentorial dysgenesis,
and neonatal medulloblastoma in this patient is
ntriguing.

The Purkinje cells and some neurons of the deep cer-
ebellar nuclei are GABAergic neurons that arise from
the ventricular zone of metencephalic alar plate between
6 and 18 gestational weeks, while granule cells and other
glutamatergic neurons arise in the anterior rhombic lips
starting at around 19 gestational weeks. Some neurons
from the rhombic lip migrate into the transient external
granular layer of the cerebellum, while others migrate
into a nuclear transitory zone from which they will even-
tually migrate to the deep cerebellar nuclei. The external
granular layer persists until after birth and functions as
a secondary germinal zone in which the granule cells
undergo multiple mitoses before they eventually migrate
inward through the molecular and Purkinje cell layers to
form the definitive granule cell layer of the mature cere-
bellar cortex [8]. In our patient, the formation of Pur-
kinje cells and granule cells per se seemed to be
spared, regardless of the ectopic distribution. The aber-
rant cerebellar formation in our patient was presumed
to have occurred around 18-19 gestational weeks,
although its pathogenesis is difficult to determine at
present.

Another striking feature of our patient is development
of neonatal medulloblastoma. Medulloblastomas extre-
mely rarely present in neonates [9,10]. Recent studies
have revealed somatic mosaicism for mutation of several
oncogenes in patients with ENS and its related syn-
dromes [11,12]. Bourdeaut et al. reported an oncogenic
KRAS mutation in a patient with ENS associated with
rhabdomyosarcoma [13]. These facts suggest that muta-
tion(s) of some oncogene is likely to have participated in

the pathogenesis of the syndrome manifested by our
patient.
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Abstract

Many types of spinocerebellar ataxias (SCAs) manifest as progressive disorders with cerebellar involvement. SCA type 27
(SCA27) is a rare type of SCA caused by mutations in the fibroblast growth factor 14 gene (FGFI4). FGFI4 disruption caused
by a de novo reciprocal chromosomal translocation between chromosomes 13 and 21 was identified in a patient with the phenotype
of paroxysmal non-kinesigenic dyskinesia (PNKD). This indicated genetic heterogeneity of PNKD, since 60% of the patients with
PNKD exhibit mutations in another gene responsible for PNKD, the myofibrillogenesis regulator 1 gene (MR-1). We hypothesized
that the remaining 40% of patients with PNKD may have FGFI/4 mutations; therefore, the nucleotide sequences of MR-/ and
FGFI14 were analyzed in another six patients with PNKD, but no nucleotide alterations were observed in these genes for these
patients. Further studies should be conducted on the phenotypic heterogeneity of FGFI4 mutations and/or haploinsufficiency in
SCA27 and PNKD.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

1. Introduction

Spinocerebellar ataxias (SCAs) are progressive disor-
ders that manifest as cerebellar symptoms such as gait
ataxia, stance ataxia, dysmetria and/or kinetic tremor
in all four limbs, as well as oculomotor deficits

* Corresponding author. Address: Tokyo Women’s Medical Univer-
sity Institute for Integrated Medical Sciences, 8-1 Kawada-cho,
Shinjuku-ward, Tokyo 162-8666, Japan. Tel. +81 3 3353
8111x24013; fax: +81 3 5269 7667.

E-mail address: toshiyuki.yamamoto@twmu.ac.jp (T. Yamamoto).

(nystagmus and hypermetria/hypometria of saccades)
[1]. SCAs exhibit genetic heterogeneity, and at least 29
types of SCAs have been recognized to date [2]. Most
of the subtypes show autosomal dominant traits, while
some show anticipation due to triplet repeats. Therefore,
onset age depends not only on the genetic subtypes but
also on the mutation types. Since SCAs cannot be diag-
nosed solely on the basis of clinical evaluation, knowl-
edge of the family history is very important for
diagnosis of SCAs. However, if the patient is a small
child with negative family history, it is extremely difficult
to arrive at a final diagnosis.

