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abstract

BACKGROUND: Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a rare and genetically het-
erogeneous cerebral white matter disease. Clinically, it is characterized by macrocephaly, developmental delay, and
seizures. We explore the clinical spectrum, neuroimaging characteristics, and gene involvement in the first pa-
tients with megalencephalic leukoencephalopathy with subcortical cysts described from Egypt. PATIENTS: Six pa-
tients were enrolled from three unrelated families. Patient inclusion criteria were macrocephaly, developmental
delay, normal urinary organic acids, and brain imaging of diffuse cerebral white matter involvement. Direct
sequencing of the MLC1 gene in patients’ families and GliaCAM in one questionable case was performed using
BigDye Terminator cycle sequencing. RESULTS: Clinical heterogeneity, both intra- and interfamilial, was clearly
evident. Developmental delays ranged from globally severe or moderate to mild delay in achieving walking or
speech. Head circumference above the ninety-seventh percentile was a constant feature. Neuroimaging featured
variability in white matter involvement and subcortical cysts. However, findings of posterior fossa changes and
brain stem atrophy were frequently (66.6%) identified in these Egyptian patients. Discrepancy between severe
brain involvement and normal mental functions was evident, particularly in patients from the third family. MLC1
mutations were confirmed in all patients. Deletion/insertion mutation in exon 11 (c.908-918delinsGCA, p.Val303
Gly fsX96) was recurrent in two families, whereas a missense mutation in exon 10 (c.880 C > T, p.Pro294Ser) was
identified in the third family. CONCLUSIONS: This report extends our knowledge of the clinical and neuroimaging
features of megalencephalic leukoencephalopathy with subcortical cysts. It confirms the apparent lack of selective
disadvantage of MLC1 mutations on gamete conception and transmission as supported by the presence of multiple
affected siblings in Egyptian families.
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Introduction

Megalencephalic leukoencephalopathy with subcortical
cysts (MLC) (MIM 604004) is a rare, genetically heteroge-
neous, leukodystrophy disorder.1,2 MLC is the first known
human genetic disease with a defect in brain ion and water
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homoeostasis that results in chronic cerebral white matter
edema.3-5 The excess water forms vacuoles, mainly within
the white matter myelin sheaths.6 Distinctive clinical and
imaging features are characterized by macrocephaly
detected either at birth or developed within the first year of
life, often in association with motor developmental delay,
ataxia, spasticity, seizures, and extrapyramidal manifesta-
tions.2,7 Brain magnetic resonance imaging (MRI) of diffuse
swollen white matter with subcortical cysts in temporal or
frontoparietal lobes are the diagnostic hallmarks of the
disease.1,8-10 The clinical course and severity of the disease
vary.8,11 The first patients with MLC were described in India
in 1991.12 A subsequent run of patients was described by a
Netherlands group, who reported the MRI findings.2 Men-
tality is usually normally preserved, at least initially. How-
ever, as the disease progresses, cerebral atrophy becomes
apparent with increasing size and number of cysts.13 A
Turkish study on 12 patients established the autosomal
recessive nature of MLC and a common disease locus on
chromosome 22q.14 Leegwater et al.11 identified the causa-
tive gene, MLC1/KIAA0027, within the assigned locus. Clin-
ical heterogeneity and diversity of MCL1 mutations were
reported in patients of different ethnic backgrounds. A
report by Patrono et al.9 was the first to describe four MLC
patients of Arab origin from Morocco and Libya. Patients
from Tunis, Saudi Arabia, and Libya have been reported
individually.10,15,16 Mutations in the MCL1 gene have been
detected in 75% of patients, whereas HEPACAM/Glia-CAM

has been reported as a second gene involved in w20% of
MLC phenotype.15,17 Here we report on the clinical, neuro-
imaging, and genetic features in the first MLC patients to be
described from Egypt.

Patients and Methods

Six patients from three unrelated Egyptian families were identified at
the neurometabolic clinic of Cairo University Children Hospital. Patient
inclusion criteria were macrocephaly, history of developmental delay
(primarily motor), and neurological deficits that were generally not
overt. Brain MRI features of diffuse cerebral white matter involvement
with subcortical cysts were strong criteria for enrollment in this study.
The study was approved by the review board committee at Cairo Uni-
versity and National Research Centre-Egypt. Written informed consent
was obtained from participants or legal guardians. Genomic DNA was
extracted from 13 fresh blood samples and a second-trimester amnio-
centesis sample. Direct sequencing of the entire coding region of the
MLC1 gene was performed in all available family members, and of the
Glia-CAM gene in members of the second family, using BigDye termi-
nator cycle sequencing (Applied BioSystems).

