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Abstract

Schizencephaly is a rare human congenital disorder
of the brain characterized by abnormal continuity
of grey matter tissue extending from the ependy-
mal lining of the cerebral ventricles to the pial
surface of the cerebral hemisphere surface. We
describe here a 7 year old boy affected with bilat-
eral schizencephaly, born to non-consanguineous
parents who presented with intellectual disability,
neurologic de cits and seizure disorder. Blood
samples collected from the proband and his par-
ents were further processed for sequence analysis.
He was found to be heterozygous for a de novo
point mutation c.473G>A in exon 2 of the home-
obox gene EMX2. This report together with the
earlier reported cases of schizencephaly associated
with EMX2 mutations, support the nding that at
least some cases of schizencephaly are caused by
deleterious mutations of this homeobox gene. This
emphasises the requirement of the EMX2 protein
for correct formation of the human cerebral cortex.

Introduction

Schizencephaly (SCH) is a rare grey matter malfor-
mation of the brain. It is a developmental disorder
with a defect in neuronal migration, the causes of
which could be an environmental insult or genetic.
The role of genetic factors and the only known
gene EMX2 that has been implicated in its etiology
in the past, has been a matter of great debate.
LHX2, a gene with an important cortical pattern-
ing role, and HESX1 and SOX2 genes that have
been associated with septo-optic dysplasia were
also checked for association with schizencephaly,
but no such association was found (Brunelli et
al.,1996; Tietjen et al., 2007; Mellado et al., 2010).
The homeodomain transcription factor EMX2 is

critical for central nervous system and urogenital
development.

Case Report

We report a 7 year old boy affected with bilat-
eral schizencephaly with a heterozygous de novo,
deleterious point mutation in the EMX2 gene sup-
porting its role in the etiology of schizencephaly.
The proband was a 7 year old boy who was born
to a non-consanguineous couple at term with no
neonatal complications. He had no siblings. He
was brought to the outpatient department by the
parents with complaints of severe developmental
delay noticed since the age of 3-4 months. Neck
holding was achieved only after 5 years and even
sitting with support had not been attained till the
time of presentation. Social smile was present. No
meaningful speech was present. The developmen-
tal age was 4 months. There was history of seizures
since 4 years of age and EEG showed asymmet-
ric background with epileptiform discharges along
with left parieto-temporal sharp waves with sec-
ondary generalization. On examination at 7 years,
height was 114 cm (10th centile), weight was 16 kg
(3rd centile) and head circumference was 43 cms (-4
SD below mean) as per Indian standards.

There was microcornea with corneal diameter
being 8 mm (normal-11.5 mm). Teeth were widely
spaced with 2 large central incisors. The neuro-
logical examination was characterized by severe
spasticity along with brisk re exes in all limbs.
The mental impairment was severe with the boy
responding only to his mother’s voice by ges-
tures with no other communication. A formal
development assessment test could not be per-
formed. flest of the systemic examination was
unremarkable.

MflI brain revealed bilateral schizencephaly. On
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the left side it was open lip (Type2) and on the right
side it was closed lip with grey matter heterotopia
(Type1) (Fig 1). Left frontal lobe showed pachygyria
and corpus callosum was thin. Ex vacuo ventricular
dilatation was seen.

Figure 1 T1- weighted images of MflI Brain show
bilateral schizencephaly. (a) Left frontal
lobe showed pachygyria and corpus cal-
losum was thin. Ex vacuo ventricular
dilatation was seen. (b) On left side
it was open lip (Type 2) and on right
side it was closed lip with grey matter
heterotopia (Type1).

Blood samples were collected after written
consent and approval of the Institute Ethics Com-
mittee. Genomic DNA was extracted from the
mother, father and proband according to the man-

ufacturer’s protocol (fiiagen). Direct sequencing of
all the coding exons of the EMX2 gene was carried
out.

The proband was found to be heterozygous for
a de novo point mutation c.473G>A in exon 2 of the
homeobox gene EMX2. This mutation leads to the
substitution of arginine by glutamine at position
158 (p.Arg158Gln). The mother and father of the
proband did not show any change in the sequence
pattern. This mutation identi ed in the proband
was predicted to be disease-causing by various
mutation-prediction software (SIFT, Polyphen and
MutationTaster). The mutation was con rmed to
be absent in 50 normal controls. It is a novel
variant and has not been reported in the Human
Genome Mutation Database (HGMD), Exome Ag-
gregation Consortium (ExAC) and the 1000 genome
databases. It is conserved across other species.

