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ABSTRACT – Over-expression of P-glycoprotein, encoded by the ABCB1
gene, is proposed to be involved in resistance to antiepileptic drugs in about
30% of patients with epilepsy. Here, we investigated the possible association
between ABCB1 polymorphisms and sodium valproate (VPA) treatment in
Malaysian epilepsy patients. Genotypes were assessed in 249 drug-resistant
and 256 drug-responsive Malaysian patients for C1236T, G2677T/A, and C 5T
polymorphisms in the ABCB1 gene. No genotypes, alleles, or haplotypes
were associated with the response to VPA in either the overall group or Chi-
nese, Indian, and Malay subgroups. Our data suggest that C1236T, G2677T/A,
and C3435T polymorphisms in the ABCB1 gene do not contribute to the
response to VPA in patients with epilepsy.
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drugs (AEDs) are useful to con-
trol seizures, about one third of
epilepsy patients do not respond
to medication (Kwan and Brodie,
2000). Epilepsy is a complex disease

genetic factors, or both are believed
to contribute to resistance to AEDs
(Bell and Taylor, 1997). The drug
transporter hypothesis is a domi-
nant theory and is based on the
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uggestion that the dysfunction of multidrug trans-
orters at the blood-brain barrier influences the brain
ptake of a variety of drugs, including many AEDs

Löscher, 2005). Over-expression of P-glycoprotein
P-gp), an efflux transporter in brain tissue from
rug-resistant patients, is proposed to be linked

o resistance to AEDs in epilepsy (Tishler et al.,
995).
-gp is encoded by the ABCB1 gene which is
ocated at chromosome 7p21 in humans and is
omposed of 29 exons (http://www.ncbi.nlm.nih.gov).
he C1236T (rs1128503), G2677T/A (rs2032582), and
3435T (rs1045642) loci are the most commonly stud-

ed genetic variants in the ABCB1 gene, of which
he synonymous C3435T polymorphism in exon 27
as received more attention as a critical variant in
ED resistance (Hoffmeyer et al., 2000; Löscher et
l., 2009). An initial study demonstrated that the fre-
uency of the C/C genotype among drug-resistant
atients was significantly higher than that in drug-
esponsive patients Siddiqui et al. (2003). Several
tudies have attempted to examine this association,
ut the results have been inconsistent. Moreover,
ur previous meta-analysis involving 6,755 Asian and
aucasian patients did not confirm this association
ased on either the total study population or ethnic
ubgroups (Haerian et al., 2010).
inkage disequilibrium (LD) of the silent C3435T poly-
orphism in a haplotype block with other variants

n the ABCB1 gene has also been proposed. Seve-
al studies have assessed the association between
BCB1 haplotypes, derived from C1236T, G2677T/A,
nd C3435T, and response to AEDs in different popu-
ations, but reported contradictory results (Zimprich
t al., 2004; Hung et al., 2005; Seo et al., 2006; Kim
t al., 2006; Shahwan et al., 2007; Kwan et al., 2009a;
akhan et al., 2009; Ufer et al., 2009; Vahab et al., 2009;
rover et al., 2010; Alpman et al., 2010). We speculate

hat the effect of common confounders, such as ethni-
ity, and polypharmacy contribute to the discrepancy
f results regarding the C3435T polymorphism and

inkage with other ABCB1 loci. In order to eliminate the
onfounding effect of drug interaction, in this study we
ocused on patients receiving sodium valproate (VPA)

onotherapy. This drug is extensively used as first-line
herapy for different epilepsy syndromes. However,
dministration of this drug depends on the type of
pileptic syndrome, tolerability, gender, pharmaco-
inetics, current or likely future need for concomitant
edication for comorbid conditions, and cost (Elger

nd Schmidt, 2008). In the current study, we addressed
6

he question of whether ABCB1 C1236T, G2677T, and
3435T polymorphisms and haplotypes are associated
ith the response to VPA in a Malaysian epilepsy popu-

ation, as well as in Chinese, Indian, and Malay ethnic
ubgroups.

T
C
C
T
A

ethods

ubjects

he present retrospective study is part of an ongo-
ng multicentre cooperation between the University
f Malaya Medical Centre and the National University
f Malaysia Medical Centre. The study protocol was
pproved by the ethics committees of both centres.
total of 505 patients with epilepsy who were receiving
PA monotherapy were recruited from the epilepsy
linics and diagnosed by neurologists who were blind
o the genotype data. Seizures and epilepsy syn-
romes were classified according to the International
eague Against Epilepsy guidelines (Commission on
lassification Terminology of the International League
gainst Epilepsy, 1981). On the basis of more recent
efinitions of treatment outcome (Kwan et al., 2009b),
rug responsiveness was defined as being completely
eizure-free for at least one year during treatment with
PA, and drug resistance was defined as the occur-

ence of seizures over a period of one year during
reatment with VPA at maximally tolerated therapeutic
oses.
pilepsy patients of Chinese, Indian, and Malay
thnicities were eligible for inclusion if they had
eceived VPA monotherapy and were followed for
t least one year. Exclusion criteria included severe
dverse drug reactions, poor compliance with VPA
herapy, unreliable record of seizure frequency,
ignificant psychiatric comorbidity, history of pseu-
oseizures, alcohol or drug abuse, and presence of
rogressive or degenerative neurological or systemic
isorders. Written informed consent was obtained

rom all patients or guardians of those younger than
8 years old. A standardized extraction template was
rovided to collect demographic details and informa-

ion on seizure type and frequency, medical history,
oncomitant drug history, and relevant family history
rom the records.

