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Abstract
Objective This study aims to describe the associations between genetic polymorphisms and therapeutic effect of valproic acid
(VPA) in children with focal seizures.
Methods Eighty-nine children with focal seizures on VPA therapy were enrolled. Patients’ basic information, dosage regimens,
and plasma concentrations were recorded. A 1-year follow-up was performed to evaluate the treatment response. Sixty-six single
nucleotide polymorphisms involved in the metabolism, transport, and target receptor of VPAwere identified, and their associ-
ations with VPA response were analyzed using logistic regression adjusted by various influence factors. Selected polymorphisms
involved in the metabolism, transport, and target receptor of VPAwere not associated with treatment effect in children with focal
seizures.
Results Three variants, rs9313892 (GABRA6, G > A, OR = 2.73, 95% CI 1.00 to 7.48, P = 0.051), rs4921195 (GABRA6, T > C,
OR = 2.71, 95%CI 0.99 to 7.42, P = 0.053), and rs424740 (GABRG2, A > T, OR = 0.39, 95% CI 0.15 to 1.01, P = 0.053) had the
potential to be associated with the VPA response.
Conclusion Selected genetic polymorphisms were not significantly associated with VPA response in children with focal seizures.
However, three GABR variants showed potential to be associated with the response to VPA. Further and larger studies are
warranted to confirm the results.
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GABA Gamma-aminobutyric acid
ABAT 4-Aminobutyrate aminotransferase
GABR GABA receptor
GABRG2 GABA type A receptor gamma 2 subunit
SCN Sodium voltage-gated channel
NMDA N-methyl-D-aspartate
GRIN Glutamate ionotropic receptor NMDA type
MAF Minor allele frequency
HWE Hardy–Weinberg equilibrium
OR Odds ratio
95% CI 95% confidence interval
GABRA6 Gamma-aminobutyric acid type

A receptor alpha 6 subunit
CYP2C9 Cytochrome P450 family 2 subfamily

C member 9.

Introduction

Valproic acid (VPA) has been widely used to treat children
with various types of seizures. However, VPA response and its
toxicities varied greatly among individuals [1, 2], which could
be attributed to the various genetic polymorphisms involved
in the metabolism, transport, and target receptor of VPA [3]. In
adults, glucuronidation and mitochondrial β-oxidation were
two major pathways in VPA metabolism [4]. The glucuroni-
dase activity was age-dependent, but their quantitative rela-
tionships were not clarified [5]. Children have a lower glucu-
ronidase activity than adults, therefore, the mitochondrial β-
oxidation was supposed to be the major pathway for VPA
metabolism in children [6]. Clinical studies indicated that ge-
netic polymorphisms involved in the mitochondrial β-
oxidation and glucuronidation of VPA were associated with
its plasma concentration and clearance [7–11]. To exhibit the
anticonvulsant activity, VPA needs to be transported to the
target site by various transporters, such as ATP binding cas-
sette subfamily B member 1 (ABCB1) and ATP binding cas-
sette subfamily C member 2 (ABCC2). Associations between
polymorphisms of these transporters and drug resistance were
observed in patients with epilepsy [12–15], but the results
were not replicated in other studies [15–17].

The inhibitory neurotransmitter gamma-aminobutyric acid
(GABA) is mainly metabolized by 4-aminobutyrate amino-
transferase (ABAT), which could be inactivated by VPA [4].
Moreover, VPA positively regulated the function of the
GABA receptor (GABR), then enhanced the receptor-
mediated inhibition [18]. The protective effect of rs2279020
(G > A, GABA type A receptor alpha 1 subunit) in patients
with epilepsy was reported [11, 19], but it was not verified in
other studies [17]. rs211037 (C > T, GABA type A receptor
gamma 2 subunit, GABRG2), an independent risk factor for
febrile seizure, in linkage with rs210987 could contribute to
febrile seizures and symptomatic epilepsy [20]. However,

another study disclosed that rs211037 was associated with
epilepsy susceptibility rather than antiepileptic drug resistance
and febrile seizures [21].

