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Background and Purpose: Epilepsy is a common chronic neurological disorder. About one
third of epilepsy patients will suffer from drug resistance after rational selection of antiepileptic
drug treatment. The formation of drug-resistant epilepsy has quite a few causes of which genetic
factors are considered to be the most important. Previous studies have suggested that the aquaporin
4(AQP4) and inward rectifier potassium ion channel Kir4.1 (encoded by gene KCNJ10) may act in
concert to adjust water homeostasis and concentration of potassium ions in extracellular spaces of
the central nervous system. Therefore, these two molecules would play a major role in the
regulation of the excitability of neurons. In order to explore the potential mechanism of genetic
factors related to AQP4 and Kir4.1, we conducted a study to analyze the effects of the AQP4 and
KCNJ10 genes' single nucleotide polymorphisms (SNPs) on epileptic drug resistance and seizure
susceptibility in a group of Chinese Han patients with focal epilepsy.

Materials and Methods: In total, 510 patients with focal-onset seizures and 206 healthy
controls were recruited. Among the patients, 222 were drug resistant and 288 were responsive.
The selection of tag SNPs was based on the Hapmap database and Haploview software.
Genotyping of three loci of the AQP4 gene (rs1058424, rs3763043 and rs35931) and nine loci
of the KCNJ10 gene (rs12122979, rs1186685, rs6690889, 152486253, rs1186675, rs12402969,
1rs12729701, rs1890532 and rs3795339) was conducted on the Sequenom MassARRAY iPLEX
platform.

Results: The distribution of genotype and allele frequencies of selected SNP loci of AQP4
and KCNJ10 genes showed no significant difference between the drug-resistant and drug-
responsive groups (p>0.05), and no significant difference between all the idiopathic focal
epilepsy patients and healthy controls either.

Conclusion: AQP4 and KCNIJ10 genetic polymorphisms may not be associated with drug
resistance or seizure susceptibility of focal epilepsy in the Chinese Han population.
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Introduction

Epilepsy is one of the common chronic disorders of the nervous system, with an
increasing prevalence in the global population. Although there are multiple anti-
epileptic drugs (AEDs) of different mechanisms available for clinicians, one third
of the patients with epilepsy cannot be controlled effectively and would suffer from
drug resistance after a sufficient amount and reasonable use of AEDs.” The
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formation of drug-resistant epilepsy has quite a few causes
of which the genetic factor is considered to be significant.’
Since the single nucleotide polymorphism (SNP) of
ABCBI gene C3435T (rs1045642) was first confirmed to
be associated with epileptic drug resistance in a Caucasian
population, several other SNP loci such as rs717620 of the
ABCC2 gene, and rs2706110 of the NFE2L2 gene were
also found to be correlated with epileptic drug resistance
in researches of different ethnic groups.*® These pharma-
cogenomic results identified novel polymorphism loci that
increase the vulnerability to drug resistance of epilepsy,
which provides a new idea for the future clinical therapeu-
tic target.

Aquaporin 4(AQP4) is widely found in the central ner-
vous system (CNS), especially in astrocytes, which is of
great significance to the water regulation balance in the
microenvironment of the CNS. Neuronal excitability is clo-
sely related to extracellular space (ECS) volume and potas-
sium ion concentration in the ECS. Dysfunction of AQP4 can
lead to a reduction of ECS volume and therefore an increase
of extracellular potassium ion concentration, resulting in
increased neuronal excitability and abnormal highly synchro-
nized electrophysiological activities in epileptic foci.
Meanwhile, AQP4 may be involved in glial cell scar forma-
tion in CNS after the occurrence of epilepsy, which may play
a critical role in the occurrence of epilepsy and the formation
of drug resistance.” In addition, the inward rectifying potas-
sium channel Kir4.1, which is encoded by gene KCNJ10 and
mostly expressed in the end-feet of astrocytes, is believed to
act in concert with AQP4 to regulate water homeostasis and
concentration of potassium ions in the ECS of the CNS. The
main function of Kir4.1 is to carry potassium ions into cells
accompanied by water entry through AQP4, which could
reduce the excitability of neurons.'®!'" In epilepsy, water
homeostasis and ion concentration regulation imbalance of
ECS may also lead to reduced sensitivity to AEDs and
generate drug resistance. AQP4 was found to be significantly
increased in protein levels in surgical resection from patients
with refractory temporal lobe epilepsy (TLE), suggesting that
AQP4 may be associated with epileptic drug resistance.'
Meanwhile, Kir4.1 expression was obviously reduced in
astrocytes in hippocampi from patients with drug-resistan
ce.”® These findings above reveal that AQP4 and Kir4.1
may be crucial determinants of epileptic drug resistance
and seizure susceptibility.

