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Background: Previous studies have shown that SLC6A11 and GABRGZ are linked
to drug-resistant epilepsy (DRE), although there have been conflicting results in
the literature. In this study, we systematically assessed the relationship between
DRE and these two genes.

Methods: We systematically searched the PubMed, Embase, Cochrane Library,
Web of Science, Google Scholar, Wanfang Data, CNKI, and VIP databases. To
clarify whether heterogeneity existed between studies, tools such as the Q-test
and /? statistic were selected. According to study heterogeneity, we chose fixed-
or random-effects models for analysis. We then used the chi-squared ratio to
evaluate any bias of the experimental data.

Results: In total, 11 trials and 3,813 patients were selected. To investigate the
relationship with DRE, we performed model tests on the two genes separately. The
results showed that SLC6A11 rs2304725 had no significant correlation with DRE
risk in the allele, dominant, recessive, and additive models in a pooled population.
However, for the over-dominant model, DRE was correlated with rs2304725
(OR = 1.08, 95% Cl: 0.92-127, p = 0.33) in a pooled population. Similarly,
rs211037 was weakly significantly correlated with DRE for the dominant,
recessive, over-dominant, and additive models in a pooled population. The
subgroup analysis results showed that rs211037 expressed a genetic risk of
DRE in allele (OR = 1.01, 95% CI: 0.76-1.35, p = 0.94), dominant (OR = 1.08,
95% Cl: 0.77-1.50, p = 0.65), and additive models (OR = 1.14, 95% CI: 0.62-2.09,
p = 0.67) in an Asian population.

Conclusion: In this meta-analysis, our results showed that SLC6A1l
rs2304725 and GABRGZ rs211037 are not significantly correlated with DRE.
However, in the over-dominant model, rs2304725 was significantly correlated
with DRE. Likewise, rs211037 conveyed a genetic risk for DRE in an Asian
population in the allele, dominant, and additive models.
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1 Introduction

Epilepsy is a chronic neurological disease that is very harmful to
human health, with a global prevalence of 1% (Zhang et al., 2021) and
affecting more than 70 million people worldwide (Thijs et al., 2019).
Although multiple antiepileptic drugs (AEDs) may be used alone or in
combination, approximately one-third of people with epilepsy are unable
to fully control their epilepsy, a phenomenon termed drug resistance
(Loscher et al, 2020). Although the pathogenesis of drug-resistant
epilepsy (DRE) is not clear, many drug-resistant epilepsy hypotheses
have attempted to explain its occurrence (Loscher et al., 2020). Of course,
there are some conjectures or hypotheses that some clinical factors are
associated with drug resistance (Kalilani et al., 2018). In short, the factors
affecting the occurrence of DRE can be roughly divided into
environmental and genetic causes. Some environmental factors may
be able to be controlled, but many may remain elusive. However, the
identification of genetic factors may prove easier, especially with the rapid
increase in our knowledge of human genome variation (Sisodiya, 2005).

We consulted DrugBank5.0 (Wishart et al, 2018) and the
2020 Therapeutic Target Database (Wang et al, 2020) and found
115 approved resistant epilepsy dysentery drug targets. One of the
targets that affect AEDs is the neurotransmitter systems, and the
(GABA) and
glutamate, as they act on the y-aminobutyric acid type A receptor

neurotransmitters  include y-aminobutyric acid
(GABA4R) to maintain brain excitation homeostasis, which plays a key
role in inhibiting epilepsy (Macdonald et al., 2004; Maljevic et al., 2019).
Because GABAAR is widely distributed in the central nervous system
and they have the potential for postsynaptic inhibition, the GABA
receptor is considered to be a hotspot for idiopathic generalized epilepsy
susceptibility and is regulated by therapeutically important antiepileptic
drugs (Yu Sun et al,, 2021). GABA4 receptors consist of four subunits,
among which GABRAI, GABRB2, and GABRG2 genes encode the most
common subunits, al, 2, and y2, respectively (Mulligan et al., 2012).
Failure of the genes that encode these subunits can affect their
expression, leading to epilepsy (Saleem et al, 2022). The GABA,
receptor is the main target of antiepileptic drugs, and changes in the
GABA, receptor subunit may play a role in antiseizure medication
resistance (Bethmann et al., 2008). Therefore, the GABA receptor is
selected as a novel method to discuss the relationship between this gene
and DRE. In 2011, Kim et al. found a meaningful association between
SLC6A11 and DRE. Similarly, in 2017, Xie et al. found that slc6all had
no significant correlation with DRE in the Chinese population. Previous
animal model studies have also shown that inhibition of GABA
transport-3 (GAT-3) increases the concentration of GABA in the
environment, leading to reduced neuron firing (Galvan et al.,, 2005).
We can also infer that GAT-3 is a potential target for DRE.