Figure 2 Electropherogram showing homozygos-
ity for the wild type allele in the mother
and father (top) and heterozygosity for
the de novo mutation c.473G>A in the
child indicated by the arrow (bottom).

Discussion

Schizencephaly (SCH) is a congenital brain malfor-
mation characterized by full thickness clefts of the
cerebral mantle, extending from the pial surface
to the lateral ventricles, and lined by heterotopic
gray matter. Schizencephaly patients are clinically
characterized by motor and mental de cits along
with severe epilepsy of varying degree, according to
the severity and extent of the brain malformation
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Figure 3 Comparison with sequences of lower animals shows that the mutation is in the highly conserved
site of the gene.

(Brunelli et al., 1996; Tietjen et al., 2007). Two types
of schizencephaly have been described depending
upon the size of the area involved and fused or
open cleft lips. Type 1 contains a fused cleft where
the pial ependymal seam forms a furrow in the
developing brain and is lined by polymicrogyric
grey matter. In type II, there is a large defect, a
holohemispheric cleft in the cerebral cortex lled
with uid and lined by polymicrogyric grey matter.

Schizencephaly can arise from a number of
environmental factors including maternal trauma,
substance abuse, viral infection, in utero vascular
accidents in monozygotic twins, and other vas-
cular disruptions (Yakovlev & Wadsworth, 1946;
Dominguez et al., 1991; Barkovich et al., 1992;
Curry et al., 2005). However, reports of famil-
ial schizencephaly and some reports describing
similar clinical and radiological features among
affected individuals, suggested the possibility of
one or more genetic causes (Hosley et al., 1992;
Hilburger et al., 1993; Haverkamp et al., 1995;
Tietjen et al., 2007)

Initially several reports implicated the EMX2
(Homolog of Drosophila Empty Spiracles 2) tran-
scription factor as a causative gene (OMIM *
600035) for schizencephaly (Brunelli et al., 1996;

Faiella et al., 1997; Granata et al., 1997; Cecchi,
2002). A total of 18 patients were sequenced for
EMX2 in these studies, and 13 (72%) were found
to have various heterozygous mutations including
deleterious frameshift, splicing, or deletion muta-
tions. Brunelli et al. (1996) examined 8 patients
and found clearly pathogenic EMX2 gene muta-
tions in 3 patients all of whom had severe type II
schizencephaly.

However, later Tietjen et al. (2007) sequenced
EMX2 in a cohort of 84 affected probands, could
not identify any pathologic mutations in this cohort
and suggested that EMX2 mutations are an un-
common cause of schizencephaly. More recently
Merello et al. (2008) provided results of EMX2
sequencing in 39 new SCH patients, detecting no
pathogenic mutations. They also reinterpreted the
results of original articles as showing a signi cantly
lower mutational rate (17%) in EMX2 than originally
reported (72%). Evidence also suggests that some
patients with schizencephaly have mutations in
genes other than EMX2 like SIX3 (OMIM * 603714),
or SHH (OMIM * 600725) genes (Dies et al., 2013).

We have found a de novo mutation in the EMX2
gene in our proband likely pathogenic as it was
not found in the normal parents and in the normal
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50 controls from the same population. In silico
data also supports the pathogenic nature of the
sequence variation. To the best of our knowledge,
the mutation described in this patient has not been
reported earlier in literature and databases (Hu-
man Genome Mutation Database). Identi cation
of the mutation in the EMX2 gene in this patient
has been of help in providing appropriate genetic
counseling to this family. As neither parent has
the mutation, it is most likely a de novo mutation
and therefore the risk of recurrence in the sibs is
not increased signi cantly. However, as reported
for many other autosomal dominant disorders,
germ-line mosaicism cannot be ruled out and the
family needs to be offered early prenatal diagnosis
for subsequent pregnancies.

Identi cation of the EMX2 gene mutation in
this patient supports the role of this gene in the
causation of schizencephaly and reinforces the
importance of genetic testing in more cases of
schizencephaly.
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