So far, there has been no report regarding the exact
correlation between drug-resistant epilepsy and SNPs of
these two genes. Previous genetic polymorphism studies

chiefly focused on validating its increasing susceptibility to
seizures. Seven SNP loci of the KCNJ10 gene, including
151053074, 1512729701, rs1186685, 154656873, rs946429,
rs2820585 and rs6656873, were found to be correlated with
temporal lobe epilepsy with febrile seizure (TLE-FS) in
Norwegian patients, suggesting that KCNJ10 had an essen-
tial influence on epilepsy susceptibility. Moreover, five SNP
loci of the AQP4 gene (ss119336753, ss119336756,
rs151244, ss119336763 and rs9951307) were found to be
coupled to TLE-FS in the same population, indicating that
AQP4 and KCNJ10 have potentially an obligatory correla-
tion with TLE-FS.'* However, this study did not discuss the
association between SNPs of these two genes and epileptic
drug resistance. A better understanding of the influence on
epilepsy of these two genes may develop much needed new
therapeutic strategies for epilepsy individuals. Therefore, in
our present study, we aimed to make a further investigation to
find out whether AQP4 and KCNJ10 gene polymorphisms
might be risk factors for drug resistance or seizure attacks of
focal epilepsy.

Materials and Methods
Participants Recruitment and

Classification

In total, 510 patients with focal-onset seizures and 206 healthy
controls without neurological disorders were recruited. The
participants of our study were uncorrelated Chinese Hans
randomly collected from the Neurology Clinic, Xiangya
Hospital, Central South University, Changsha, People's
Republic of China. Upon the approval of the Ethics
Committee, all participants had signed an informed consent.
On the basis of the operational classification of seizure types
by the International League Against Epilepsy (ILAE) in
2017," the 510 patients were diagnosed and classified. The
types of seizures and AED applications of each focal epilepsy
patient were evaluated and checked by well-trained neurolo-
gists in our department. Patients with a history of drug abuse
or alcoholism, severe systemic illness, poor drug compliance
and uncertain seizure history were excluded. The drug resis-
tance was accepted as incapable of complete seizure freedom
after at least two appropriately used AEDs with adequate
dosage and duration, meanwhile, drug responsiveness was
accepted as complete seizure freedom for more than 12
months or three times the longest interseizure interval prior
to treatment.'® After screening, in all participants recruited,
222 patients and the other 288 were classified into the drug
resistant and responsive groups respectively.
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Selection of SNP Loci and Genotyping
The detailed information of SNP loci of the AQP4 and
KCNIJ10 genes in the Chinese Han population was acquired
from the database of the International HapMap Project
(HapMap Data Rel 24/Phase II Nov08, on NCBI B36 assem-
bly, dbSNP b126). The selection criteria for tag SNP include
minor allele frequency more than the value of 0.05 and an 2
threshold of 0.80. By doing so, SNP loci rs1058424,
1s3763043, rs35931 of AQP4 and SNP loci rs12122979,
rs1186685, rs6690889, 152486253, rs1186675, rs12402969,
rs12729701, rs1890532, rs3795339 of KCNJ10 were selected
respectively. Peripheral whole blood samples (5 mL) from
each participant were acquired with EDTA through venipunc-
ture. We used QIAamp DNA Blood Mini Kit (QIAGEN,
Germany) to extract genomic DNA from peripheral blood
samples. Following the commendatory protocols with mea-
surement of charge-to-mass ratio, the matrix-assisted laser
desorption ionization-time of flight (MALDI-TOF) was
used for genotyping on the Sequenom MassARRAY iPLEX
(Sequenom, USA) platform. TYPER 4.0 software was then
applied to output the genotyping results.