Results

Clinical report

The parents in each of the three unrelated families are
Egyptian first cousins. Each family originates from a distinct
governorate in Egypt: Al-Behaira (Nile delta), Aswan (Upper
Egypt), and Alexandria (Mediterranean Sea) (Table 1). All

TABLE 1.
Clinical features of megalencephalic leukoencephalopathy with subcortical cysts in six Egyptian patients

First Family Second Family Third Family

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Sex/age Male/10.3 yr Male/13.3 yr Male/8 yr Male/5 yr Male/9.11 yr Male/4.4 yr
Consanguinity First cousin First cousin First cousin First cousin First cousin First cousin
Head circumference >Ninety-eighth

percentile
>Ninety-eighth
percentile

>Ninety-eighth
percentile

>Ninety-seventh
percentile

>Ninety-eighth
percentile

>Ninety-eighth
percentile

Macrocephaly, first noted Since birth Since birth Since birth At 4 mo At 8 mo At 8 mo
Developmental delay Mild delay Mild delay Normal Marked global

delay
Delayed walking Normal

Onset of independent
walking

18 mo 16 mo with
ataxia

Normal Never walked 18 mo/unsteady/
tiptoes

14 mo/unsteady
gait

Speech 2 words at 2 yr Well developed
but slurred

Well developed
but slurred

2-3 words only Well but with
some
pronunciation
defects

Normal but
staccato
speech

Onset of motor disability 2 yr 16 mo No motor
disability yet

Development
global delay

Before 3 yr At 1.5 yr with
ataxia

Motor deterioration on
minor trauma

Positive Positive Negative Negative On major
trauma

On major
trauma

Loss of walking ability 3 yr 2 yr Walking Never walked At age 4 yr Walking
Pyramidal signs Positive Positive Negative Negative Mild spasticity Negative
Ataxia Positive Positive Negative Negative Positive Positive
Mental impairment Moderate Learning

disability
Normal
mentality

Marked Normal
mentality

Normal
mentality

Seizures Partial Generalized Hemi/severe Negative Generalized Negative
Extrapyramidal Negative Negative Negative Negative Negative Negative
Skeletal

deform/dysmorphism
No No Frontal

bossing/mild
Frontal and
occipital
bossing/mild

Talipes,
out-toeing
clinodactyly

No

Fundus Normal Normal Normal Normal Normal Normal
Leukodystrophy Positive Positive Positive Positive Positive Positive
Subcortical cysts Positive Positive Positive Negative Positive Positive
Cortical atrophy Negative Negative Negative Positive Negative Negative
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patients were male children. Ages ranged from 4 to 10 years
except one patient who was 13 years old.

The first family (from Al-Behaira) had two affected boys
(patients 1 and 2). The proband, patient 1, presented with a
history of mild motor developmental delay and lower limb
spasticity that developed progressively and promoted dif-
ficulty in walking. He had lost the ability to walk unsup-
ported at 3 years of age. At the time of the study, his motor
skills were sitting, standing with support, and crawling on
his knees to move about. His speech was notably involved.
He was moderately mentally retarded (IQ 66). Following a
minor fall at age 2 years, he developed gait instability,
ataxia, frequent falling, and seizures. His seizures were
recurrent, particularly after minor trauma, but were easily
controlled by antiepileptic medication. Intermittent uni-
lateral squint occurred when watching television for long
periods. On examination, his head circumference (HC)
measured far above the ninety-eighth percentile, whereas
height and weight were on the third percentile for his age
and sex. He exhibited incoherent speech, drooling of saliva,
and spasticity in the upper and lower limbs, neck, and back
muscles. Spasticity was more pronounced on the left side
with bilateral knee contractures, brisk reflexes, and
extensor planter response. Patient 2, the older brother, had
visited our clinic at age 12 years during the follow-up of his