Thus, in this study, we aimed to discuss the possible connections
between SLC6A11, GABRG2, and targeted genetic variation in DRE to
provide novel targets and strategies for the treatment of epilepsy in the
future.

2 Materials and methods
2.1 Search strategy

We systematically retrieved data from PubMed, Embase,
Cochrane Library, Web of Science, Google Scholar, Wanfang
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Data, China National Knowledge Infrastructure (CNKI),
and China (VIP)
databases. The relevant literature was updated on 18 April

Science and Technology Journal
2023. Under the guidance of library service experts at Jining
Medical University, we formulated a detailed search strategy and
implemented the search. The main retrieval strategy of this
study was (DRE OR Intractable Epilepsy) AND
(SLC6A11 OR rs2304725 OR GAT-3). The complete search
strategies for the eight databases are shown in Supplementary

Table S1.

2.2 Selection criteria

The inclusion criteria were as follows: 1) the type of article
included must be a case-control design, 2) the included study
investigated two SNPs (rs2304725 and rs211037) in connection
with DRE, 3) included studies should provide genotype or allele
numbers (Liu et al., 2013), 4) included studies may provide odds
ratios (ORs) and 95% confidence intervals (Cls), and 5) the data
in the included articles could be calculated to give an OR and 95%
CI(Wang et al., 2022). Inclusion criteria for the DRE group
(2010 International Anti-epileptic League): patients whose
seizures have not been completely controlled with sufficient
doses of two or more reasonable DRE. Inclusion criteria for
epilepsy in the drug-sensitive group: reasonable use of
antiepileptic drugs, according to the longest interval of
epileptic seizure in the latest 12 months, three times the
longest interval of seizure (>12 months) without seizures
(Fisher et al., 2005). The studies excluded did not meet the
inclusion criteria. Based on the aforementioned acceptance
criteria, non-conforming documents were excluded.

2.3 Data extraction

Two researchers (XH and MZ) extracted the required data
separately, and the differences were eliminated through
discussion. We extracted information based on the inclusion
first
publication year, sample size, the number and frequencies of
SLC6AI1 rs2304725 and GABGR2 rs211037 in the cases and
controls, and the OR values and 95% CIs. The detailed
information extracted is shown in Table 1 and Table 2.

criteria, including the author’s name, population,

2.4 Genetic models

To ensure that interesting findings were not missed because
of the different analysis methods used, we also investigated this
association under five common genetic models for rs2304725: the
allele model (T vs. C), recessive model (TT vs. TC + CC),
dominant model (TT + TC vs. CC), over-dominant model (TT
+ CC vs TC), and additive model (TT vs. CC). Likewise, we also
used five common genetic models for rs211037: the allele model
(C vs. T), dominant model (CC + CT vs. TT), recessive model
(CCvs. CT + TT), over-dominant model (CC + TT vs. CT), and
additive model (CC vs. TT).
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2.5 Statistical analysis

