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Background: SCN1A and SCN2A genes have been reported to be associated with the efficacy of single and combined antiepileptic therapy, but the results remain contradictory. Previous meta-analyses on this topic mainly focused on the SCN1A rs3812718 polymorphism. However, meta-analyses focused on SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, or SCN2A rs2304016 polymorphisms are scarce or non-existent.

Objective: We aimed to conduct a meta-analysis to determine the effects of SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms on resistance to antiepileptic drugs (AEDs).

Methods: We searched the PubMed, Embase, Cochrane Library, WANFANG, and CNKI databases up to June 2020 to collect studies on the association of SCN1A and SCN2A polymorphisms with reactivity to AEDs. We calculated the pooled odds ratios (ORs) under the allelic, homozygous, heterozygous, dominant, and recessive genetic models to identify the association between the four single-nucleotide polymorphisms (SNPs) and resistance to AEDs.

Results: Our meta-analysis included 19 eligible studies. The results showed that the SCN1A rs2298771 polymorphism was related to AED resistance in the allelic, homozygous, and recessive genetic models (G vs. A: OR = 1.20, 95% CI: 1.012–1.424; GG vs. AA: OR = 1.567, 95% CI: 1.147–2.142; GG vs. AA + AG: OR = 1.408, 95% CI: 1.053–1.882). The homozygous model remained significant after Bonferroni correction (P < 0.0125). Further subgroup analyses demonstrated the significance of the correlation in the dominant model in Caucasians (South Asians) after Bonferroni correction (GG + GA vs. AA: OR = 1.620, 95% CI: 1.165–2.252). However, no association between SCN1A rs2298771 polymorphism and resistance to AEDs was found in Asians or Caucasians (non-South Asians). For SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms, the correlations with responsiveness to AEDs were not significant in the overall population nor in any subgroup after conducting the Bonferroni correction. The results for SCN1A rs2298771, SCN1A rs10188577, and SCN2A rs2304016 polymorphisms were stable and reliable according to sensitivity analysis and Begg and Egger tests. However, the results for SCN2A rs17183814 polymorphism have to be treated cautiously owing to the significant publication bias revealed by Begg and Egger tests.

Conclusions: The present meta-analysis indicated that SCN1A rs2298771 polymorphism significantly affects resistance to AEDs in the overall population and Caucasians (South Asians). There were no significant correlations between SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms and resistance to AEDs.
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INTRODUCTION

Epilepsy is one of the most common chronic brain diseases, affecting over 70 million people worldwide (1). Antiepileptic drug (AED) therapy is the first-line treatment for patients with epilepsy (PWE); however, one-third of the individuals show drug resistance (2). The underlying mechanism of AED resistance has not been completely elucidated, but genetic factors may be important for the interpersonal differences seen in drug efficacy (3). The current relevant studies mainly focus on polymorphisms of genes that encode metabolic enzymes, transporters, and drug target molecules (4). The voltage-gated sodium (Nav) channel is an important target of AEDs. In the brain, Nav channels consist of a 260-kDa α subunit and four β subunits (β1–β4) of 33–36 kDa; the α subunit is the functional subunit and plays an important role in the generation and propagation of neuronal action potentials (5, 6).

As key genes in the encoding of Nav channels, SCN1A and SCN2A are associated with the efficacy, dosage, and toxicity of multiple AEDs (3). SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 are common single-nucleotide polymorphisms (SNPs) of these genes, and their association with AED resistance has been widely explored. However, the results are still contradictory. For example, Feng et al. (7) found that SCN1A rs10188577 polymorphism was related to valproic acid (VPA) resistance in Chinese children with generalized epilepsy (P = 0.035). However, another study showed that the association between SCN1A rs10188577 polymorphism and response to sodium channel blockers (SCB; including phenytoin, carbamazepine, oxcarbazepine, lamotrigin, topiramate, and valproic acid) was only marginally significant in Caucasians with epilepsy (P = 0.049) (8). Moreover, several other studies did not support this correlation (5, 9–11). A similar scenario can be found with SCN1A rs2298771, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms (5, 7, 9–26). In 2013, a meta-analysis performed by Haerian et al. did not find a correlation between SCN1A rs2298771 and SCN2A rs17183814 polymorphisms and AEDs resistance (10). Another meta-analysis showed that the A allele of the SCN1A rs2298771, and the AA genotype in particular, significantly affected the responsiveness to SCB-AEDs (27).