0387-7604/$ - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.braindev.2011.04.014
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Table 1

Summary of FISH analyses.

Band BAC probe Start End Result

13q14.11 RP11-1318 41,402,236 41,593.291 Marker

13g33.1 RP11-180C7 101,579,849 101,742,909 Normal
RP11-230010 101,668,810 101,837,797 Disruption Covering FGF14
RP11-1005B17 101,752,504 101,933,396 Translocation
RP11-46110 101,854,462 102,028,883 Translocation
RP11-29B2 102,007,252 102,165,732 Translocation
RP11-2L10 102,337,773 102,514,754 Translocation

13934 RP11-569D9 113,930,807 114,103,243 Translocation

21g22.12 RP11-272A3 34,768,332 34,953,503 Marker

21qg22.13 RP11-105024 37,717,328 37,872,927 Marker

219223 RP11-34P17 46,391,180 46,582,695 Disruption
RP11-71A7 46,607,929 46,756,333 Translocation
RP11-433E24 46,717,198 46,912,065 Translocation

Genome location corresponds to the March 2006 human reference sequence (NCBI Build 36).

Fig. 1. Cytogenetic investigations for the breakpoints. (A) The one of the split signals of RP11-230010 covering FGFI4 were identified on
chromosome 21 (arrow). (B) The additional signals of RP11-34P17 located on 21q22.3 were identified on chromosome 13 (arrow).

We recently encountered a child who had paroxysmal
non-kinesigenic dyskinesia (PNKD, MIM #118800) and
exhibited a de novo reciprocal chromosomal transloca-
tion that caused a disruption in the fibroblast growth
factor 14 gene (FGFI4) responsible for SCA type 27
(SCA27, MIM #609307). In this study, we analyzed
the responsible genes for PNKD including FGFI4 in
other patients after obtaining permission from the ethi-
cal committee of our institution.

2. Case report

We encountered a boy (age, 3 years 9 months) who
was referred to our institution for medical examination.
He was born at 40 weeks of gestation, with a birth
weight of 3370 g (75th-90th centile), height of 51 cm

(75th-90th centile), and a head circumference of

32.5 cm (10th-25th centile). He underwent uneventful
development until he was 8 months old. At this age,
he started experiencing episodic attacks of muscle ato-
nus and upward turning of both eyes; these episodes
were triggered by intense crying and occurred several

times a week. These episodes were diagnosed as
breath-holding spells, and the patient underwent ther-
apy with valproic acid and phenobarbital on increase
in the frequency of these episodes. When the patient
was admitted to the hospital, his stature was within nor-
mal limits for his age; his weight was 15.6 kg (50th-75th
centile), height was 99.5 cm (50th-75th centile), and
head circumference was 49.2 cm (25th-50th centile).
Intermediate time of episodes, he did not exhibit any
neurological symptoms except for hyperkinetic behav-
iors. Immediately after crying, the patient exhibited
involuntary gross movements of the extremities, associ-
ated with choreic movements of the head and truncus.
During these episodes, which usually lasted for approx-
imately 5 min, he was alert and could reply when his
name was called out. Laboratory tests, including routine
blood and urine tests; radiological tests, including brain
magnetic resonance imaging and magnetic resonance
angiography; and electroencephalography yielded
normal results. At the age of 6 years, the patient’s devel-
opment quotient was 67, as determined using the
Tanaka-Binet Scale of Psychological Development; this
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value indicated mild mental retardation [3]. He gradu-
ated from a special educational school and is now 19
years old. Conventional chromosomal analysis detected
the presence of a reciprocal translocation with the
karyotype 46,XY,t(13;21)(q32;q22.3). Since his parents
showed normal karyotypes, the patient’s translocation
was considered as a de novo translocation.

