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Autosomal dominant nocturnal frontal lobe epilepsy:
a genotypic comparative study of Japanese and Korean
families carrying the CHRNA4 Ser284Leu mutation

Su-Kyeong Hwang', Yoshio Makita?, Hirokazu Kurahashi®, Yong-Won Cho? and Shinichi Hirose!

Autosomal dominant nocturnal frontal lobe epilepsy is a familial partial epilepsy syndrome and the first human idiopathic
epilepsy known to be related to specific gene defects. Clinically available molecular genetic testing reveals mutations in
three genes, CHRNA4, CHRNBZ2 and CHRNAZ. Mutations in CHRNA4 have been found in families from different countries;
the Ser280Phe in an Australian, Spanish, Norwegian and Scottish famiiies, and the Ser284Leu in a Japanese, Korean,
Polish and Lebanese families. Clear evidence for founder effect was not reported among them, including a haplotype

study carried out on the Australian and Norwegian families. Japanese and Koreans, because of their geographical closeness
and historical interactions, show greater genetic similarities than do the populations of other countries where the mutation
is found. Haplotype analysis in the two previously reported families showed, however, independent occurrence of the
Ser284Leu mutation. The affected nucleotide was highly conserved and associated with a CpG hypermutable site, while
other CHRNA4 mutations were not in mutation hot spots. Association with a CpG site accounts for independent occurrence

of the Ser284Leu mutation.

Journal of Human Genetics (2011) 56, 608-612; doi:10.1038/ihg.2011.69; published online 14 fuly 2011

Keywords: acetylcholine recepior; autosomal dominant nocturnal frontal lobe epilepsy; epilepsy; founder effect; mutation

INTRODUCTION :
Autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE; MIM
118504) is a familial’ partial epilepsy syndrome characterised by
clusters of brief frontal lobe motor seizures during drowsiness or
sleep.? Seizures——often misdiagnosed as other mocturnal motor
activities such as parasommnia or night terror**—vary from simple
arousals to hyperkinetic activity with tonic or dystonic features. Onset
usually occurs during the fivst two decades (mean age 10 years), but
later onset has also been reported.”

ADNFLE is the first human idiopathic epilepsy known to be
related to specific gene defects.S Clinically available molecular genetic
testing reveals mutations in three genes encoding the o4, 2 and «2
subunits of the neuronal nicotini¢ acetylcholine receptor (CHRNAY,
CHRNB2 and CHRNAZ, respectively).” Overalt mutations are found
in less than 20% of individuals with ADNFLE/NFLE phenotypes,
suggesting their genetic heterogeneity.!® Approximately 10-20% of
patients have a positive family history and fewer than 5% a negative
one.l

Among the four mutations in CHRNA4 (Ser280Phe, Ser284Leu,
Leu291dup and Thr2931le), Ser280Phe and Ser284leu have been
identified in several unrelated families (mutation names may be
different from those of previous papers; we use NP_000735.1);

the Ser280Phe in an Australian, Spanish, Norwegian and Scottish
farnilies,’**> and the Ser284Leu in a Japanese, Korean, Polish and
Lebanese famnilies.!51 It has been assumed that founder effect is not
relevant to ADNFLE, because most of the families studied come from
different countries,*® and a previous haplotype study of the Australian
and Norwegian family* showed no genetic connection.

Japanese and Koreans, because of their geographical closeness and
historical interactions, show greater genetic similarities than do the
populations of other countries where the mutation is found; indeed,
previous studies between Japanese and Koreans have shown a closer
genetic similarities than that between other east Asians.2»2 Founder

- effects between the two countries have also been reported in several

autosomal recessive diseases,?>?* however, not in autosomal dominant
ones. For ADNFLE patients, however, propagating their pathological
genes is easier than it is for individuals with other more visible
epilepsy syndromes. They have no seizures during the daytime,
show normal neurological examinations and have a normal life
expectancy and reproductive capacity. In addition, family members
or the affected individual himself may believe that his symptoms are
not an indication of illness and thus may not seek medical attention
(or, knowing himself to be ill, he may deliberately refuse to reveal his
condition to others).?> To determine whether founder effect is present
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in ADNFLE, we compare haplotype structures in the two previously
reported Japanese and Korean families.

MATERIALS AND METHODS

We teviewed the medical histories and electroencephalogram findings of a
three-generational family from Japan and one from Korea (pedigrees in Figure 1),

-1 ez

E Alfected @(Jbllgn(e carrler D Uvaffected

Figure 1 Pedigrees of a Japanese (the upper) and Korean (the
ADNFLE family. Only members-assigned numbers were evaluated.
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Figure 2 Schematic representation of SNPs around the CHRNA4 gene and
overview of all CHRNA4 mutations identified in ADNFLE. All the mutations
are located in the second transmembrane domain (M2). Affected nucleo-
tides are in larger italic fonts and CpG dinucleotide sites are underlined.
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Samples were collected from the two families and DNA was extracted from
whole blood using standard protocols. A genetic analysis was carried out for
seven members of the Japanese and eight of the Korean family. Among them,
four of the Japanese had ADNFELE, as did eight of the Koreans. Four single
nudleotide polymorphisms (SNPs) around the CHRNA4 were selected from a
database of Japanese single nucleotide polymorphisms (JSNPS: http://snp.ims.
u-tokyo.acjp/index_jahtml). To identify SNP-based haplotypes, four SNPs
including rs 6089899, 152093107, rs4809538 and 754603829 (Figure 2) were
typed by fluorescent seguencing on an-automnated DNA sequencer. Sequencing
was carried out in both directions using four primer pairs. For comparison,

the genotype frequencies of HapMap-JPT are listed in Table 1a.

