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Abstract

Background: Benign childhood epilepsy with centrotemporal spikes (BECTS) or
benign rolandic epilepsy is the most common epileptic syndrome in school-age chil-
dren. Genetics is an important factor in BECTS pathogenesis, and <10 genes were
associated with BECTS. This study aimed to identify novel genetic causes of BECTS.
Methods: We conducted whole-exome sequencing on a patient with BECTS and
validated the findings by Sanger sequencing in a pedigree with three patients.
Results: CHRNA4 ¢.1007G>A was identified in three patients with BECTS in a
pedigree. Carbamazepine, which should be carefully used in BECTS, was observed
to be effective in the treatment of our atypical BECTS proband based on the molecu-
lar diagnosis of CHRNA4.

Conclusion: This is the first study on CHRNA4 variant in BECTS, which widened
the genetic spectrum of BECTS and contributed to precise medicine in BECTS.
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1 | INTRODUCTION

Benign childhood epilepsy with centrotemporal spikes
(BECTS) or benign rolandic epilepsy is the most common ep-
ileptic syndrome in school-age children, with a prevalence of
15%-25% (Tovia et al., 2011). The seizures in typical BECTS
are hemifacial motor seizures that occur during the sleeping pe-
riod, accompanied by possible somatosensory symptoms in the
face, tongue, lips, etc (Loiseau & Duche, 1992). The hallmark of
BECTS is its manifestations in electroencephalography (EEG)
with spikes in biphasic or triphasic appearance and high ampli-
tude. These typical spikes were located in the centrotemporal
areas (rolandic areas) at T3—C5 or T4-C6 in EEG (Kramer,
2008). BECTS is a benign seizure with spontaneous remission
of seizures in adolescence (Gkampeta & Pavlou, 2012). Based
on the abovementioned background, BECTS is a benign form
of epilepsy characterized by age- and localization-related sei-
zures (Proposal for revised classification of epilepsies & epilep-
tic syndromes. Commission on Classification & Terminology
of the International League Against Epilepsy, 1989).

Genetics is an important factor in BECTS pathogenesis be-
cause a majority of patients with BECTS have a positive fam-
ily history (up to 59%; Xiong & Zhou, 2017). The genetically
determined features of BECTS have made genetic research
particularly important in the disease. To date, <10 genes were
associated with BECTS (GRIN2A, ELP4, BDNF, KCNQ2/3,
DEPDC5, RBFOX1/3, and GABRG2; Dryzalowski, Jozwiak,
Franckiewicz, & Strzelecka, 2018). Except for GRIN2A and
ELP4, most genes were initially identified in other neurologi-
cal diseases and then explored in BECTS.

In our study, we identified a novel CHRNA4 (OMIM 118504)
variant in a pedigree with BECTS. CHRNA4 encodes neuronal
nicotinic acetylcholine receptor o4 subunits and has been pre-
viously reported to be related to autosomal dominant nocturnal
frontal lobe epilepsy (ADNFLE; Hwang, Makita, Kurahashi,
Cho, & Hirose, 2011; Wang, Liu, Wang, & Wu, 2014). Although
carbamazepine (CBZ) is considered to be only ‘“‘sometimes
appropriate” in BECTS (Wheless, Clarke, Arzimanoglou, &
Carpenter, 2007), we observed effective treatment of CBZ in our
atypical BECTS proband based on the molecular diagnosis of
CHRNAA4. Our study widened the genetic spectrum of BECTS
and contributed to the precise treatment of BECTS.

2 | MATERIALS AND METHODS

2.1 | Ethical compliance

All participants provided informed consent, and the study
was approved by the ethics committee of the maternal and
child health hospital of Hunan province (2020-S003).

2.2 | Family members

The family members of the BECTS pedigree were recruited
from the maternal and child health hospitals of Hunan prov-
ince. Leukocyte DNA was extracted from peripheral blood
using the phenol chloroform method.

Information on clinical presentations was obtained by an
experienced neurologist. EEG (asleep and awake) and mag-
netic resonance imaging (MRI) were performed in each pa-
tient. BECTS was diagnosed according to the International
League Against Epilepsy diagnostic criteria for BECTS
based on clinical and EEG features (Proposal for revised clas-
sification of epilepsies & epileptic syndromes. Commission
on Classification & Terminology of the International League
Against Epilepsy, 1989).

2.3 | Whole-exome sequencing and
bioinformatic analysis

Whole-exome sequencing (WES) was conducted on DNA
from BECTS proband using a HiSeq 2500 system (Illumina)
with a mean depth of 100x.