Statistical Analysis

The statistical analysis was carried out by using SPSS soft-
ware (version 21.0). We used the binary logistic regression to
analyze the difference of genotype distribution and frequency
of seizures among groups. Independent samples #-test was
used to evaluate the differences of duration time, number of

Table | Clinical Features of Enrolled Focal Epilepsy Patients

AEDs, age of life and onset between drug-resistant and
responsive groups. Allele distribution, sex distribution and
the Hardy-Weinberg equilibrium were assessed by the
Pearson chi-square test. A p-value less than 0.05 was accepted
to be statistically significant. Accompanied by the 95% con-
fidence intervals (CI), the strengths of the associations were
described as odds ratios (OR). Bonferroni’s method for cor-
rection of multiple testing was used in our study.'’

Results

The clinical features of all participants are summarized in
Table 1. In general, compared to the patients in the respon-
sive group, the drug-resistant patients had more frequent
seizures, earlier onset age, longer duration of illness and
had taken more AEDs. While there was no significant
difference in age and sex between the two groups. The
call rate of genotyping, including AQP4 and KCNIJ10
genes, were over 98% for each tag SNPs (Figure 1A-C,
Figure 2A-1). Genotypes or allele frequencies of the three
tag SNPs of AQP4 or nine of KCNJ10 have no signifi-
cance between the drug-responsive and resistant groups
(Tables 2 and 3). Among all the recruited focal epilepsy
patients, 393 idiopathic ones were further stratified to
compare with the healthy controls for genetic predisposi-
tion analysis. However, no clear correlation was found
between SNPs and epileptic seizure susceptibility with
regards to AQP4 and KCNJ10 (Tables 4 and 5). The
distributions of genotypes for all selected SNP loci both

Parameters Total AED Resistant AED Responsive p Healthy
Patients N=222 N=288 Controls
Age of life (years) 26.64+ 1191 | 27.42 4+ 10.63 26.03 + 12.79 0.193 42.87 + 12.31
Sex Male 334 (65.5%) 150 (67.6%) 184 (63.9%) 0.386 116 (56.3%)
Female 176 (34.5%) 72 (32.4%) 104 (36.1%) 90 (43.7%)
Age of onset (years) 17.11 £ 11.41 | 1556 £9.77 18.30 £ 12.42 0.007 -
Duration time (years) 9.44+8.17 11.74 £8.20 7.67 +£7.71 <0.001 | -
Number of AEDs 1.90 £+ 0.98 2.40 + 0.94 1.52+0.82 <0.001 | —
Frequency of seizure before <once half a year | 34 (6.7%) 8 (3.6%) 26 (9.0%) 0.003 -
therapy <once a month 166 (32.5%) 49 (22.0%) 117 (40.6%) <0.001 | —
Zonce a month 251 (49.2%) 132 (59.4%) 119 (41.3%) 0.643 -
Daily 59 (11.6%) 33 (14.9%) 26 (9.0%) - -
Seizure types FOA 40 (7.8%) 14 (6.3%) 26 (9.0%) - -
FOIA 163 (32.0%) 88 (39.6%) 75 (26.0%) - -
FO to BTC 307 (60.2%) 120 (54.0%) 187 (65.0%) - -
Abbreviations: FOA/FOIA, focal onset aware/impaired awareness; BTC, bilateral tonic-clonic.
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Figure | Polar plot of genotyping results of AQP4 gene rs1058424 (A), rs3763043 (B) and rs335931 (C) for all participants by MALDI TOF. The call rate of genotyping was

over 98% for each tag SNPs.

in the patients and healthy controls are in alignment with
the Hardy-Weinberg equilibrium.