Fluorescent in situ hybridization (FISH) analysis was
performed to investigate the breakpoints of the translo-
cation, according to a previously described method [4].
BAC clones used as the probes were selected from the
suspected breakpoints using UCSC genome browser
(http://www.genome.ucsc.edu) (Table 1). Although one
of the signals of RP11-230010 was split into chromo-
some 21 (Fig. 1A), the neighboring two BAC clones
were not disrupted. Thus, the breakpoint was narrowed
mto 10-kb region of chr13:101,742,909-101,752,504
which disrupted FGFI14 (Fig. 2A). Similarly, the
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breakpoint on chromosome 21 within the 21q22.3 band
was determined on the region of RP11-34P17 (Fig. 1B),
which included seven known genes with no functional
relevance to the patient’s neurological findings
(Fig. 2B). From these evidences, we concluded that the
phenotype observed in this patient could be attributable
to the breakage of FGFI4.

The myofibrillogenesis regulator 1 gene (MR-1) is
known to be responsible for PNKD [5]; therefore, we
analyzed the nucleotide sequences of MR-1 and FGFl4
for this patient by using the standard polymerase chain
reaction (PCR)-direct sequencing method with primers
designed using web-based PRIMER 3  software
(Supplementary Table S1), and there was no nucleotide
alteration in this patient. Then, we participated in the
cohort study using DNA samples obtained from the
other six children (two males and four females from five
families, age 3-16 years old) who were diagnosed as



K. Shimojima et al. | Brain & Development 34 (2012) 230233 233

having PNKD based on the reported description [6].
The result showed no nucleotide alteration in MR-/
and FGF14.

3. Discussion

Our patient started exhibiting episodic involuntary
movements when he was 8 months old. Because his con-
sciousness was not disturbed, these movements were con-
sidered as nonepileptic paroxysmal movements. Despite
the lack of a family history of PNKD, we considered his
clinical diagnosis as PNKD, which is an autosomal dom-
inant hereditary movement disorder exhibiting involun-
tary movements, including chorea, ballismus, and
dystonia with the onset age usually 1-12 years [7].

In this patient, a de novo reciprocal chromosomal
translocation between chromosomes 13 and 20 was
identified, and detailed cytogenetic analyses confirmed
a disruption in FGFI4, which is recognized as the cause
of SCA27, since two FGFI/4 mutations have been
reported in large SCA families [8,9]. Therefore, the
genetic diagnosis of this patient was confirmed as
SCA27 not PNKD. It was hard to diagnose him as
SCAZ27 before the genetic diagnosis, because SCAs gen-
erally show wide spectrum of clinical phenotypes and
because this patient was a sporadic case and there was
no family history [1].

Previous study reported a daughter and her mother
who had the identical reciprocal translocation between
chromosomes 5 and 13 [10]. In the family, the break-
point on chromosome 13 disrupted FGFI4 same as
our patient. Although the mother exhibited mental
impairment and pes cavus, gait ataxia was observed only
when she closed her eyes; this indicated very mild cere-
bellar involvement. In contrast, the daughter began to
exhibit cerebellar dysfunctions with gait ataxia and tre-
mor since the first year of life. She also exhibited dyski-
netic jerky movements. These clinical features are
similar to those observed in our patient. This evidence
suggests that disruption or loss-of-function mutations
in FGFI4 may be responsible for SCA27 but the disease
penetrance would be less than 100%. In addition, pheno-
typic overlapping of PNKD and SCA27 is observed in
this family and our patient.

PNKD exhibits genetic heterogeneity, because
approximately 60% of patients with PNKD exhibit
MR-1 mutations [7], but the causative factors have not
yet been identified for the remaining 40% of patients with
PNKD. Therefore, we hypothesized that FGFI4 may be
responsible for the remaining 40% of patients with
PNKD and that this may be the reason of phenotypic

