Isolated Lissencephaly Sequence with Contiguous Gene
Deletion Detected by FISH Analysis: A Case Report
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Abstract

Background : Lissencephaly is a clinically and genetically heterogeneous malformation
of the brain, usually leading to a severe disabling condition and seizures. The recent discovery of
molecular techniques and identification of lissencephaly genes (e.g. LISI and DCX) has allowed etio-
logic diagnosis of this disorder feasible.

Objective : To describe a patient with lissencephaly in whom fluorescence in situ hybridiza-
tion (FISH) determined etiologic diagnosis, providing precise genetic counseling and possible pre-
natal diagnosis for the family.

Clinical report and study results : The authors report a 4 month-old girl who presented
with intractable, generalized myoclonic seizures at 1 month of age. The patient was born at 37 weeks’
gestation, to a G P A, 36-year-old woman. Chromosome analysis from amniotic fluid performed for
advanced maternal age revealed normal karyotype. Pregnancy was complicated by polyhydramnios.
Computed tomographic scan of the brain at age one month showed a total absence of gyral formation.
FISH of the metaphase chromosome from the patient, using Smith-Magenis and Miller-Dieker/ILS
probe showed two signals of Smith-Magenis probe but only one signal of Miller-Dieker/ILS probe,
indicating a microdeletion of 17p13.3 region including LIS! gene. Hybridization of the ILS probe on
the metaphase chromosome of both parents was normal.

Conclusion : A confirmation of contiguous gene deletion in this patient lead to an etio-
logic diagnosis of lissencephaly. This information allowed precise genetic counseling, estimation of
recurrent risk, and definite prenatal diagnosis available to the family. The authors suggest FISH
17p13.3 studies be performed in addition to a standard metaphase analysis in all patients with type [
lissencephaly.
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Lissencephaly is a rare congenital malfor-
mation of the brain designated by absent gyral forma-
tion due to failure of the normal pattern of neuronal
migration(1). This condition usually leads to a severe
disabling condition and seizures. Neonates with this
brain anomaly have poor responsiveness, poor feed-
ing, and hypotonia. Early-onset seizures followed by
decerebrate or decorticate postures are consistent find-
ings. Confirmation is provided by ultrasound, com-
puted tomography (CT) or magnetic resonance image
(MRI) of the brain or at autopsy. Early death is com-
mon. Life expectancy, however, depends on the effi-
ciency of respiratory supportive care and seizure con-
trol. Survivors are inevitably severely retarded and
never achieve psychomotor development(1).

Dobyns classified three subtypes of lissen-
cephaly, type I-III. Type I or classic lissencephaly is
characterized by smooth neocortex, hypoplasia of
corticospinal tract and normal or slightly reduced size
of the cerebellum(2.3). The overall cortical thickness
is increased, with more gray matter and less white.
Microscopically, the cortex consists of four, rather
than riormal six layers(1). Commonly described syn-
dromes with type I lissencephaly include Miller-
Dieker syndrome (MDS), Norman-Roberts syndrome,
and isolated lissencephaly sequence (ILS). Type 1I
lissencephaly is mostly accompanied by additional
malformation of the brain and eye in certain syn-
dromes, such as Fukuyama muscular dystrophy,
Walker-Warburg syndrome. Type 111 lissencephaly is
characterized by agyria and by a granular-appearing
cortex with microscopically six cortical layers with
many immature neurons(1.4),

Miller-Dieker syndrome (MDS) has micro-
cephaly, usually of postnatal onset, high forehead with
wrinkles, bitemporal narrowing, prominent occiput,
low and rotated ears, upturned nares, long and thin
upper lip, micrognathia, and post-natal growth failure
(1,5), Malformations of other organs e.g. kidneys,
heart, and gastrointestinal tract are not uncommon. In
contrary, isolated lissencephaly has no facial dysmor-
phism and no associated malformation. High-voltage
activity shown on electroencephalogram (EEG) has
been reported as a typical finding in several patients
with type I lissencephaly(6),

