
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tbeq20

Download by: [Universiteit Antwerpen] Date: 30 October 2017, At: 06:51

Biotechnology & Biotechnological Equipment

ISSN: 1310-2818 (Print) 1314-3530 (Online) Journal homepage: http://www.tandfonline.com/loi/tbeq20

Impact of KCNQ2 mutations in Bulgarian patients
with electroclinical syndromes with onset in the
first year of life

Valentina Peycheva, Neviana Ivanova, Kunka Kamenarova, Irina Tsekova,
Iliyana Aleksandrova, Veneta Bozhinova, Maria Bozhidarova, Ivan
Litvinenko, Dimitrina Hristova, Vanyo Mitev, Radka Kaneva & Albena
Jordanova

To cite this article: Valentina Peycheva, Neviana Ivanova, Kunka Kamenarova, Irina Tsekova,
Iliyana Aleksandrova, Veneta Bozhinova, Maria Bozhidarova, Ivan Litvinenko, Dimitrina Hristova,
Vanyo Mitev, Radka Kaneva & Albena Jordanova (2017) Impact of KCNQ2 mutations in Bulgarian
patients with electroclinical syndromes with onset in the first year of life, Biotechnology &
Biotechnological Equipment, 31:1, 138-142, DOI: 10.1080/13102818.2016.1259017

To link to this article:  http://dx.doi.org/10.1080/13102818.2016.1259017

© 2016 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 30 Nov 2016.

Submit your article to this journal Article views: 164

View related articles View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tbeq20
http://www.tandfonline.com/loi/tbeq20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/13102818.2016.1259017
http://dx.doi.org/10.1080/13102818.2016.1259017
http://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tbeq20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/13102818.2016.1259017
http://www.tandfonline.com/doi/mlt/10.1080/13102818.2016.1259017
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2016.1259017&domain=pdf&date_stamp=2016-11-30
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2016.1259017&domain=pdf&date_stamp=2016-11-30


ARTICLE; MEDICAL BIOTECHNOLOGY

Impact of KCNQ2mutations in Bulgarian patients with electroclinical syndromes
with onset in the first year of life

Valentina Peychevaa, Neviana Ivanovaa, Kunka Kamenarovaa, Irina Tsekovaa, Iliyana Aleksandrovab,
Veneta Bozhinovab, Maria Bozhidarovac, Ivan Litvinenkoc, Dimitrina Hristovad, Vanyo Miteva, Radka Kanevaa and
Albena Jordanovaa,e

aDepartment of Medical Chemistry and Biochemistry, Molecular Medicine Center, Medical University of Sofia, Sofia, Bulgaria; bDepartment of
Neurology, Clinic of Child Neurology, University Hospital of Neurology and Psychiatry “St’ Naum”, Medical University of Sofia, Sofia, Bulgaria;
cDepartment of Pediatric Neurology, University Pediatrics Hospital, Medical University of Sofia, Sofia, Bulgaria; dChildren Neurology Unit,
Pediatrics Clinic, Tokuda Hospital, Sofia, Bulgaria; eVIB Department of Molecular Genetics, Molecular Neurogenomics Group, University of
Antwerp, Antwerp, Belgium

ARTICLE HISTORY
Received 18 August 2016
Accepted 7 November 2016

ABSTRACT
Mutations in KCNQ2 are associated with a range of electroclinical syndromes with dominant
inheritance that are differentiated by the age at onset of the seizures and are associated with good
prognosis. These are benign familial neonatal seizures (BFNS), benign familial neonatal–infantile
seizures (BFNIS) and benign familial infantile seizures. Herein, we report the results of a systematic
screening of KCNQ2 in 27 unrelated Bulgarian patients with compatible clinical diagnoses. Two
pathogenic point mutations were identified: a novel splice-site c.1526-2A>G variation causing
BFNS and a missense c.998G>A alteration in a patient with BFNIS, who subsequently developed
benign epilepsy with centro-temporal spikes. Additionally, multiplex ligation-dependent probe
amplification analysis and array comparative genomic hybridization assay detected a de novo
deletion on 20q13.3 encompassing 0.41 Mb genomic region and covering 11 genes, including
KCNQ2 and CHRNA4. This large-scale rearrangement was found in a patient with typical BFNS and
no additional developmental abnormalities. Overall, KCNQ2 genetic defects were found in 11% of
the patients in our cohort. These findings enrich the genetic epidemiology and mutation spectrum
of KCNQ2 and allow adequate genetic counselling in the affected families.
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Introduction

Benign familial neonatal seizures (BFNS; OMIM (Online
Mendelian Inheritance in Man): 121200), benign familial
neonatal–infantile seizures (BFNIS; OMIM: 607745) and
benign familial infantile seizures (BFIS) are autosomal
dominant epileptic disorders with high penetrance. All
three electroclinical syndromes show similar clinical fea-
tures and tend to remit spontaneously later in life. They
are differentiated by the age of onset and the associated
gene defect. All affected individuals exhibit normal out-
come and good response to antiepileptic drugs.