Initially, according to the protocols of (Ulintz, Wu,
& Gates, 2019) WES data are processed preliminarily
(data alignment and filtering; Ulintz et al., 2019). The
ANNOVAR software was used to annotate the data
(Wang, Li, & Hakonarson, 2010). A public database
(ESP6500, 1000 Genomes Project, ExAC, gnomAD)
was used to filter variants with frequencies >0.001. The
pathogenicity of single-nucleotide variants (SNVs) was
predicted using five software programs (Polymorphism
Phenotyping v2 [PolyPhen-2] [http://genetics.bwh.harva
rd.edu/pph2/], Sorting Intolerant From Tolerant [https://
sift.bii.a-star.edu.sg/], Combined Annotation Dependent
Depletion [CADD] [https://cadd.gs.washington.edu/],
MutationTaster [http://www.mutationtaster.org/], and
FATHMM [http://fathmm.biocompute.org]). The inter-
national guidelines of the American College of Medical
Genetics (ACMG) were used to explain the pathogenic-
ity of the identified variant (Richards et al., 2015). The
variant location in the functional domain of CHRNA4
protein was predicted using the SMART database (http://
smart.embl-heidelberg.de/). The clinical features related
to previously reported CHRNA4 variants were found by
searching the OMIM database (https://www.omim.org/)
and ClinVar database (https://www.ncbi.nlm.nih.gov/
clinvar/).

Sanger sequencing was performed on the DNA of the
proband's parents, brother, and sister to validate the variant
found in WES.
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FIGURE 1 (a) Sanger sequencing analysis of the proband and his sibling and parents. Variant CHRNA4 ¢.1007G>A was detected in the

proband and his younger brother and mother. (b) Pedigree chart of the family. (c) Schematic structure of CHRNA4 protein by searching the
SMART database (http://smart.embl-heidelberg.de/). The location of variant CHRNA4 ¢.1007G>A is indicated by a red arrow

3 | RESULTS

3.1 | Genetic analyses

The WES results revealed a nonsynonymous heterozy-
gous variant CHRNA4c.1007G>A (NM_000744.6) in the
proband. Sanger sequencing validated the variant in the
proband and his younger brother and mother (Figure 1a).
The variant cosegregated with BECTS in the pedigree, as
shown in Figure 1b. The variant was predicted to be disease-
causing by MutationTaster and damaging by FATHMM and
CADD, but tolerable by SIFT and benign by PolyPhen-2.
The allele frequency was 0.0001 in the gnomAD database
and 0 in the EXAC and 1000 Genomes Project databases
in the East Asian population. The variant was classified
as likely pathogenic according to the ACMG/AMP 2015
guideline.

When searching the SMART database (http://smart.em-
bl-heidelberg.de/) for the variant c.1007G>A (p.R336H), the
variant was predicted to be located in an unknown region of
the CHRNAA4 protein (Figure 1c).

3.2 | Clinical features of family members
carrying the CHRNA4 variant

Proband: The proband is a 5-year-old boy. He was born un-
eventfully after the normal period of gestation (38 weeks).
At the age of 3 years, the child had sudden seizures during
the school nap. Hemiclonic seizures and hemifacial con-
traction accompanied with drooling were observed, and the
seizures lasted for approximately 1-2 min with no loss of
consciousness. No attention was paid until tonic-clonic status
epilepticus, starting with twitching of the left face, was ob-
served once during wakefulness half a year ago. It lasted for
approximately 3 min until spontaneous remission of the sei-
zures. Absence seizures presenting with motor and speech ar-
rest and loss of consciousness were also observed 5-10 times
and lasted for a few seconds during the daytime. After hos-
pitalization, EEG showed spike and slow waves in the right
rolandic area during sleep, with a discharge index of 60%
in non-rapid eye movement sleep (electrical status epilepti-
cus during slow-wave sleep [ESES]; Figure 2a). No speech
delay or intellectual disability was observed. Neurological
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examination and brain MRI findings were normal. The
proband received antiepileptic treatment with sodium val-
proate dose of 20 mg kg_1 day_l. However, symptoms were
not relieved.

Brother: The younger brother is a 3-year-old boy. He was
also born at full-term, with no abnormalities during preg-
nancy. Half a year ago, the parents observed the left arm
jerking and left mouth twitching accompanied by grunting
shortly after falling asleep. They observed similar seizures
approximately three times, which lasted for nearly 1 min.
Interictal EEG showed spike and slow waves in the right ro-
landic area during sleep (Figure 2b). Neurological examina-
tion and brain MRI findings were normal.

Mother: The mother is a 30-year-old woman. She de-
scribed that her mother noticed her arms and legs shaking
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FIGURE 2

during sleep at elementary school age. The seizures had
spontaneously resolved during adolescence.

