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ABSTRACT

Carbamazepine (CBZ) blocks neuronal sodium
channels in a voltage- and frequency-dependent
manner, delaying the recovery of the channels from
the inactivated state, reducing the number of ac-
tion potentials within a burst, and decreasing burst
duration. The o-subunit of the first neuronal sodi-
um channel (SCN1A) is a major gene in different
epilepsies. A synonymous polymorphism (SCN1A
IVS5N +5 G>A orrs3812718) is common in exon 5
of this gene. Mutations in the ¢t-unit of this gene are
associated with CBZ-resistant epilepsy and a higher
maintenance dose of CBZ. We have investigated the
association of this single nucleotide polymorphism
(SNP) and epilepsy, efficacy and dose-dependence
of CBZ therapy in 147 adult Macedonian patients
and 137 non epileptic controls. No significant dif-
ferences in allelic frequencies and genotype distri-
bution were found between patients and controls (p
= 0.94278), or between CBZ-responsive and unre-
sponsive patients (p = 0.55449). An association be-
tween the A allele and a higher maintenance dose in
CBZ-responsive patients was detected. No statisti-
cal difference was found between the plasma levels
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of CBZ and genotype of patients receiving the same
dose, indicating that the variant exerts its effect at the
level of receptor responsiveness. The predictive value
of pretreatment testing showed a minor insignificant
difference between patients with different genotypes,
primarily due to a small number of patients.
Keywords: Carbamazepine (CBZ); Epilepsy;
Pharmacoresistant epilepsy; SCN1A polymorphism

INTRODUCTION

Voltage-gated sodium channels that are re-
sponsible for enabling neurons to fire action poten-
tials at a high frequency are important targets for
the commonly used anti epileptic drugs such as
Carbamazepine (CBZ), Oxcarbazepine, Phenytoin,
Lamotrigin and Zonisamide. The o-subunit of the
first neuronal sodium channel (SCN1A) gene regu-
lates the activity of one of the ion channels in the
brain, the sodium channel, which may exhibit dif-
ferent electrophysiological properties in patients
with pharmacoresistant epilepsy as compared to re-
sponsive patients [1].

Carbamazepine is a commonly used anti con-
vulsive drug for the treatment of partial, generalized
tonic-clonic and mixed seizures. It blocks neuronal
sodium channels in a voltage- and frequency-de-
pendent manner, delaying their recovery from the
inactivated state, reducing the number of action
potentials within a burst, and decreasing burst du-
ration. Sodium channels are heteromultimeric com-
plexes that comprise the large (approximately 260
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Table 1. Pharmacogenetic studies on effects of SCN1A IVS5N + 5 G>A polymorphism on CBZ therapy.

References 7 (2008) 11 (2010) 12 (2011) 6 (2005) 8 (2008)
Country of origin Japan Spain Italy UK Austria
Number of cases 104 111 482 425 369
Number of controls 117 178 481 — —
Association between the SCN1A IVS5N + 5 .. . .
G>A polymorphism and CBZ-resistant epilepsy positive negative negative B B
p Value 0.04 0.5481 0.437 — —
Influence of the rs3812718 polymorphism on . .. .
the dosage requirements of CBZ negative B - positive negative
p Value 0.83 — — 0.0051 0.11

kDa) pore-forming o-subunit and smaller accessory
[B-subunits [2,3]. Eleven genes, designated SCN1A
through SCN11A, encode the o subunit, and at least
three, designated SCN1B through SCN3B, encode
the B-subunit [4].

A common synonymous polymorphism (SCN1A
IVS5N + 5 G>A or rs3812718) exists in exon 5 of
the SCNI1A gene, which is associated with a require-
ment for maximum doses of CBZ and phenytoin [5].
Other studies have failed to establish an association
between this polymorphism and dosages of CBZ and
other sodium channel blockers [6-8] (Table 1).