BFNS is caused by mutations in KCNQ2 and KCNQ3,
which encode voltage-gated potassium channels
expressed in the brain. To date, more than 80 KCNQ2
alterations are described in BFNS patients, while the
mutation spectrum of KCNQ3 is narrower [1].

Benign epilepsy with centro-temporal (Rolandic)
spikes (BECTS) is another epileptic syndrome associated
with good prognosis [2]. It consists of brief, hemifacial

seizures that tend to become generalized when occur-
ring nocturnally. Cases of BFNS with detected mutations
in KCNQ2might subsequently develop BECTS [3–5].

Herein, we report the results of the first systematic
screening of KCNQ2 in Bulgarian patients and discuss
the molecular defects found, as well as genotype–
phenotype correlations in comparison to previously
reported individuals for the particular group of epileptic
disorders.

Subjects and methods

Case study

The study included 27, both sporadic and family, cases
with unprovoked epileptic seizures within the first year
of life, which were recruited from the major tertiary hos-
pitals in Bulgaria. Among them, 12 patients were diag-
nosed with BFNS, 3 with BFNIS, 10 with BFIS and 2 with
BECTS. All participants or their legal guardians gave

CONTACT Valentina Peycheva valpey@mmcbg.org

© 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT, 2017
VOL. 31, NO. 1, 138–142
http://dx.doi.org/10.1080/13102818.2016.1259017

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
it 

A
nt

w
er

pe
n]

 a
t 0

6:
51

 3
0 

O
ct

ob
er

 2
01

7 

mailto:valpey@mmcbg.org
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1080/13102818.2016.1259017
http://www.tandfonline.com


written informed consent. The study was approved by
the Ethics Committee of the Medical University of Sofia.
The cases with identified mutations are described as
follows.

Case 1: A one-year-old boy born from a second nor-
mal pregnancy via vaginal delivery. At two days of age,
he developed a single clonic seizure lasting several sec-
onds. The second convulsion with the same characteris-
tics was observed the next day accompanied with
cyanosis. At the day of hospitalization, three generalized
tonic–clonic seizures were registered. Oral phenobarbital
treatment was conducted and the seizures subsequently
disappeared.

Case 2: A seven-year-old boy born prematurely in the
36th week of gestation from a pathological pregnancy
with recurrent genital herpes. At the age of four months,
he developed partial tonic–clonic seizures accompanied
with eye deviation and cyanosis. Because of the later sei-
zure onset, the diagnosis of BFNIS was assumed. The sei-
zure attacks lasted seven days and progressively became
more frequent with duration ranging from several sec-
onds to one minute. Valproic acid, oxcarbazepine and
diazepam were implemented with no effect. At the age
of 1 year and 10 months, a single convulsion with cyano-
sis appeared after a head stroke. No seizure attacks were
observed before the age of three when, during sleep, he
suddenly made moaning sounds with hands clenched
into fists. The electroencephalogram showed sharp
waves in the left side and the centro-temporal areas.
Both latter seizures were with rolandic characteristics.
The patient was treated with carbamazepine, which
resulted in disappearance of the seizures.

Case 3: A one-year-old girl born after a normal preg-
nancy. At five days of age, she developed one focal
tonic–clonic seizure with cyanosis, eye and head devia-
tion lasting one minute. In the next 24 hours, convul-
sions with the same characteristics repeated 10 times.
They gradually disappeared after phenobarbital treat-
ment. The psychomotor development was normal.

The control group included 100 individuals (60
females and 40 males) between 32 and 85 years of age
without any history of epilepsy seizures.

Methods

DNA was extracted from peripheral blood, and sequence
analysis of all 17 exons and exon–intron boundaries of
KCNQ2 was performed using polymerase chain reaction
and Sanger sequencing using ABI 3130xl (Applied Bio-
systems, Foster City, CA, USA). The sequences were ana-
lysed using ABI Sequencing Analysis v5.3 and compared
with reference sequence NG_009004.1. To investigate
the effect of the novel splice-site mutation, NetGene2

software was used, which is based on neuronal networks
prediction algorithms (http://www.cbs.dtu.dk/services/
NetGene2/). Furthermore, the 100 control individuals
were also screened for the presence of the novel muta-
tion. Multiplex ligation-dependent probe amplification
(MLPA) analysis was performed using SALSA MLPA kit
P166-C1 (MRC Holland, Amsterdam, The Netherlands).
The amplification products were separated by capillary
electrophoresis using ABI 3130xl (Applied Biosystems)
and evaluated using Coffalyser.NET (MRC Holland). Dele-
tions encompassing the KCNQ2 gene were confirmed by
array comparative genomic hybridization (aCGH) using a
SurePrint G3 Human CGH Microarray Kit, 4 £ 180K (Agi-
lent Technologies, Santa Clara, CA, USA). The visualiza-
tion of the deleted region and its gene content was
performed using the Database of Genomic Variants
browser (http://dgv.tcag.ca/dgv/app). Segregation analy-
sis was conducted in all families where potentially patho-
genic variants had been found.