The aforementioned findings are inconsistent. Furthermore, to date, there has been no meta-analysis on the association of SCN1A rs10188577 and SCN2A rs2304016 polymorphisms with responsiveness to AEDs. Therefore, we conducted a meta-analysis to clarify the association between the aforementioned four gene polymorphisms and AED efficacy.



METHODS

This meta-analysis adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.


Search Strategy

PubMed, Embase, Cochrane Library, WANFANG, and CNKI databases were searched by two reviewers (M.L. and R.Z.) independently for eligible studies published until June 2020. We used the following search terms: (sodium channel 1.1 OR SCN1A OR sodium channel neuronal type I alpha subunit OR SCN2A OR sodium channel neuronal type 2 alpha subunit) AND (epilepsy OR seizure) AND [anti-epileptic drug(s) OR antiepileptic drug(s) OR anticonvulsant drugs OR drug-resistant OR resistance OR resistant OR refractory OR response OR drug responsiveness].



Selection Criteria

The included studies met the following criteria: (1) Design: well-designed cohort or case–control study; (2) Participants: the case group includes individuals who were diagnosed with epilepsy and who showed AED resistance, and the control group includes PWE sensitive to AEDs; (3) Outcome: the original paper describes detailed genotype data including at least one of the target SNPs (SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, or SCN2A rs2304016); (4) the diagnosis of epilepsy is in conformity with the International League against Epilepsy (ILAE) guidelines; (5) the genotype distributions of the control group satisfy the Hardy–Weinberg equilibrium (HWE; P > 0.01); (6) If studies had duplicate or overlapping data, we chose the largest study. Studies with the following characteristics were excluded: (1) case reports, editorials, comments, reviews, abstracts, or meta-analyses; (2) the control group is composed of healthy people rather than of PWE sensitive to AEDs; (3) articles without complete information.



Data Extraction and Quality Assessment

Two reviewers independently extracted the data from the studies that met the aforementioned criteria and resolved the discrepancies in data extraction through discussion. Data extraction was as follows: first author, publication year, country, ethnicity, age, gender, types of epilepsy and AED therapy, definition of drug resistance and drug responsiveness, number of cases and controls, genotype and allele frequency, HWE principle, and the Newcastle–Ottawa Scale (NOS) score (28). We used NOS to assess the quality of each included study and defined studies with an NOS score ≥6 as high-quality research.



Statistical Analysis

We used Stata 12.0 software to perform data analysis. Pooled odds ratios (ORs) and 95% CIs were used to assess the association of SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms with responsiveness to AEDs. The combined ORs were determined for the allelic, homozygous, heterozygous, dominant, and recessive genetic models. The statistical significance of the combined ORs was tested using the Z-test; P < 0.05 was deemed significant. We assessed heterogeneity among the studies using the Cochran Q test and I2 test. I2 >50% or P < 0.05 was regarded as significant heterogeneity. When heterogeneity was significant, the random-effects model was applied to pool the results; otherwise, the fixed-effects model was applied. Subgroup analyses were performed to assess the correlations in different ethnicities [Asians, Caucasians (South Asians), and Caucasians (non-South Asians)]. To evaluate the stability of our results, we deleted one study at a time sequentially and calculated the combined ORs of the remaining studies. In addition, we evaluated publication bias by drawing a funnel plot, and further confirmed it using Begg or Egger tests; P < 0.05 was defined as significant publication bias. Finally, the Bonferroni method was applied for multiple comparisons. We evaluated four SNPs in this meta-analysis; thus, P < 0.0125 after Bonferroni correction was considered significant (29, 30).