younger sibling. He had a history of large head size noted
since birth and milder developmental delay. Independent
walking was associated with early-onset ataxia and was lost
at age 2 years. He showed mild school learning disabilities.
Seizures were very infrequent (twice yearly) and described
as generalized tonic-clonic convulsions. An electroenceph-
alogram performed at age 9 years reported focal activity
with secondary generalization, but recent electroencepha-
logram was normal. On examination, height was on the
10th, weight on the 25th, and head circumference above the
ninety-eighth percentiles. Speech was slurred but still
comprehensible. Spasticity was more pronounced in the
lower than upper limbs and was associated with knee
contractures, ataxic gait, brisk reflexes, and extensor planter
response. He had been misdiagnosed as having Canavan
disease based on the diffuse leukodystrophy reported in
earlier brain imaging. Both brothers showed normal values
of urinary organic acids. Brain MRI of both patients (Fig 1)
showed general features of diffuse involvement of cerebral
white matter and cystic changes in the subcortical temporal
region anteriorly. However, subcortical cysts were extensive
throughout the parietal region in patient 1 in images taken
at age 3 years. His brother’s images, taken at age 13 years,
displayed milder white matter involvement and small
frontal cysts, but also thin corpus callosum. Posterior cranial

FIGURE 1.
Brain magnetic resonance imaging in patients 1 and 2 of the first family. Patient 1 (the proband): Images were taken at age 3 years: sagittal T1-weighted (A,
B) and axial T2-weighted fluid-attenuated inversion recovery (C). Images show multiple cysts in the subcortical frontal, parietal (A), and temporal (not
shown in present views) regions. Corpus callosum and posterior subcortical white matter are relatively unaffected (A, B). Posterior fossa changes: widened
cerebrospinal fluid space posteriorly, associated with thinning of the occipital bone and mild flattening of the posterior surface of the vermis (B) suggest an
arachnoid cyst (red arrow). Marked widening of the cerebrospinal fluid spaces anterior to the brain stem and the suprasellar cistern that may be secondary
to the brain stem atrophy (A, B). The cerebellar hemispheres are hypoplastic and the forth ventricle is slightly dilated (B). Axial T2 image at high level (C)
displays extensive cystic changes (vacuolation) involving different cortical regions and several spots of hyperintensity signals. Patient 2: Images recorded at
age 13 years: sagittal T1-weighted (D, E) and coronal T2-weighted fluid-attenuated inversion recovery (F). Images show cystic changes in the subcortical
temporal region anteriorly (D) (yellow arrow). The corpus callosum appears compressed and thin in its middle parts (E). Posterior fossa and brain stem
changes similar to but much milder than those described in patient 1 (E). Diffusely abnormal cerebral white matter with hyperintensity signals (F). Patients
1 and 2 have the same gene mutation. However, cystic and cerebral white matter changes are much more marked in patient 1, whose images were recorded
at early childhood (3 years old) compared with those of his brother (patient 2), whose images were recorded at 13 years old.
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fossa changes and brain stem atrophy were marked in pa-
tient 1 but much milder in patient 2.

The second family (from Aswan) had two affected sib-
lings. Patient 3, the older brother, had normal mental and
motor developmental milestones and was attending school
with no history of learning disabilities. He walked well and
showed no spasticity. His speech was well developed but
mildly slurred. Seizures were usually preceded by a trauma.
He featured characteristic left-sided hemiconvulsions. His
first epileptic attack was at age 2 months, involving the
upper and lower limbs with drooling of saliva and was
followed by sleep. His electroencephalogram sleep record
was normal. His seizures were frequent and resistant to
various antiepileptic medications. On examination, weight
was on the fiftieth, height on the twenty-fifth, and follow up
measures of HC were kept above the ninety-eighth per-
centiles. The patient was macrocephalic with frontal boss-
ing and mild dysmorphic features (depressed nasal bridge
and hypertelorism). He displayed bilateral short fifth toe. In
patient 4, the younger brother, the large head size was
noted at age 4 months. His HC was maintained just below
the ninety-eighth percentile. He showed global develop-
mental delay; head support was achieved at age 1 year and
he became able to sit at age 2 years after an intensive course
of physiotherapy. Independent walking had not been

