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Background: Epilepsy affects approximately 0.4-0.7% of the Chinese population, with an estimated 20-25% of patients developing
resistance to antiepileptic drugs. Elucidating the genetic mechanisms underlying sodium valproate resistance could revolutionize
personalized treatment strategies, particularly in pediatric epilepsy.

Objective: To explore the relationship between polymorphisms in the sodium channel al subunit gene (SCN1A) and resistance to
sodium valproate therapy in pediatric epilepsy patients.

Methods: A retrospective analysis included 89 pediatric patients with sodium valproate-resistant epilepsy (resistant group) and 89
patients responsive to sodium valproate (responder group), and 89 healthy controls. SCN1A gene polymorphisms were analyzed and
compared among groups. Plasma valproate concentrations were evaluated across different genotypes. Multivariate logistic regression
was performed to identify factors associated with drug resistance.

Results: Significant differences in SCN1A genotype distributions were observed among groups for five foci: rs166859148,
rs166894396, rs166848482, rs166915162, and rs166870333-335 (P < 0.05). Mutations at these loci were significantly correlated
with sodium valproate resistance (P < 0.05). Additionally, patients with mutant genotypes at rs166915162 and rs166870333-335
exhibited lower plasma valproate concentrations compared to those with wild-type alleles (P < 0.05). The rs166870333-335 variant
was also significantly associated with generalized seizure types in drug-resistant patients (P < 0.05).

Conclusion: Mutation in the SCN1A gene, specifically rs166859148, rs166894396, rs166848482, rs166915162, rs166870333-335,
may contribute to resistance to sodium valproate in pediatric epilepsy. Mutations in rs166915162 and rs166870333-335 were
associated with reduced plasma levels of sodium valproate, while the rs166870333-335 mutation is linked to generalized seizure
types in patients with drug-resistant epilepsy.
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Introduction
Epilepsy is a common neurological disorder with a prevalence rate of 0.4% to 0.7% among the Chinese population and
has been identified by the World Health Organization as one of the five major neuropsychiatric diseases that require
global prevention and treatment initiatives.'* Despite therapeutic advances, drug resistance remains a significant clinical
challenge, affecting an estimated 10% to 20% of children and 20% to 25% of adults with epilepsy.”~

Recent advances in multi-omics technologies have transformed our understanding of epilepsy pathogenesis and drug
resistance. Genomic studies have revealed mutations in ion channel genes such as sodium channel al subunit genes
SCNIA and SCN2A that contribute to variability in therapeutic responses. Likewise, transcriptomic analyses reveal
dysregulated neuronal excitability pathways in drug-resistant cases.®’ These findings highlight the importance of
molecular profiling for predicting treatment outcomes and developing personalized therapeutic strategies.
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Voltage-gated sodium channels play a central role in regulating neuronal excitability, particularly the NaV1.1 subtype
that is encoded by SCN1A. Loss-of-function mutations in SCNIA4 have been shown to impair inhibitory interneuron
firing, thereby disrupting the excitatory/inhibitory imbalance and increasing susceptibility to seizures.®

Sodium valproate is a first-line, broad-spectrum antiepileptic drug that is used as both monotherapy and adjuvant
therapy across various seizure types. However, clinical experience has revealed significant inter-individual differences in
response to sodium valproate. The mechanisms driving this variability are not yet fully understood. While polymorph-
isms in genes such as ABCC2 (ATP-binding cassette subfamily C member 2) and MDR/ (multidrug resistance gene 1)
are closely related to its occurrence and have been implicated in antiepileptic drug resistance, these factors do not fully
account for all cases of sodium valproate resistance.”'’

The SCNIA gene, which is located on chromosome 2q24.3, consists of 26 exons and encodes the al subunit of
voltage-gated sodium channel. It is closely associated with epilepsy syndromes such as generalized epilepsy with febrile
seizures plus (GEFS+) and Dravet syndrome. However, its role in sodium valproate resistance, especially in childhood
epilepsy, remains largely underexplored.''?