RESULTS


Study Inclusion and Characteristics

As a result of our retrieval strategy, a total of 726 records were identified. After eliminating 227 duplicate studies, we screened the titles and abstracts of the remaining 499 articles. A total of 456 studies were excluded based on the analysis of titles and abstracts. Then, full-text appraisal was performed for the remaining 43 articles, and 24 articles were excluded for different reasons. Of these, 18 articles reported other polymorphisms, 1 article did not explain specific polymorphisms, 3 articles did not provide detailed genotype frequency, and 2 articles had the same research data. Finally, 19 studies were included in our meta-analysis (5, 7–24). The screening process is shown in Figure 1. In addition to the one study that did not conform to the HWE principle, a total of 13 studies (18 groups) analyzed the SCN1A rs2298771 polymorphism; this represented 2,368 drug-resistant and 2,665 drug-responsive PWE. SCN1A rs10188577 was studied in 6 articles (10 groups), involving 1,860 drug-resistant and 1,790 drug-responsive PWE. Nine studies (14 groups) analyzed the SCN2A rs17183814 polymorphism, representing 1,973 drug-resistant and 2,172 drug-responsive PWE. Excluding one study that did not agree with the HWE principle, 7 studies (12 groups) assessed the SCN2A rs2304016 polymorphism; they consisted of 1,797 drug-resistant and 1,947 drug-responsive PWE. According to the Newcastle–Ottawa scale, the quality score of each included study was ≥6, indicating good quality overall. Table 1 displays the main characteristics and quality assessment results of the eligible studies. Table 2 shows SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 genotypes and allele distributions among drug non-responders and responders with epilepsy.


[image: Figure 1]
FIGURE 1. Flow diagram of literature screening.



Table 1. Characteristics of studies on SCN1A and SCN2A polymorphisms and resistance to AEDs included in the meta-analysis.
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Table 2. Genotype and allele distributions of SCN1A and SCN2A gene loci.
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Association Between the SCN1A rs2298771 Polymorphism and Resistance to AEDs

Comprehensive analysis showed a significant correlation between the SCN1A rs2298771 polymorphism and resistance to AEDs under the allelic, homozygous, and recessive genetic models (G vs. A: OR = 1.20, 95% CI: 1.012–1.424, P = 0.036, I2 = 53.2%; GG vs. AA: OR = 1.567, 95% CI: 1.147–2.142, P = 0.005, I2 = 0.2%; GG vs. AA + AG: OR = 1.408, 95% CI: 1.053–1.882, P = 0.021, I2 = 0.0%). Further subgroup analyses reported similar results among the Asians (G vs. A: OR = 1.184, 95% CI: 1.018–1.377, P = 0.028, I2 = 44.6%; GG vs. AA: OR = 1.988, 95% CI: 1.090–3.629, P = 0.025, I2 = 0.0%; GG vs. AA + AG: OR = 1.914, 95% CI: 1.050–3.490, P = 0.034, I2 = 0.0%). In addition, the correlation was also significant in Caucasians (South Asians) in the heterozygous, dominant, and recessive models (GA vs. AA: OR=1.541, 95% CI: 1.086–2.186, P = 0.015, I2 = 0.0%; GG + GA vs. AA: OR = 1.620, 95% CI: 1.165–2.252, P = 0.004, I2 = 47.4%; GG vs. AA + AG: OR = 1.755, 95% CI: 1.003–3.071, P = 0.049, I2 = 35.3%). However, no significant associations were found in Caucasians (non-South Asians). After Bonferroni correction, the associations between the SCN1A rs2298771 polymorphism and resistance to AEDs only remained significant in the overall population under the homozygous model and in Caucasians (South Asians) under the dominant model. Table 3 and Figure 2A display the results of the SCN1A rs2298771 polymorphism. The sensitivity analysis showed stable results (Figure 3A). Begg and Egger tests were performed to evaluate publication bias and indicated its absence (Table 3 and Figure 4A).


Table 3. Summary of the association between SCN1A and SCN2A polymorphisms and resistance to AEDs.
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FIGURE 2. Forest plots for the association between the SCN1A rs2298771, SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms and resistance to antiepileptic drugs. (A), SCN1A rs2298771 polymorphism (GG vs. AA). (B) SCN1Ars10188577 polymorphism (C vs. T). (C), SCN2A rs17183814 polymorphism (AA vs. GG). (D) SCN2A rs2304016 polymorphism (G vs. A). The sizes of the squares reflect the study's weight and horizontal lines represent 95% CI; the center of diamonds reflects the overall odds ratio (OR), and the horizontal span of the diamond represents the 95% CI of the OR.
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FIGURE 3. Sensitivity analysis indicated the stability of the results. (A) SCN1A rs2298771 polymorphism (GG vs. AA). (B) SCN1A rs10188577 polymorphism (C vs. T). (C), SCN2A rs17183814 polymorphism (AA vs. GG). (D), SCN2A rs2304016 polymorphism (G vs. A).
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FIGURE 4. Begg's funnel plot for publication bias test. (A), SCN1A rs2298771 polymorphism (GG vs. AA). (B), SCN1A rs10188577 polymorphism (C vs. T). (C), SCN2A rs17183814 polymorphism (AA vs. GG). (D) SCN2A rs2304016 polymorphism (G vs. A).