Herein, the authors describe a patient with
lissencephaly in whom fluorescence in situ hybridiza-
tion (FISH) allowed for an etiologic diagnosis, a
precise genetic counseling and an accurate prenatal
diagnosis for the family.
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CASE REPORT

CK was born to a G4P[A,, a 36-year-old
woman. CK’s father was 40 years old. The couple
were non-consanguineous, Chinese-Thai descendants,
and healthy. The first and third pregnancy resuited in
spontaneous miscarriages at 20 and 12 weeks, res-
pectively. They had one S-year-old boy who had been
in good health. Amniocentesis and prenatal chromo-
somal analysis performed for advanced maternal age
revealed 46,XX, normal karyotype. Pregnancy was
complicated by polyhydramnios.

CK was vaginally delivered at 37 weeks.
Apgar scores were 9 and 10 at | and 5 min, respec-
tively. Birth weight was 2,010 g and length was 46
cm with head circumference of 31 cm (10th centile).
Soon after birth, CK was noted to have grunting and
mild respiratory distress which slowly resolved in a
few days. She was discharged home on the 7th day-
of-life. CK’s seizures began at one month of age and
had not been controlled by anticonvulsants.

On examination at 4 months, CK had a head
circumference of 38 ¢cm (3rd centile), slightly high
forehead with no frontal wrinkles, increased muscle
tone, hyperreflexia, inverted nipples (Fig. 1). There
was mild contraction of the proximal interphalangeal
(PIP) joint of the left 4th digit. The remainder of the
physical examination was unremarkable. Ophthal-
mologic examination was within normal limit. Oto-
acoustic emission (OAE) hearing screening suggested
normal hearing ability.

CT scan of the brain denoted smooth brain
with figure of eight, mild ventricular dilatation, and
unremarkable cerebellar hemispheres and brainstem
(Fig. 2). EEG revealed independent and asynchro-
nous epileptiform discharges, on bilateral hemispheres.
Biochemical profiles revealed normal blood glucose,
sodium, calcium, magnesium, and phosphorus levels.

Human metaphase chromosomes were pre-
pared by short-term culture following standard proce-
dure(7). Both G- and Q-banding chromosomes were
analyzed which revealed 46,XX, normal karyotype
(Fig. 3). In addition, fluorescence in situ hybridization
of the metaphase chromosome was performed using
Smith-Magenis probe (17p13.1) as a control probe
and Miller-Dieker/ILS probe (17p13.3) as a critical
or disease probe. Prehybridization protocol was as des-
cribed elsewhere(8), Two signals of Smith-Magenis
probe but only one signal of Miller-Dieker/ILS (iso-
lated lissencephaly) probe were detected, indicating a
submicroscopic deletion of 17p13.3 region including
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Fig. 1. Facial appearance of CK aged 4 months, Fig. 2. CT scan of the brain showing absent gyri
noted slightly high forehead with no frontal with figure of eight, and mild ventricular
wrinkles. dilatation.
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Fig. 3. G-banding karyotype from the patient’s metaphase chromosome revealing 46,XX, normal female
pattern.
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Fig. 4.

Hybridization on the patient’s chromosome
showing two signals of Smith-Magenis (¢«
control) probe but only one signal of Miller-
Dieker/ILS (e= disease) probe.

LISI gene (Fig. 4). Karyotypes and hybridization of
the Miller-Dieker/ILS probe on the metaphase chro-
mosome of both parents were normal (Fig. 5).

Of note, at the time of this report, CK was
22 months old, having normal weight and height, 11.2
kg and 87 cm, respectively. Her head circumference
was small 43.3 cm, far below 3rd centile. Facial
appearance had not changed. As one could guess,
she had had several episodes of aspirated pneumonia
necessitating gastrostomy tube operation, and recur-
rent urinary tract infections secondary to urinary stasis
accompanying severe neurological devastation. Her
kidney ultrasound and vesico-ureterography (VCUG)
resulted in normal findings.

DISCUSSION

Based on clinical and radiological findings,
CK is a de novo case of type [, isolated lissencephaly.
The authors have demonstrated a submicroscopic dele-
tion of 17p13.3 region including LISI gene underly-
ing her lissencephaly.

