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Background: Mutations and/or duplications in the chromosome 2q24.3 region are known to be responsible for
various epilepsy phenotypes. However, microdeletion in childhood epilepsy is rarely reported.
Case presentation: A two-and-a-half-year-old girl with no history of hypocalcemia or seizures developed new
symptoms of generalized tonic-clonic epilepsy. The clinical manifestations were growth retardation, prominent
forehead, closed anterior fontanelle, and poor muscle tension. Peripheral blood, echocardiography, abdominal
ultrasound, and electroencephalogram (EEG) examinations were all normal. No karyotype abnormality was found
in the patient, but a single nucleotide polymorphism (SNP) array test detected that a 3.5 Mb single-copy
microdeletion had occurred in the q24.2-q24.3 region on chromosome 2. Fluorescence in situ hybridization
(FISH) tests revealed that the 2q24 fragment was inserted into the q11.2 region of the patient's chromosome 15, as
well as that of her sister. In both cases, the patient's mother is the source carrier of the chromosome 15 insertion.
Conclusions: The deletion of the sodium channel gene cluster (SCN1A, SCN2A, and SCN3A), but not SCN1A
haploinsufficiency alone, may contribute to complex infant epilepsy syndromes. However, the pathogenic
mechanism still needs to be studied further.
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1. Introduction

As a chronic brain dysfunction disease, epilepsy has an important
impact on the development, cognition, and behavior of patients, and is a
common disease of the nervous system in children.1 The interactions
between the brain development of children at different ages and various
external factors make epilepsy heterogeneous. Due to the large size of
chromosome 2, aberrations of its long arm often give rise tomany specific
phenotypes, such as developmental delay, growth retardation, micro-
cephaly, severe behavioral disturbance, and dysmorphia of facial
features.2–4 Increasing evidence shows that the mutation, duplication, or
microdeletion of the q24.3 region of chromosome 2 is associated with
epilepsy syndromes.5–9 In this region, sodium channel genes (SCN1A,
SCN2A, SCN3A, SCN7A, and SCN9A) are clustered and might be
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responsible for epilepsy phenotypes.10–12 However, the contribution of a
specific SCN gene deletion to epilepsy is hard to evaluate due to the
heterogeneous clinical features and common phenotypes. Therefore, the
mechanism of epileptic seizures and the relationship between genotype
and phenotype is currently unclear. In this study, we describe a
two-and-a-half-year-old girl with clinical manifestations of growth
retardation, prominent forehead, closed anterior fontanelle and poor
muscle tension, but no history of hypocalcemia or seizures, who devel-
oped new symptoms of generalized tonic-clonic epilepsy. A single
nucleotide polymorphism (SNP) array test detected a 3.5 Mb deletion on
chromosome 2, specifically in the q24.2-q24.3 region, which encodes
FIGN, GRB14, COBLL1, SLC38A11, SCN2A, SCN3A, CSRNP3, GALNT3,
TTC21B, and SCN1A. A FISH test showed that this fragment of chromo-
some 2 was inserted into the q11.2 region of the patient's chromosome
niversity, Beijing, 100044, China.
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15, and that the patient's mother is the carrier of this chromosomal
abnormality.

2. Material and methods

2.1. Case presentation

A two-and-a-half-year-old girl with an Apgar score of 10 and a weight
of 3310 g at birth, developed new generalized tonic-clonic seizures. She
had no history of hypocalcemia, seizures, psychiatric disorders, or
obvious cognitive impairments. The clinical manifestations are growth
retardation, prominent forehead, nasal sounds, and overfilled bridge of
the nose, closed anterior fontanelle and poor muscle tension. Peripheral
blood, echocardiogram, abdominal ultrasound, and electroencephalo-
gram (EEG) examinations were all normal.
cine: first published as 10.101
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2.2. Chromosome G-band karyotype analysis

After obtaining the consent of the patient's parents, 3 mL of venous
blood from the patient, her parents, and an unrelated fetus were collected
separately, with heparin used for anticoagulation. From each of these
samples,1 mL was taken, cultured in RPMI1640 medium, and Giemsa
staining was performed according to conventional methods. The resul-
tant chromosome karyotype was observed under an optical microscope.
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2.3. 10� genome sequencing and SNP analysis

Genomic DNA was extracted from the peripheral blood using the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer's instruction. Genome-wide copy number variation anal-
ysis was performed by using Affymetrix's CytoScan HD chip system
platform, which contains more than 2.7 million probes, including
750,000 SNP typing probes and 1.95 million copy number probes. Clean
reads were assembled and analyzed against database (http://sift.bii.a-sta
r.edu.sg/), DGV (http://projects.tcag.ca/variation/), OMIM (http://
omim.org/) and ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/). SNPs
and INDELs were further analyzed using Chas3.0. The potentially path-
ogenic CNVs were verified by FISH test.