Association Between the SCN1A rs10188577 Polymorphism and Resistance to AEDs

In the recessive genetic model, the CC genotype of the SCN1A rs10188577 was significantly associated with responsiveness to AEDs (OR = 0.733, 95% CI: 0.547–0.982, P = 0.038, I2 = 25.9%). Subgroup analyses indicated that the C allele was associated with sensitivity to AEDs in Asians with epilepsy in the allele model (OR = 0.858, 95% CI: 0.747–0.985, P = 0.030, I2 = 0.0%). However, after Bonferroni correction, there were no significant correlations between the SCN1A rs10188577 polymorphism and sensitivity to AEDs. These results are shown in Table 3 and Figure 2B. The results were stable and credible, as proved by the sensitivity analysis (Figure 3B). We did not detect any publication bias (Table 3 and Figure 4B).



Association Between the SCN2A rs17183814 Polymorphism and Resistance to AEDs

In the homozygous genetic model of the SCN2A rs17183814 polymorphism, the pooled OR value was 1.519 (95% CI: 1.040–2.219, P = 0.030) under the fixed-effects model. However, this correlation was not significant after Bonferroni correction. No association between the SCN2A rs17183814 polymorphism and resistance to AEDs was observed in the other four models or in further subgroup analyses. We found no significant heterogeneity (I2=10.1%; Table 3 and Figure 2C). The sensitivity analysis indicated stable results (Figure 3C). However, publication bias was observed according to Begg and Egger tests (Table 3 and Figure 4C). Therefore, these results should be applied cautiously.



Association Between the SCN2A rs2304016 Polymorphism and Resistance to AEDs

There was a significant correlation between the SCN2A rs2304016 polymorphism and AEDs response in the allelic, heterozygous, and dominant genetic models (G vs. A: OR = 0.745, 95% CI: 0.570–0.974, P = 0.032, I2 = 47.9%; GA vs. AA: OR = 0.679, 95% CI: 0.480–0.961, P = 0.029, I2 = 62.1%; GG + GA vs. AA: OR = 0.702, 95% CI: 0.510–0.964, P = 0.029, I2 = 57.1%). The subgroup analysis in Asians revealed similar results (G vs. A: OR = 0.752, 95% CI: 0.572–0.988, P = 0.040, I2 = 51.6%; GA vs. AA: OR = 0.687, 95% CI: 0.482–0.980, P = 0.038, I2 = 65.1%; GG + GA vs. AA: OR = 0.709, 95% CI: 0.513–0.981, P = 0.038, I2 = 60.4%; Table 3 and Figure 2D). After Bonferroni correction, the aforementioned correlation was not significant. The sensitivity analysis indicated stable results (Figure 3D). There was no significant publication bias (Table 3 and Figure 4D).




DISCUSSION

The results of our meta-analysis showed that the G allele and the GG genotype of SCN1A rs2298771 increase the risk of resistance to AEDs for the overall population with epilepsy and for Asians with epilepsy. In addition, the AA genotype of SCN1A rs2298771 implies sensitivity to AEDs for Caucasians (South Asians). Regarding SCN1A rs10188577, the CC genotype for the overall population and the C allele for Asians reduce the risk of resistance to AEDs. The A allele and the AA genotype of SCN2A rs2304016 were more common in the overall population and Asians with drug-resistant epilepsy. The aforementioned results were stable and reliable after sensitivity analysis and Begg and Egger tests. Moreover, we found that the SCN2A rs17183814 polymorphism was related to resistance to AEDs under the homozygous genetic model, but there was significant publication bias, as shown by Begg and Egger tests; thus, this result was unreliable. Unfortunately, after Bonferroni correction, we found that only the AA genotype of SCN1A rs2298771 was associated with responsiveness to AEDs in all people and in Caucasians (South Asians), but the correlations between the other three SNPs and resistance to AEDs did not remain significant.