We next examined the evolutionary conservation and phenotyplc effect of
Ser280Phe and Ser284leu, which have shown recurrent occurrence in

. CHRNA4. The evolutionary conservation was estimated, using phyloP score,

available from UCSC Genome Browser (UCSC Genome Bioinformatics: httpr//
genome,ucsc.eduw/). The phenotypic effect of mutant protein was predicted
using SIET score (http:/fsift.jevi.org/). In the phyloP, the conserved nucleotides
are assigned positive scores, and the fast-evolving ones negative scores; the SIFT
score ranges from 0 to 1, Deleterious amino-acid substitutions are assigned the
scores of <0.05; tolerable substitutions are >0.05.

We also checked hypermutable sites in CHRNA4. In the hypermutable sites

‘analysis, we focused on CpG hypermutability. CpG is konown as one of the

major causes of codon substitution in mammalian genes, and is used to refer to
cytosine followed by guanine in the Watson~Crick pair of a cytosine and
guanine. The coding sequence of CHRM4 was analysed and the adjacent
nucleotides were taken into account to distinguish CpG hypermutations from
n0n~CpG t:ansmons. )

RESULTS

As shown in the pedigrees (Fxgure 1), there were five affected.
members and an obligated carrier in the Japanese family and
nine affected members in the Korean one. Mutation in the two
pedigrees showed an autosomal dominant mode with incomplete
penetrance. All the affected individuals had a seizure semiology
consistent with frontal lobe epilepsy and cartied the Ser284leu
mutation in the CHRNA4. Both families had similar clinical mani-
festations, and their electroencephalogram findings were consistent
with those of ADNFLE. They had brief motor seizures during sleep
and no auras were reported. They shared features such as drug
resistance and mental retardation, which are uncommon findings in
ADNFLE. Still, SNP-based haplotypes were different in each family
(Table 1b).

Ser280Phe and Ser284Leu showed higher phyloP scores (5.88 and
5.80, respectively) than the other nucleotides in CHRNA4 (mean,
0.08). SIFT scores were lesser than 0.05 (0.00, each}. CpG dinudeo-
tide sites are shown in Figure 2. Nine CpG dinucleotide sites were
detected in the coding sequence of CHRNA4, three of them in the
second transmermbrane domain {M2). Among the four CHRNA4
mutations, only Ser284Leu mutation is associated with a CpG hyper-
mutable site.

DISCUSSION

All CHRNA4 mutations identified so far in ADNFLE have been
located only in the M2 region, which has one of the most impor-
tant functional roles in the neuronal nicotinic acetylcholine receptor.
This receptor has a pentameric structure comprised of various
combinations of alpha and beta subunits encoded by CHRNA4
and CHRNB2. The overall tertiary structure of nicotinic acetyl-
choline receptor subunits is similar; each subunit comprises four
segments {M1 to M4) of the transmembrane domain and the N
and C termini on the extracellular side of the membrane, M2 lines
the central pore of the receptor and determines the ion selectivity of
the receptor.?
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Table 1 Genotype frequency (a) and SNP-based haplotypes in the two families (b)

RefSNFP HGVYS names Genotype frequency (HapMap-JPT)

(a)

rs6089899 NT_011333.6:2.735339G>A AA AG GG

0.13 0.40 0.47
rs2093107 NG_011931.1:g.37547>C AA AG GG
NT_011333.6:¢.730573A>G
011 0.53 0.36
54809538 NT_011333.6:2.7068074>A AA AG GG
0.11 0.47 0.42
rs4603829 NT_011333,6:2.705523C>T cC CT T
0.13 0.53 0.33
s 6089859 rs 2093107 rs 4809538 rs 4603829

b)

Japanese family G G G T
-1 GiG G/G G/G T
-1 GIG G/G AG cr
-2 [elie] GIG GIG 7
11-3 ND G/G ND T
-1 AG GIG G/G T
-2 AR GiG G/G i
-3 ND GIG G/G T

Korean famity G A A C
-1 AG G/A ND T
-2 G/G AA AR ¢
-1 GIG G/A AG cr
-2 G/G G/A AG (o
1-3 G/G AA AR cic
-4 GG AR AA cic
-5 GIG AA AA cic
11-6 GIG AA AA ciC

Abbreviations: HGYS, Humen Genome Variation Society (http:/fwww.hgvs.org/); SNP, single nucieotide polymarphism,

Bold letters represent the most commian allele of each SNPs.