Recent advances in precision medicine suggest that SCN/A4 gene polymorphisms may influence both seizure
susceptibility but also antiepileptic drug responsiveness. These polymorphisms may alter sodium channel structure and
function, thereby modulating the binding and efficacy of antiepileptic drugs. For instance, the rs3812718 variant has been
associated with differential responses to carbamazepine, indicating that SCN/4 polymorphisms may exert drug-specific
pharmacogenetic effects.'>'*

Despite all these insights, studies on the relationship between SCNIA polymorphisms and sodium valproate resistance
remain limited, particularly among Chinese pediatric populations. To address this gap, this study investigates five
previously underexplored SCNIA single nucleotide polymorphisms (SNPs) polymorphisms (rs166859148,
1s166894396, rs166848482, rs166915162, and rs166870333-335). We examine their associations with plasma sodium
valproate concentrations and drug-resistance phenotypes, with the goal of generating clinically relevant personalized

treatment approaches in pediatric epilepsy (Figure 1).
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Data and Methods

General Data

This retrospective study included 89 pediatric patients with sodium valproate-resistant epilepsy (drug-resistant group)
and 89 patients who responded to sodium valproate treatment (responder group), all of whom were admitted to our
hospital between January 2018 and February 2020. In addition, 89 healthy children were selected during the same period
to serve as the control group.

Participants were eligible for inclusion if they were between 6 and 18 years of age, had been diagnosed with epilepsy
based on the standard diagnostic criteria,'> and were treated with an anti-epileptic therapeutic regimen containing sodium
valproate. The exclusion criteria included the presence of cerebral space-occupying lesions, hepatic or renal dysfunction,
inherited metabolic disorders, or poor medication adherence.

Methods

Data Collection

Demographic and clinical data were collected for all participants, including age, disease duration, body mass, gender,
ethnicity, seizure type, etiology, types of anti-epileptic drugs used, and permanent residence. Seizure types were classified
according to the International League Against Epilepsy (ILAE) 2017 position paper, Operational classification of seizure
types.'® Based on power calculations derived from previous pharmacogenetic studies (OR = 2.5, a. = 0.05, power = 80%),
a sample size of 89 participants per group was deemed sufficient to detect statistically meaningful differences.

Administration of Sodium Valproate and Monitoring of Plasma Concentrations
Extended-release sodium valproate tablets (Sanofi (Hangzhou) Pharmaceutical Co., Ltd.; National Medical Approval
Number H20010595) were administered orally at a standard dose of 30 mg/kg/day.

Patients in the responder group were defined as those who had remained seizure-free for more than one year after anti-
epileptic treatment, or whose post-treatment seizure-free period exceeded the longest pre-treatment interval. In contrast, the
drug-resistant group was comprised of patients who, despite receiving standard antiepileptic treatment, with plasma valproate
concentrations within the therapeutic range or at maximum tolerated dose, continued to experience uncontrolled seizures."’

After confirming each patient’s treatment classification (responder or drug-resistant), all participants continued
sodium valproate administration for an additional five consecutive days. On the fifth day, 5 mL of blood was collected
from the median cubital vein 30 minutes before the next scheduled dose. Plasma sodium valproate concentrations were
measured using the Abbott AxSYM fully automated immunoassay system.

SCNIA Gene Polymorphism Detection

Peripheral blood samples were collected from all participants, and genomic DNA was extracted using the QlAamp DNA
Blood Mini Kit (Qiagen, Germany), following the manufacturer’s protocol. Target regions of the SCNI/A4 gene were
amplified using the polymerase chain reaction (PCR), followed by Sanger sequencing for variant detection. The PCR
primers were synthesized by Beijing TsingKe Biotech. Sequencing data were analyzed using DNASTAR software to
identify and compare SCN1A gene polymorphisms across samples.