Two alternatively spliced versions of exon 5 in
the SCN1A gene are present in the genomic DNA,
a “neonatal” and an “adult” version, which differ in
three amino acids in the final product [5]. Normally,
both exons are coexpressed in the adult brain. The
neonatal exon can be drastically up-regulated under
various circumstances including seizures, according
to some studies [1]. The SCN1A IVS5N + 5 G>A
polymorphism determines whether the neonatal or
the adult version of exon 5 is incorporated into the
final gene product. The wild-type G allele allows
both exons to be expressed, whereas the mutant A
allele almost abolishes expression of the neonatal
exon by disrupting the consensus sequence. Thus,
in individuals with the GG genotype, up to 50% of
the gene transcripts include the neonatal version of
exon 5, compared with an often undetectable level

Table 2. Characteristics of the patients in this study.

of the neonatal version in some subjects with the
AA genotype [9]. We here report on the association
of the SCN1A IVS5N + 5 G>A single nucleotide
polymorphism (SNP) and epilepsy, and on the ef-
ficacy and dose-dependence of the CBZ therapy in
Macedonian epileptic patients.

MATERIALS AND METHODS

We studied 147 adult Macedonian patients (63
male and 84 female, mean age 53.0 £ 15.5) on CBZ
therapy (dosage interval 200-1200 mg/day) for more
than a month, had normal renal and hepatic func-
tions, and were free of other diseases or treatments
at the time of blood sample collection. The type of
seizures and epileptic syndrome were classified ac-
cording to the International League Against Epilepsy
(ILAE) classification (Table 2). The control group
consisted of 137 Macedonian subjects (67 newborns
and 70 adults without any history of epilepsy).

Participation was voluntary and could be can-
celed by any individual at any time during the study
(according to the Helsinki II declaration). The
Ethics Committees of the Faculty of Pharmacy and
of the Faculty of Medicine, Sts. Cyril and Methodius
University, Skopje, Republic of Macedonia, ap-
proved the research protocol and all participants
signed the study informed consent form.

Genomic DNA was extracted from whole blood,

n Gender Cr_yptog(_enic Syr_nptomatic Ge_neral O_ther
Partial Epilepsy | Partial Epilepsy | Epilepsy Etiology
Epilepsy patients 147 | 63 (M); 84 (F) 90 48 5 4
CBZ Resistant patients 65 | 31 (M); 34 (F) 36 24 3 3
CBZ Responsive patients | 82 | 32 (M); 50 (F) 54 24 3 1
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using a Qiagen DNA extraction kit and the proce-
dure recommended by the manufacturer (Qiagen AS,
Oslo, Norway). The SCN1AIVS5N + 5 G> polymor-
phism (rs3812718) was analyzed by allelic discrimi-
nation TagMan assay (MxPro 3005P; Strategene, La
Jolla, CA, USA) using the TagMan SNP genotyping
assay according to the manufacturer’s instructions
(Applied Biosystems, Foster City, CA, USA).

Plasma CBZ concentration was measured using
the fluorescence polarization immunoassay (TDx/
FLx system; Abbott Laboratories, Irving, TX, USA)
and a high performance liquid chromatography
(HPLC) method in which the separation was carried
out on a Waters HPLC system with a reversed-phase
column (Zorbax Extend C18, 150 x 4.6 mm, 5 um;
Waters Corporation, Milford, MA, USA) using iso-
cratic elution with acetonitrile and water (35:65 v/v
as a mobile phase at 30°C) with UV detection set at
220 nm. The HPLC method validation followed the
recommendations of European Medicinal Agency
(EMA) guideline. Prior to analysis, the samples were
pre-treated by solid-phase extraction procedure. In
particular, plasma samples from each patient were
spiked with 100 pL internal standard, vortex-mixed
for 30s and loaded into Oasis hydrophilic-lipophilic-
balanced (HLB) cartridges (Waters Corporation) that
were pre-conditioned with 1 mL methanol/water.
This was followed by washing with 1 mL 5% metha-
nol and elution with 1 mL of absolute methanol.