S
~ fan) wn 0 Nl o~
The chi-squared test was used to clarify correlation between = E S22 3|3
DRE and the two SNPs using the R program for analysis (http:// i
www.r-project.org/) (Liu et al, 2013). For the meta-analysis, we
determined to use Cochran’s Q test, and the heterogeneity among O 8 % 5 g 8 g
the datasets was assessed using the following formula: I = § g g g ; o:\ ;
(Q-(k-1))/Q x 100%. The Q statistic roughly obeyed the ¥ o S| 318|888
distribution, which is the k-1 degrees of freedom (where k is the ool ol ol ols
number of studies) (Liu et al., 2017). When the p-value was 50% o § = g z = g
from Cochran’s Q statistic, the heterogeneity was considered
significant in the data (Hu et al, 2017). When I’ was greater 3
than 50%, and the p-value was less than 0.1 (T.J. Higgins JPT g = = 2 9 g =
et al.,, 2021), we used the DerSimonian and Laird random-effects % § % § § % §
model to analyze the data. Conversely, when I? < 50%, we used the § i el el BN R
Mantel-Haenszel or inverse variance fixed-effect model for data 9
analysis. Funnel plots were used to analyze potential publication
bias, where an asymmetrical funnel plot indicates the presence of =
bias, and a symmetrical image represents no bias (Liu et al., 2014). = ol ol elolal
$ g s 28z 8
2 R|8|8|8 88
v
3 Results =
3.1 Study selection 2 2 0 5 o3 2
(]
o
For SLC6A11, according to the search strategy, 40 potentially *3 S g 8 g & 2 .
relevant articles were initially found, and nine articles were excluded E’, %
for duplication. Furthermore, 27 articles were deleted because they S 03 5|8 &3 §
belonged to review articles, case reports, or meeting records, they g
were reported by the same research group, DRE was absent from the § 8 T R % 9 &
case group, or no data were available. Finally, four articles that suited § . E
our study were selected in the meta-analysis (Kim et al., 2011b; Long, g g8 8 & R g B
2014; MS, 20165 Xie et al., 2017). Likewise, for GABGR2 rs211037, i é
eight correlated articles were collected in total (Kumari et al., 20105 N &8 R & 2% & 6 5
Kim et al., 2011b; Balan et al., 2013; Qian, 2017; Abou El Ella et al., + @
2018; Butila et al., 2018; Gao et al., 2020; Saleem et al., 2022). One of S 2 g o = = o £
the articles contained both genes studied in this paper (Kim et al., § & DN I E
2011b). The flow chart of selection of studies in this analysis is g g
shown in Figure 1. i % 58l8|z /%8 3)4
H :
. . . . s c &
3.2 Characteristics of included studies < s ¢ 3 3 o § &
A total of 2,505 participants were included for SLC6AI1I § § S Rl e e E
rs2304725 (the DRE group and the control group contained g ;j
1,170 and 1,335 cases, respectively), and 1,708 participants were T B _ E
included for GABRG2 rs211037 (748 and 960 cases in the DRE and g G>J: g é = g "55 g %
control groups, respectively) in this meta-analysis. The principal g s c1e)3 SlSs 8
characteristics of these studies are shown in Table 1 and Table 2. S %‘ 2 ; %" .% _% _;% é
o 257 fE £ %
g - H
3.3 Association between the SLC6A11 £ . <
rs2304725 polymorphism and DRE ] = & E
< I g g
According to the results of heterogeneity testing, a fixed- £ . %;b
effects model was used to compute the whole OR (I = 15%). The E E: é
results showed that DRE was unrelated to rs2304725 based on the = § %
allele model (OR = 0.96, 95% CI: 0.86-1.08, p = 0.52, Figure 2), = ’ z
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TABLE 2 Main characteristics of rs211037 and drug-resistant epilepsy in meta-analysis.

e ny

0

[SSIRVIETMIIT]

SNP First author, year Population Case Control Case genotype Control C (case/control) T (case/control)  OR 95% CI  SE (In (or))
genotype
cc T CcC T TT
GABRG2 | 15211037 Kumari et al. (2010) Indian 122 259 66 | 53 30137 109 13 185/383 59/135 1105 | 0.777-1573 0.1801
Balan et al. (2013) Kerala 240 198 165 | 66 9 | 142 47 9 396/331 84/65 0926 | 0.649-1321 0.181
Kim et al. (2011a) Korean 200 200 67 97 36 | 68 97 35 231/233 169/167 098 | 0.740-1297 0.143
Butili et al. (2018) Romanian 11 49 1 7 3 3017 2 9177 13/21 0.189 | 0.071-0.502 0.499
Abou El Ella et al. (2018) Egyptian 54 46 16 26 12 30 16 0 58/76 50/16 0244 | 0.126-0.472 0.336
Gao et al. (2020) Xinjiang 28 51 9 12 7 17 20 14 30/54 26/48 1.026 | 0.534-1.971 0333
Saleem et al. (2022) Pakistani 55 88 27 | 21 7 28 | 37 23 75/93 35/83 1912 1.161-3.149 0.011
Qian (2017) Guangxi 38 69 5 16 17 21 28 20 26/70 50/68 0505 | 0.283-0.902 0.021