We searched CHRNA4-related clinical features in the
OMIM database and found that the gene was only reported
to be associated with epilepsy, nocturnal frontal lobe, 1 (phe-
notype MIM number: 600513). Additionally, we searched for
¢.1007G>A in CHRNA4 in the ClinVar database and found
that the specific variant was previously reported to be related
to sporadic nocturnal frontal lobe epilepsy (Kurahashi &
Hirose, 1993). CBZ was orally administered to the proband
at 15 mg kg_] day_l. After using the medication for 1 month,
the frequency of seizures was reduced. EEG showed a re-
duction in the number of spikes and slow waves in the right
rolandic area during sleep (Figure 3a). After 6 months, the
seizures stopped, and EEG recordings showed no discharges
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(a) Electroencephalography (EEG) in the proband showed spike and slow waves in the right rolandic area during sleep, with a

discharge index of 60% in non-rapid eye movement sleep (NREM) (electrical status epilepticus during slow-wave sleep [ESES]). (b) EEG findings
in the brother showed spike and slow waves in the right rolandic area during sleep
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(a) Electroencephalography (EEG) findings in the proband who was treated with carbamazepine (CBZ) for 1 month showed a

reduction in the number of spikes and slow waves in the right rolandic area during sleep. (b) EEG findings in the proband who was treated with

CBZ for 6 months showed no discharges during sleep
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during sleep (Figure 3b). CBZ was also administered to his
brother, and the seizures were relieved.

4 | DISCUSSION

Benign childhood epilepsy with centrotemporal spikes is the
most common focal benign epilepsy in childhood, and ge-
netic factors contribute to nearly 60% of BECTS (Xiong &
Zhou, 2017). To date, <10 genes were identified to be asso-
ciated with BECTS (Dryzalowski et al., 2018). We initially
identified a likely pathogenic CHRNA4 variant in a Chinese
pedigree with BECTS. Moreover, we observed effective
treatment of CBZ in our BECTS proband and his brother
based on the molecular diagnosis of CHRNA4, although
CBZ is often considered to be used cautiously in BECTS.
Our research widened the genetic spectrum of BECTS and
contributed to understanding the molecular mechanisms of
the disease.

The neuronal nicotinic acetylcholine receptor CHRNA4
protein consists of four transmembrane helical regions
(M1-M4), five low complexity regions, and some unknown
regions (http://smart.embl-heidelberg.de/). Functional re-
searchers have found that the M2 transmembrane region is
located in the central pore of the receptor and determines
the ion selectivity of the receptor (Unwin, 1995). The typi-
cal clinical feature of CHRNA4 variant carriers is nocturnal
frontal lobe epilepsy, and the reported variants in CHRNA4 in
nocturnal frontal lobe epilepsy are located in or close to the
M2 region of the receptor (Hwang et al., 2011). The variants
in the M2 region have a gain-of-function effect, which could
increase the receptor sensitivity to acetylcholine (Bertrand
et al., 2002; Hoda et al., 2008). Our study found a new clin-
ical syndrome—BECTS—in CHRNA4 carriers. The variant
in CHRNA4 is located in an unknown region of CHRNA4
protein as predicted by the SMART database (Figure Ic).
Although the mechanisms underlying CHRNA4 variant-re-
lated BECTS are unknown, we speculated that different
structural domain dysfunctions caused by different variants
are the cause of various clinical manifestations.

It has been reported that the antiepileptic drug CBZ
causes seizures with EEG deteriorations in BECTS. Using
the drug could induce partial epilepsy to generalized seizures
in BECTS (Nanba & Maegaki, 1999), precipitate seizures
atypically (frequency increase, atypical absences, EEG dis-
charges diffusion, etc.; Corda, Gelisse, Genton, Dravet, &
Baldy-Moulinier, 2001), and even lead to the development
of epilepsy with a deteriorating EEG (continuous spike and
wave during slow-wave sleep) in patients with benign BECTS
(Perucca, Gram, Avanzini, & Dulac, 1998). Moreover,
drug-induced seizure exacerbation is more likely to occur in
patients with BECTS with atypical EEG manifestations other
than typical EEG features in the rolandic region (Guerrini,
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Belmonte, & Genton, 1998). It has been reported that sei-
zures and ESES in patients with Landau-Kleffner syndrome
are aggravated by CBZ treatment (Perucca et al., 1998).
Therefore, European experts hold the opinion that CBZ is
only “sometimes appropriate” for BECTS treatment, and
some critics consider other medications for BECTS (Wheless
et al., 2007).

In our study, we considered a novel CHRNA4 variant in
BECTS for molecular diagnosis. CHRNA4 encodes neuro-
nal nicotinic acetylcholine receptor a4 subunits and is the
first gene identified in ADNFLE (Steinlein et al., 1995).
CBZ blocks heteromeric nicotinic acetylcholine receptors
(nAChRs) and is particularly effective in the treatment of
ADNFLE (Becchetti, Aracri, Meneghini, Brusco, & Amadeo,
2015). nAChR antagonists have been proven to be effective in
CHRNA4-related epileptic encephalopathy by molecular and
cellular studies (Becchetti et al., 2015; Ghasemi & Hadipour-
Niktarash, 2015). After treating our proband and his brother
with CHRNA4-targeted drug CBZ, we observed remission
in seizures. Our study emphasized the importance of thera-
peutic options for BECTS based on molecular diagnosis and
contributed to precise medicine in epilepsies.

5 | CONCLUSION
This is the first study on CHRNA4 variant in BECTS, which
widened the genetic spectrum of BECTS and contributed to
precise medicine in BECTS.
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