accomplished at the time of this study. Speech ability was
confined to two words only. He had no history of seizures.
On examination, his weight and height were on the third
and the twenty-fifth percentiles, respectively. He showed a
dolichocephalic-shaped skull resulting from frontal and
occipital bossing, mid-face hypoplasia, hypertelorism, and
hyperextensible metacarpophalangeal and interphalangeal
joints. He had notable hypotonia that was slowly improving
on physiotherapy. Electromyography and nerve conduction
velocity were normal. Creatine-phosphokinase showed
mild elevation. Brain MRI in patient 3, at age 5 years,
showed features of diffusely abnormal cerebral white
matter with cystic changes in the subcortical temporal and
frontal regions. Chiari malformationwas also evident in this
patient (Fig 2). Images of the younger brother, at age 2 years
and 3 months, showed no cystic changes, but the subcor-
tical and periventricular white matter was significantly
abnormal. Findings of frontal brain atrophy, generous
lateral ventricles, and a mega cisterna magna or an arach-
noid cyst were identified (Fig 2).

The third family (from Alexandria) had two affected
brothers, patients 5 and 6. Their mother has Behçet syn-
drome and is on corticosteroid therapy. Patient 5 showed
nearly normal developmental history, normal mentality,
and mildly slurred speech. His gait was unsteady with

FIGURE 2.
Brain magnetic resonance imaging in patients 3 and 4 of the second family. Patient 3 (the proband): images were taken at age 3 years; axial T1-weighted (A,
B) and axial T2-weighted fluid-attenuated inversion recovery (C). Images show diffusely abnormal and swollen cerebral, subcortical, and periventricular,
white matter (A, B). Cystic changes are visible in the frontal lobes (B). Chiari malformation is also apparent in patient 3 (C). Patient 4 (younger brother):
images recorded at age 2 years and 3 months; axial T2-weighted fluid-attenuated inversion recovery (D) and sagittal T1 (E). Images show marked and
diffuse involvement of subcortical and periventricular (red arrows) cerebral white matter (D). Exaggerated cerebrospinal fluid spaces at the frontal lobes
and mildly enlarged lateral ventricles (D). The sagittal view (E) shows the dolichocephalic skull, a cystic area below the cerebellum and close to the foramen
magnum that could be either a cisterna magna or an arachnoid cyst, and widening of cerebrospinal fluid spaces anterior to the brain stem and secondary to
mild brain stem atrophy. No subcortical cysts have been detected yet. Images of patients 3 and 4 were recorded at similar ages. However, in patient 3,
cerebral white matter changes appear more marked and subcortical cysts are present. Interfamilial variability in brain images severity is obvious in patients
of the first and second families, who harbored the same gene mutation. Megalencephalic leukoencephalopathy with subcortical cysts imaging features were
much more marked in patients of the first family compared to those of second family.
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tiptoe walking on the right side. He developed ataxia at age
3 years. The ability to walk independently was lost at age 4
years. He had had a few episodes of generalized tonic-clonic
seizures, starting at age 7 years. Electroencephalogram
showed diffuse slowing with bilateral frontal epi-
leptogenicity. Interestingly, this patient had history of
frequently repeated bad and fearful dreams. Macrocephaly
was first noted at age 8 months and closure of the anterior
fontanel was delayed until age 3 years. On examination, his
weight and height were on the fiftieth percentiles, whereas
HC just below the ninety-eighth percentile for age and sex.
He had mild lower limb spasticity that improved with
physiotherapy. Skeletal abnormalities of bilateral talipes,
out-toeing, and bilateral clinodactyly of the ring and little
fingers were detected. Because of uncertain diagnosis, he
underwent several biochemical investigations but all
returned negative results. Patient 6, the younger brother,
showed normal mental and motor developmental history,
but staccato speech. Gait unsteadiness developed at age
17months. He exhibited somewhat aggressive behavior and
was described as hyperactive. Macrocephaly was noticed at
age 8 months. On examination, he was on the fiftieth
percentile for weight, twenty-fifth for height, and above the
ninety-eighth for HC. He showed no pyramidal signs. MRI
findings in patients 5 and 6 at age 2 and 3 years old
respectively, were characterized by marked involvement of
the subcortical and periventricular white matter. Cystic
changes were detected in the temporal, frontal, and parietal
regions. White matter and cystic changes were much more
extensive in patient 5 (Fig 3).

