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Abstract
Potassium channels are the targets of antiepileptic drugs (AEDs), which play important roles in the etiology of epilepsy. KCNA1 and
KCNA2 encode mammalian Kv1.1 and Kv1.2 channels, which are essential roles in the initiation and shaping of action potentials.
KCNV2 encodes Kv8.2, which is a regional overlap with Kv2 subunits as functional heterotetramers. In our study, we aim to
investigate whether variants of KCNA1, KCNA2, and KCNV2 genes influence susceptibility to genetic generalized epilepsies (GGEs)
and the efficacy of AEDs. Seven hundred sixty-seven subjects (284 healthy controls, 279 drug-responsive, and 204 drug-resistant
GGE patients) were enrolled in our study. Eight variants of KCNA1, KCNA2, and KCNV2 were assessed by matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry method. Results showed that there were no statistically significant
correlations between the 8 variants of KCNA1, KCNA2, and KCNV2 and the risk/drug resistance of GGEs. In conclusion, our study
suggests that KCNA1, KCNA2, and KCNV2 variants may not be involved in the risk/drug resistance of GGEs. Further multicenter,
multiethnic, and large sample size pharmacogenetic and case–control studies are warranted to confirm our negative results.

Abbreviations: AEDs = antiepileptic drugs, CAE = childhood absence epilepsy, EGTCS = epilepsy with generalized tonic-clonic
seizures, GGEs = genetic generalized epilepsies, JAE = juvenile absence epilepsy, JME = juvenile myoclonic epilepsy, LD = linkage
disequilibrium, OR= odds ratio, tagSNPs = tagged-single nucleotide polymorphisms.
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1. Introduction

Epilepsy is a clinical syndrome characterized by abnormal
electrical activity and is a common type of neurological
diseases.[1] Genetic generalized epilepsies (GGEs) are character-
ized by unprovoked generalized seizures. And GGEs have no
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evidence for an acquired cause that results in absences,
generalized myoclonic seizures, or primary generalized tonic-
clonic seizures.[2,3]

As we know, there are a series of gene mutations that can
change the channel function. Most of them encode ion channels,
which play important roles in the pathogenesis of epilepsy.
Among them, the dysfunction mutations of potassium channels
were also identified to be associated with the pathology of
GGEs.[1,4] Because of genes related to the dysfunction mutations
of potassium channels related genes in epilepsies, they are
called “K+ channelepsies.”[5] Among potassium channels related
genes, KCNA1 and KCNA2 encode mammalian Kv1.1 and
Kv1.2 channels, which are closely related to the initiation
and shaping of action potentials. KCNV2 encodes Kv8.2,
which is a regional overlap with Kv2 subunits as functional
heterotetramers.[1,6,7]

Several KCNA1 knockout mouse models develop epileptic
phenotypes that imply the importance of electrophysiological
roles on brain neuron function.[8–10]KCNA1 gene loss-of-
function mutations were reported in episodic ataxia type 1
patients, who have epileptic seizures.[11–15] The growing body of
accepted evidence demonstrates that KCNA1 variants cause
reduced current amplitude, thus contributing to the pathogenesis
of epilepsy. Moreover, Kv1.2 knockout mouse model also shows
the increased susceptibility of seizure.[16] Furthermore, recent
studies found de novo loss- or gain-of-function mutations in
KCNA2 cause epileptic encephalopathy, ataxia, and myoclonic
epilepsy.[17–20] Notably, KCNV2 encodes Kv8.2 potassium
channel that are involved in mediating the suppression of
Kv2.1 currents.[21] It has been reported that KCNV2 mutations
are associated with febrile, afebrile partial seizures, and epileptic
encephalopathy, because the 2 nonsynonymous variants R7K
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and M285R can alter the function of Kv2.1/Kv8.2 heterotetra-
meric potassium channels.[21]

Although there are sorts of antiepileptic drugs (AEDs) to
control the onset of GGEs, still ports of seizures are not well
controlled. Previously, studies found that variants of ion channel
or drug transporters genes (SCN1A, SCN2A, ABCB1, ABCC2)
contributed to the drug-resistant epilepsy and influenced the
efficacy of AEDs.[22–24] However, the results are not consistent
and not fully understood. Only a case of severe refractory
epileptic patient was reported to suffer from KCNV2
p.Met285Arg mutation.[21] To our knowledge, no studies are
reported about the relationship between the variants of KCNA1/
KCNA2 and drug-resistant epilepsy. On the basis of the
important electrophysiological roles of Kv1.1, Kv1.2, and
Kv8.2 potassium channels in the brain neurons, we hypothesized
that the variants of these potassium channel related genes would
affect the efficacy of AEDs.
Herein, we performed a pharmacogenetic and case–control

study to investigate the relationships between KCNA1/KCNA2/
KCNV1 variants and AEDs efficacy and the risk of GGEs.
2. Methods

