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Clinical commentary
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KCNQ3 mutation:
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ABSTRACT – Benign familial infantile epilepsy (BFIE) is the most genetically
heterogeneous phenotype among early-onset familial infantile epilepsies.
It has an autosomal dominant inheritance pattern with incomplete pen-
etrance. Although PRRT2 is the most mutated gene detected in families
with BFIE, other mutations in KCNQ2, SCN2A, and GABRA6 genes have also
been described. To date, KCNQ3 mutations have been detected in only
four patients with BFIE. Here, we describe the clinical pattern and course
of an additional individual with BFIE associated with a novel missense het-
erozygous KCNQ3 c.1850G>C variant inherited by his unaffected father.

mong BFIE patients is reported to be
r this is underestimated is unclear as

nclude KCNQ3.

epilepsy, BFIE, KCNQ3, mutation,

These specific clinical traits are high-
lighted in the respective definitions
of benign familial neonatal epilepsy
The incidence of KCNQ3 mutations a
low in the literature, however, whethe
not all current epilepsy gene panels i

Key words: benign familial infantile
incidence

Clinical studies, carried out in
the last 20 years, have led to the
identification of at least three
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distinct electroclinical patterns
associated with infantile onset,
characterized mainly by age at
onset but all sharing a favourable
outcome, and many individuals
share the same phenotype within a
family.

(BFNE), benign familial neonatal-
infantile epilepsy (BFNIE), and
benign familial infantile epilepsy
(BFIE) (Bureau et al., 2012).
The early gene sequencing stud-
ies showed a distinct phenotype-
genotype correlation, in particular
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etween BFNE and KCNQ2, BFNIE and SCN2A, and
FIE and PRRT2. In recent years, next-generation
equencing (NGS) panels have led to significant
ene discovery related to many disorders including
pilepsy. At present, the effort of researchers is aimed
t establishing panels of genes as a gold standard to
etect as many pathogenic variants as possible (Zara
t al., 2013; Zeng et al., 2018). The expansion of NGS
echnology, mainly for familial infantile epilepsies, has
onfirmed the existence of three clusters related to the
hree phenotypes mentioned above. The three pheno-
ypes share certain genetic mutations, albeit at a low
ncidence. Recent studies indicate that the phenotype
ssociated with BFIE is the most genetically heteroge-
eous. In recent years, reports in the literature on the
elevance of KCNQ3 gene mutation to the epilepsies
ave been marginal and a pathogenic role has been
ecognized in only a small number of patients with typ-
cal BFNE and rarely with BFIE (Miceli et al., 2019). Here,
e describe a patient with a BFIE phenotype asso-

iated with a novel mutation in KCNQ3; c.1850G>C
p.Ser617Thr).

ase study

his study was approved by the Ethics Committee
alermo 1 of “Paolo Giaccone” University Hospital
f Palermo, Italy. Written informed consent for pub-

ication was obtained from the patients’ parents. The
roband, an Italian 20-month-old male, was born at

erm following an uneventful pregnancy and delivery.
is family history was remarkable for epilepsy; he has a

econd-degree paternal cousin who has suffered from
ccasional seizures within his first year and is presently

aking phenobarbital. Developmental milestones of
ur patient were normal: head control, sitting without
upport, and walking were achieved at three, six and 13
onths, respectively. He spoke his first words at eight
onths. At five months and 15 days, he had a cluster

f seizures, lasting for an hour, characterized by devia-
ion of the head and eyes to the left, staring, stertorous
reath, and clonic movements of the left upper limb

hat spread to the upper right limb, evolving into self-
imited generalized tonic-clonic seizures lasting for 1.5

inutes. A similar focal seizure recurred at 20 months
uring a febrile illness. Neurological and EEG exami-
ation were normal, as well as brain MRI. He has never
een on antiepileptic treatment.
08

t the last clinical evaluation, performed at 20 months
f age, the child was alert, perceptive, and sensitive. He
emonstrated a healthy interest in the testing mate-
ials with an appropriate level of activity, attention,
daptation to change, and task persistence. He was
ocially engaged with the examiner, showing good
ommunicative intent and reciprocity. He vocalized in

a
i
(
o
i
B
w

esponse to the examiner and expressed himself. Dur-
ng the clinical examination, the patient placed items
circle, square, triangle) in designated areas; pointed
o objects, pictures, and actions; handled objects; and
icked through a book quickly. He achieved partial

humb opposition, built towers using four cubes, ran
ith coordination, swung his leg to a kick ball, went
p/downstairs using both feet, followed directions,
nd said 10 different words and spoke a two-word
tterance.
s the clinical data suggested BFIE diagnosis, we
erformed a molecular genetic analysis based on a
GS panel of 149 genes associated with epilepsy.
he NGS showed a novel heterozygous missense
CNQ3 (NM_004519.3) c.1850G>C variant, not pre-
iously described in the literature (allele frequency:
ExAC] 0.00001). This nucleotide substitution, inher-
ted by the asymptomatic father, leads to the missense

utation, p.Ser617Thr. The variant affects a residue
onserved in the KCNQ2-5 channel subunit, located
etween helix-C and helix-D of the C-terminal region
f the protein. The mutation Ser617Thr is predicted

o be “probably damaging”, “deleterious”, and “dis-
ase causing” based on the three in silico models,
olyPhen2, SIFT, and Mutation Taster respectively
figure 1).

