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Whole exome sequencing identifies KCNH7 ™
variants associated with epilepsy in children

The KCNH7 (Potassium Voltage-Gated Channel Subfamily H
Member 7) gene belongs to the Ether-A-Go-Go-Related
Gene (ERG) subfamily of voltage-gated potassium channels.
There are three members of the ERG family: ERG1, ERG2
and ERG3, with the latter being encoded by the KCNH7
gene. ERG1 is highly expressed in cardiomyocytes, and its
mutations have been linked to arrhythmias, such as the
long QT syndrome.” Research on ERG2 is limited, while
ERG3 is primarily expressed in neurons. The connection
between the KCNH7 gene and neurological disorders re-
mains to be elucidated.

We performed trio whole exome sequencing in a cohort
of 975 pediatric epilepsy patients. Among probands with
negative results, potential candidate genes were screened
(see supplemental methods), and the KCNH7 gene was one
of them, displaying de novo variants in three unrelated
probands in the cohort. The detailed clinical manifestations
are summarized in Table S1. Case 1 presented with both
generalized tonic-clonic seizure and focal motor seizure;
case 2 was diagnosed with West syndrome; and case 3
exhibited focal motor seizure with brain structural abnor-
mality detected by magnetic resonance imaging (MRI). Case
2 and 3 experienced development regression. All three
cases were seizure-free for at least one year, with the use
of one to three antiseizure medications.

The three variants of the KCNH7 gene (NM_033272.4)
were c.83A > G/p. K28R, c.1919A > G/p. E640G, and
€.1324C > T/p. R442X. These variants had no recorded allele
frequency in gnomAD. Statistical analysis revealed signifi-
cant differences in aggregate frequencies of the mutant al-
leles between our cohort and controls in gnomAD (including
all populations and East-Asian population) (3/1950 vs. 0/
282730 in  controls of gnomAD-all populations,
P = 3.209 x 10~7; 3/1950 vs. 0/19946 in controls of gnomAD-
East-Asian population, P = 0.001, respectively) (Table S2).
The R442X in case 3 was a nonsense mutation, while the
other two missense variants were predicted to be disease-
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causing by at least two of the following pathogenicity pre-
dicting tools recommended by the American College of
Medical Genetics and Genomics: Mutation Taster, PolyPhen2,
or Sorting Intolerant From Tolerant (SIFT). The amino acid
sequence alignment indicated that K28R, E640G, and R442X
were located on highly conserved residuals across various
species (Fig. 1).

To explore the potential influences of the three muta-
tions on protein function, we initiated an analysis of the
protein structure. Presently, the exact protein structure
of ERG3 has not been described in the literature or protein
databases. Therefore, we referred to the structure of
ERG1, another member of the ERG family, which has been
extensively studied, to predict the domains and spatial
structure of the ERG3 protein using AlphaFold (https://
alphafold.ebi.ac.uk/), SMART (http://smart.embl.de/)
and DeepTMHMM (https://dtu.biolib.com/DeepTMHMM).
The ERG3 protein has six transmembrane regions, S1to S6,
with S1to S4 forming the voltage domain and S5 to S6
constituting the pore-forming domain. The region be-
tween S5 and Sé6 forms a pore for potassium ion passage in
the tetrameric form of the ERG channel and plays a crucial
role in cellular membrane potential repolarization.? On
the intracellular side, there are gating regulators: the Per-
Arnt-Sim (PAS) domain and the cytosolic cyclic nucleic
binding homology domain (cNBD). We then highlighted the
mutation locations within these domains. As depicted in
Figure 1, the K28R and E640G mutations led to alterations
in the hydrogen bonds of the residues adjacent to the PAS
domain and pore-forming domain, respectively, poten-
tially affecting the steric configuration. The R442X muta-
tion led to protein truncation between S1 and S2. It is
noteworthy that these three mutations were located in
positions seemingly exerting entirely distinct effects on
the protein structure. This observation raised the question
of whether the phenotypes of these cases also vary in
severity based on different mutation locations.