overlapping of PNKD and SCA27. Based on this hypoth-
esis, we analyzed the nucleotide sequences of MR-1 and
FGFI4 in six patients with PNKD, but there were no
mutations. This result may be attributable to the small
study population used in this study. Therefore, further
studies are required to prove our hypothesis.
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The 5¢14.3 microdeletion syndrome has recemtly been recog-
nized as a clinical entity manifesting as severe intellectual
disability, epilepsy, and brain malformations. Analysis of the
shortest reglon of overlap among patients with this syndrome
and subseguent identification of nudeotide alterstions in the
coding region of myocyie enbancer factor 2C gene (MEF2C) have
suggested MEF2C as the gene responsible for the 5¢14.3 micro-
deletion syndrome. We identified a de novo 3.4-Mb deletion of
5¢14.3 in a patient with nfantile spasms, microcephaly, and
brain malformation. The delected region in the present patient
was positional toward the centromers, and MEF2IC was not
included in the deleted region. However the neurclogical and
dysmerphic features of the present pationt resembled those of
patients with the 5¢14.3 microdeletion syndrome. We consider
that a positional effect is the likely explanation for this evidence.
To study the precise mechanism of this positional effect, further
information is required on patients showing atypical deletions
neighboring MEF2C, © 2012 Wiley Periodicals, Inc.

Key words: 5q14.3 deletion; MEF2C infantile spasms; agenesis of
the corpus callosum

INTRODUCTION

The 5q14.3 microdeletion syndrome has recently been recognized
as a clinical entity manifesting with severe intellectual disability,
epilepsy, and brain malformations [Cardoso et al., 2009; Zweier
etal., 2010]. Previous studies have reported 22 patients with 5q14.3
deletions [Cardoso et al., 2009; Engels et al., 2009; Sobreira et al,,
2009; Berland and Houge, 2010; Le Meur etal., 2010; Marashly etal.,
2010; Novara et al., 2010; Nowakowska et al., 2010; Zwelier et al.,
2010]. The myocyte enhancer factor 2C gene (MEF2C) islocated on
the shortest region of overlap among them. In addition de novo
mutations in the coding sequences of MEF2C have been identified
in patients with similar findings to patients who exhibit common
phenotypic features of severe intellectual disability, stereotyped
behaviors, poor eye contact, absent speech, and epilepsy [Zweier

© 2012 Wiley Periodicals, Inc.
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etal, 2010]. Thus, MEF2Cis currently recognized as the main gene
responsible for the 5q14.3 microdeletion syndrome.

Here, we present a patient with the 5q14.3 microdeletion syn-
drome manifesting with infantile spasms, microcephaly, and brain
malformation. However, the deleted region in this patient did not
include MEF2C. The genotype~phenotype correlation in this
patient will be discussed in this report.

CLINICAL REPORTY

A 1-year-8-month-old boy was born at term following an unevent-
ful pregnancy as the first child from healthy non-related parents.
His birth length was 48 cm (25—50th centile), birth weight was
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3,100 g (50—75th centile), and head circumference was 31.0 cm
(<3rd centile). He showed remarkable generalized hypotonia at
birth. He exhibited feeding difficulty and respiratory distress due to
a combination of dysphagia and narrowing of the upper airways.
His respiratory distress and subsequent opisthotonic posture grad-
ually caused bad temper, which exacerbated the truncal hypertonia.
His developmental milestone was delayed with head control
achieved at 7 months, and visual fixation and social smile at 1 year.

He experienced epileptic seizures at 4 months of age, which were
characterized by spasms in clusters, sudden drops of the head,
abductions of the arms, and upward rolling of the eyes for a few
seconds followed by crying. Electroencephalography (EEG) indi-
cated atypical hypsarrhythmia. At 5 months of age, adrenocortico-
trophic hormone (ACTH) therapy was initiated, and the epileptic

_66_

seizures disappeared. Currently, his seizures are well controlled
without medication.