The biological activity of VPA was partly attributed to the
suppression on sodium voltage-gated channels which were
encoded by the sodium voltage-gated channel (SCN) gene fam-
ily [4, 18, 22]. VPA response was associated with various var-
iants in the SCN gene family, such as rs3812718 [23] and
rs2304016 [24, 25], but these results were not confirmed by
the other studies for rs3812718 [25, 26] and rs2304016 [17].
Besides, VPA could affect neuronal excitation via regulation of
theN-methyl-D-aspartate (NMDA) subtype of glutamate recep-
tors [18, 22], which were encoded by the glutamate ionotropic
receptor NMDA type (GRIN) gene family, some of which poly-
morphisms were associated with VPA concentration to dose
ratio [7]. Furthermore, various concomitant antiepileptic drugs
[27], body surface area [9], and alcohol and soybean intake [28,
29] could also affect VPA metabolism and response.

In our previous studies, children were grouped by VPA
dosage form (oral solution or sustained tablet) to analyze the
influence of genetic polymorphisms on VPA plasma concen-
tration. To evaluate the influence of genetic polymorphisms
on VPA efficacy, children were grouped by their seizure type
(generalized or focal). There are overlaps of the patients be-
tween different groups. In children taking VPA oral solution,
rs28898617 (UGT1A6, A > G) was associated with an in-
creased VPA plasma concentration (normalized by body
weight and total daily dose), and rs2279020 (GABRA1, G >
A) was associated with a decreased risk to develop VPA-
resistant epilepsy [11]. In children taken sustained VPA tablet
monotherapy, rs28898617 was associated with higher loga-
rithmic transformed VPA plasma concentration (normalized
by body weight and total daily dose) [10]. For children with
generalized seizures, rs7668282 (UGT2B7, T > C) was a risk
factor while rs2242480 (CYP3A4, C > T) and rs10188577
(SCN1A, T > C) were protective factors for drug-resistant
epilepsy [30]. Moreover, in our population pharmacokinetic
model, total daily dose, body surface area, and a combined
genotype of four variants (rs1042597, rs28365062,
rs4986893, and rs4244285) could affect VPA clearance [9].

In this study, the associations between VPA treatment re-
sponse and genetic polymorphisms involved in VPA metabo-
lism, transport, and targeting were analyzed in children with
focal seizures.

Methods

Study design

This study was approved by the Ethics Committee of Beijing
Tiantan Hospital, Capital Medical University, Beijing, China.
Signed informed consents were obtained from all patients or
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their direct relatives. Inclusion criteria: (1) met the diagnostic
criteria of focal seizures [31], (2) aged 2 to 18 years, (3) on
VPA therapy, (4) Han Chinese, (5) without other serious dis-
eases. Exclusion criteria were severe renal or liver impairment
and failure to get the efficacy data.

After enrollment, patients’ information including demo-
graphic data, dosage regimens, seizure type [32], and seizure
frequency (before drug intake and after 1-year treatment) were
recorded. A reduction in seizure frequency of less than 50%
was used to define drug resistance [11, 33]. After regularly
taking VPA for more than 30 days, the blood samples of pa-
tients were collected (within 2 h before the next dose), then
after a 10 min centrifugation at 5000g, the supernatants of the
samples were used to analyze the VPA concentration, while
the white blood cells were stored at − 80 °C for genotyping by
MassArray system. A 1-year follow-up was performed to
evaluate the therapeutic effect of VPA. The associations be-
tween genetic polymorphisms and therapeutic response of
VPA were analyzed using logistic regression adjusted by
age, gender, body weight, dosing frequency, total daily dose,
dosage form, VPA plasma concentration, and concomitant
antiepileptic drugs to remove their influence.

Plasma concentration of VPA

VPA plasma concentration was evaluated by fluorescence po-
larization immunoassay (TDx, ABBOTT, USA). According
to the kit instructions, calibration and quality control samples
were routinely performed with acceptable results.

