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Background and Purpose Since the Y-aminobutyric acid type-A receptor subunit Y2 gene
(GABRG?2) mutation was discovered in an Australian family with childhood absence epilepsy
(CAE) and febrile convulsions, a few screening studies for the GABRG2 mutation have been
conducted in sporadic individuals with CAE from other ethnic groups. The aim of this study
was to determine whether or not the previously reported genetic mutations and single-nucleotide
polymorphisms (SNPs) of GABRG?2 can be reproduced in sporadic Korean individuals with
CAE, compared to healthy Korean individuals.

Methods Thirty-five children with CAE in Chonnam National University Hospital and
healthy controls (n=207) were enrolled, and the medical records of patients with CAE were re-
viewed. CAE was diagnosed according to the Classification and Terminology of the Internation-
al League Against Epilepsy. All nine exons of GABRG2 were directly sequenced. In addition,
the two SNPs found in our CAE patients were analyzed: C315T in exon 3 (E3) and C588T in
exon 5 (E5). The frequencies of the two SNPs in the CAE patients were compared with data from
healthy controls (for E3 and E5) and from previously reported Korean population data (only for E3).

Results No mutation of GABRG2 was found in our CAE patients. In addition, the allele and
genotype frequencies of the two polymorphisms did not differ significantly between CAE patients,
healthy controls, and the Korean general population (p>0.05).

Conclusions Our study of sporadic Korean individuals with CAE found no evidence that GA-
BRG2 contributes to the genetic basis of CAE. J Clin Neurol 2012;8:271-275
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Introduction

Recent progress has been made in the molecular genetics of
childhood absence epilepsy (CAE) regarding the y-amino-
butyric acid (GABA), and GABAg receptor genes,'” voltage-

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http:/creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

dependent Ca**-channel genes,*'*' the epilepsy childhood ab-
sence susceptibility 1 gene on chromosome 8q,’ and potassium
channel genes (KCNK9 and TASK3).>'>' Even though some
studies have found consistent results for each gene, there also
have been opposing results in other studies for the same ge-
nes."'® Therefore, these genetic findings need to be reviewed
while bearing that 1) genotypic mutations should result in the
phenotypic changes (e.g., neuronal hyperexcitability), 2) mu-
tant forms of genetic components should be able to demon-
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strate the penetrance not only in specific families but also in
sporadic individuals, and 3) genetic mutations or polymor-
phisms should be reproducible in different racial groups.

Childhood absence epilepsy and genetic epilepsy with fe-
brile seizure plus (GEFS+) are known to be associated with
mutations of the GABA 4 receptor subunit ¥2 gene (GABRG?2),
causing changes in electrical currents through the chan-
nel'*!'"18: R43Q in a family with CAE/febrile seizure'* and
K289M and Q351X in a GEFS+ family."'” These genetic mu-
tations, which were discovered in particular families, have been
studied subsequently in sporadic patients.>* However, the
genetic mutation could not be reproduced in these other eth-
nic sporadic patients, and the frequency of the single nucleo-
tide polymorphism (SNP) of GABRG? did not differ between
CAE patients and controls.>*

The aim of this study was to determine whether or not the
previously reported genetic mutations of GABRG2'* discov-
ered in a large Australian family with CAE and febrile convul-
sions can be reproduced in Korean sporadic individuals with
CAE. In addition, the allele and genotype frequencies at poly-
morphic sites of GABRG2 were compared between CAE pa-
tients and healthy Korean individuals.

Methods

Subjects

Patients with an established clinical diagnosis of CAE (n=35)
were recruited from the epilepsy clinic of Chonnam National
University Hospital, and their medical records were review-
ed retrospectively by two neurologists at the Chonnam Na-
tional University Hospital epilepsy clinics. Healthy volunteers
(n=207) were enrolled for the control groups. The study was
approved by the Institutional Review Board of the hospital,
and informed consent to participate was obtained from all
study subjects or their proxy. The diagnostic criteria for CAE
are as follows™:

1) Typical absence seizures appearing as the initial seizure
type at 3-12 years of age.