Discussion

This study is so far the first to explore the correlation
between AQP4 and KCNJ10 gene polymorphisms and
focal epilepsy drug resistance. As for clinical features,
the most significant parameters associated with drug resis-
tance of epilepsy patients include number of AEDs, age of
onset, frequency of seizures before therapy and illness
duration time, which would be considered as predictive
factors of drug-resistant epileptogenesis probably. The

genotypes of drug-resistant and drug-responsive patients,
as well as healthy controls were all in alignment with the
that
a representative population sample was used. The allele

Hardy-Weinberg equilibrium, manifesting
and genotype frequencies were basically consistent with
the Hapmap database. We tried to find the exact relation-
ship between SNPs of these two genes and drug-resistant
of focal epilepsy. It is helpful to increase our knowledge
about how AQP4 and KCNJ10 genes affect drug resis-
tance in focal epilepsy. Meanwhile, we took one step
further to test the effects of selected SNPs on seizure

susceptibility. However, according to our results, there is
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Figure 2 Polar plot of genotyping results of KCNJ 10 gene rs12122979 (A), rs| 186685 (B), rs6690889 (C), rs2486253 (D), rs| 186675 (E), rs12402969 (F), rs12729701 (G),
rs1890532 (H) and rs3795339 (1) for all participants by MALDI TOF. The call rate of genotyping was over 98% for each tag SNPs.

no association between AQP4 and KCNJ10 gene poly-
morphisms and seizure susceptibility or drug resistance
in the participants we recruited.

AQP4 is mainly expressed in the end-feet around the
blood vessels of astrocytes and the processes around the
synapses of the neural fiber network, which is very
beneficial to the bidirectional transport of water mole-
cules in ECS and blood, affecting the volume and
osmotic pressure of ECS. Thus, AQP4 plays a very
significant role in regulating the water and example
homeostasis in the extracellular microenvironment of

9

neurons.. The migration and self-healing rate of

astrocytes were also significantly reduced after inhibit-
ing AQP4 RNA, suggesting that AQP4 may be involved
in the activation and migration of astrocytes and the
formation of glial scars.'® The scars can result in abnor-
mal neural circuits, leading to increased excitability of
neural networks and a blocking effect on AEDs, which
is one of the possible causes of drug resistance in
epilepsy.'®?® We heretofore were capable of finding
some previous studies on AQP4 gene polymorphisms
and formation of epilepsy. The former reports have
presented that AQP4 expression is altered in several
epilepsy models.”’ Some studies suggest perivascular
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Table 2 Genotype and Allele Frequency of AQP4 Between Drug Resistant and Responsive Patients

SNP Locus Genotype and Allele AED Resistant N=222 AED Responsive N=288 OR (95% CI) p

rs1058424 TT 67 (30.92%) 107 (38.1%) Reference -
TA 110 (50.7%) 124 (44.1%) 1.413 (0.947-2.109) 0.090
AA 40 (18.4%) 50 (17.8%) 1.245 (0.741-2.091) 0.408
T 244 (56.2%) 338 (60.1%) 1.175 (0.911-1.515) 0.213
A 190 (43.8%) 224 (39.9%)

rs3763043 GG 72 (33.3%) 114 (40.6%) Reference -
GA 105 (48.6%) 118 (42.0%) 1.394 (0.938-2.072) 0.101
AA 39 (18.1%) 49 (17.4%) 1.222 (0.729-2.049) 0.446
G 249 (57.6%) 346 (61.6%) 1.177 (0.912-1.520) 0.211
A 183 (42.4%) 216 (38.4%)

rs335931 AA 73 (33.5%) 86 (30.7%) Reference -
CG 112 (51.5%) 140 (50.0%) 0.960 (0.643—1.433) 0.841
GG 33 (15.1%) 54 (19.3%) 0.718 (0.421-1.227) 0.226
A 258 (59.2%) 312 (55.7%) 1.152 (0.894—1.484) 0.273
G 178 (40.8%) 248 (44.3%)