The results obtained here do not support the hypothesis that
the Ser284Leu mutations originated with a common founder
Association with a CpG site accounts for the independent occur-
rence of the Ser284Leu mutation, The other three mutations,
however, are not associated with hypermutable sites such as homo-
nucleotide runs, direct and inverted repeats and CpG dinudeotide
sites” Thus, the repetitive occurrence of Ser280Phe is not easily
understaod.

To explain it, we need to take into account ADNFLE development.
One possible explanation is that ADNFLE is caused by mutations on a
few functionally important sites within the M2.1* Together with S280F,
in vitro expression studies indicate that all CHRNA4 mutations
increase receptor sensitivity to acethylcholine, suggesting gain of
function? In our results, both S280F and $284L showed high
phyloP scores and low SIFT scores, indicating that the affected
nucleotides are highly conserved and that their amino-acid substitu-
tions will be deleterious.

Another explanation is that rare mutations have strong phenotypic
effects in complex disorders.®® A recent report uncovered significant
excess of rare variants in neurclogical disorders, providing a ‘rare
allele-major effect model; and suggesting that the rare variants or
de novo mutations in neurologically expressed genes are more likely
to accumulate.

This is the first report comparing the haplotype structure of
Japanese and Korean ADNFLE families, Further functional studies
will be required to ascertain the ADNFLE’s pathophysiology.
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SuMMARY

Purpose; A questionnaire survey was conducted in Japan
to investigate the causes and prevalence of death related
to Pravet syndrome. , S
Methods: A questionnaire was delivered to 246 hospitals
at which physicians were treating childhood epilepsy to
gain information about the total number of patients with
Dravet syndrome and their prevalence of early death.

Key Findings: Responses to the survey were collected
from 91 hospitals, and a total of 63 of 623 patients with
Dravet syndrome died. Data from 59 of these patients
were analyzed. The patients’ ages at death ranged from
13 months to 24 years and 1| months, with a median age
of 6 years and 8 months. The analysis showed that the risk
of mortality remained high up to approximately 12 years
of age. The causes of mortality included sudden death in
31 patients (53%), acute encephalopathy with status
epilepticus (SE) in 21 patients (36%), drowning in 6
patients (10%), and acute hepatopathy in one patient

(1%). The incidence of sudden death reached a first peak
at 1-3 years of age and reached a second peak at 18 years
and older. In contrast, the incidence of acute encephalop-
athy with SE reached a sharp peak at § years of age. Seven
of 10 patients who underwent an SCN/A mutation analysis
exhibited positive mutations without a specific mutation
site,

Significance: In the present ‘study, the prevalence of
Dravet syndrome-related mortality was 10.1%. The inci-
dence of sudden death and acute encephalopathy with SE
was the highest in infancy (1-3 years) and at early school
ages (with a peak at 6 years), respectively. After approxi-
mately 12 years of age, the risk of mortality declined
sharply, Neither the treatment nor the number of sei-
zures was associated with any cause of mortality. In addi-
tion, it is difficult to predict which factors lead to a fatal
cutcome., . . _

KEY WORDS: Dravet syndrome, Severe myoclonic epi-
lepsy in infants, Mortality, Sudden death, Acute encepha-
lopathy. ' -

Dravet syndrome is one of the most malignant epileptic
syndromes among the various types of childhood epilepsy
(Oguni et al., 2001; Dravet et al., 2005). Recent advances in
molecular biology have demonstrated that SCNIA muta-
tions cause this rare but catastrophic epilepsy and have
increased our understanding of its pathogenesis (Claes
et al., 2001). This disorder exhibits specific clinical fea-
tures: Seizures are easily provoked by a rise in the body tem-
perature; various types of seizures are combined with one
another; and strong photosensitivities and pattern sensitivi-
ties are involved. Furthermore, sudden death from unknown
causes and mortality or serious sequelae associated with
lethal status epilepticus (SE) have been reported, accounting
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for a percentage that is constant from author to author (Og-
uni et al., 2001; Draveter al., 2005). The number of patients
diagnosed with Dravet syndrome has increased throughout
the world (Dravet et al., 2005); the SCNIA mutation test
facilitates a definitive diagnosis in the early stage of the con-
dition, and characteristic clinical features have been widely
recognized among pediatric neurologists. In contrast, the
seizures and mental prognosis do not seem to improve
despite various treatment trials that have been conducted, In
addition, unexpected death during the treatment course for
this catastrophic disorder may have influenced the reliance
of patients’ families on physicians (So et al., 2009). Until
now, no systematic study has been conducted to clarify the
incidence of unexpected death or the prognostic factors
associated with this mortality. Because Dravet syndrome is
a rare type of epileptic syndrome, an analysis involving a
number of patients in a single hospital is difficult, necessi-
tating a pationwide survey. In this study, we conducted a
nationwide questionnaire survey regarding Dravet syn-
drome-related mortality in Japan and investigated the
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