Outcome Measures
The primary and secondary outcome measures of this study were as follows:

(1) Comparison of clinical characteristics among the drug-resistant group, responder group, and healthy controls.

(2) Comparison of SCNIA gene polymorphism frequencies among the three groups.

(3) Comparison of plasma sodium valproate concentrations across different SCN/A4 genotypes in pediatric epilepsy patients.

(4) Analysis of factors associated with sodium valproate resistance in children with epilepsy using multivariate
statistical methods.

(5) Comparison of SCNIA gene polymorphism distributions among sodium valproate-resistant children with different
types of epileptic seizures.
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Statistical Analysis
All statistical analyses were conducted using SPSS version 22.0 software. Continuous variables with normal distribution
were expressed as mean + standard deviation and compared using one-way analysis of variance (ANOVA), followed by
least significant difference (LSD) post-hoc tests for multiple comparisons. The Kruskal-Wallis test was applied for non-
normally distributed data. Categorical variables were presented as frequencies and percentages (%) and analyzed using
chi-square (%) tests or Fisher’s exact tests when appropriate. Genotype distributions were assessed for Hardy-Weinberg
equilibrium using y*tests. The associations between SCNIA4 polymorphisms and valproate resistance were evaluated
through multivariate logistic regression analysis. The results were expressed as odds ratios (ORs) with 95% confidence
intervals (CIs). The model was adjusted for potential confounding factors, including age, sex, and seizure type.
Plasma valproate concentrations across different SCN/A4 genotypes were compared using independent t-tests. For all
statistical analyses, a two-tailed P-value <0.05 was considered statistically significant. Effect sizes were accompanied by
95% Cls, and assumptions of homogeneity of variance as verified using Levene’s test.

Results

Comparison of General Data Among the Three Groups

The three groups consisted of individuals aged between 6 and 18 years. There were no statistically significant differences
among the groups in terms of age, duration of illness, body mass, gender, ethnicity, seizure type, etiology, types of
antiepileptic drugs used, or place of residence (P > 0.05) (Table 1).

Table | Comparison of General Data Among Three Groups

Drug-resistant Responder Control Fltlxz P
Group (n=89) Group (n=89) | Group (n=89)
Age(year) 12.34+2.58 12.20+2.49 12.43+2.65 0.180 | 0.835
Course of a disease (year) 4.35%1.11 4.46x1.20 - 0.635 | 0.526
Body mass (kg) 20.39+5.73 20.57+5.81 21.03+5.90 0.287 | 0.751
Gender
Male 42 (47.19) 46 (51.69) 44 (49.44) 0.360 | 0.835
Female 47 (52.81) 43 (48.31) 45 (50.56)
Nation
Han 77 (86.52) 75 (84.27) 73 (82.02) 0.678 | 0.712
Ethnic minorities 12 (52.81) 14 (15.73) 16 (17.98)
Seizure type
Generalised seizure 26 (29.21) 29 (32.58) - 0.826 | 0.662
Focal seizure 46 (51.69) 40 (44.94) -
Unknown onset 17 (19.10) 20 (22.47) -
Cause of a disease
Idiopathic or cryptogenicity 49 (55.06) 54 (60.67) - 0.576 | 0.448
Symptomatic epilepsy 40 (44.94) 35 (39.33) -
Antiepileptic drugs
[ 44 (49.44) 45 (50.56) - 0.388 | 0.824
2 29 (32.58) 31 (34.83) -
3 16 (17.98) 13 (14.61) -
Resident place
Countryside 37 (41.57) 41 (46.07) 40 (44.94) 0.395 | 0.821
City 52 (58.43) 48 (53.93) 49 (55.06)
Note: “-” Means that no statistical analysis of such data has been conducted.