Notes: After multiple testing correction by using Bonferroni’s method, p<0.017 is accepted to be significant.

upregulation of AQP4 whereas others revealed

downregulation.”” In intrahippocampal kainic acid
model of TLE, expression of AQP4 protein was acutely
downregulated at 1 day post status epilepticus and was
followed by a return to baseline levels gradually at the
30 days of post status epilepticus, which suggested
AQP4 may express differently on early or later duration
in epileptogenesis.”> The mean duration of patients we
recruited are 11.71 and 7.67 years in the drug-resistant
and drug-responsive groups respectively. Most of our
patients were in the chronic period of epilepsy.
According to the research findings on animal models,
the expression of AQP4 protein would return to the
baseline level at this period, speculating that equal quan-
tities of AQP4 may be found in chronic epilepsy
patients and healthy controls, which may be an explana-
tion for our results.

Kir4.1 and AQP4 are involved tightly with the reg-
ulation of water, potassium redistribution and volume of
ECS in the CNS,** and play an important role in reg-
ulating the excitability of neurons. In the CA1 region of
the hippocampus of mice knocked out by the AQP4
gene, potassium clearance was delayed, indicating that
AQP4 and Kird.1 not only co-expressed in the same
region, but were also closely related in function.”” By
using conditional knockout mice, KCNJ10 gene deletion
can affect the excitatory transmitter of astrocytes to

release glutamate and regulate the excitability of the

neural network in the hippocampus.”® It is therefore
likely that astrocytic Kir4.1 genes potentially affect
drug resistance in epilepsy.”’ Evidence that gene poly-
morphisms of KCNJ10 may be closely involved with
the onset and development of epileptogenesis is accu-
mulated. In previous studies, for the locus rs1130183,
T allele of KCNJ10 was significantly higher in healthy
people than in idiopathic generalized epilepsy patients in
a German population.”® Meanwhile, in a pediatric epi-
lepsy patients group in Japan, the GT genotype of
KCNJ10 gene rs2486253 polymorphism also signifi-
cantly increased the risk for development of idiopathic
generalized epilepsy of children.”’ Among a Chinese
Han that
rs1130183 are all CC genotypes, with extremely low

population, Hapmap database shows
frequency of T allele, which is not suitable for our
SNPs study. Previously, rs6690889 TC and TT geno-
types were found to have lower frequencies in genetic
generalized epilepsy patients than in healthy controls
recruited from southern China by the research of Guo
et al. Hence, they speculated that potential SNP loci of
KCNJ10 may contribute to seizure susceptibility and
antiepileptic drug resistance.>* Compared to the former
study, our design is different in two ways. Firstly, dif-
ferent types of epilepsy were chosen in our study, which
probably have differences in their underlying etiopatho-
genesis. Secondly, a drug-responsive group was not set