Note: SNP, single-nucleotide polymorphism; OR, odds ratio; CI, confidence interval; SE, standard error.
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182 studies identified in literature search
PubMed(n=30)
Embase(n=18)
Cochrane library(n=1)
Web of Science(n=27)
Google Scholar(n=106)

| |

16 studies identified in literature search
Wanfang Data(n=5)
China National Knowledge Infrastructure(n=8)
VIP(n=3)

198 articles
117 duplicated articles exclued
81 articles
70 excluded
Meeting Record (n=2)
0 additional articles from hand- No Drug Resistance Epllepsy(nzso)
searching No available data(n=7)
Review(n=6)
reported by the same research(n=2)
Case Report(n=3)
11 articles
articles investigating SLC6A11 articles investigating GABRG2
1s2304725(n=4) rs211037(n=8)
FIGURE 1
Flow chart of study selection in this meta-analysis
Weight ~ Weight
Study TE  selE Odds Ratio OR  95%-Cl (common) (random)
Xie-2017 -0.15 0.1400 —'—I— 086 [066;1.14]  176%  17.5%
Kim-2011 011 01430 —i'—‘— 112 (085148 169%  16.9%
long-2014 009 01450 —f'—'— 110 0.82;146] 164%  16.5%
Hidayati-2016(C) =021 01380 —'—E— 081 [062;1.00] 181%  17.9%
Hidayati-2016() =020 0.1660 ———+—— 082 [059;1.13] 125%  13.1%
Hidayati-2016(M) 009 01370 —:—‘— 110 [0.84;143] 184%  18.1%
Common effect model I 096 [086;1.08]  100.0% -
Random effects model 096 [0.85;1.09] --1000%
0.75 1 15

Heterogeneity: 1= 1%, t=00038 , p=032

FIGURE 2
Fixed-effects meta-analysis of the allele model for rs2304725.
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Heterogeneity: 12=0%, =0, p=051
D
c _— _—
Weight ~ Weight Weight ~ Weight
Study T sl 0dds Ratio OR  95%-CI (common) (random) Study T selE 0dds Ratio OR  95%-Cl' (common) (random)
Xe-2017 007 0180 —FH— 0% De413 180%  180% Xe-2017 A5 0 —H— 08 045134 161%  161%
Kim-2011 00 0000 ———— 10 [06%151  168%  168% fim-2011 023 02940 —E— 16 (07124 Ms% 1US%
long-2014 037 04970 i 145 099213 173%  173% long-2014 -004 02280 —u 09 [6151 1% A1%
Hidayat-20160) 004 01950 ———— 10 7150 UM 1T Hidagt-016) 039 02610 ——=—1- 08 DAL 8% 176%
Hidayati-2016()) 008 02330 —{-:— 108 [06%;171]  124%  124% Hidayati-2016() 040 03410 ——F—1— 067 0341300 108%  108%
Hidayati-2016(M) 005 0.1940 — 105 [072153)  178%  178% Hidayati-2016(M) 017 02730 —:—*— 119 070,203 168%  168%
Common ffectmodel : 08 092127 1000% - Common ffect mode! 091 (73 000 -
Random effects model 108 lsz1m — 1000% Random effects mode 09 7L - 1000%
05 1 2
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FIGURE 3

Heterogenety: 17=0%, t'=0, p=046

Forest plot of the four models for rs2304725 in this meta-analysis. (A) Dominant, (B) recessive, (C) over-dominant, and (D) additive models.

TABLE 3 Analysis of five genetic models’ association of rs2304725 with drug-
resistant epilepsy.