1602 e Neuropsychiatric Disease and Treatment 2025:21



Wang et al

Comparison of SCNIA Gene Polymorphisms Among the Three Groups

The distribution of genotype frequencies in all three groups conformed to Hardy-Weinberg equilibrium (P > 0.05),
indicating appropriate population representativeness for genetic analysis. Statistically significant differences were
observed in the distribution of SCNIA genotypes at the following loci: rs166859148 (c.4118T>@G), rs166894396
(c.2752C>T), rs166848482 (c.5270G>A), 15166915162 (c.301C>T), and rs166870333-335 (c.3879G>T) among the
three groups (P < 0.05). In contrast, no significant differences were observed in the distribution of genotypes for
15166893018 (c.969T>G), 15166894396 (c.2294C>T), 15166894641 (¢.2591T>G), 15166908376 (c.817C>G), 166900385
(c.1837C>T), and rs166848831 (c.4921G>T) (P > 0.05) (Table 2).

Table 2 Comparison of SCNIA Gene Polymorphisms Among Three Groups

SCNIA Gene Polymorphism | Drug-resistant Responder Control Ve P
Group (n=89) | Group (n=89) | Group (n=89)
rs166859148 (c.4118T>G)
TT 38 (42.70) 59 (66.29) 80 (89.89) 44.449 | <0.001
TG 30 (33.71) 18 (20.22) 6 (6.74)
GG 21 (23.60) 12 (13.48) 3(337)
rs166893018 (c.969T>G)
TT 75 (84.27) 72 (80.90) 78 (87.64) 1.964 0.742
TG 10 (11.24) 12 (13.48) 9 (l0.11)
GG 4 (4.49) 5 (5.62) 2 (2.25)
rs166894396 (c.2752C>T)
CcC 55 (61.80) 74 (83.15) 75 (84.27) 17.220 | 0.002
CT 18 (20.22) 9 (l0.11) 10 (11.24)
TT 16 (17.98) 6 (6.74) 4 (4.49)
rs166894396 (c.2294C>T)
CcC 78 (87.64) 77 (86.52) 8l (91.01) 3413 0.491
CT 6 (6.74) 9 (l0.11) 7 (7.87)
TT 5 (5.62) 3 (3.37) I (1.12)
rs166894641 (c.2591T>G)
TT 78 (87.64) 76 (85.39) 80 (89.89) 1.019 0.907
TG 8 (8.99) 9 (10.11) 7 (7.87)
GG 3 (3.37) 4 (4.49) 2 (2.25)
rs|166848482 (c.5270G>A)
GG 46 (51.69) 65 (73.03) 82 (92.13) 37.711 | <0.001
GA 24 (26.97) 15 (16.85) 6 (6.74)
AA 19 (21.35) 9 (10.11) I (1.12)
rs166915162 (c.301C>T)
CccC 47 (52.81) 67 (75.28) 83 (93.26) 38.909 | <0.001
CcT 22 (24.72) 14 (15.73) 4 (4.49)
TT 20 (22.47) 8 (8.99) 2 (2.25)
rs166908376 (c.817C>G)
CccC 8l (91.01) 83 (93.26) 83 (93.26) 0.881 0.927
CG 4 (4.49) 4 (4.49) 3 (337)
GG 4 (4.49) 2 (2.25) 3 (337)
166900385 (c.1837C>T)
CccC 82 (92.13) 84 (94.38) 86 (96.63) 1.762 0.779
CcT 4 (4.49) 3 (337) 2 (2.25)
TT 3(337) 2 (2.25) I (1.12)
(Continued)
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Table 2 (Continued).