Genotyping

Patients’ DNA was purified by Qiagen DNA purification kit
(Qiagen, Hilden, Germany). Genotyping was identified by
MassArray method (Sequenom, USA) in Bio Miao
Biological Technology (Beijing) [34]. Five percent of the
whole samples were measured twice for quality control with
acceptable reproducibility.

Statistical analysis

SPSS (version 17.0, SPSS Inc., Chicago, USA) and PLINK
(version 1.07, Shaun Purcell, Boston, USA) software were
used for statistical analysis. Continuous variables were ana-
lyzed by Student’s t test or nonparametric test. The classified
variables were analyzed by the chi-square test. The associa-
tions between genetic polymorphisms and therapeutic effect
were evaluated using logistic regression adjusted by various
factors (PLINK software). The Minor Allele Frequency
(MAF), Hardy–Weinberg equilibrium test (HWE, P value
for chi-square test), odds ratio (OR), and its 95% confidence
interval (95% CI), and P value (asymptotic P value for z-

statistic) were calculated [35]. Statistical significance was de-
fined as a P value less than 0.05.

Results

Characteristics of enrolled patients

Eighty-nine children (58 males and 31 females) with focal
seizures were enrolled. Patients’ clinical characteristics are
summarized in Table 1 (detail in Appendix 1). The values of
all variables were similar between drug-responsive (68 pa-
tients) and drug-resistant groups (21 patients).

Genotyping and its association with therapeutic
effect

The information of selected variants are shown in Appendix 1.
All variants were in accordance with the HWE (P > 0.05).
None of the variants was significantly associated with the
VPA effect. Three variants, rs9313892 (gamma-aminobutyric
acid type A receptor alpha 6 subunit, GABRA6, G > A, OR =
2.73, 95% CI 1.00 to 7.48, P = 0.051), rs4921195 (GABRA6,
T > C, OR = 2.71, 95% CI 0.99 to 7.42, P = 0.053), and
rs424740 (GABRG2, A > T, OR = 0.39, 95% CI 0.15 to
1.01, P = 0.053) had the potential to be associated with the
therapeutic effect (Table 2, detail in Appendix 2).

Discussion

Mitochondrial β-oxidation might be the major pathway in
VPA metabolism in children [6]. Cytochrome P450 family 2
subfamily C member 9 (CYP2C9)-status guided therapy has
been successfully applied for VPA dose optimization to avoid
its adverse reactions in Caucasian children [6]. The MAFs of
CYP2C9*2 (rs1799853) and CYP2C9*3 (rs1057910) were
very low in Han Chinese (0 and 0.039, data from the 1000ge-
nomics). In the present study,CYP2C9*2was not studied, and
CYP2C9*3 was not associated with VPA response due to its
low MAF (0.017).

Polymorphisms of various transporters such as ABCB1
and ABCC2 have been associated with drug-resistant ep-
ilepsy [12–14]. However, in accordance with many previ-
ous studies [15–17], these associations were not found in
the present study. The following reasons might be used to
explain the contradictory results [36]: the functional alter-
ations of important variants of these transporters (such as
ABCB1 C3435T polymorphism) have not been identified
[13]; multidrug-resistant transporters have been found to
be expressed in the blood-brain and blood-cerebrospinal
fluid barriers [37], however, the contribution of these
transporters for VPA transport was not established clearly,
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and the expression and function of these transporters have
not been identified in these studies; different members of
the transporters have been shown to be distributed in dif-
ferent regions of the brain [38], but the contribution of
these transporters on drug-resistant epilepsy was not ex-
plained; seizures themselves and some antiepileptic drugs
could induce multidrug-resistant genes and result in an
upregulation of some multidrug transporters in animals
[38], but the extent of their importance remains unknown.