Mutational report

Direct sequencing of the entire coding and flanking re-
gions of the MLC1 [KIAA0027] gene in six Egyptian patients
and available family members revealed three mutant alleles
(Table 2, Fig 4). Twowere similar and previously reported as
an 11-base pair deletion plus a 3-base pair insertion in exon
11 (c.908-918del/insGCA, p.Val303GlyfsX96) that leads to a
codon frameshift, creating a premature stop codon and
causing MLC1 protein truncation. The mutation was iden-
tified in patients of both the second and third families and
follows the autosomal recessive inheritance pattern (Fig
4A,B). However, one of the two siblings of the second
family, patient 4, possessed the mutation in a heterozygous
state. Direct sequencing of the Glia-CAM gene in this patient
and his family revealed no pathogenic mutation. The third
mutant allele was a homozygousmissensemutation in exon
10 (c.880 C > T, p.Pro294Ser), identified in patients of the
third family (Fig 4C). This mutation has been reported once
before as causing the disease by affecting a highly conserved
amino acid residue.9

Discussion

Megalencephaly leukoencephalopathy with subcortical
cysts is a rare neurological disorder with the highest inci-
dence in Indian Agrawal community and the Turkish pop-
ulation.1,2,7,8 Parental consanguinity and relative mating
rather than random mating across successive familial gen-
erations are important contributors for the appearance of
rare autosomal recessive disorders. However, few reports

have described patients with MLC from Arab and Gulf
populations, despite their having the highest rates of
consanguineous marriage. A few patients from Morocco,
Libya, and Tunis have been described with MLC1 gene mu-
tations.9,10,16 Patients from Saudi Arabia have also been re-
ported, although they had Glia-CAM recessive mutations.15

This report is the first to describe the clinical, neuro-
imaging, and molecular characteristics of MLC in patients
from Egypt. The study revealed the incident of multiple
affected children in three unrelated Egyptian families,
which suggests a lack of selective disadvantage of MLC1
gene mutations on gamete conception or transmission. The
deletion/insertion mutation in exon11 was recurrent in two
unrelated families who originate from distinct districts in
Egypt (Nile Delta and Upper Egypt). Whether this mutation
points out a founder effect or a common pathogenic varia-
tion in Egyptians remains elusive. Identification of a specific
common haplotype in the families and analysis of more
patients would help to resolve this. This mutation has been
previously reported in patients from Turkey, Poland, and
Italy but not in patients from an Arab population.11,18-20

Motor delay is one of the most common features in MLC.
Four (66%) of our patients had initial delay in motor devel-
opment and showed early-onset ataxia. Mild to moderate
developmental delay has been described in several MLC
patients from different ethnic backgrounds.2,7,9,10 Achieving
independent waking at normal age was seen in only one
(w16%) of our patients (patient 3).

FIGURE 3.
Brain magnetic resonance imaging in patients 5 and 6 of the third family.
Patient 5 (the proband): images recorded at age 2 years; T1-weighted
sagittal (A) and coronal (B). Images show extensive large vacuoles (A) and
widespread cystic changes involving frontal, temporal, most of the parietal,
and occipital white matter (B). Patient 6: images were at age 3 years;
T1-weighted; sagittal (C) and axial (D). Images show diffusely abnormal
and swollen cerebral white matter (C, D). Cystic changes in frontal, parietal
(C), and temporal subcortical regions (D). Widened cerebrospinal fluid
spaces anterior to brain stem that show mild atrophy (C). Images recorded
in patient 5 show more extensive brain vacuoles, white matter involve-
ment, and brain stem changes compared with images of his brother.
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MLC disease progression is reported worldwide to be
slow inmost patients, who took several years to develop the
progressive cerebellar ataxia and spasticity that eventually
led to an inability to walk.1,21-24 Most MLC patients become
wheelchair-dependent as teenagers. However, in the pre-
sent study, a rapid disease progression course was evident
in patients of the first and third families with loss of inde-
pendent walking ability within 1-2 years of the early-onset
motor disability. MLC patients with a severe clinical course
have been identified by other investigators.9,25