3. Results

3.1. Karyotype analysis

Peripheral blood analysis showed that the karyotypes of the patient,
her parents, and the mother's second fetus (four months of age) are all 46,
XXor 46, XY, as expected (Fig. 1a and 2a).
Fig. 1. Karyotypes of the patient and her parents, and SNP analysis of the patient a
(chromosome 2) was detected.
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3.2. Overview of sequencing data and SNP analysis

A total of 1,107,148,416 reads were generated and 98.3% were
mapped to the reference genome. SNP phasing results showed that the
N50 phased block is 4,890,140 bp and the longest phase block is
23,522,905 bp. Further analysis revealed that a 3.55 Mb microdeletion
was detected in the 2q24.2-q24.3 region, spanning nucleotides:
163,513,141–167,063,437 (Fig. 1b). After searching the UCSC genome
database, it was found that the genes encoded by the missing fragment
include FIGN, GRB14, COBLL1, SLC38A11, SCN2A, SCN3A, CSRNP3,
GALNT3, TTC21B, and SCN1A. The chromosome karyotype of the fetus
was normal (Fig. 2a), however, a 3.5 Mb duplication was detected on
chromosome 2 (Fig. 2b). Further analysis suggests this duplication is
potentially [also] pathological of induced seizures.

3.3. FISH test

To validate the result obtained via SNP analysis, FISH tests of the
peripheral blood of the patient and her parents were performed using
different probes. For the patient, a fragmentof chromosome 2 (2q24.2-
q24.3) was found to have been inserted into the q12 region of chromo-
some 15, as detected by the probe RP11-119M1, which causes the ab-
normality of chromosome 15 (Fig. 3a). Additionally, the hybridization
result showed that the mother was a carrier of abnormal chromosomes 15
and 2 (Fig. 3b), but no abnormality was found for her father (Fig. 3c). To
further verify the reliability of the results, recombination probes were
used for FISH test. Similarly, a fragment of chromosome 2 was detected
on chromosome 15 of the patient by the probe RP11-119M14/15qter
(Fig. 4b). Using the probe D15Z1/SNRPN/PML/RP11-119M14, the
inserted fragment was localized in to the 15q11.2 region (chromosome
15) (Fig. 4c).

4. Discussion

SNP array tests can overcome the shortcomings of G-band staining
technology by scanning the whole genome to detect small changes in
chromosomes. Its high resolution and accuracy are conducive for the
detection of microdeletions and/or microduplications, and also helpful
for improving the detection of pathogenic variants. In this study, SNP
array and FISH tests were used to explore the molecular mechanism of
epilepsy in a two-year-old girl.

According to the UCSC human genome data, at least 10 genes are
included in the deletion region of this patient, including three genes
encoding sodium voltage-gated channel subunits (SCN1A, SCN2A, and
SCN3A). An increasing number of studies show that abnormalities of SCN
genes are associated with childhood epilepsy. Studies have shown that
70–80% of the genetic cause of epileptic phenotypes are the result of
nonsense or missense mutations to SCN1A, with another few percent
. All karyotypes are normal; b. A 3.5 Mb deletion in the region of 2q24.2-q24.3
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Fig. 2. Karyotypes of the patient's mother and the mother's second fetus, and SNP analysis of the fetus. a. Normal karyotype of the patient's mother (46, XX) and the
fetus (46, XX); b. A 3.5 Mb microduplication was detected in the q24.2-q24.3 region of chromosome 2 of the fetus.

Fig. 3. FISH test of peripheral blood using the probe RP11-119M14. a. The results showed a q24.2-q24.3 fragment of chromosome 2 of the patient was inserted into
the q12 region of chromosome 15, resulting in an abnormal chromosome 15; b. The hybridization result revealed that the mother is a carrier of abnormal chro-
mosomes 15 and 2; c. The result of the patient's father is normal.

Fig. 4. FISH test of the pateint's peripheral blood using different probes. a. A fragment of chromosome 2 was found to be inserted into chromosome 15 (an acrocentric
chromosome) of the patient's mother and detected by the probe RP11-119M14; b. A fragment of chromosome 2 had been inserted into a chromosome 15 of the patient
and was detected by the probe RP11-119M14/15qter; c. A fragment of chromosome 2 was inserted into the q11.2 region of chromosome 15 and detected by the probe
D15Z1/SNRPN/PML/RP11-119M14.
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resulting from few fragmental deletions or duplications.13–15 Therefore,
mutations to SCN1A are responsible for the vast majority of cases of in-
fant epilepsy. Previous study also revealed that in a small number of
patients, the deletion or duplication of the SCN1A gene has been
inherited from one of the parents.16 This is consistent with our result that
a fragment of 2q24.2-q24.3 (RP11-119M14) was inserted into chromo-
some 15 of the patient's mother. The duplication of this fragment in the
fetus may be due to chimeric mutations in the germ cells of her mother.

Mutaions in SCN2A are thought to be associated with benign familial
171
neonatal-infantile seizure (BFNIS), Dravet syndrome (DS), genetic epi-
lepsy with febrile seizure plus (GEFSþ), and early onset epileptic en-
cephalopathies (EOEE).17–20 Mutations in SCN3A have also been
detected in patients with epilepsy,21,22 albeit less frequently. Unfortu-
nately, clinical effects of this haploinsufficiency are not yet clear.

5. Conclusion

The deletion of the sodium channel gene cluster (SCN1A, SCN2A, and
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SCN3A), but not SCN1A alone, may contribute to the complex infant
epilepsy syndrome of a two-and-a-half-year-old girl. Due to limited re-
ports on the number of 2q24.2-2q24.3 deletion/duplication cases, more
data is needed to improve our understanding of epilepsy related thereto
and its pathogenic mechanism.
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