Ethics approval

All procedures performed in this study involving human
participants were in accordance with the ethical stand-
ards of the Medical University of Sofia and/or the
National Research Committee and with the 1964 Helsinki
declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from
all individual participants and/or their legal guardians
included in this study.

Results and discussion

This is the first extensive investigation of the KCNQ2
gene performed in Bulgaria. We identified three individ-
uals with mutations affecting the KCNQ2 gene among 27
patients with a similar electroclinical phenotype. The
estimated frequency of 11% shows common involve-
ment of KCNQ2 mutations in families with neonatal and
neonatal–infantile onset of seizures. We did not find any
mutations among the BFIS cases, which is consistent
with previous studies about the smaller contribution of
KCNQ2mutations to the development of BFIS [6].

Direct sequencing of the KCNQ2 gene revealed two
heterozygous pathogenic variants: a novel splice-site
mutation c.1526-2A>G in patient 1 (Figure 1(a)) and a
missense mutation p.Arg333Gln (c.998G>A) in patient 2
(Figure 1(c)).

The novel heterozygous splice-site mutation c.1526-
2A>G in patient 1, with BFNS, was located at the splice-
acceptor site of intron 13. It was inherited from the
father, who had had neonatal convulsions in the first
days of life that remitted spontaneously. Neither the
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unaffected family members, nor 100 control individuals
carry this mutation (Figure 1(b)). According to the Net-
Gene2 prediction software, there is 95% confidence for
the use of the first alternative AG dinucleotide located
three nucleotides downstream in exon 14 (Figure 1(e)).
The consequence might be deletion of one amino acid
(c.1526_1528delAAG; p.Glu508del) in the C-terminal
domain of the Kv7.2 protein. This domain consists of two
coiled-coil motifs known to interact with several modula-
tors of Kv7.2 channel activity, one of which is calmodulin
(CaM) [7]. The deletion is located in the second interact-
ing motif (amino acids 501–529) [8]. Another possible
consequence is the usage of the splice-acceptor site of
some of the adjacent introns, subsequent exon skipping
and activation of nonsense-mediated mRNA decay pro-
cess with resultant non-productive translation. A similar
splicing mutation predicted to be pathogenic was found
in a neighbouring intron (IVS15-2A>G), in a sporadic
case with BFNS [9].

The missense mutation c.998G>A (p.Arg333Gln) in
exon 7 was found in patient 2, with primary diagnosis
of BFNIS, which later progressed to BECTS. Segrega-
tion analysis of family 2 revealed that the missense
mutation p.Arg333Gln was also present in the youn-
ger brother, who had been diagnosed with BFNS, and
the father, who had had neonatal convulsions in his

childhood which remitted spontaneously later in life
(Figure 1(d)).

p.Arg333Gln is located in the first CaM-binding motif
(amino acids 321–358) of the Kv7.2 C-terminal intracellu-
lar domain. KCNQ2 mutants lacking this motif are unable
to bind to CaM and do not generate detectable M-cur-
rents when co-expressed with KCNQ3 in CHO cells [7,8].

This mutation has been previously reported in a famil-
ial case of BFNS [10]. The authors evaluated its effect in
the Xenopus oocytes expression system and detected
that the rate of deactivation of the channel was much
faster for p.Arg333Gln KCNQ2 mutants and the current
reduction was relatively lower (<50%) compared to the
wild-type channel.