Brain magnetic resonance imaging (MRI) performed at 1 year
and 1 month of age showed reduced volume of the frontal lobe,
hypoplastic corpus callosum, and dilatation of the lateral cerebral
ventricles (Fig. 1). The volume of white matter was markedly
reduced, particularly in the frontal and anterior temporal lobes.
No delay in myelination was observed. The dilatation of the lateral
ventricles was remarkable, particularly in the occipital and inferior
horns and showed colpocephalic appearance. Periventricular het-
erotopia, which was previously reported by Cardoso et al. [2009]
was not observed (Fig. 1). Severe dysgenesis of the corpus callosum
was evident, but the cingulate gyrus was preserved. Longitudinal
fibers, such as the bundle of Probst, were observed along the mesial



2274

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

wall of the posterior part of the lateral ventricles. The anterior
commissure was normal, and the ventral part of the fornix was
hyperplastic. The volume of the brainstem was proportionally
reduced according to that of the cerebral matter. The upper
cerebellar peduncles were hypoplastic, whereas the cerebellum
was preserved.

At present, the patient’s height was 73.1 cm (<3rd centile) and
weight was 7.56 kg (<3rd centile). He has microcephaly with a head
circumference of 41.0 cm (<3rd centile). Although he can follow
things with his eyes and control his neck movement, he cannot sit
nor roll over and does not have meaningful speech. He shows
distinctive facial findings, including flat occiput, hypertelorism,
depressed nasal bridge, small nose, low-set ears, micrognathia,
short tapering fingers, and single transverse palmar creases in
both hands (Supplemental eTable SI—See Supporting Information
online). Deep tendon reflexes are hyperactive. The range of motion
(ROM) of his arms and legs are restricted due to generalized
hypertonia but no joint contracture is observed. Pathological

reflexes, including Babinski reflexes, are not remarkable. These
findings indicate spastic quadriplegia, although he showed hypo-
tonia in his early infantile period. His generalized hypertonia had
gradually become prominent during early infancy.

GENETIC ANALYSES

The findings of the conventional cytogenetic analysis with GTG-
banding showed normal male karyotype with 46,XY. We then
performed a microarray-based comparative genomic hybridization
(aCGH) analysis using Agilent 44K oligonucleotide microarray
(Agilent Technologies, Santa Clara, CA) according to a previously
described method [Shimojima et al., 2009]. Through this analysis, we
identified the loss of a genomic copy number at the 5q14.3 region with
the size of 3.4-Mb indicating arr 5q14.3(83,468,682—86,939,957) x 1
(referring Build 2006) (Fig. 2A). The identified aberration region
included six genes, EGF-like repeats and discoidin I-like gene
(EDIL3), homo sapiens cDNA, FLJ98222 (NBPF22F), cytochrome

[
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¢ oxidase subunit VIIc precursor (COX7C), cDNA FLJ13355 fis,
clone PLACE1000048 (FLJ11292), RAS p21 protein activator 1 gene
(RASAI), and cyclin H gene (CCNH) (Supplemental eTable SII—
See Supporting Information online). However, MEF2C was not
included in the deletion region (Fig. 2A). The identified aberration
was validated through fluorescent in-situ hybridization (FISH) as
previously described [Shimojima et al., 2009] using BAC clones
RP11-111M24 on 5ql14.3 covering RASAI (Fig. 2B) and RP11-
117A24 on 5q14.3 covering MEF2C (Fig. 2C). RP11-94J21 on
5p15.33 was used as a marker for chromosome 5. FISH reconfirmed
the result of aCGH, and the final karyotype was determined to
be ish del(5)(q14.3q14.3)(RP11-94J21+,RP11-111M24—,RP11-
117A24+). Parental FISH analyses showed no 5q14.3 deletion in
either parent, indicating a de novo occurrence (data not shown).

Expression levels of MEF2C and CCNH were analyzed by
real-time PCR method using SYBR Green system as described
elsewhere [Filges et al., 2011]. Total RNA extracted from immor-
talized lymphoblasts from the present patient and a normal control
individual were used for templates. The primers used for this
examination were listed in Supplemental eTable SIII (See Support-
ing Information online). Because MEF2C and CCNH have two
different isoforms, expression levels of both isoforms were meas-
ured in three independent replicates on MX3000P (Agilent
Technologies). Expression level of glyceraldehyde-3-phosphate
dehydrogenase gene (GAPDH) was used for the internal control.
Obtained data were evaluated by the Delta Delta Ct method [Filges
et al., 2011]. After evaluation, the expression ratio (patient versus
normal control) was calculated in each of the three examinations
and the averaged data of three examinations were shown in
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Supplemental eFigure S1 (See Supporting Information online).
Although both of the isoforms 1 and 2 of MEF2C did not show any
significant decreases, significantly decreased expressions of CCNH
were clearly shown in both of the isoforms 1 and 2 (Supplemental
eFigure S1—See Supporting Information online).