2.1. Subjects

The patients and controls were enrolled from Xiangya Hospital
and the Second Xiangya Hospital of Central South University,
from January 14, 2013, to February 2014. GGEs and the subtype
definitions were created according to the guidelines of the
International League Against Epilepsy and standardized proto-
cols.[25,26] GGEs inclusion criteria are as follows: patients have
normal intelligence, psychomotoric development, normal neuro-
logic examination status; electroencephalography results present
generalized spike-wave discharges (2.5–5Hz) and normal
background activity, and Han Chinese patients. GGEs exclusion
criteria are as follows: patients have structural, metabolic, or
degenerative brain disorders, exclusively stimulus-induced seiz-
ures, mental retardation, severe adverse drug reactions, unreli-
able or lacking records of seizure frequency, poor compliance
with AEDs, a history of alcohol or drug abuse, the presence of
progressive or degenerative neurological or systemic disorders,
and hepatic or renal failure. The subgroups of GGEs were as
follows: childhood absence epilepsy (CAE), juvenile absence
epilepsy (JAE), juvenile myoclonic epilepsy (JME), and epilepsy
with generalized tonic-clonic seizures (EGTCS), according to the
definition of previous studies.[2,25] According to previous
treatment guidelines of epilepsy,[26,27] patients were treated with
AEDs such as carbamazepine, valproic acid, lamotrigine,
oxcarbazepine, levetiracetam, topiramate, and so on. Drug-
responsive patients were defined as the patients who had not
experienced any type of seizures for a minimum of 1 year after
receiving AEDs; drug-resistant patients were defined as patients
who had at least 4 seizures during the previous year while trying
at least 3 antiepileptic medications at maximal tolerated
doses.[28,29] Healthy controls were recruited from Medical
examination center of Xiangya hospital and were Han Chinese
peoples who were found disease-free in a physical examination.
Healthy controls were randomly selected from our Han Chinese
Healthy controls DNA database. We designed a questionnaire to
collect the clinical data and follow-up data. All patients or their
parents wrote the consent agreement of participating in our
research projects. The authors stated that they have obtained
appropriate institutional review board approval or have followed
2

the principles outlined in the Declaration of Helsinki for all
human or animal experimental investigations. Chinese Clinical
Trail Register approved this study (the registration number:
ChiCTR-RO-12002853). The Ethics Committee of Xiangya
School of Medicine and Ethics Committee of Institute of Clinical
Pharmacology of Central South University approved the study
protocol.
2.2. Genotyping

After the whole blood was collected from the subjects, DNA was
extracted by the phenol-chloroform method. The SNPs for
investigation were selected with the tagged-single nucleotide
polymorphisms (tagSNPs) method according to the linkage
disequilibrium (LD) data from International HapMap Project.
We used matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (Sequenom, SanDiego, CA) method to
assess the selected variants according to manufacturer’s guide-
line. Five percent of genotyping results were validated by Sanger
DNA sequencing.
2.3. Statistical analyses

We used the SPSS software package (Version 13.0 for Windows;
SPSS, Chicago, IL) to input the data and to analyze the data.
Student t test was used for measurement data. x2 test and Fisher
exact test were used for enumeration data. Hardy–Weinberg
equilibrium was analyzed with x2 test. After adjustment for age,
sex, and seizure types, binary logistic regression was used to
analyze the relationships between KCNA1/KCNA2/KCNV1 loci
and AEDs efficacy. Haploview was used to analyze LDs and
haplotypes. We use a 1000 bootstrap resampling technique to
adjust the aforementioned variables. A Bonferroni correction was
used to correct for multiple comparisons. P< .05 was accepted
for statistical significance.
3. Results