OR 95% Cl p-value* I> (%) Bias p-value’

Tvs. C 096 | 0.85-1.09  0.32 15 ~452 | 0.59
TT+TC | 089 074-108 070 0.0 260 | 0.50

vs. CC

TTvs. TC | 099  083-117 | 051 0.0 —227 | 047

+ CC

TT+CC | 108  092-127 | 0.71 0.0 068 | 091

vs. TC

TTvs.CC | 091 073-113 046 0.0 ~165 | 0.67

Note: OR, odds ratio; CI, confidence interval; ¥, heterogeneity test; #, publication bias.

and the T allele was not correlated with DRE. In addition, we
studied the results of the four other models for this gene. Further
analyses reported similar results among the four models (additive
model: OR =0.91, 95% CI: 0.73-1.13; recessive model: OR = 0.99,
95% CI: 0.83-1.17; dominant model: OR = 0.89, 95% CI:
0.74-1.08; and over-dominant model: OR = 1.08, 95% CI:
0.92-1.27, Figure 3; Table 3). In conclusion, the results of the
over-dominant models showed that SLC6AII rs2304725 was

Frontiers in Physiology

significantly correlated with DRE (OR = 1.08), while the other
models showed no significant correlation with DRE (OR < 1).
Then, to evaluate whether the five genetic models showed
potential publication bias, we used a funnel plot and Egger’s
test for analysis. The resultant image was a symmetrical inverted
funnel, indicating that there was no bias (Figure 4; Table 3).

3.4 Association between the GABRGZ2
rs211037 polymorphism and DRE

3.4.1 Meta-analysis of the allele model

Regarding rs211037, we included eight articles for analysis, and
the results indicated that there was heterogeneity in the studies (I* =
82%). As there was heterogeneity in the studies (I° > 50%), we chose
the random-effects model analysis. We conducted subgroup
analyses of Asian and non-Asian populations. The allele model
test showed that DRE was not related to rs211037 in the Asian (OR =
1.01, 95% CI: 0.76-1.35, p = 0.94), non-Asian (OR = 0.23, 95% CI:
0.13-0.39, p < 0.01), and pooled populations (OR = 0.72, 95% CI:
0.44-1.20, p = 0.21) (Figure 5). Our results suggested that
rs211037 was linked to DRE in the Asian population (OR
1.01) but not linked to DRE in the non-Asian population (OR
0.23). Next, we tested for publication bias in the subgroup analysis

and found that there was no publication bias (Table 4; Figure 6).
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Bias analysis of five models for rs2304725 in this meta-analysis. (A) Dominant, (B) recessive, (C) over-dominant, (D) additive, and (E) allele models.

TABLE 4 Analysis of different models’ association of rs211037 with drug-resistant epilepsy.

Genetic model Genotype SET Non-Asian
95% Cl  p-value* 95% Cl p-value* OR 95% Cl Bias = p-value*
Allele Cvs. T 101 0.76-135 0.03 023 | 0.13-0.39 0.67 072 044-120 <001 -3.67 0.127
Recessive CCvs.CT +TT = 099  0.80-1.23 0.13 0.19 | 0.09-0.42 0.28 070  0.40-1.22 <0.01 -2.45 0.130
Dominant CC+CTvs. TT | 1.08  0.77-1.50 0.19 0.08 | 0.02-0.40 053 090  0.51-1.58 0.01 ~148 0302
Over-dominant CC+TTvs.CT 092 074-1.14 091 049 | 024-0.97 0.43 087 = 0.71-1.07 0.19 ~1.45 0.070
Additive CC vs. TT 114 0.62-2.09 0.06 0.02 | 0.00-0.16 1.00 0.64 0.23-175 <0.01 -2.37 0.146

Note: vs., versus; OR, odds ratio; CI, confidence interval; *, heterogeneity test; #, publication bias.

3.4.2 Meta-analysis with the recessive model

We analyzed the recessive model for rs211037, and the results
indicated that the study was heterogeneous (I* = 73%). Because I° >
50% in the study, a random-effects model was chosen. The analysis

was divided into Asian and non-Asian subgroups, and the results

Frontiers in Physiology
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indicated that DRE was not linked to the Asian (OR = 0.99, 95% CI:
0.80-1.23, p = 0.94), non-Asian (OR = 0.19, 95% CI: 0.09-0.42, p <
0.01), and pooled populations (OR = 0.70, 95% CI: 0.40-1.22, p =
0.21) (Figure 7). According to subgroup analysis, the result indicated
that the GABRG2 15211037 is not a genetic risk factor for DRE in
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Weight Weight

Study TE seTE Odds Ratio OR 959%—ClI (common) (random)