Macrocephaly is the most consistent feature in MLC1
patients.8,14,26 HC remains above the ninety-seventh
percentile throughout life. In our families, macrocephaly
was reported since birth in three of six patients (50%); the
two affected siblings of the first family and patient 3 of the
second family. Macrocephaly, in patients with the P294 L
missense mutation, was first identified later in develop-
ment in both Egyptian and Moroccan patients: at age
8 months in patients of third Egyptian family and at age
10-12months in theMoroccan family. Dissociation between
severity of clinical signs and that of brain imaging lesions
has been previously reported.9 Topcu et al.’s report on
12 Turkish patients confirmed the lack of correlation be-
tween brain imaging lesions and clinical severity.14 Patients
in the third family strikingly confirm such an observation,
particularly patient 5 whose mental and cognitive functions
were normal and well preserved in spite of the presence of
extensive brain vacuoles. As far as intellectual development
is concerned, MLC patients display normal or only mild
mental impairment, at least initially.1,2,21,22 In this study,
50% of our patients (patients 3, 5, and 6) possessed normal
mentality and well-developed speech, although with slur-
ring or other articulation defects. Mild mental impairment
with learning disabilities was detected in one (w16%) pa-
tient. Moderate and severe cognitive impairment were

shown in two (w33%) patients; 1 and 4, respectively. In one
of the largest MLC studies,9 patients from several nation-
alities were divided into two groups, based on their cogni-
tive profile. Group 1 (w50%) included patients who were
able to speak in time but showed learning problems starting
early in school. Group 2 (w45%) included patients without
any learning disability in the first decade of life. One of their
patients (w5%) was never been able to speak in words or to
stand and walk. In our study, patient 4 presented with a
similar severe clinical phenotype. Interestingly, he was
found to carry a heterozygous frameshift truncating muta-
tion that was segregating well with the autosomal recessive
disease phenotype in his family. Chromosomal rearrange-
ment or deletion encompassing the region of theMLC1 gene
is assumed to be the event that masks his second mutant
allele.

Epileptic seizures are a common feature in MLC patients,
but are usually easily controlled by medication.6,9,10 Sei-
zures appeared in four (66%) of our patients. Epileptic at-
tacks were anticipated in most of them by a trauma, an
observation that has been reported in several other studies.
Frequency and severity of seizures were variable, even
among patients who carry the same MLC1 mutation. For
instance, patients 1-3 carry the same deletion/insertion
mutation; however, patient 1 had a partial form of seizures,
whereas his brother (patient 2) showed generalized tonic-
clonic convulsions. In contrast, patient 3 showed the most
severe, recurrent, and resistant form of seizures, which
were extremely distressing to his family.

Clinical variability inMLC is both a common feature and a
challenging finding in prognostic prediction. Intrafamilial
variability was demonstrated among patients in the third
family. Patient 6 (4.5 years old) still retained his ability to
walk independently, in spite of the early onset of ataxia at
1.5 years old. He had not yet presented with spasticity or

TABLE 2.
MLC1 gene mutations and polymorphic variations in Egyptian patients

Patient No. Pathogenic/Polymorphic
Variations

Exon/Intron Nucleotide
Change

Status Effect Reference

1 and 2 Pathogenic Exon 11 c.908-918delinsGCA:
11-bp deletion/3-bp
insertion

Homozygous Frameshift at
codon V303,
p.Val303GlyfsX
premature stop
codon and protein
truncation

11, 18-20, and this
report

Polymorphic? Intron 4 g. 5437 T > C Homozygous This report
3 Pathogenic Exon 11 c.908-918delinsGCA:

11-bp deletion/3-bp
insertion

Homozygous Same as patients
1 and 2

11, 18-20, and this
report

4 Pathogenic Exon 11 c.908-918delinsGCA:
11-bp deletion/3-bp
insertion

Heterozygous Heterozygous þ
? chromosomal
event

This report

Polymorphic? Intron 4 g. 5437 T > C Homozygous This report
5 and 6 Pathogenic Exon 10 c.880 C > T Homozygous p.Pro294Ser 9 and this report

Polymorphic? Intron 4 g. 5437 T > C Homozygous This report
Polymorphic Exon 6 c.512 G > T Homozygous Cys171phe 28 and this report
Polymorphic Exon 11 c.1031 A > G Homozygous Asn344Ser 28, 35, and this report
Polymorphic Exon 7 c. 594 C > T Homozygous Tyr198Tyr 36 and this report
Polymorphic Exon 7 c. 597 A > G Homozygous Ser199Ser 3 and this report