According to the inclusion and exclusion criteria, 767 subjects
were enrolled in our study, consisting of 284 healthy controls and
483 Chinese GGE patients. Two hundred seventy-nine drug-
responsive patients and 204 drug-resistant patients were
identified according to the definition guideline. The character-
istics of subjects are summarized in Table 1. There were no
differences between drug-responsive and resistant patients in age,
sex, age, at the onset, and in the distribution of subgroups. All
relevant data were shown in the manuscript. For further
information, please contact the corresponding author.
SNPs enrolled in our study are summarized in Table 2. The LD

tests of tagSNPs with patients’ data are shown in Fig. 1. The
results showed that KCNA1 rs2227910 and rs7974459 have
significant LD relationship, and KCNV2 rs7029012 and
rs10967705 have significant LD relationship (D’=74 and 70,
respectively). The distributions of all tagSNPs in GGEs and
healthy controls are summarized in Table 3. Notably, there was
nomutation subject in GGEs and healthy controls aboutKCNA1
rs112561866, which is a missense (p.Met449Ile) variant. The
investigated SNPs were all in Hardy–Weinberg equilibrium
among the case–controls. Sanger sequencing validated the
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry results were 100% correct. Comparisons with
GGEs and healthy controls showed no difference in the
distributions of all selected SNPs. In addition, we analyzed the



Table 1

The characteristics of subjects.

Parameter Healthy controls GGEs total P Drug-resistant patients Drug-responsive patients P

Sex (male) 184 297 .655 170 127 .467
Age, y 19.1±11.8 18.3±12.1 .878 20.1±12.3 17.0±11.9 .165
Age at onset, y – 10.3±10.1 — 10.4±9.2 10.3±10.7 .921
Subgroups of GGEs (N) 483 .204 279 —

CAE 174 78 96 .554
JAE 96 40 56 .918
JME 128 50 78 .517
EGTCS 85 36 49 .984

CAE= childhood absence epilepsy, EGTCS= epilepsy with generalized tonic-clonic seizures, GGEs=genetic generalized epilepsies, JAE= juvenile absence epilepsy, JME= juvenile myoclonic epilepsy.

Table 2

Characteristics of selected tagSNPs of potassium channel related genes.

Genes Rs numbers Alleles Position Functional consequence Global MAF

KCNA1 rs2227910 C/G 12:4912182 Synonymous codon G=0.4667/2337
rs112561866 G/A 12:4912725 Missense (p.Met449Ile) A=0.00002/3
rs7974459 T/C 12:4914547 3’ UTR variant T=0.4824/2416

KCNA2 rs3887820 G/T 1:110605458 5’ UTR variant A=0.2845/1425
KCNV2 rs7029012 C/G 9:2717698 NC transcript variant, 5’ UTR variant C=0.3281/1643

rs10967705 C/G 9:2717922 NC transcript variant, synonymous codon C=0.3397/1701
rs13285989 A/G 9:2720369 Intron variant G=0.1276/639
rs10967728 G/C 9:2721794 Intron variant C=0.4860/2434

Homozygous wild-type patients served as the reference group. CI= confidence interval, GGEs=genetic generalized epilepsies, NC=noncoding, OR= odds ratio, UTR=untranslated region.
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distributions of SNPs by the subgroups of GGEs. The results
showed that rs7029012 and rs10967705 of KCNV2 were
associated with the susceptibility of JME. The frequency of
KCNV2 rs7029012 CG+CC genotypes was higher in the JME
patients than that in the healthy controls [51.6% vs 41.1%, odds
ratio (OR)=1.523 (1.001–2.32), P= .049]. KCNV2 rs10967705
CG+CC genotypes were higher in the JME patients than those in
the healthy controls [48.4% vs 37.9%, OR=1.57 (1.004–2.35),
P= .047]. The results of 2 loci were also consistent with the LD
result that these 2 loci were strong LD from each other.
Figure 1. Linkage disequilibrium of tagSNPs with patients’ data. Linkage
disequilibriums between pairs of polymorphisms are shown with diamonds (r2),
with darker shading indicating greater r2.
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Moreover, we also found the frequency of KCNV2 rs10967728
GC + CC genotype was lower in EGTCS than that in the controls
[83.1% vs 92.2%, OR=0.90 (0.81–0.99), P= .015]. KCNV2
rs10967705 was also associated with the risk of CAE (Table 4).
No significant KCNA1 and KCNV2 haplotypes that are related
with the risk of GGEs were observed (Table 5).
We analyzed the distributions of KCNA1, KCNA2 and