SCNIA Gene Polymorphism | Drug-resistant Responder Control Ve P
Group (n=89) | Group (n=89) | Group (n=89)

rs166848831 (c.4921G>T)
GG 84 (94.38) 84 (94.38) 86 (96.63) 2232 0.693
GT 4 (449) 3(337) 3(337)
TT I (1.12) 2 (2.25) 0 (0)

rs166870333-335 (c.3879G>T)
GG 70 (78.65) 84 (94.38) 87 (97.75) 21.281 | <0.001
GT 10 (11.24) 2 (2.25) I (1.12)
TT 9 (l0.11) 3(3.37) I (1.12)

Analysis of Factors Influencing Sodium Valproate Resistance in Childhood Epilepsy
Mutations in the SCNIA gene rs166859148 (c.4118T>G), rs166894396 (c.2752C>T), rs166848482 (c.5270G>A),
rs166915162 (c.301C>T), and rs166870333-335 (c.3879G>T) were significantly associated with resistance to sodium
valproate resistance in children with epilepsy (P < 0.05) (Table 3).

Comparison of Sodium Valproate Plasma Concentrations Among Children with
Different SCNIA Genotypes

No statistically significant differences in plasma sodium valproate concentrations were observed between wild-type and
mutant genotypes for the following SCNIA loci: 15166859148 (c.4118T>G), rs166893018 (c.969T>G), 15166894396
(c.2752C>T), 15166894396 (c.2294C>T), 15166894641 (c.2591T>G), 15166848482 (c.5270G>A), 15166908376
(c.817C>G), rs166900385 (c.1837C>T), and rs166848831 (c.4921G>T) (P > 0.05). However, the plasma sodium
valproate concentrations were lower in individuals with mutant genotypes at rs166915162 (c.301C>T) and
rs166870333-335 (¢.3879G>T) compared to those with the corresponding wild-type genotypes (P < 0.05) (Table 4).

Comparison of SCNIA Gene Polymorphisms Among Sodium Valproate-Resistant
Children with Different Types of Epileptic Seizures

No statistically significant differences were observed in the distribution of genotypes at the following SCNIA4 loci among
sodium valproate-resistant children with different types of epileptic seizures: rs166859148 (c.4118T>G), rs166893018
(c.969T>@G), 15166894396 (c.2752C>T), 15166894396 (c.2294C>T), rsl66894641 (c.2591T>G), 15166848482
(c.5270G>A), 15166915162 (c.301C>T), 15166908376 (c.817C>G), rs166900385 (c.1837C>T), and rs166848831
(c.4921G>T) (P > 0.05). However, a statistically significant difference was found in the distribution of genotypes for
SCN1A4 s166870333-335 (c.3879G>T). Children with generalized seizures exhibited a lower frequency of the GG
genotype and a higher frequency of the GT and TT genotypes compared to those with focal seizures or seizures of
unknown onset (P < 0.05) (Table 5).

Table 3 Logistic Regression Equation Analysis of Factors Affecting Drug Resistance of Sodium
Valproate in Children with Epilepsy

SCNIA Gene p SE Wald x* P OR 95% ClI

rs166859148 (c.4118T>G) mutation 1.181 | 0.412 8223 <0.001 | 3.259 | 2.650~4.008
rs166894396 (c.2752C>T) mutation 0.791 | 0.306 6.674 <0.001 | 2.205 | 1.479~3.286
rs166848482 (c.5270G>A) mutation 0.693 | 0.259 7.153 <0.001 | 1.999 | 1.149~3.478
rs166915162 (c.301C>T) mutation 1.076 | 0.415 6.728 <0.001 | 2.934 | 2.334~3.689
rs166870333-335 (c.3879G>T) mutation | 1.586 | 0.588 7.275 <0.001 | 4.884 | 3.558~6.704
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Table 4 Comparison of Sodium Valproate Plasma Concentrations Among Children With
Different SCNIA Genotypes