DISCUSSION

The present patient showed neurological manifestations with severe
hypotonia and subsequent feeding difficulty in his early infancy. His
developmental delay was remarkable; he could not sit alone nor
turn over by himselfathis age of 1 year and 8 months. Although he is
now seizure free, he suffered infantile spasms at the age of 4 months.
He also showed dysmorphic findings including microcephaly,
depressed nasal bridge, small nose, low-set ears, and micrognathia.
All of these manifestations are associated with the 5q14.3 micro-
deletion syndrome [Zweier et al., 2010].

Brain MRI on this patient indicated severe findings (Fig. 1). The
most striking MRI finding was the hypoplastic corpus callosum.
Colpocephaly with marked dilatations of the lateral venricles and a
marked reduction in volume of white matter would be the con-
sequence of the hypoplastic corpus callosum. Dilatation of the
fourth ventricle was also noted, which may be associated with a
mildly hypoplastic brain stem. Another characteristic of this patient
was the reduced volume of the frontal lobe resulting in dilatation of
extracerebral space around the frontal lobe.

Although not all dysmorphic, neurological, and radiological
findings of this patient are common in the 5q14.3 microdeletion
syndrome, many are frequently observed in these patients [ Zweier
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etal.,2010] (Supplemental eTable SI—See Supporting Information
online). Therefore, clear evidence for rejecting the 5q14.3 micro-
deletion syndrome diagnosis on the present patient could not be
found. However, the deleted region of the present patient did not
include MEF2C, the main gene hypothesized to be responsible for
the 5q14.3 microdeletion syndrome [Zweier etal., 2010]. Among 22
previously reported patients with 5q14.3 deletions, four patients
showed deletions in which only upstream regions of MEF2C were
included but the coding region of MEF2Cwas not included (Fig. 3)
[Cardoso et al., 2009; Engels et al., 2009]. Recently, Saitsu et al.
[2011] reported a patient with intellectual disability and early-onset
epileptic encephalopathy derived from a de novo reciprocal chro-
mosomal translocation with a disrupted upstream region of
MEF2C. The authors speculated that chromosomal translocation
impaired the proper regulation of MEF2C expression in the devel-
oping brain [Saitsu et al., 2011]. Compared to that observation, the
present patient showed a deletion on the downstream region of
MEF2C. To confirm the functional relevance of the genes around
this region, we analyzed the expression level of MEF2C and CCNH
in the lymphoblast cells derived from the patient. The results
showed decreased expression of CCNH in the deleted region;
however, decreased expression of MEF2C was not observed.
Because the case reported by Saitsu et al. [2011] also did not
show a significant decrease in MEF2C expression, our result
does not negate the correlation of MEF2C in neurological mani-
festations. This is a limitation of the use of lymphoblast cells for
investigation of neurological disorders.

Weanalyzed theliterature and in-silico dataand determined that
none of the six genes in the deleted region of the present patient
showed direct correlation with the phenotypic features of this
patient (Supplementary eTable SII—See Supporting Information
online). Although the deleted region of the present patient shifted
toward the centromere, and MEF2C was not included, the neuro-
logical and dysmorphic features of the present patient resembled
those of the 5q14.3 microdeletion syndrome patients [ Zweier et al.,
2010]. We consider that a positional effect is the only potential
explanation for this evidence [Kleinjan and van Heyningen, 1998;
Kleinjan and van Heyningen, 2005]. To study the precise mecha-
nism of this positional effect, further information is required on
patients showing atypical deletions neighboring MEF2C.
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