Kumari—2010 0.10 0.1800 1.10 [0.78; 1.57] 21.12% 19.4%

Balan—2013 —0.08 0.1810 0.93 [0.65; 1.32] 20.9% 19.3%

Kim—2011 —0.02 0.1430 — == 0.98 [0.74; 1.30] 33.4% 1.7%

Gao—2020 0.03 0.3330 —_— 1.03 [0.53; 1.97] 6.2% 11.4%

Saleem—2022 0.65 0.2540 S — 1.91 [1.16; 3.15] 10.6% 15.1%

Qian—2014 —0.68 0.2960 0.50 [0.28; 0.90] 7.8% 13.0%

Common effect model 1.02 [0.86; 1.19] 100.0% —_

Random effects model 1.01 [0.76; 1.35] S 100.0%

T T 1
0.5 1 2
Heterogeneity: 12 =59% , t2 = 0.0805 , p = 0.03
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Asian and non-Asian populations. We tested for publication bias
according to subgroup analysis and found that there was no
publication bias (Figure 8A; Table 4).

3.4.3 Meta-analysis of the dominant model
Similarly, we used a random-effects model based on the
model of rs211037. This indicated that

dominant model
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rs211037 and DRE in the non-Asian (OR = 0.08, 95% CI:
0.02-0.40, p < 0.01) and pooled populations (OR = 0.90, 95% CI:
0.51-1.58, p = 0.71) were not closely related (Figure 9). Interestingly,
however, an opposite result was found in the Asian population,
where rs211037 was significantly correlated with DRE risk (OR =
1.08, 95% CI: 0.77-1.50, p = 0.65, Figure 9). Moreover, we did not
detect any publication bias (Figure 8B; Table 4).
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Random-effects meta-analysis of the dominant model for rs211037 in the Asian, non-Asian, and pooled populations.

3.4.4 Meta-analysis of the over-dominant model
Likewise, a fixed-effects model was selected to analyze this
model. The tests suggested that DRE was unrelated to
rs211037 in the Asian (OR = 0.92, 95% CI: 0.74-1.14, p = 0.46),
non-Asian (OR = 0.49, 95% CI: 0.24-0.97, p = 0.04), and pooled
populations (OR = 0.87, 95% CI: 0.71-1.07, p = 0.19) for this model
(Figure 10). However, we tested for publication bias according to
subgroup analysis and found that publication bias existed (Table 4;
Figure 8C). Therefore, these results should be applied cautiously.

3.4.5 Meta-analysis of the additive model

Finally, in the additive model, the random-effect model was
chosen to analyze the overall OR (I? = 73%). The outcome indicated
that there was no relationship between DRE and rs211037 in the
non-Asian (OR = 0.02, 95% CI: 0.00-0.16, p < 0.01) and pooled
populations (OR = 0.64, 95% CI: 0.23-1.75, p = 0.38) (Figure 11).
However, rs211037 was significantly correlated with DRE risk in
Asian populations (OR = 1.14, 95% CI: 0.62-2.09, p = 0.67)
(Figure 11). We did not detect any publication bias (Table 4;
Figure 8D).

4 Discussion

Epilepsy is caused by super-synchronized discharges of neurons
in the brain, resulting in sudden and repeated short bursts of
dysfunction of the central nervous system (Manford, 2017). With
the increasing incidence of epilepsy, the treatment of epilepsy has
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gradually changed from a single drug to combinations of drugs,
resulting in the occurrence of drug-resistant epilepsy in the clinical
work. Hyperexcitability of neurons, due to an imbalance of
inhibitory and excitatory neurotransmission, plays a crucial role
in neuronal degeneration complicated by epilepsy (Shao et al., 2019).
Important pharmacological targets that regulate neuronal activity in
the brain are thought to be affected by mutations in ion channel
genes (Saleem et al., 2022). Traditionally, epilepsy is treated by oral
drugs and surgery, but with the development of genetic research,
single-nucleotide polymorphism (SNP) markers can provide a new
method to classify complex gene-related diseases, such as epilepsy
and even drug-resistant epilepsy. This article mainly analyzes the
relationship between transporters and drug-resistant epilepsy.
GABA is a major inhibitory neurotransmitter mainly found
in the central nervous system of mammals, which can clear
GABA from the synaptic cleft (Xie et al, 2017). GAT-3
(SLC6AI1I) is a GABA transport protein, and some studies
have proved that epileptic activity leads to the change in
expression of GAT-3 (Madsen et al, 2010). As GABAergic
neurotransmission is terminated by uptake into the neuron or
surrounding glial cells, inhibition of the GABA transporters
responsible for uptake would prolong the GABAergic signal in
a use-dependent manner, thereby counteracting GABAergic
hypoactivity (Xie et al., 2017). Affecting the promoter activity
or leading to the synthesis of protein products with the same
amino acid sequence but different structural and functional
properties may prevent the reversal of GAT-3 transporters,
releasing GABA into the synaptic pool and resulting in
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decreased GABA energy, thereby protecting neurons from
overexcitation, leading to AED resistance during seizures (Kim
D.U.etal,2011). Thus, inhibition of GABA transport has gained
much attention as an anticonvulsive strategy (Xie et al., 2017).
Most previous studies of resistance to AEDs have focused on ABC
transporters or voltage-gated sodium channels. Little attention
has been paid to the new candidate susceptibility gene SLC6A11.
Thus, we can infer that GAT-3 is a potential target of DRE. This
article assessed whether the SLC6A11 rs2304725 polymorphism
is associated with DRE. Herein, we showed that SLC6AII
polymorphism was unlinked to DRE. In the analysis of
rs2304725, we
rs2304725 had no significant correlation with drug-resistant