KCNV2 loci in 204 drug-resistant patients and 279 drug-
responsive patients. The frequency of KCNV2 rs10967728 CC
genotype was higher in drug-resistant patients than that in drug-
responsive patients [55.9% vs 46.4%, OR=1.21 (1.01–1.44),
P= .039] (Table 6). After analyzing the frequencies of potassium
channel related genes haplotypes in the drug-resistant and drug-
responsive patients, we found that a KCNV2 haplotype CCAG
was associated with the risk of drug resistance. The frequency of
KCNV2 haplotype CCAG were lower in the drug-resistant
patients than that in the drug-responsive patients [16.1% vs
21.9%, OR=0.691 (0.494–0.967), P= .03] (Table 7).
However, there were no significant associations between the 8

variants of KCNA1, KCNA2, and KCNV2 genes and the risk or
drug resistance of GGEs after a Bonferroni correction formultiple
comparisons.
4. Discussion

Ion channels are the electrophysiological basis of neuron activity.
Notably, potassium channels play important roles in neuronal
excitability and are associated with the inward-negative resting
membrane potential.[1] Whether potassium channel related genes
KCNA1, KCNA2, and KCNV1 affect the risk of GGEs and the
efficacy of AEDs is still not clear. In our study, we collected 767
subjects, including 284 healthy controls and 483 Chinese GGEs
patients (consisting of 279 drug-responsive patients and 204
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Table 3

The distributions of potassium channel related genes tagSNPs in the GGEs and the healthy controls.

Gene SNPs Models GGEs (%) (N=483) Controls (%) (N=284) OR (95% CI) P

KCNA1 rs2227910 C/G 66.6/33.4 65.6/34.4 1.04 (0.84–1.30) .70
CC/CG/GG 44.9/43.3/11.8 43.0/45.2/11.8 — .86
(CG+CC)/GG 88.2/11.8 88.2/11.8 0.99 (0.67–1.50) .99
CC/(GG+CG) 44.9/54.1 43/57 0.97 (0.85–1.1) .61

rs112561866 A/G 100/0 100/0 — —

rs7974459 C/T 41.5/58.5 41.5/58.5 1.0 (0.81–1.24) .99
CC/CT/TT 17.8/47.4/34.8 17.7/47.5/34.8 0.99
(CC+CT)/TT 65.2/34.8 65.2/34.8 1.0 (0.82–1.23) .99
CC/(CT+TT) 17.8/82.2 17.7/82.3 1.0 (0.93–1.07) .98

KCNA2 rs3887820 G/T 63.7/36.2 66.3/33.7 0.89 (0.72–1.11) .31
GG/GT/TT 40.6/42.3/13.1 40.3/49.1/10.6 — .55
(GG+GT)/TT 86.9/13.1 89.4/10.6 1.23 (0.82–1.86) .31
GG/(GT+TT) 40.6/59.4 40.3/59.7 1.05 (0.92–1.19) .48

KCNV2 rs7029012 C/G 22.1/77.9 21.5/78.5 1.04 (0.81–1.34) .76
CC/CG/GG 4.2/35.9/59.9 5/33/62 — .66
(CC+CG)/GG 40.1/59.9 38/62 0.97 (0.86–1.09) .56
CC/(CG+GG) 4.2/95.8 5/95 1.01 (0.98–1.04) .61

rs10967705 C/G 23.8/76.2 23.8/76.2 0.99 (0.78–1.28) .99
CC/CG/GG 5/37.6/57.4 6.4/34.8/58.9 — .58
(CC+CG)/GG 42.6/57.4 41.1/58.9 0.98 (0.86–1.11) .71
CC/(CG+GG) 5/95 6.4/93.6 1.02 (0.98–1.05) .41

rs13285989 A/G 81.1/18.9 81.7/18.3 0.96 (0.74–1.25) .77
AA/AG/GG 66.3/29.5/4.2 68.3/26.8/4.9 — .66
(AA+AG)/GG 95.8/4.2 95.1/4.9 0.84 (0.43–1.64) .62
AA/(AG+GG) 66.3/33.7 68.3/31.7 1.06 (0.86–1.31) .57

rs10967728 G/C 29.2/70.8 28.4/71.6 1.04 (0.83–1.31) .73
GG/GC/CC 8.8/40.8/50.4 7.8/41.1/51.1 — .89
(GG+GC)/CC 49.6/50.4 48.9/51.1 0.99 (0.85–1.14) .86
GG/(GC+CC) 8.8/91.2 7.8/92.2 0.99 (0.99–1.03) .64