Sixteen variants of GABR family and two variants of
ABAT were analyzed in our patients, but none of them was
associated with VPA response as reported in previous
studies [17, 39]. However, two variants of GABRA6
(rs9313892 and rs4921195) and one variant of GABRG2
(rs424740) had the potential to be associated with VPA
response (P values close to 0.05, Table 2). Both two in-
tron variants of GABRA6 were located at the 5′ flanking
with unknown function. There was a lack of studies about
the associations between these two variants and VPA

response. A study indicated that rs424740 was not a ma-
jor factor in the pathogenesis of mesial temporal lobe
epilepsy in the Indian population [40]. The frequency of
rs424740 allele A has been reported to be 0.67 for Han
Chinese, 0.31 for American, and 0.39 for European pop-
ulations (data from 1000genomics database, available at
http://grch37.ensembl.org/Homo_sapiens/Variation/
Population?db=core;r=5:161580535-161581535;v=
rs424740;vdb=variation;vf=280184). The exact effect of
this variant on protein expression and function needs to
be clarified in further investigations.

VPA response has been associated with various variants of
the SCN gene family, such as rs3812718 [23] and rs2304016
[24]. In our patients, none of the selected variants of the SCN
gene family was associated with VPA response as reported in
previous researches [17, 25]. The difference of mutation fre-
quency among different races, patients’ basic information, and
disease status in different studies might be explanations for the
conflictive results.

Table 1 Clinical characteristics of enrolled patients

Variable Children with focal seizures (n = 89)

Response (n = 68) Resistant (n = 21) P value

Gender (male/female) 45/23 12/9 0.450

Age (year) 8.66 ± 3.94 (2–16) 7.07 ± 3.79 (2–14) 0.107

Body weight (kg) 32.72 ± 15.62 (12–80) 26.51 ± 10.9 (14.5–50) 0.114

Dosage form (oral solution/sustained tablet) 23/45 8/13 0.719

Dosing frequency (qd/bid/tid) 5/53/10 1/16/4 0.836

Total daily dose (mg) 591.5 ± 241.84 (120–1000) 678.45 ± 290.57 (360–1500) 0.301

Plasma concentration of VPA (mg/L) 54.32 ± 24.5 (11.69–108.94) 48.99 ± 26.39 (0.21–121.22) 0.395

Antiepileptic comedications

Lamotrigine 2 4

Levetiracetam 4 1

Carbamazepine 4 2

Oxcarbazepine 7 3

Clonazepam 1 0

Phenobarbital 2 0

Phenytoin 0 1

Nitrazepam 1 0

Table 2 Information of variants with significant association with treatment response

7 SNP Position Allele (major > minor) MAF Genotype HWE (P value) OR, 95%CI P value

GABRA6 rs9313892 5′ flanking G > A 0.315 9/38/42 1 2.73, 1.00–7.48 0.051

GABRA6 rs4921195 5′ flanking T > C 0.314 9/37/42 0.808 2.71, 0.99–7.42 0.053

GABRG2 rs424740 UTR-3 A > T 0.352 15/32/41 0.062 0.39, 0.15–1.01 0.053

SNP, single nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy–Weinberg equilibrium, P value of chi-square test; OR, odds ratio;
95%CI, 95% confidence interval; GABRA6, gamma-aminobutyric acid type A receptor alpha 6 subunit; GABRG2, gamma-aminobutyric acid type A
receptor gamma 2 subunit; UTR-3, untranslated region 3
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In summary, none of the variants in various genes involved
in the metabolism, transport, and target receptor of VPA was
significantly associated with VPA response.

Deficiencies of the study

Limitations of the study: (1) the sample size was relatively
small (89 patients); (2) variants with low frequency (MAF <
0.05) were not selected; (3) the influences of non-antiepileptic
concomitant medications on VPA response were not consid-
ered despite their influence on VPA metabolism [27]; (4)
many variants were not identified despite their influence on
epilepsy response [41]; (5) the food-drug interaction on VPA
metabolism and response was not considered [28, 29].

Conclusions

Therapeutic response was not significantly associated with
selected genetic polymorphisms involved in the metabolism,
transport, and target receptor of VPA in children with focal
seizures. However, three GABR variants showed potential to
be associated with the response to VPA. Further and larger
studies are warranted to confirm the results.
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