included four articles and concluded that

epilepsy. This is consistent with the conclusion of the study by
Kim D. U. et al. (2011). Researchers found that the expression of
the GABA 5 receptor subunit in drug-resistant rats was different
from that in drug-responsive rats in a temporal lobe epilepsy rat
model in 2008 (Bethmann et al., 2008). The result suggested that
drug-resistant epilepsy may be largely related to GABA. Epilepsy,
growth retardation, and behavioral disorders may be related to
pathogenic GABRG2 variants. GABRG2 variants may alter the
expression of subunits of GABA, receptors (the mechanism is
unclear), which may affect transcription, mRNA stability, and
translation efficiency, leading to variations in receptor
composition and its sensitivity to exogenous environmental
signals (Abou El Ella et al., 2018). rs211037 is a synonymous
SNP of the y-2 subunit of the GABA, receptor (Amjad et al.,
2022). Some studies have shown that the GABRG2 gene may be
correlated with both epilepsy and drug-resistant epilepsy and so

we conducted some meta-analyses of GABRG2 rs211037.

5 Limitation of the meta-analysis

First, in view of the research on rs2304725 and rs211037, some
scholars have reported that rs2304725 and rs211037 are correlated
with DRE, but there have also been contradictory conclusions; the
possible reason is that the sample sizes included in the studies are
small. Then, the selected research objects consist of mixed
populations. Even if the Asian and non-Asian populations are
analyzed, they are also possible sources of bias and mixing
factors in the experiment, thus leading to the deviation of the
experiment. Third, phenotypic heterogeneity and efficacy of
antiepileptic drugs are also confounding factors in the meta-
analysis. Lastly, the meta-analysis was conducted on the basis of
other researchers’ studies, which can only reflect the historical
situation and has low requirements for the accuracy and
completeness of statistical data. In addition, the analysis was not
carried out in combination with our own research, which is also a
limitation to this paper.

6 Suggestions

This paper describes the mechanism of drug-resistant epilepsy
induced by GAT-3 and GABA genes. However, a more detailed
explanation of the potential mechanisms of DRE caused by the
rs2304725 and rs211037 SNPs cannot be provided. Animal models
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can be developed to explore the underlying mechanisms. They may be
more closely related to specific types of epilepsy, so different types of
epilepsy can be studied in the future. We should also include large
samples and populations for further study and analysis to clarify
whether 152304725 and rs211037 are linked to DRE. At the same
time, the population difference was further analyzed. Finally, we should
combine our own research to make the analysis more authentic and
reliable.

7 Conclusion

Our results indicate that SLC6A11 rs2304725 and GABRG2
rs211037 are not associated with DRE for the allele model.
rs2304725 was also not correlated with DRE for the dominant,
recessive, and additive models. However, in the over-dominant
model, rs2304725 was significantly correlated with DRE.
Likewise, GABRG2 15211037 conveyed genetic risk for DRE in
the Asian population in the allele, dominant, and additive
models, whereas 15211037 had no significant correlation with
DRE in the other models.
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