iscussion

he seizure semiology of our patient mirrors the clini-
al pattern of typical BFNE (Piro et al., 2019), including
ncomplete penetrance as the father is an asymp-
omatic carrier of the KCNQ3 variant. In addition,
he clinical course of our patient demonstrated the
ccurrence of febrile seizures which have not pre-
iously been reported in patients with KCNQ3-BFIE.
ndeed, BFIE is usually characterized by brief focal
eizures, evolving to bilateral tonic-clonic seizures
hat occur in clusters at onset, at between three and
0 months of age, mostly between four and seven
onths, and remit within a year from onset, although

ome individuals may have seizures later (Vigevano,
005). Unfortunately, we were not able to directly
valuate the detailed clinical history of our patient’s
elatives, and therefore we cannot establish whether
he current epileptic seizures belong to long-lasting
orm of BFIE or a new epileptic syndrome. On the
ther hand, transition between different idiopathic
Epileptic Disord, Vol. 22, No. 6, December 2020

ge-related epileptic phenotypes has been reported
n the literature, including some features in particular
Mangano et al., 2011, 2013), suggesting the existence
f common genetically determined pathophysiolog-

cal processes that confer susceptibility to seizures.
FIE is a genetically heterogeneous form of epilepsy
ith autosomal dominant inheritance and incomplete
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igure 1. Schematic drawing of a KCNQ subunit and location of

enetrance. Mutations in PRRT2, KCNQ2, SCN2A, and
ABRA6 genes were mainly identified in patients with
FIE phenotype (Zara et al., 2013; Zeng et al., 2018).
n additional missense KCNQ3 p.N468S variant was
etected in all of the three siblings of a Chinese family
ffected with BFIE, but this was considered a poly-
orphic variant as the mutation did not demonstrate

ny statistically significant effect on current associated
ith the heteromeric channel (Singh, et al., 2003). As

he data of our patient meet all the clinical criteria
or diagnosis of BFIE, we may therefore compare his
linical history with those of the four BFIE cases with
athogenic variants in the KCNQ3 gene published so

ar (Zara et al., 2013; Fusco et al.,2015). Notably, the
roband reported by Zara et al., at the age of three
onths and 25 days, had a single cluster of seizures

haracterized by staring, eye deviation, and hyper-
onus of brief duration. His sibling, at the age of four

onths, had an isolated secondary generalized focal
eizure, and their father, at the age of five and seven
onths, had had two isolated convulsive seizures.
pileptic Disord, Vol. 22, No. 6, December 2020

one of the three subjects later had seizure relapse,
r neurological or intellectual impairment. The fourth
eported patient, a 30-month-old reported by Fusco et
l., had benign epilepsy with centrotemporal spikes
ollowing benign infantile seizures. Notably, at the
ge of 10 months, she had several brief ictal events

A
W
a
g
N

R L N R V E D K V T – 6 0 0

utation identified in the present case study.

ith psychomotor arrest and staring which was not
haracterized. At two years of age, she had a cluster
f hemifacial motor seizures and clonic contractions
f the limbs with hypertonia, evolving into general-

zed tonic-clonic seizures, lasting for one hour and
elf-limiting. Our patient showed a cluster of focal
eatures evolving into self-limiting generalized tonic-
lonic seizures. Taken together, a comparison of the
linical features of seizures and their course between
ur case and those reported in the literature appears
remature given the small sample size reported in the

iterature and the differences in data collection. Thus,
detailed clinical history associated with accurate

escription of seizure semiology, possibly supported
y video-EEG, and their clinical course would be useful

n future studies. We therefore believe, based on our
xperience, that the KCNQ3 gene, which is increas-

ngly reported in association with atypical BFNE (Miceli
t al., 2015) and other infantile epilepsies, should be
urther investigated and included in the panel of genes
or epilepsy. �
809
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TEST YOURSELF
EDUCATION

(1) Which of the following genes is most frequently mutated in benign familial infantile epilepsy?
A. KCNQ2
B. PRRT2
C. SCN2A

(2) As well as benign familial infantile epilepsy, which other form of epilepsy is associated with mutation of
KCNQ3?
A. Atypical benign familial neonatal epilepsy
B. Absence epilepsy
C. Lennox Gastaut syndrome

(3) In which age group can benign familial infantile epilepsy occur?
A. Between 21 and 40 months

Piro E, Nardello R, Gennaro E, et al. A novel muta-
tion in KCNQ3-related benign familial neonatal
epilepsy: electroclinical features and neurodevel-
opmental outcome. Epileptic Disord 2019; 21(1):
87-91.

Singh NA, Westenskow P, Charlier C, et al. KCNQ2
and KCNQ3 potassium channel genes in benign
familial neonatal convulsions: expansion of the
functional and mutation spectrum. Brain 2003; 126:
2726-37.

Vigevano F. Benign familial infantile seizures. Brain Dev
2005; 27(3): 172-7.

Zara F, Specchio N, Striano P, et al. Genetic testing
in benign familial epilepsies of the first year of life:
clinical and diagnostic significance. Epilepsia 2013; 54:
425-36.

Zeng Q, Yang X, Zhang J, et al. Genetic analysis of benign
familial epilepsies in the first year of life in a Chinese cohort.
J Hum Genet 2018; 63(1): 9-18.
10

B. Between 3 and 20 months
C. Between 1 and 2 months

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 22, No. 6, December 2020

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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