Homozygous wild-type patients served as the reference group. CI= confidence interval, GGEs=genetic generalized epilepsies, OR= odds ratio.
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drug-resistant patients) and assessed the 8 SNPs of KCNA1,
KCNA2, and KCNV1. Before a Bonferroni correction for
multiple comparisons, there were tendencies suggesting that
rs7029012 and rs10967705 of KCNV2might be associated with
the susceptibility of JME; rs10967705 of KCNV2 might be
associated with the risk of CAE; and KCNV2 rs10967728 might
be associated with the risk of EGTCS. In addition, KCNV2
Table 4

Significant differences on the distributions of potassium channel rel
controls.

Subtypes/SNPs Patients

JME/rs7029012 C 69 (0.274)
G 183 (0.726)
GG 65 (0.516)

CG+CC 61 (0.484) CG+
JME/rs10967705 C 76 (0.297)

G 180 (0.703)
GG 62 (0.484)

CG+CC 66 (0.516) CG+
EGTCS/rs10967728 G 58 (0.349)

C 108 (0.651)
GG 14 (0.169)

GC+CC 69 (0.831) GC+
CAE/rs10967705 C 61 (0.175)

G 287 (0.825)
CC 4 (0.023)

CG+GG 180 (0.977) CG+

Homozygous wild-type patients served as the reference group. CAE= childhood absence epilepsy, CI= co
epilepsy, OR= odds ratio.
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rs10967728 and a haplotype CCAGmight be associated with the
GGEs drug resistance. However, after a Bonferroni correction for
multiple comparisons, no variants of KCNA1, KCNA2, and
KCNV1 are found statistically significantly related to the risk and
the drug resistance of GGEs.
KCNV2 encodes the K+ channel Kv8.2, which is electrophysi-

ologically silent when assembled in homotetramer and KCNV2
ated genes tagSNPs in the GGE subtype patients and the healthy

Controls P OR (95% CI)

C 121 (0.215)
G 443 (0.785) .064 1.38 (0.98–1.64)

GG 175 (0.621)
CC 107 (0.379) .047 1.57 (1.004–2.35)
C 134 (0.238)
G 430 (0.762) .072 1.35 (0.97–1.89)

GG 166 (0.589)
CC 116 (0.411) .049 1.523 (1.001–2.32)
G 160 (0.284)
C 404 (0.716) .104 1.36 (0.94–1.96)
GG 22 (0.078)
CC 260 (0.922) .015 0.90 (0.81–0.99)
C 134 (0.238)
G 430 (0.762) .026 1.08 (1.02–1.19)
CC 18 (0.064)

GG 264 (0.936) .036 1.05 (1.01–1.10)

nfidence interval, EGTCS= epilepsy with generalized tonic-clonic seizures, JME= juvenile myoclonic



Table 5

Frequencies of the haplotypes of KCNA1 and KCNV2 genes in the GGEs and the healthy controls.

Gene Haplotypes GGEs (%) (n=483) Controls (%) (n=279) Odds ratio (95% CI) P

KCNA1 CGT 0.085 0.072 1.209 (0.815–1.794) .35
CGC 0.581 0.584 0.995 (0.804–1.231) .96
GGT 0.329 0.342 0.945 (0.757–1.180) .62

KCNV2 CCAG 0.195 0.182 1.077 (0.823–1.410) .59
GGAG 0.082 0.091 0.890 (0.615–1.289) .54
GGAC 0.506 0.502 0.993 (0.801–1.231) .95
GGGC 0.166 0.165 0.997 (0.752–1.323) .98

The polymorphisms are listed in the same order presented in Table 2. All polymorphisms with frequencies <0.03 were ignored in this analysis.
CI= confidence interval, OR=odds ratio.
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modulates the properties of Kv2 and Kv3 channels to influence
membrane translocation and channel properties.[1,21] Kv8.2
localizes with Kv2.1 as a contributor to the delayed rectifier
potassium current in hippocampal pyramidal neurons, which is
of particular importance for seizure generation.[30] Moreover, a
study identified unique nonsynonymous variants R7K and
M285R of KCNV2 in 2 unrelated children with epilepsy.[21]