2) Electroencephalography revealing normal background
activity and regular paroxysmal bilateral, symmetric generaliz-
ed, and synchronous 3-Hz spike-and-wave discharges.

3) Normal findings from general physical and neurological
examinations.

4) Normal neuroradiographic findings (e.g., brain computed
tomography or magnetic resonance imaging).

The diagnosis of CAE followed the criteria established in the
1989 International Classification of Epileptic Syndrome.*

GABRG2 mutation analysis in CAE patients
Blood samples were drawn after obtaining informed consent.
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Genomic DNA was extracted from peripheral blood lympho-
cytes using a standard protocol. All samples were analyzed
by direct sequencing after amplification by PCR as described
below. Appropriate forward and reverse primer sets for each
string of exons and exon-intron boundaries of the GABRG2
c¢DNA sequence were prepared (Table 1) based on GenBank
sequences (accession number: NM_000816.3). In addition,
PCR was carried out under the following conditions. Genomic
DNA (100-300 ng) was amplified in a total volume of 50 pL:
5.0 uL of 10X A-Tag storage buffer (SolGent, Daejeon, Korea),
1.0 pL of 10 mM deoxynucleotide triphosphates, 2.0 puL of
each primer (at 10 pmol/mL), 0.5 uL of 4-Tag DNA poly-
merase (2.5 U/uL; SolGent, Daejeon, Korea), and distilled
water. The amplification conditions were as follows: an ini-
tial denaturation cycle at 95°C for 15 minutes; followed by 40
amplification cycles of denaturation at 95°C for 20 seconds,
annealing at 56-58°C for 40 seconds, and extension at 72°C
for 1 minute; and a final extension at 72°C for 5 minutes. The
PCR products were electrophoresed on a 2.0% agarose gel,
and the amplified genomic DNA fragments were extracted
from the gel and purified using a GeneAll Expin gel-extrac-
tion kit according to the manufacturer’s instructions. Direct
sequencing of both strands was performed using the BigDye
terminator kit (PE Biosystems, Foster City, CA, USA). DNA
sequences were obtained using an ABI 3100 Genetic Analyz-
er. Electropherograms were analyzed visually using Chromas
version 2.13 software (Technelysium, Queensland, Australia).

Table 1. Sequences of forward and reverse primers and anneal-
ing temperatures

Exon Forward and reverse primer sets AT (°C)
1 F TTACTCCCCCAGACTIGGAA 56
R GCCAAAAAGGGCACATCITTA 56
2 F TCTTITTCCACTGGTGGTCTG 58
R TCTTCCTTGCTCTTGAACTACAC 58
3 F CAAATGTGGTGAATTAGTAACTGG 56
R TCACATITTICTCTCAAACATGC 56
4 F TIGCGCAAACGTIGGTATG 56
R AGCATGCCAACCCTGATG 56
5 F TGTGTTTTCAATCAGAATGTGAG 57
R GGCAATCAGAAAGACTGTAGG 57
6 F CATGTTCATAGAAGATGGTTIGC 56
R TCTGATTATCATTICATTIGAGAGG 56
7 F AATTITAAATGTGTGTGCATAACC 56
R GGCTAAATITAAAGCAGATCAAC 56
8 F TCAGTTACCCAACTIGCITTATG 57
R AGCCTGCAGATAGGCTAATG 57
9 F GACATIGTGGAAAAACAGCC 56
R AACAGATICAGATCATTATCAACC 56

AT: annealing temperatures, F: forward primer, R: reverse primer.



Analyses of two candidate SNPs in healthy
controls:rsl 1135176 (C315T in exon 3) and
rs211037 (C588T in exon 5)

The two SNPs discovered in CAE patients [C315T in exon 3
(E3) and C588T in exon 5 (E5)] were analyzed in healthy and
unrelated controls; this was conducted in the same manner as
for the CAE patients. In addition, the previous Korean popula-
tion data were collected on the Internet homepage of the Na-
tional Center for Biotechnologic Information (http://www.ncbi.
nlm.nih.gov/projects/SNP/snp _ref.cgi?rs=11135176), and were
available only for E3.