in Guo et al’s research. Therefore, in the former study, it
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Table 3 Genotype and Allele Frequency of KCNJ10 Between Drug Resistant and Responsive Patients
SNP Locus Genotype and Allele AED Resistant N=222 AED Responsive N=288 OR (95% CI) P
rs12122979 GG 105 (47.9%) 148 (52.5%) Reference -
GA 90 (41.4%) 95 (33.7%) 1.334 (0.910-1.957) 0.140
AA 24 (11.0%) 39 (13.8%) 0.832 (0.470-1.473) 0.528
G 300 (68.5%) 391 (69.3%) 1.039 (0.794-1.361) 0.777
A 138 (31.5%) 173 (30.7%)
rs| 186685 TT 126 (57.5%) 176 61.5%) Reference -
TC 77 (35.2%) 88 (30.8%) 1.125 (0.828-1.782) 0.320
cC 16 (7.3%) 22 (7.7%) 0.975 (0.480-1.908) 0.900
T 329 (75.1%) 440 (76.9%) 1.104 (0.825-1.478) 0.504
Cc 109 (24.9%) 132 (23.1%)
rs6690889 TT 110 (50.2%) 162 (57.7%) Reference -
TC 90 (41.1%) 92 (32.7%) 1.428 (0.977-2.087) 0.066
CcC 19 (8.7%) 27 (9.6%) 0.981 (0.515-1.868) 0.954
T 310 (70.8%) 416 (74.0%) 1.176 (0.899-1.555) 0.254
C 128 (29.2%) 146 (26.0%)
rs2486253 GG 213 96.8%) 272 (95.8%) Reference -
GT 7 (3.2%) 12 (4.2%) 0.823 (0567-1.195) 0.305
GG 0 (0.0%) 0 (0.0%) - -
G 433 (98.4%) 556 (97.9%) 1.335 (0.521-3.420) 0.545
T 7 (1.6%) 12 (2.1%)
rs| 186675 CcC 197 (89.1%) 258 (90.5%) Reference -
CcT 23 (10.4%) 24 (9.1%) 1.150 (0635-2.083) 0.645
TT I (0.5%) 1 (0.4%) 1.280 (0.079-20.676) 0.862
C 417 (94.3%) 542 (95.1) 0.861 (0.495—-1.500) 0.276
T 25 (5.7%) 28 (4.9%)
rs12402969 TT 194 (88.2%) 242 (85.5%) Reference -
TC 24 (10.9%) 38 (13.4%) 0.796 (0.460—1.475) 0413
CcC 2 (0.9%) 3 (1.1%) 0.835 (0.137-5.077) 0.844
T 412 (93.6%) 522 (92.2%) 0.806 (0.493—-1.318) 0.389
Cc 28 (6.4%) 44 (7.8%)
rs12729701 AA 127 (58.0%) 163 (57.6) Reference -
AG 80 (36.5%) 106(37.5%) 0.949(0.653-1.378) 0.782
GG 12 (5.5%) 14 (4.9%) I.151 (0.513-2.584) 0.734
A 334 (76.3%) 432 (76.3%) 0.996 (0.743—1.336) 0.980
G 104 (23.7%) 134 (23.7%)
rs1890532 CcC 137 (62.3%) 182 (64.5%) Reference -
CG 65 (29.3%) 86 (30.5%) 1.007 (0.860-1.419) 0.972
GG 18 (8.2%) 14 (5.0%) 1.706 (0.819-3.555) 0.154
C 339 (77.0%) 450 (79.8%) 0.850 (0.628-1.150) 0.293
G 101 (23.0%) 114 (20.2%)
rs3795339 GG 217 (98.6%) 274 (96.5%) Reference -
GA 3 (1.4%) 10 (3.5%) 0.388 (0.105—-1.433) 0.155
AA 0 (0.0%) 0 (0.0%) - -
G 437 (99.3%) 558 (98.2%) 2,611 (0.714-9.543) 0.132
A 3 (0.7%) 10 (1.8%)
Notes: After multiple testing correction by using Bonferroni’s method, p<0.006 is accepted to be significant.
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Table 4 Genotype and Allele Frequency of AQP4 Between All Idiopathic Focal Epilepsy Patients and Healthy Controls