We defined drug responsiveness as a complete
seizure-free history for at least 1 year of treatment
with CBZ, and drug resistance as the occurrence of at
least four seizures over 1 year of the treatment with
CBZ. For the purpose of our investigation, individual
therapeutic dose is a dose of a given drug that has not
been changed for two or more consecutive visits in
the history of the patient’s treatment. The individual
therapeutic doses defined as above, were compared

with individual patient’s genotypes. For normaliza-
tion of doses, we calculated the dose ratio [dose ra-
tio = prescribed daily dose (PDD)/defined daily dose
(DDD) according to the Anatomical Therapeutical
Chemical Classification System (ATC) classifica-
tion. The index of comparison (CBZ daily dose/CBZ
plasma level) was calculated for comparison of CBZ
dosages and plasma levels of individual patients.

The Hardy-Weinberg equilibrium for the SNP
was determined using an online calculator (http://
ihg2. helmholtz-muenchen.de/cgi-bin/hw/hwal.pl).
Evaluation of the association between categorical
variables (CBZ doses, CBZ index of comparison
and patient genotype) was performed using Chi-
square. Student’s t-test (p <0.05) and z-test (for
large samples >30) were used to compare the CBZ
responsiveness doses between patients with differ-
ent genotypes (AA/AG; AA/GG and AG/GG).

RESULTS

The genotypes of drug-resistant and drug-
responsive groups and of control group were in
Hardy-Weinberg equilibrium. The genotypic fre-
quencies of the polymorphism in all patients were
0.20 for GG, 0.52 for AG and 0.28 for the AA geno-
type, respectively (Table 3). In the control group,
the distribution was 0.21, 0.49 and 0.29 for GG, AG
and AA, respectively. There were no significant dif-
ferences in the allelic frequencies and genotype dis-
tribution between patients and controls (p = 0.94).

Genotype frequencies in the CBZ-responsive
group were 0.23, 0.47 and 0.30, while those in the
CBZ-resistant patients were 0.15, 0.59 and 0.26 for
the GG, GA and AA, respectively. There were no
statistically significant difference between these
two groups (p = 0.55) (Table 3).

Patients with the AA genotype needed a higher

Table 3. Allele and genotype distribution in epilepsy patients and controls in this study.

Allele Genotype
G G A
0, 0,
G A 95% CI p Value G A A 95 CI% p Value
Epilepsy patients 135 | 159 0.997 29 | 77 41 0.976
45.9) | (54.1) |(0.717-1.388) 0.20) | (0.52) | (0.28) | (0.497-1.915)
126 | 148 1.003 29 | 68 40 1.025
Controls (45.99) | (54.01) | 0.721-1.395) | %8722 | (021) | (0.496) | (0294 | (0.522-2.012) | 094278
. . 76 86 1.093 o | 38 24 1346
CBZ Resistant patients | 4oy | (053) | (0.689-1.735) 0.23) | (0.47) | (0.30) | (0.502-3.608)
CBZ Responsive 59 73 0.915 10 39 17 0.743
patients 045) | 055 |©0.577-1.451) | “79*B | (0.15) | 059) | 026) | (0.277-1.992) | 023449
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Table 4. Distribution of CBZ dose in CBZ-responsive patients with the AA+AG vs. GG genotypes.

Genotype Daily CBZ Dose
200 mg 400 mg 600 mg 800 mg 1000 mg | 1200 mg | Total Z Ziy
AA+AG 5 26 11 15 2 3 62
GG 3 11 2 2 0 1 19
Total 8 37 13 17 2 4 81 1.57073 | 1.435

average maintenance dose of CBZ (608 + 273 mg/
day) than patients with the AG and GG genotypes
(542 £ 241 and 468 t+ 241 mg/day, respectively)
(Figure 1). The values modes of CBZ doses were:
394 mg/day for GG, 400 mg/ day for AG and 450
mg/day for AA genotypes. These values were inter-
dependent [y> = 4.965 >y> 030 — 48785 a0 = 0.30
and k = (3-1)(3-1) = 4) but the differences were
not statistically significant (p = 0.05). We found a
significant statistical difference when we compared
AA+AG vs. GG genotype (z = 1.57073 >z =
1.435; a.=0.15) (Table 4).