Statistical comparison of two SNP allele and
genotype frequencies between patients and
healthy individuals

Allele frequencies are expressed as a ratio of the total number
of alleles. Allele and genotype frequencies for each GABRG2
polymorphism in both patient and control groups (for E3 and
E5) or for the Korean population (only for E3) were compar-
ed with Pearson chi-squared test analysis and Fisher’s exact
test. The genotype frequencies at each SNP were assessed for
deviations from the Hardy-Weinberg equilibrium. Statistical
significance was accepted at p<0.05. SPSS version 18.0 (SPSS,
Chicago, IL, USA) and MedCalc software (MedCalc Soft-
ware, Mariakerke, Belgium) were used for these statistical
analyses.

Results

Patient characteristics

The age of the patients with CAE (n=35) was 9.511+3.37 years
(mean*SD; range: 5-20 years) and the gender ratio (males : fe-
males) was 0.6 : 1 (Table 2). The age at the onset of absence
seizures was 7.0312.30 years. Most patients had simple CAE
(31 out of 35), with the other 4 having a history of febrile con-
vulsion. Among the entire cohort of patients, there were three
related CAE members in a family: a pair of monozygotic
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twins and one of their siblings. Four patients had a family his-
tory of epilepsy (not CAE) and five patients had family mem-
bers with febrile convulsion.

Mutation analysis of GABRG2

The nine exons and the exon-intron boundaries were analyz-
ed thoroughly in patients with CAE, but no mutation was fo-
und. Only two SNPs were discovered: rs11135176 (E3) and rs
211037 (ES).

The major (C) allele frequencies of the two SNPs (E3 and ES)
discovered in CAE patients were 0.81 and 0.36. In healthy con-
trols (n=207), the major C-allele frequencies in exons 3 and
5 were 0.74 and 0.57. There was no significant difference be-
tween the two groups (p>0.05). Genotype frequencies for E3
in the patient group were 0.63 for CC and 0.37 for CT. The TT
genotype was not found in the patient group. In healthy con-
trols, the CC, CT and TT genotype frequencies were 0.54, 0.41,
and 0.05, respectively. There was no significant difference
between the two groups (p>0.05). Genotype frequencies for
ES5 in patient groups vs. healthy controls were 0.11 vs. 0.21 for
the CC genotype, 0.49 vs. 0.44 for the CT genotype, and 0.40
vs. 0.35 for the TT genotype. No significant difference was
observed between the two groups (p>0.05) (Table 2).

The Korean population SNP data for rs11135176 (E3) on
National Center for Biotechnologic Information showed that
the major allele frequency (C) was 0.75 and that the genotype
frequencies for CC, CT, and TT were 0.567, 0.367, and 0.067,
respectively. We found no significant difference between these
data (n=90) and our patient data (»=35; p>0.05).

Discussion

y-aminobutyric acid, the main inhibitory neurotransmitter in
the brain, mediates its rapid inhibition through GABA, recep-
tors.”! GABA, receptors have a pentameric structure with five
subunits: 1) two of al, a2, a3, or a5 subunits; 2) two B2 or B3
subunits (or one each); and 3) one Y2 subunit. These are ar-

Table 2. Comparison of allele and genotype frequencies at polymorphic sites of GABRG2 between patients with childhood absence epilep-

sy (n=35) and healthy controls (n=207)

Allele frequency

Genotype frequency

SNP = con p value Pt (0] Con (n) p value
E3* C 0.81 0.74 0.19 CcC 0.63 (22) 0.54 (111) 0.41
T 0.19 0.26 CT 0.37 (13) 0.41 (85) 0.80
T 0.00 (0) 0.05(11) 0.34
ESt C 0.36 0.57 0.25 CC 0.11 (4) 0.21 (43) 0.29
T 0.64 0.43 CT 0.49 (17) 0.44 (92) 0.79
T 0.40 (14) 0.35(72) 0.69

*E3is rs11135176 in exon3 of GABRG2. The Hardy-Weinberg equilibrium (HWE) is 1.82 in patient group (p=0.57, exact) and 1.05 in control
group (p=0.31), TE5 is rs211037 in exon 5 of GABRG2. The HWE is 0.11 in patient group (p=1.00, exact) and 1.8 in control group (p=0.18).