Case 1, with the K28R mutation, had an onset of seizure
at 15 months, and had three seizure events before receiving
antiseizure medications. The brain MRI showed no
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Figure 1  Genetic and clinical data of cases with KCNH7 variants. (A) Pedigrees of the cases with KCNH7 mutations. Patients with

heterozygous mutation are indicated by m/+, while those negative for mutation are indicated by +/+. Probands are indicated by
black arrows. (B) Sanger sequencing results of cases with KCNH7 mutations. The bases of the mutations are indicated with red
arrows. (C) The amino acid sequences show that residues K28, E640, and R442 are highly conserved across various species. (D)
Changes of interictal electroencephalography (EEG) in the cases with KCNH7 mutations. Interictal EEG in case 1 shows regional
epileptiform discharges predominantly in the right central and middle temporal areas. Interictal EEG in case 2 shows hypsar-
rhythmia. Interictal EEG in case 3 shows bilateral temporal epileptiform discharges. (E) Schematic illustration of the changes in
hydrogen bonds or three-dimensional construct of the protein. In case 1 and case 2, the residues where the mutations occurred are
shown as red rods, and the hydrogen bonds are shown as yellow dotted lines. In case 3, the mutation leads to a protein truncation
after R441, which is shown as a red rod. (F) Schematic diagram of ERG3 channel and the localization of the variants of KCNH7

identified in our cohort study. cNBD: cyclic nucleic binding homology domain; PAS: Per-Arnt-Sim.

abnormalities. Following the use of levetiracetam, the pa-
tient remained seizure-free for five years. He exhibited no
developmental delay or intellectual disability. Case 2,
carrying the E640G mutation, had the first seizure at the
age of 5 months and was diagnosed with West syndrome.
The brain MRI revealed no abnormalities. He was seizure-
free for 18 months since the addition of vigabatrin. Initially,
he showed developmental regression, and then exhibited
catch-up development gradually. Case 3, with the R442X
mutation, experienced the first seizure attack at 8 months
with a frequency for up to five times a day. After admin-
istration of the third antiseizure medication, levetir-
acetam, he had been seizure-free for four years. The brain
MRI revealed developmental abnormalities and brain atro-
phy. Developmental regression was also noted in this case.
Collectively, the severity of the disease appeared to be
consistent with the extent of the mutations’ impact on the
protein structure. This association provided a foundation
for further experimental and clinical investigations,
contributing to the confirmation of the precise role of the
KCNH7 gene in the etiology of epilepsy. It is worth noting

that all three cases achieved seizure freedom, suggesting a
potential association between KCNH7 variants and a
favorable seizure prognosis. By analyzing BrainSpan tran-
scriptomic data (www.brainspan.org), we observed that the
expression level of the KCNH7 gene peaked around one year
of age and remained relatively lower in subsequent years.
This expression pattern may explain the early onset of
seizures, and the favorable prognosis could be attributed to
the decreased expression level of the KCNH7 gene.
Previous studies have suggested that the KCNH7 gene is
potentially associated with various neurological and psychi-
atric disorders. Strauss et al’ s study® identified a missense
variant, c.1181G > A/p. R394H, in the KCNH7 gene as a po-
tential candidate for bipolar spectrum disorder in 14 sub-
jects. Another study, focusing on 262 probands with autism
spectrum disorders, detected a de novo missense variant
(c.2855T > G/p. 1952R) in the KCNH7 gene in one patient.*
Interestingly, variants in the KCNH2 gene, which encodes
ERG1, another member of the ERG family, have been re-
ported in epilepsy patients, and predominantly located in the
PAS domain and pore-forming domain." These findings were
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consistent with the affected domains observed in two of the
KCNH7 variants reported in our study. Notably, the two
candidate KCNH7 variants reported in previous researches
were missense variants, whereas in our three cases, two were
missense and one was protein-truncating mutation. As
mentioned above, amino acid substitutions associated with
missense mutations may lead to abnormalities in hydrogen
bonding with adjacent residues, thereby impacting protein
function. This indicates that alterations in protein function
may serve as significant pathogenic factors, and the missense
mutations in different domains may correlate with distinct
phenotypes. Indeed, abnormalities in ion channel function
are recognized as crucial pathogenic factors in epilepsy.
Collectively, these findings suggested a potential role of the
KCNH7 gene in epilepsy. However, until our study, there were
limited clinical cases linking the KCNH7 gene to epilepsy.

Functional study of the KCNH7 gene provided evidence to
support its association with epilepsy. In a study conducted by
Xiao et al® in 2018, the function of the ERG3 channel in
mouse hippocampus was explored. The researchers observed
an enhancement of neuronal intrinsic excitability and
increased seizure susceptibility in ERG3 knockdown mice.
These findings provided additional support for the link be-
tween the KCNH7 gene and neuronal excitability, thus rein-
forcing its role in epileptogenesis. We are currently
conducting relevant functional validation studies to further
demonstrate the correlation between the KCNH7 gene and
epilepsy.

In summary, our study provides evidence supporting that
the KCNH7 gene is a candidate gene in pediatric epilepsy,
and different domains affected by various mutations may
be correlated with the severity of symptoms in patients.
Further extensive clinical case studies and in-depth mech-
anistic research are essential to elucidate the pathogenic
mechanisms of the KCNH7 gene variants.
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