Clinical severity differs between these 2 variants ofKCNV2, from
relatively benign febrile and afebrile seizures in the R7K variant
to severe drug-resistant epileptic encephalopathy in the M285R
variant. Functional study found that the 2 variants could enhance
Kv8.2-mediated suppression of Kv2.1 currents.[21]

Previously, no other variants of KCNV2 were found to be
associated with the risk of epilepsy except the R7K and M285R
loci. In our study, we found that KCNV2 rs7029012 was
Table 6

Allelic and genotypic tagSNPs frequencies of potassium channel relat

Genes SNPs Models Drug-resistant (N=204) (

KCNA1 rs2227910 C/G 66.3/33.7
CC/CG/GG 44.6/43.5/11.9
(CG+CC) /GG 88.1/11.9
CC/(GG+CG) 44.6/55.4

rs112561866 A/G 100/0
rs7974459 C/T 42.1/57.9

CC/CT/TT 18.3/47.5/34.2
(CC+CT)/TT 65.8/34.2
CC/(CT+TT) 18.3/81.7

KCNA2 rS3887820 G/T 64.5/35.5
GG/GT/TT 41.9/45.3/12.8
(GG+GT)/TT 87.2/12.8
GG/(GT+TT) 41.9/58.1

KCNV2 rs7029012 C/G 19.5/80.5
CC/CG/GG 4/31/65
(CC+CG)/GG 35/65
CC/(CG+GG) 4/96

rs10967705 C/G 21.3/78.7
CC/CG/GG 4.9/32.8/62.3
(CC+CG)/GG 37.7/62.3
CC/(CG+GG) 4.9/95.1

rs13285989 A/G 80/20
AA/AG/GG 64.5/31/4.5
(AA+AG)/GG 95.5/4.5
AA/(AG+GG) 64.5/35.5

rs10967728 G/C 26/74
GG/GC/CC 7.9/36.1/55.9
(GG+GC)/CC 44.1/55.9
GG/(GC+CC) 7.9/92.1

Homozygous wild-type patients served as the reference group.
CI= confidence interval, OR=odds ratio.
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associated with JME before a Bonferroni correction. Rs7029012
is a 5’ UTR variant (c. -42C>G) within an exon, but not a
translated 5’ end of the gene. As a promoter region variant, it may
influence the binding of acting element in inducing the expression
changes of KCNV2. Further studies on whether the variant affect
KCNV2 are warranted. Rs10967705 was found to be associated
with the risk of JME and CAE, as a synonymous variant (p.
Gly61Gly), before a Bonferroni correction was made. Synony-
mous variants do not produce altered coding sequences. Hence,
they are not expected to change the function of the protein if they
mutate. However, studies found that the synonymous variants
could change the function of their products protein.[31,32] The
mechanisms were alteration in mRNA stability and induction of
translational pausing to modify the protein abundance, structure,
and activity. Synonymous variant rs10967705 does not change
ed genes in the drug-responsive and drug-resistant GGE patients.

%) Drug-responsive (N=279) (%) OR (95% CI) P

66.7/33.3 0.98 (0.75–1.29) .90
45.2/43.0/11.8 — .61
88.2/11.8 1.01 (0.61–1.66) .97
45.2/54.8 1.01 (0.86–1.19) .98

100/0 — —

41.1/58.9 1.04 (0.80–1.35) .76
17.5/47.3/35.3 — .96
64.7/35.3 0.97 (0.76–1.24) .80
17.5/82.5 0.99 (0.91–1.08) .81
63.2/36.8 1.06 (0.81–1.38) .67
39.7/46.9/13.4 — .89
86.6/13.4 0.96 (0.60–1.53) .86
39.7/60.3 0.96 (0.83–1.12) .63
24.1/75.9 0.76 (0.56–1.04) .09
4.3/39.5/56.2 — .14
43.8/56.2 1.16 (1–1.34) .05
4.3/95.7 1.0 (0.97–1.04) .83
25.5/74.5 0.79 (0.58–1.07) .13

5/41/54 — .17
46/54 1.15 (0.99–1.34) .07
5/95 1.0 (0.96–1.04) .95

81.8/18.2 0.89 (0.64–1.23) .49
67.6/28.4/4 — .78

96/4 1.12 (0.47–2.65) .80
67.6/32.4 1.1 (0.85–1.41) .48
31.5/68.5 0.76 (0.57–1.01) .06
9.4/44.2/46.4 — .12
53.6/46.4 1.21 (1.01–1.44) .039
9.4/90.6 1.02 (0.96–1.08) .57

http://www.md-journal.com


Table 7

Frequencies of the haplotypes of KCNA1 and KCNV2 genes in in the drug-responsive and drug-resistant GGE patients.