Con: control, Pt: patient, SNP: single nucleotide polymorphism.
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ranged like the spokes of a wheel with a central chloride pore.”'
Mutations of the GABA,4 receptor subunit genes (e.g., GA-
BRAI, GABRB3, and GABRG?2) are thought to alter receptor
function and/or impair receptor biogenesis via multiple mech-
anisms, which may predispose affected patients to seizures.”*?
Some types of GABA receptor subunit gene mutations have
been associated with epilepsy, CAE, GEFS+, febrile seizures,
juvenile myoclonic epilepsy, and Dravet syndrome.*

Y-aminobutyric acid type-A receptor subunit Y2 gene is one
of the GABA4 receptor subunit genes initially discovered to
have mutations in patients with epilepsy.”* Mutations involving
the Y2 subunit (GABRG?2) are known to be present in absence
epilepsy with or without febrile convulsions (R34Q, IVS6+2T
— G)' and GEFS+ (K289M, Q351X).'3! R34Q mutations
were found in over 4 generations of a large Australian family
with 35 epilepsy patients in the early 2000s."? Typical CAE
was even observed in eight of them. Other seizure phenotypes
were also observed: GEFS+, febrile seizure, myoclonic astatic
epilepsy, generalized epilepsy with tonic/clonic seizures, and
partial epilepsy.'? Subsequent animal studies have shown that
a good animal model of familial CAE can be created with this
heterozygotic mutation.?** Nevertheless, this mutation has not
been reproduced in either unrelated sporadic individuals or
in other ethnic groups.

Screening for the GABRG2 mutation in sporadic individu-
als with CAE was performed in two ethnic groups: German
(46 CAE and 59 juvenile absence epilepsy; 154 controls) and
Chinese (68 CAE, Han ethnicity; trio).** However, neither of
these studies showed the previous missense mutation in GA-
BRG2. Only Kananura et al.> (German) found a point and
splice donor mutation (IVS6+2T — G) leading to a nonfunc-
tional protein.

Through the two aforementioned studies,** SNPs of GA-
BRG2 were also reported for exons 3 and 5. In the Chinese
patients, Lu et al.* identified SNPs in exon 3 with allele fre-
quencies of 0.75 for G and 0.25 for A4, and in exon 5 with al-
lele frequencies of 0.47 for C and 0.53 for 7. However, it ap-
pears that both of these SNPs lead to synonymous substitu-
tions in the translated protein and probably do not affect pro-
tein function.* In addition, transmission disequilibrium tests
in 68 trios with CAE revealed no significant discrepancies in
allele frequencies of the two SNPs between the CAE patients
and the ‘internal controls’.* The SNP in exon 5 is identical to
the ES SNP sequence that we found in our Korean group. In a
German-population-based association study, a common exon
5 polymorphism (C588T) was also evaluated.’ Genotype fre-
quencies of C588T in the German CAE patient group vs. con-
trols were 0.615 vs. 0.675 for CC, 0.348 vs. 0.273 for CT, and
0.037 vs. 0.052 for TT?. Even though these proportions of
genotypes differ from those for our Korean groups, Kanan-
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ura et al.’ did not find any significant differences in the allele
and genotype frequencies for C588T between patients with
idiopathic absence epilepsy and controls (p=0.35); this con-
curs with what we found.

As in the previous studies,** we were unable to find a mut-
ation at R34Q in GABRG2. Furthermore, there was no newly
discovered mutation in GABRG2, and the SNPs did not differ
between the CAE group and the healthy Korean controls. A
limitation of this study is that we included only a small num-
ber of Korean CAE patients; more patients should be recruit-
ed in future studies in order to check our suggestion that GA-
BRG?2 contributes to the epileptogenesis of CAE. Our nega-
tive results, unlike the findings for the previous family study,'?
need to be reviewed, especially regarding the following two
points: 1) a racial discrepancy can exist, and there is still a sh-
ortage of data for large ethnic groups, including Koreans; and
2) the previous mutation was discovered in a family with di-
verse epileptic phenotypes except for the two main pheno-
types of CAE and febrile seizure, while most of the individu-
al studies for GABRG2 have focused on CAE patients.
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