SNP Loci Genotype and Allele Patients N=393 Healthy Controls N=206 OR (95% CI) p

rs1058424 TT 135 (35.0%) 82 (40%) Reference -
TA 185 (47.9%) 88 (42.9%) 1.362 (0.869-2.135) 0.178
AA 66 (17.1%) 35 (17.1%) 1.224 (0.680-2.204) 0.500
T 455 (58.9%) 252 (61.5%) 0.900 (0.704-1.150) 0.399
A 317 (41.4%) 158 (38.5%)

rs3763043 GG 143 (37.1%) 83 (40.5%) Reference -
GA 178 (46.2%) 87 (42.4%) 1.338 (0.855-2.093) 0.203
AA 64 (16.6%) 35 (17.1%) 1.188 (0.660-2.139) 0.565
G 464 (60.2%) 253 (61.7%) 0.941 (0.736-1.203) 0.628
A 306 (39.8%) 157 (38.3%)

rs335931 AA 122 (31.8%) 68 (33.2%) Reference -
CG 196 (51.0%) 102 (49.8%) 0.992 (0.627-1.569) 0.972
GG 66 (17.2%) 35 (17.1%) 1.110 (0.606—2.033) 0.735
A 440 (57.3%) 238 (58.0%) 0.969 (0.761-1.236) 0.802
G 328 (42.7%) 172 (42.0%)

Notes: After multiple testing correction by using Bonferroni’s method, p<0.017 is accepted to be significant.

is a limitation to expound whether SNPs of KCNJ10
affect epileptic drug resistance or not.

As a result of few relevant studies and the complicated
function of AQP4 and Kir4.1, the explicit evidence that these
two molecules are involved with antiepileptic drug resistance
is still lacking. Considering the results of absence of correla-
tion between AQP4 and KCNJ10 genetic polymorphisms
and epileptic drug resistance on the population level, it is
possible that these two genes may not be directly involved in
drug-resistant epileptogenesis of focal epilepsy. The altered
expression of AQP4 and Kir4.1 in epilepsy patients and
animal models may be the result of frequent seizures attacks,
rather than one of the causes of drug resistance to epilepsy.
Various AEDs primarily act on neural components, such as
voltage-gated sodium ion channels (eg, phenytoin and lamo-
trigine), GABA 4 receptors (eg, phenobarbital and diazepam)
and voltage-gated calcium ion channel (gabapentin), not glial
cell directly.?® This may be another reason that SNPs of these
two genes do not contribute to AEDs resistance. Regarding
focal epilepsy, our study is the first to analyze the effects of
AQP4 and KCNJ10 gene SNPs on seizure susceptibility in
the Chinese Han population. The frequency of rs1890532 CT
genotype of KCNJ10 in healthy controls was higher than that
in focal epilepsy patients (OR = 0.636, 95% CI (0.409 0.989),
p = 0.045), prompting heterozygous CT genotype groups to
have a lower risk for focal epilepsy. Regretfully, there is no
significant difference between these two groups after multi-
ple testing is corrected by Bonferroni method. The

rs1890532 of KCNJ10 gene is located in the intron region.
The locus may not play a direct role in encoding Kir4.1
protein, but it may be essential for accurate alternative spli-
cing as well as efficient translation of KCNJ10 mRNA.*' The
specific role of the locus rs1890532 may need to be further
explored in the future.

The limitation of this study is that the sample size is
relatively small, so it is impossible to evaluate the
effects of SNP loci with low allele frequency but
which play a crucial genetic role. Diverse regions and
ethnic groups also would lead to significant differences
in allele frequency distribution at the same SNP loci so
that our results are different from the previous studies.
Besides that, the mechanism of epileptogenesis for drug
resistance and the clinical classification of epilepsy are
very complicated. The diagnosis and treatment strategies
of different types of epilepsy are also different.
Therefore, it is necessary to repeat verification studies
on the correlation between SNPs of these two genes and
susceptibility or drug resistance of epilepsy in a larger
sample size, different regions and ethnic groups in the
future, so as to provide new ideas for clinical individua-
lized treatment of epilepsy.