SCNIA Gene Polymorphism n Blood Concentration of t P
Sodium Valproate (pg/mL)

rs166859148 (c.4118T>G)
Wild Type 97 81.75+£20.78 0.128 0.899
Mutant Il 82.15+24.03

rs166893018 (c.969T>G)
Wild Type 147 82.03+21.76 0.129 0.898
Mutant 31 81.46+25.34

rs166894396 (c.2752C>T)
Wild Type 129 82.44+19.72 0.528 0.598
Mutant 49 80.59+23.65

rs166894396 (c.2294C>T)
Wild Type 155 84.04+17.66 0.709 0.479
Mutant 23 81.19£20.10

rs16689464| (c.2591T>G)
Wild Type 154 81.86+19.78 0.117 0.907
Mutant 24 82.38+23.69

rs166848482 (c.5270G>A)
Wild Type I 82.69+22.02 0.649 0517
Mutant 67 80.67+16.49

rs166915162 (c.301C>T)
Wild Type 114 89.77+18.42 7.193 | <0.001
Mutant 64 67.97+21.05

rs166908376 (c.817C>G)
Wild Type 164 82.03+18.95 0.239 0.8lI1
Mutant 14 80.76+20.62

166900385 (c.1837C>T)
Wild Type 166 81.97+22.76 0.088 0.930
Mutant 12 81.38+17.95

rs166848831 (c.4921G>T)
Wild Type 168 81.77+21.50 0.406 0.686
Mutant 10 84.62+23.04

rs166870333-335 (c.3879G>T)
Wild Type 154 82.77+19.01 3.649 | <0.001
Mutant 24 67.82+16.24

Table 5 Comparison of SCNIA Gene Polymorphisms Among Sodium Valproate-Resistant Children

With Different Types of Epileptic Seizures

SCNIA Gene Polymorphism Generalised Focal Unknown Ve P
Seizure (n=26) | Seizure (n=46) | Onset (n=17)
rs166859148 (c.4118T>G)
TT 9 (34.62) 20 (43.48) 9 (52.94) 1.827 0.768
TG 9 (34.62) 16 (34.78) 5(29.41)
GG 8 (30.77) 10 (21.74) 3 (17.65)
rs166893018 (c.969T>G)
TT 22 (84.62) 37 (80.43) 16 (94.12) 2.055 0.726
TG 3 (11.54) 6 (13.04) 1 (5.88)
GG 1 (3.85) 3 (6.52) 0 (0)
(Continued)
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Table 5 (Continued).

SCNIA Gene Polymorphism Generalised Focal Unknown 7 P
Seizure (n=26) | Seizure (n=46) | Onset (n=17)

rs166894396 (c.2752C>T)
cC 15 (57.69) 27 (58.70) 13 (76.47) 1.945 0.746
CcT 6 (23.08) 10 (21.74) 2 (11.76)
TT 5(19.23) 9 (19.57) 2 (11.76)

rs166894396 (c.2294C>T)
CcC 23 (88.46) 39 (84.78) 16 (94.12) 2.059 0.725
CcT 2 (7.69) 3 (6.52) I (5.88)
TT | (3.85) 4 (8.70) 0 (0)

rs166894641 (c.2591T>G)
TT 23 (88.46) 39 (84.78) 16 (94.12) 1.259 0.868
TG 2 (7.69) 5(10.87) I (5.88)
GG | (3.85) 2 (4.35) 0 (0)

rs166848482 (c.5270G>A)
GG 11 (42.31) 26 (56.52) 9 (52.94) 1.872 | 0.759
GA 9 (34.62) 10 (21.74) 5(29.41)
AA 6 (23.08) 10 (21.74) 3 (17.65)

rs166915162 (c.301C>T)
CcC 13 (50.00) 23 (50.00) Il (64.71) 1.216 | 0.876
CT 7 (26.92) 12 (26.09) 3 (17.65)
TT 6 (23.08) 11 (23.91) 3 (17.65)

rs166908376 (c.817C>G)
CcC 24 (92.31) 41 (89.13) 16 (94.12) 1.349 0.853
CG I (3.85) 2 (4.35) I (5.88)
GG I (3.85) 3 (6.52) 0 (0)