Gene Haplotypes Drug-resistant (n=204) Drug-responsive (n=279) Odds ratio (95% CI) P

KCNA1 CGT 0.087 0.084 1.041 (0.657–1.651) .86
CGC 0.577 0.585 0.961 (0.739–1.249) .76
GGT 0.333 0.325 1.030 (0.783–1.356) .83

KCNV2 CCAG 0.161 0.219 0.691 (0.494–0.967) .03
GGAG 0.094 0.075 1.296 (0.817–2.057) .27
GGAC 0.504 0.509 1.007 (0.773–1.311) .96
GGGC 0.185 0.152 1.281 (0.908–1.808) .16

The polymorphisms are listed in the same order presented in Table 2. All polymorphisms with frequencies <0.03 were ignored in this analysis.
CI= confidence interval, OR=odds ratio.

Qu et al. Medicine (2017) 96:26 Medicine
the amino acid ofKCNV2. We hypothesized that it may influence
the function of K+ channel Kv8.2 via these mechanisms.
Moreover, Rs10967705 was a strong LD with rs7029012 and
these 2 variants may jointly influence the function of Kv8.2.
Rs10967728 was associated with the risk of EGTCS and drug
resistance, as an intron variant. This variant may have the
possibility of LD with functional SNPs.
KCNA1 and KCNA2 encode 2 Kv1 subfamilies called Kv1.1

and Kv1.2 subunits, which play essential roles in the initiation
and shaping of action potentials in synaptic terminals, axons,
soma, and proximal dendrites.[1] Several heterozygous point
mutations of KCNA1 were reported with generalized or partial
seizures in episodic ataxia type 1, which is a neurological disease
characterized by generalized ataxia attacks and spontaneous
muscle quivering.[12,14,15,33]KCNA2 was reported as having the
risk of mild to severe epileptic encephalopathy and myoclonic
epilepsy.[19,20] In our study, we have not observed rs2227910,
rs112561866, and rs7974459 of KCNA1 and rs3887820 of
KCNA2 loci associated with the risk of GGEs and their
subgroups.
Antiepileptic drug resistance is an important and complex

problem. Although multiple drugs were used for the treatment,
the conditions of some of the patients were not under good
control. AEDs target multiple but not specific ion channels to play
the pharmacological action, which creates complex electrophys-
iological situations in brain neurons. Previous research found
that SCN1A gene polymorphism IVS5–91 rs3812718 G>A and
SCN2A IVS7-32A>G rs2304016 might be associated with the
drug-resistant epilepsy,[23,24,34] which implies that the variants of
the target genes of AEDs may influence the drug efficacy, as the
potential drug target and the important electrophysiological roles
in brain, KCNA1, KCNA2, and KCNV2 may influence the
pharmacoresistance of AEDs. In our study, we also carried out
the pharmacogenetic study to investigate the association between
variants of KCNA1, KCNA2, and KCNV2 and GGEs drug
resistance. We found that rs10967728 and a haplotype CCAG of
KCNV2 might be related with GGEs drug resistance before a
Bonferroni correction for multiple comparisons. But after a
Bonferroni correction, the significant association has disap-
peared. Herein, further large-scale studies of whether and how
the variant and haplotype affect the function of Kv8.2 are needed.
Some limitations exist in our study. First, the SNPs and genes

selected for analysis in our study were limited and the sample size
was relatively small. Second, the evaluation of AEDs’ efficacy and
the definition of subgroups of GGEs were not as accurate as we
had expected. All these limitations need further improvements in
future research.
In conclusion, we have conducted a pharmacogenetic and

case–control study to evaluate the role of the variants ofKCNA1,
6

KCNA2, and KCNV2 in the susceptibility and drug resistance of
GGEs. Our results have revealed no significant association
between 8 variants of KCNA1, KCNA2, and KCNV2 genes and
risk or drug resistance of GGEs after a Bonferroni correction for
multiple comparisons. Further larger sample clinical studies
would be warranted to confirm our negative results.
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