Epilepsy is known to be an ion channel disease. Nav channels are the main targets of many first-line AEDs (31–34). SCN1A and SCN2A genetic variants may change the response to AEDs (25). SCN1A rs2298771 (c.3184A>G/p.Thr1067Ala), located in the SCN1A exon region, is an A-to-G variant, which causes the substitution of alanine for threonine (27). Similarly, SCN2A rs17183814 (c.56G>A/p.Arg19Lys), situated in the SCN2A exon region, is a G-to-A SNP, which generates a conversion of arginine to lysine (12). These two SNPs may affect the structural and functional characteristics of Nav channels and further influence the therapeutic effects of AEDs (27). SCN1A rs10188577 (T>C) and SCN2A rs2304016 (IVS7-32A>G) are common SNPs of the intron region and are considered to be significant in the regulation of SCN1A and SCN2A expression, respectively (35).

The relationship between SCN1A and SCN2A polymorphisms and resistance to AEDs had been extensively studied, but the conclusions were inconsistent. Kwan et al. (9) found that the SCN1A rs2298771 polymorphism did not influence the response to AEDs. This finding was confirmed by later studies (5, 7, 10–15). However, some studies found that the SCN1A rs2298771 polymorphism was related to AED resistance (16–20). For example, E.F.W. Abo et al. reported that the AG genotype and the G allele frequency of SCN1A rs2298771 were significantly higher in AED-resistant patients than in drug responders (18). The SCN1A rs10188577 polymorphism was associated with AED resistance in studies performed by Feng et al. (7) and Yip et al. (8). However, several other studies did not support the aforementioned findings (5, 9–11). Lakhan et al. (12) found that A variant of SCN2A rs17183814 was more common in patients who were resistant to multiple AEDs. The study conducted by Nazish et al. (20) demonstrated that the GA and AA genotypes of rs17183814 were related to carbamazepine resistance. However, some studies did not find a similar relationship (5, 7, 9, 10, 14, 21, 24). Kwan et al. (9) and Li et al. (26) reported that the A allele and the AA genotype of SCN2A rs2304016 were risk factors for AED resistance. In contrast, Shi et al. (5) found that the rs2304016 G allele increased the risk of VPA resistance. Moreover, some studies have shown that the rs2304016 polymorphism does not affect the risk of AED resistance (7, 10, 14, 21–23, 25).

Recently, new case–control studies and cohort studies have been published. Hence, we performed an updated meta-analysis of the relationship between SCN1A rs2298771 and SCN2A rs17183814 polymorphisms and AED resistance. Furthermore, the study quantitatively evaluated the significance of SCN1A rs10188577 and SCN2A rs2304016 polymorphisms in AED resistance for the first time. The meta-analysis conducted by Haerian et al. did not find an association of SCN1A rs2298771 and SCN2A rs17183814 polymorphisms with response to AEDs (10). Our study, similar to this meta-analysis, did not limit the types of AEDs; however, we incorporated new studies (5, 7, 9, 11, 14–21, 24). Therefore, the conclusions of these two meta-analyses were not identical. Bao et al. (27) also performed a meta-analysis. However, they excluded studies that were not limited to SCB-AEDs; this did not happen in our study. Fortunately, their conclusions were similar to ours in that the AA genotype of SCN1A rs2298771 predisposed to responsiveness to AEDs. Thus, we speculate that the SCN1A rs2298771 polymorphism is related to resistance to multiple AEDs and not merely to SCB-AEDs.

There were certain limitations in our meta-analysis that should be considered while interpreting the results. First, the definition of treatment outcomes was different across the included studies, resulting in heterogeneity in grouping standards. Second, multivariate analysis to adjust for confounding factors, such as age, sex, type/duration/severity of epilepsy, and AEDs type, was not performed in the present meta-analysis because of the limited information offered by the included studies. Third, the Chinese were predominant among the Asians in the included studies, which constitutes a lack of ethnic diversity. Finally, we could not assess gene-to-gene and gene-to-environment interactions.



CONCLUSION

In conclusion, our meta-analysis demonstrated that SCN1A rs2298771 polymorphism was significantly associated with resistance to AEDs in overall population and Caucasians (South Asians). However, we could not identify significant correlations between SCN1A rs10188577, SCN2A rs17183814, and SCN2A rs2304016 polymorphisms and resistance to AEDs according to current evidence. Considering the limitations of the present study, further large-scale and multi-ethnic studies on this topic are needed to verify our findings.
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