Only three cases of BFNS with point mutations in
KCNQ2 who later developed BECTS have been reported
so far [3–5]. Two siblings with BFNS progressing to
BECTS, having a nonsense mutation (p.Gln323X) located
in the same CaM-interacting motif as the mutation in
our patient have been described [3]. A point mutation
(c.2043delT) in KCNQ2 was reported in an Italian familial
case with BFNS, who subsequently developed BECTS
during sleep at three years of age [4]. The third case of
post-benign neonatal seizures BECTS was reported in a
Japanese girl with de novo heterozygous deletion
(p.Phe304del) affecting the sixth transmembrane

Figure 1. (a) Electropherogram of family 1 with detected heterozygous splice-site mutation c.1526-2A>G, located at the splice-accep-
tor site of intron 13: (a1) patient 1 sequence; (a2) reference sequence. (b) Pedigree of family 1; n, normal allele; m, mutated allele. (c)
Electropherogram of family 2 with detected heterozygous missense c.998G>A mutation in exon 7 of KCNQ2: (c1) patient 2 sequence;
(c2) reference sequence. (d) Pedigree of family 2; n, normal allele; m, mutated allele. (e) Putative canonical splice sites near the c.1526-
2A>G mutation (NetGene2 prediction tool). (f) Gene content of the deleted region on 20q13.33 (chr20:63045847-63456499, GRCh38/
hg38) in patient 3 based on the Database of Genomic Variants (http://dgv.tcag.ca/dgv/app). The rectangle represents the range of the
deletion.
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domain of the Kv7.2 protein [5]. The clinical heterogene-
ity with respect to the seizure onset observed in patient
2 with BFNIS and his relatives with BFNS, as well as in
similar BFNS cases reported before, might be due to the
influence of additional genetic factors, such as mutation
in other epilepsy-associated genes, epigenetic or envi-
ronmental factors.

In addition, using MLPA analysis, a de novo heterozy-
gous deletion was found in patient 3, covering all 17
exons of KCNQ2. Further aCGH analysis showed that this
deletion was 0.41 Mb in size (chr20:63045847–63456499,
GRCh38/hg38) and encompassed 11 genes, including
two genes associated with epileptic conditions, KCNQ2
and CHRNA4 (Figure 1(f)).

CHRNA4 encodes alpha-4 neuronal acetylcholine
receptor subunit. Missense and insertion mutations in
this gene have been associated with autosomal domi-
nant frontal lobe epilepsy (ADNFLE). Deletions
restricted only to the KCNQ2 and CHRNA4 genes, simi-
lar in size to that in our patient, have been reported
before [6,11,12]. The clinical phenotype is a typical
BFNS, not presented with the characteristics of ADN-
FLE. Moreover, a4¡/¡ knockout mice do not exhibit
any seizures [13]. Therefore, it is conceivable that this
particular phenotype is most likely due to haploinsuf-
ficiency of the KCNQ2 gene.

Previously, it has been suggested that deletions
encompassing these genes are frequent in developmen-
tally delayed patients with behavioural problems [14].
Nevertheless, deletions of a similar size have been
reported in individuals with normal developmental out-
come [6,12]. In more severely affected patients having
additional neurodevelopmental problems and dysmor-
phism, there have been described larger deletions rang-
ing from 520 kb to 6.8 Mb in size involving other genes
in addition to KCNQ2 and CHRNA4, although the mecha-
nisms leading to atypical clinical features are still
unknown [15,16]. Conversely, in patients with smaller
size deletions, encompassing KCNQ2 and CHRNA4 genes
only, the phenotype is typical BFNS [11,12]. Thus, the
size and location of the contiguous gene deletion affect-
ing the whole KCNQ2 gene along with several other
genes in the 20q13.33 region in patient 3 is in agree-
ment with the hypothesis that deletions encompassing
KCNQ2 and CHRNA4 may not display additional develop-
mental abnormalities [12,16].

Mutations in the KCNQ2 gene are associated with a
wide spectrum of electroclinical syndromes with mild to
severe outcome. Identification of pathogenic variants in
KCNQ2 will clarify and confirm the diagnosis of the
affected patient, which will allow more accurate progno-
sis and subsequent individualized treatment. Further-
more, it will help to estimate the carrier status of

relatives at risk, offer prenatal diagnosis and improve the
genetic counselling in the affected families.

Conclusions

To our knowledge, this is the first comprehensive study
of KCNQ2 in Bulgarian epilepsy patients to reveal three
different KCNQ2 mutations associated with BFNS and
BFNIS phenotypes. The novel splice-site mutation
c.1526-2A>G was found in a patient with typical BFNS
phenotype. It enriches the spectrum of KCNQ2mutations
for this particular group of disorders. A contiguous gene
deletion affecting the whole KCNQ2 gene along with
several other genes in the 20q13.33 region was observed
in another patient with typical BFNS. Its size and location
suggest that deletions encompassing KCNQ2 and
CHRNA4 may not involve additional developmental
abnormalities. Finally, a previously reported missense
mutation c.998G>A (p.Arg333Gln) associated with BFNS
was found in a patient with BFNIS, who subsequently
developed BECTS. The observed clinical heterogeneity in
this case is a prerequisite for future studies to elucidate
the effect of additional genetic factors. The results from
the present study will improve the prognosis, treatment
and genetic counselling of the affected families.
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