Lissencephaly is a genetically heterogene-
ous disorder. Absence of gyri can be associated with
chromosomal abnormalities, contiguous gene dele-
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Fig. 5.

Hybridization of the metaphase chromosome
from CK’s mother revealing no deletion
detected (two < and two e= signals). FISH
analysis on the father’s metaphase chromo-
some was also normal (data not shown).

tion, single gene mutation, or unidentified cause(9-
12), In 1989, Ledbetter et al first described a mole-
cular technique in detecting microdeletion involving
17p13.3 region in patients with type I lissencephaly
(13), Later, Dobyns et al have shown that contiguous
gene deletion and point mutation involving LIS/ gene
are two common pathogenic mechanisms leading to
Miller-Dieker syndrome and isolated lissencephaly
(14,15), Contiguous gene deletion has accounted for
most Miller-Dieker syndrome cases, with only half of
these being cytogenetically detected on high resolu-
tion (prometaphase chromosome) analysis. In iso-
lated lissencephaly, the size of the deletion is smaller
and non-visible on high resolution banding. Using
a molecular tool, FISH of Miller-Dieker/ILS probe
(17p13.3), it increases sensitivity in detecting dele-
tion up to 90 per cent of Miller-Dieker syndrome and
40-60 per cent of isolated lissencephaly(14-16), The
greater severity seen in Miller-Dieker syndrome may
be associated with the loss of another cortical develop-
ment gene in the deleted chromosomal segment(17),

Point mutation of LIS/ gene is an underlying
mechanism in 40 per cent of isolated lissencephaly
cases. Diagnostic test by this means is possible only
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by the DNA analysis method, which is not commer-
cially available at the present time.

LISI gene has 11 exons, encoding a beta-
subunit of brain platelet-activating factor acetyl-
hydrolase (PAFAH1B1)(18), PAFAHIBI is involved
in a variety of biologic and pathologic processes,
including the movement of neuronal nuclei with
extending processes during differentiation and deve-
lopment(18-20),  Targeted mutagenesis in mouse
models resuited in a viable and fertile heterozygotes,
but early lethal homozygotes. Cortical neurons and
glia cells were aberrant in the developing cortex, and
the neurons migrated slowly(21),

Mutations of another distinct gene, double
cortin (DCX or XLIS) on Xq22.3-q23 can lead to an
X-linked formed lissencephaly(22). Double cortin
mutations in males result in type I lissencephaly,
whilst the same mutations in females result in a less
severe phenotype, seizure disorders with subcortical
band heterotopia(22-24),

The genotype-phenotype correlation has
been demonstrated. The lissencephalic malformation
was more severe posteriorly in individuals with LIS/
mutations and more severe anteriorly in individuals
with XLIS mutations. Hypoplasia of cerebellar vermis
was more common with XLIS mutation(25). Muta-
tion analysis of LIS and double cortin is essential
in determining the etiology of the disease in patients,
and helpful in determining the recurrent risk in the
families(23),
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Moreover, other distinct disorders, X-linked
lissencephaly with ambiguous genitalia (XLA-G),
and possibly autosomal recessive lissencephaly with
cleft palate should also be warranted(26,27),

A confirmation of contiguous gene deletion
in CK leads to an etiologic diagnosis of lissencephaly.
Given both parents had no deletion of LISI gene, the
recurrent risk of this couple having another affected
child is close to zero. However, gonadal mosaicism
can not be completely excluded. This information is
valuable in providing precise genetic counseling,
estimation of recurrent risk, and definite prenatal diag-
nosis for the family.

Although this is a one case study, the authors
hope that it will raise the awareness of general pedia-
tricians and specialists that a diagnostic test is avai-
lable and valuable to the affected family. In con-
clusion, given an extremely low sensitivity to detect
microdeletion on standard metaphase chromosome
analysis, the authors suggest FISH studies using
probes specific to LIS! as the initial diagnostic assay
for evaluation of patients with type I lissencephaly.
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