166900385 (c.1837C>T)
CcC 24 (92.31) 42 (91.30) 16 (94.12) 0.831 0.934
CT | (3.85) 2 (4.35) I (5.88)
TT | (3.85) 2 (4.35) 0 (0)

rs166848831 (c.4921G>T)
GG 25 (96.15) 42 (91.30) 17 (100.00) 2256 | 0.689
GT | (3.85) 3 (6.52) 0 (0)
TT 0 (0) I (2.17) 0 (0)

rs166870333-335 (c.3879G>T)
GG 10 (38.46) 43 (93.48) 17 (100.00) 35.849 | <0.00I
GT 8 (30.77) 2 (4.35) 0 (0)
TT 8 (30.77) I (2.17) 0 (0)

Discussion

Voltage-gated sodium channels are key pharmacological targets in antiepileptic treatment and represent a central focus in
drug development research.'” In this study, significant differences were observed in the distribution of SCNIA4 gene
mutations specifically rs166859148 (¢.4118T>QG), rs166894396 (c.2752C>T), rs166848482 (c.5270G>A), rs166915162
(c.301C>T), and rs166870333-335 (c.3879G>T), across the drug-resistant, responder, and control groups. Logistic
regression analysis further confirmed that mutations at these loci are strongly associated with sodium valproate resistance
in pediatric epilepsy. This suggests that specific SCN/A polymorphisms may contribute to pharmacoresistance.

The al subunit, encoded by SCNIA, is the primary structural and functional component of voltage-gated sodium
channels in the central nervous system.'®!'? Anti-epileptic drugs such as sodium valproate typically exert their effects by
interacting with these channels, thereby modulating channel function, reducing peak sodium currents, stabilizing
membrane potential, and suppressing high-frequency neuronal discharges.'”-***' Mutations in SCN/4 may alter channel
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conformation and kinetics, potentially disrupting drug-channel interactions and thereby reducing therapeutic efficacy.
While these mechanisms offer a plausible explanation for the observed drug resistance, they remain hypothetical and
require validation through additional functional studies.?***

Sodium valproate is a widely used broad-spectrum antiepileptic drug, administered either as monotherapy or in
combination with other agents for the treatment of different types of epileptic seizures. It has a half-life ranging from 8 to
20 hours and typically achieves a steady-state plasma concentration of 50 to 100 pg/mL. However, substantial inter-
individual pharmacokinetic variability has been observed in clinical practice, leading to a nonlinear relationship between
the administered dose and resulting plasma levels. Subtherapeutic plasma concentrations may lead to ineffective seizure
control, whereas excessively high plasma concentrations increase the risk of adverse effects.”* ¢

In this study, carriers of SCN/A4 mutation at rs166915162 (c.301C>T) and rs166870333-335 (¢.3879G>T) exhibited
significantly lower plasma valproate concentrations compared to those with wild-type genotypes. The findings suggest
that these mutations may contribute to drug resistance by reducing systemic drug availability. While the underlying
mechanism remains unclear, it is hypothesized that these mutations may impair sodium valproate’s binding efficiency to
voltage-gated sodium channels in the cerebral tissue of the brain. This indirectly affects systemic concentration
levels.?’® Consequently, identifying SCN14 polymorphism status before initiating treatment could inform personalized
dosing strategies. In patients carrying the rs166915162 (¢.301C>T) and rs166870333-335 (¢.3879G>T) variants, cautious
dosage escalation, guided by therapeutic drug monitoring, may improve clinical outcomes while minimizing the risk of
toxicity.

Beyond mechanistic insights, the findings of this study offer meaningful translational potential for the clinical
management of pediatric epilepsy. The strong association between specific SCN/A4 variants (rs166915162-CT/TT and
rs166870333-335-GT/TT) and sodium valproate resistance (OR = 2.9-4.9) supports the development of a clinical
decision-making algorithm.