Conclusion

AQP4 and KCNJ10 genetic polymorphisms may not be
associated with drug resistance or seizure susceptibility of
focal epilepsy in the Chinese Han population.
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Table 5 Genotype and Allele Frequency of KCNJ10 Between All Idiopathic Focal Epilepsy Patients and Healthy Controls
SNP Loci Genotype and Allele Patients N=393 Healthy Controls N=206 OR (95% CI) P
rs12122979 GG 187 (48.4%) 96 (46.8%) Reference -
GA 150 (38.9%) 84 (41.0%) 0.824 (0.543-1.272) 0.383
AA 49 (12.7%) 25 (12.2%) 1.018 (0.519-2.000) 0.958
G 524 (67.8%) 276 (67.3%) 1.026 (0.794-1.325) 0.845
A 248 (32.2%) 134 (32.7%)
rs| 186685 TT 224 (57.6%) 121 (58.7%) Reference -
TC 138 (35.5%) 70 (34.0%) 1.040 (0.674-1.602) 0.860
CcC 27 (6.9%) 15 (7.3%) 1.366 (0.562-3.075) 0.512
T 586 (75.3%) 312 (75.7%) 0.978 (0.741-1.292) 0.877
C 192 (24.7%) 100 (24.3%)
rs6690889 TT 202 (52.5%) 104 (50.7%) Reference -
TC 148 (38.4%) 87 (42.4%) 0.794 (0.519-1.126) 0.289
CcC 35 (9.1%) 14 (6.8%) 1.678 (0.718-3.924) 0.232
T 552 (71.7%) 295 (72.0%) 0.987 (0.756—1.289) 0.924
C 218 (28.3%) 115 (28.0%)
rs2486253 GG 371 (95.6%) 191 (93.2%) Reference -
GT 17 (4.4%) 14 (6.8%) 0.610 (0.255-1.459) 0.267
GG 0 (0.0%) 0 (0.0%) - -
G 759 (97.8%) 396 (96.6%) 1.578 (0.770-3.235) 0.209
T 17 (2.2%) 14 (3.4%)
rs| 186675 CcC 349 (89.7%) 187 (91.7%) Reference -
CcT 38 (9.8%) 17 (8.3%) 1.204 (0.584-2.841) 0.615
TT 2 (0.5%) 0 (0.0%) - -
Cc 736 (94.6%) 391 (95.8%) 0.762 (0.428-1.356) 0.354
T 42 (5.4%) 17 (4.2%)
rs12402969 TT 333 (85.8%) 169 (86.8%) Reference -
TC 51 (13.1%) 33 (16.2%) 0.615 (0.345-1.094) 0.098
CcC 4 (1.0%) 2 (1.0%) 0.399 (0.053-2.156) 0.252
T 717 (92.4%) 371 (90.9%) 1.212 (0.789-1.863) 0.380
C 59 (7.6%) 37 (9.1%)
rs12729701 AA 226 (58.4%) 117 (57.1%) Reference -
AG 144 (37.2%) 74 (36.1%) 1.120 (0.728-1.723) 0.607
GG 17 (4.4%) 14 (1.8%) 0.445 (0.187-1.063) 0.068
A 596 (77.0%) 308 (75.1%) 1.109 (0.838-1.467) 0.469
G 178 (23.0%) 102 (24.9%)
rs1890532 CC 248 (64.2%) 120 (58.5%) Reference -
CG 111 (28.8%) 70 (34.3%) 0.636 (0.409-0.989) 0.045
GG 27 (7.0%) 14 (6.9%) 1.243 (0.541-2.853) 0.608
C 607 (78.6%) 310 (76.0%) 1.163 (0.875-1.546) 0.299
G 165 (21.4%) 98 (34.0%)
rs3795339 GG 378 (97.4%) 200 (97.1%) Reference -
GA 10 (2.6%) 5 (2.4%) 0.626 (0.179-2.191) 0.463
AA 0 (0.0%) 0 0.0%) - -
G 766 (98.8%) 405 (98.3%) 0.946 (0.321-2.785) 0919
A 10 (1.2%) 5 (0.7%)
Notes: After multiple testing correction by using Bonferroni’s method, p<0.006 is accepted to be significant.
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