These results indicate that the likelihood of a
positive response to CBZ therapy at an initial dose
of 400 mg is 41.67, 57.89 and 73.68% in patients
with AA, AG and GG genotypes, respectively.
These differences persist only up to a dose of 1000
mg/day, after which there is no difference between
patients with different genotypes (Figure 2). The to-
tal CBZ plasma concentrations and their correlation
with the patients’ genotype showed interdependence
(x*=11.610>x? ., =11.5;0=0.32 and k = (6-1)
(3-1) = 10). Distribution of dose ratios (PDD/DDD)
in patients with different genotypes are presented in
Figure 3.
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Figure 1. Comparison of therapeutic daily CBZ dose
(mg) in CBZ responsive patients with different SCN1A
genotypes.
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The ratio of daily doses of CBZ divided by plas-
ma CBZ levels (dose/level) of patients with the AA
genotype was 24.95 + 11.08, and 22.09 * 8.45 and
20.62 * 8.59 for the AG and GG genotypes, respec-
tively. These results also showed interdependence
(O =11.88 > 5, =11.781; 00=0.30 and k = (6-1)
(3-1) =10), indicating that the differences were pri-
marily exerted at the level of target responsiveness.
This was further strengthened by the lack of statis-
tically significant difference in CBZ plasma levels
between patients with different genotypes treated
with the same CBZ dose (Figure 4).

DISCUSSION

Our results showed that the frequency of this
polymorphism in our patients is similar to that in oth-
er population studies [10]. The lack of an association
between this polymorphism and the responsiveness
to CBZ therapy in our patients did not confirm the
findings of recent reports [5,11] but confirmed those
of one other study [12] (Table 1). These discrepan-
cies may be explained by factors, including sample
size, differences in ethnic background of populations,
differences in dosing strategies or etiologies of the
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Figure 2. Likelihood of a positive response to CBZ
therapy between patients with different genotypes.
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Figure 3. Distribution of CBZ doses, expressed as
dose ratios (PDD/DDD), for SCN1A IVS5N + 5 G>A
genotypes.

epilepsy of the studied patients.

Patients with the AA genotype needed a high-
er maintenance dose of CBZ (608 + 273 mg/day)
than patients with the AG and GG genotypes (542
t 241 and 468 * 241 mg/ day, respectively). These
findings showed interdependence, but did not reach
statistical significance, probably because of the in-
sufficient number of patients included in the study.
The average dose of CBZ needed for a seizure-free
period, total plasma concentration of CBZ and dose
index were highest in homozygotes for the A allele,
indicating that the A allele is a recessive trait that
determines the efficacy of CBZ therapy. These re-
sults are similar to those of several large studies [8].
Several in vitro or in vivo studies have demonstrated
that the A allele abolished production of the neona-
tal version of SCN1A channels [9] and that the adult
SCNI1A channels present in AA homozygotes, have
significantly lower sensitivity to CBZ [5,6], which
would explain the requirements for higher mainte-
nance doses in our patients.

Our results have revealed a difference in the
likelihood of response to CBZ, especially at a lower
dose, between patients with different genotypes but
these differences are difficult to translate into clear
clinical recommendations. Moreover, the overlap in
responses of patients with different genotypes, indi-
cate that other factors also influenced CBZ response
in our patients. Several other genetic variants in this
gene and in other genes related to CBZ metabolism
or transport have been described, which may pro-
vide further information as to a potential clinical
benefit of pharmacogenetic testing as a tool for indi-
vidualized therapy in patients with epilepsy [1,13].
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Figure 4. Distribution of total CBZ plasma concen-
trations (mmol/L) in patients with different genotypes
treated with a daily CBZ dose of 400 mg.

Larger clinical studies having the statistical power
to evaluate the impact of all these variables are war-
ranted to clarify this issue.
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