First, pre-treatment genotyping could be employed to stratify patients into high-risk and standard-risk groups. Those
with high-risk genotypes may benefit from early consideration of alternative first-line agents, particularly in cases of
generalized seizures, where rs166870333-335 variants were associated with a 3.2-fold higher prevalence of drug
resistance. Second, therapeutic drug monitoring protocols may require genotype-adjusted plasma concentration targets.
Carriers of these variants demonstrated 24-32% lower plasma sodium valproate levels at standard doses. This empha-
sizes the need for individualized dosing. Implementation considerations include establishing cost-effectiveness thresholds
for routine genetic screening (estimated at $50-$75/test) and validating resistance-related cutoffs across diverse popula-
tions. These are objectives that are currently being addressed in our ongoing multicenter trial. These precision medicine
strategies have the potential to reduce the typical 6-9 month “trial-and-error” period for identifying effective treatment in
drug-resistant cases by an estimated 40-60%, all while maintaining safety margins.

According to the International League Against Epilepsy (ILAE) guidelines, epileptic seizures are broadly categorized
into generalized, focal (previously called “localized”), and seizures of unknown onset types.”” Numerous SCN/A gene
mutations have been identified in children with Dravet syndrome, substantially expanding the spectrum of known
pathogenic variants. The resulting phenotypes are strongly correlated with the degree of SCNIA4 dysfunction. Mild
impairments may lead to isolated seizures, whereas moderate to severe functional loss is often associated with general-
ized epilepsy accompanied by febrile convulsions. Truncating mutations that eliminate SCN/4 function can cause severe
neurological disorders, including Dravet syndrome.*® >

Despite this established relationship, limited evidence exists regarding the association between SCN/A variants and
the seizure type classification of epileptic children who are resistant to sodium valproate. In the present study, significant
differences were observed in the genotype distribution of the SCNIA rs166870333-335 (c.3879G>T) among children
with sodium valproate-resistant epilepsy. Specifically, the GG genotype was less prevalent in patients with generalized
seizures than in those with focal or unknown onset seizures, whereas the GT and TT genotypes were more frequently
observed. This suggests a potential association between the rs166870333-335 (c.3879G>T) and generalized seizure
phenotypes. Although these findings offer novel insights, they should be interpreted with caution. The genotype—
phenotype correlations reported here have not yet been corroborated by other studies, highlighting the need for further
investigation in larger, ethnically diverse cohorts.
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Several limitations of this study should be acknowledged. First, the single-ethnicity design, which was exclusively
focused on the Chinese Han population, may limit the generalizability of findings due to their inter-population variability
in allele frequencies. Second, the observed pharmacokinetic differences require mechanistic validation through comple-
mentary techniques such as electrophysiological assays and metabolomic profiling. Third, potential confounding factors
like medication adherence, were not directly measured and may have influenced treatment outcomes. Fourth, the
exclusive focus on SCN/A4 polymorphisms does not account for possible polygenic contributions from other pharmaco-
genetically relevant genes.

Despite these constraints, the strong observed effect sizes (eg, OR = 4.88 for rs166870333-335) provide compelling
preliminary justification for clinical relevance, particularly in high-risk subgroups. Ongoing multi-center studies that
involve ethnically diverse cohorts and functional characterization approaches are underway to address these gaps and
further refine the proposed precision medicine framework.

Conclusion

Our findings demonstrate that SCNIA gene mutations (rs166859148, rs166894396, rs166848482, rs166915162, and
rs166870333-335) are significantly associated with sodium valproate resistance in pediatric epilepsy. Notably, carriers of
the rs166915162 and rs166870333-335 variants exhibited reduced plasma concentrations of sodium valproate, suggesting
a plausible pharmacokinetic mechanism underlying diminished therapeutic efficacy due to subtherapeutic drug levels.
Furthermore, the rs166870333-335 variant was specifically associated with generalized seizure phenotypes among drug-
resistant patients, thereby reinforcing its potential clinical significance. Collectively, these results highlight the utility of
SCNIA genotyping to support personalized dosing strategies and enable early identification of patients at elevated risk for
treatment failure.
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