Abbreviation:
bp ¼ Base pair
The intronic homozygous substitution in intron 4 is first detected in this study. It might be a common genomic variation specific to Egyptian population.
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seizures. In contrast, his 10-year-old brother, patient 5, had
lost his ability to walk at the age of 4 years, although his
ataxia began later and his spasticity was mild and well-
improving. He developed generalized seizures at age 7
years. Interfamilial variability in brain image severity was
evident among patients of the first and second families who
harbored the same gene mutation. MLC imaging features

were much more marked in patients of the first family
compared with those of the second one. Likewise, as shown
in Table 1, motor disability, pyramidal signs, and seizures
showed variability among Egyptian patients and families.
Marked clinical variability leads to lack of genotype-
phenotype correlation and suggests a potential influence
of as-yet unknown modifier genes or environmental

FIGURE 4.
MLC1 gene mutations in Egyptian families. (A) Sanger sequence chromatograms of MLC1-exon 11 in the first family: parents, three siblings, and a fetus. The
two affected brothers (patients 1 and 2) were homozygous for the deletion of 11 base pairs plus insertion of 3 base pairs (c.908-918delinsGCA,
p.Val303GlyfsX96). The parents, the apparently normal sister, and the fetus were heterozygous for the mutation. Normal allele sequence (top panel). Mutant
allele (bottom panel); 11-base pair deletion (pointed) and 3-base pair insertion (underlined). (B) Sanger sequence chromatograms of MLC1-exon 11 in the
second family: parents and two siblings. The older affected brother (patient 3) was homozygous for the same mutation (c.908-918delinsGCA, p.Val303-
GlyfsX96) as the first family. The younger affected brother (patient 4) as well as the parents were heterozygous for the mutation. Intragenic chromosomal
rearrangement events (not tested) could be the reason for the masking of the second mutant allele in patient 4. Paternal and maternal heterozygosity of the
mutation confirms the recessive inheritance of MLC in this family. Normal allele sequence (top panel). Mutant allele (bottom panel); 11-base pair deletion
(pointed) and 3-base pair insertion (underlined). (C) Sanger sequence chromatograms of MLC1-exon 10 in the third family: parents and two siblings. The
two affected brothers (patients 5 and 6) were homozygous for a missense mutation C > T (c.880 C > T, p.Pro294Ser) that leads to the substitution of serine
for a highly conserved proline residue. The parents were heterozygous for the mutation.
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factors.11,17,27,28 The similar consequences of missense or
truncating mutations on the MLC1 protein also exacerbate
the lack of genotype-phenotype correlation.29,30 Clinical
heterogeneity had been previously reported among pa-
tients carrying the same mutation as sibling patients.1,7,8,23

The missense mutation P294 L identified in patients of the
third Egyptian family was originally described in three
affected siblings of a consanguineous Moroccan family.9

Marked intrafamilial variability among patients of the
Moroccan family was also described, but no specific com-
ments weremade regarding the pattern of brainMRI.9 Brain
images in the Egyptian family were particularly interesting,
especially in patient 5, in whom the frontal, parietal, tem-
poral, and occipital cerebral white matters were extensively
occupied by vacuoles (Fig 3). Reporting normal mentality
and cognition in patients with such multiple and large size
vacuoles is indeed fascinating. It may signify a working
hypothesis that neuronal migration abnormalities or tight
junctions/vascular-related intracranial calcification, even
focal ones, are considerably more challenging to normal
brain functions than MLC watery vacuoles that are known
to be distorting the myelin sheaths in cerebral whitematter.

The findings of delayed closure of anterior fontanels,
identified in affected siblings of the third family, and mild
skeletal deformities observed in two unrelated patients (4
and 5) are reported here in association with MLC standard
clinical presentations for the first time.

The history of repeated fearful dreams reported in pa-
tient 5 and hyperactive, mildly aggressive behavior
described in his sibling were the only psychological/
behavioral manifestations identified in our group of pa-
tients. Several reports were cited on the association ofMLC1
and Glia-CAM as susceptibility genes in certain psychiatric
disorders.31-34

Conclusions

This study confirms the autosomal recessive inheritance
pattern and clinical variability of MLC in Egyptian patients.
The present findings enhance our knowledge of the clinical
and neuroimaging characteristics of MLC and highlight mild
skeletal abnormalities and tiptoe walking that may be
associated with developmental delay and macrocephaly in
the potential diagnosis of MLC.

We thank the patients and families who participated in this study and Dr. Ross
MacDonald, Weill Cornell Medical College in Qatar, for proofreading the manuscript.
The authors report no conflict of interest.
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