enotyping

enomic DNA was extracted from either whole blood
r buccal swabs by using standard methods. The
BCB1 C1236T, G2677T/A, and C3435T polymorphisms
ere genotyped by polymerase chain reaction (PCR)-

estriction fragment length polymorphism (RFLP).
mplification of the polymorphisms was performed by
CR with the following forward and reverse primers:
1236T: 5′-TCT TTG TCA C TT TAT CCA GC-3′ and 5′-
Epileptic Disord, Vol. 13, No. 1, March 2011

CTCACCATC CCCTCTGT-3′; G2677T/A: 5′-TGC AGG
TA TAG GTT CCA GG-3′ and 5′-TTT AGT TTG A CT CAC
TT CCC G-3′; C3435T: 5′-TGC TGG TCC TGA AGT TGA
CT GTG AAC-3′ and 5′-ACA TTA GGC AGT GAC TCG
TG AAG GCA-3′. PCR-amplified products with C1236T,

http://www.ncbi.nlm.nih.gov/
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2677T, G2677A, and C3435T were digested with HaeIII
modified from Eco0109I), BanI, RsaI, and MboI (Tang et
l., 2002; Cascorbi et al., 2001). PCR and RFLP products
ere analyzed by electrophoresis on 2% agarose gels.
he results of PCR-RFLP were confirmed through DNA
equencing of a random selection of samples (5%) by
sing the ABI Prism 3130 Genetic Analyzer (Applied
iosystems, USA) and ABI Prism Big Dye Terminator
3.1 cycle sequencing kit.

tatistical methods

ll values were presented either as the mean ± stan-
ard deviation for continuous data or as frequency for
ategorical data. The age at time of study and onset
f epilepsy were not normally distributed, accord-

ng to the Kolmogorov-Smirnov test. Therefore, the
requency of these two variables was compared for
PA-resistant and VPA-responsive patients by the non-
arametric Mann-Whitney U test or the Kruskal-Wallis
ank sum test. Comparison of distribution of ethnicity,
pilepsy syndrome, seizure type, alleles, and geno-
ypes in overall patients, irrespective of response to
PA, was performed by the �2 test. Binary logistic

egression was used to adjust for the potential effect
f clinical factors on response to VPA (ethnicity, gen-
er, age at recruitment, onset age of epilepsy, seizure

ype, and epilepsy syndrome). The odds ratios (ORs)
ith 95% confidence intervals (CIs), adjusted and
nadjusted for confounders, were obtained through
inomial logistic regression analysis.
he alternative genetic models for C1236 and C3435T
olymorphisms included alleles (C vs T) and genotypes

or co-dominant (C/C vs T/T and C/T vs T/T), domi-
ant (C/C+C/T vs T/T), and recessive (C/C vs C/T+T/T)
odels. For simplification of the analysis of genetic
odels of the triallelic G2677T/A variant, the A and T

lleles were not distinguished. The alternative genetic
odels for the G2677T polymorphism included alleles

G vs T) and genotypes for co-dominant (G/G vs.
/T and G/T vs. T/T), dominant (G/G+G/T vs T/T), and
ecessive (G/G vs G/T+T/T) models. A goodness-of-fit
2 test with one degree of freedom was applied to test
ardy-Weinberg equilibrium (HWE) of the three poly-
orphisms; p<0.05 indicated a lack of agreement with
WE. Haplotype and LD analysis for the three single
ucleotide polymorphisms (SNPs) was performed with

he Haploview 4.2 program and corrected for multiple
esting by using 100,000 permutations for individual
NPs and haplotypes. Bonferroni’s method was used
pileptic Disord, Vol. 13, No. 1, March 2011

or correction of multiple comparisons. Two-sided
ests of statistical significance were used to deter-

ine statistically significant p values (p<0.05) with the
PSS software package (version 15.0; SPSS, Chicago, IL,
SA).

H
g
t
T
t

ABCB1 polymorphisms and response to sodium valproate

esults

atient characteristics

total of 505 epilepsy patients consisting of 197 (39%)
hinese, 136 (27%) Indians, and 172 (34%) Malays were
nrolled in this case-control study. The demographic
haracteristics of 249 (49%) VPA-resistant and 256 (51%)
PA-responsive patients are shown in table 1. The dis-

ribution of ages at time of study and onset of epilepsy
id not significantly differ between VPA-resistant
nd VPA-responsive patients in total or among the
hinese, Indian, and Malay patients. Males were over-

epresented (p=0.003), but this was not significantly
ifferent between VPA-resistant and VPA-responsive
atients or ethnic subgroups. Partial seizures were
ignificantly more common among drug-resistant
atients than drug-responsive patients in the overall

p=0.003) and Malay subgroup (p<0.0001). Moreover,
ymptomatic (36%) and cryptogenic (33%) epilepsy
ere also more often diagnosed in patients than

diopathic epilepsy. Symptomatic and cryptogenic
pilepsy were significantly more common in drug-
esistant than drug-responsive patients in the overall
p<0.0001 and p<0.0001, respectively) and Malay
ubgroup (p<0.0001 and p=0.01, respectively) and
ryptogenic epilepsy was significantly more common
n drug-resistant than drug-responsive patients in the
ndian subgroup (p=0.03).

llelic and genotypic association of
olymorphisms with resistance to AEDs

he allele and genotype frequencies of the ABCB1
olymorphisms in VPA-resistant and VPA-responsive
atients are listed in table 2. The frequency of ABCB1
236T, 2677T, and 3435T alleles in the total patient popu-
ation was 58, 51, and 44%, respectively. There was
o significant association between these three alleles
nd response to VPA in the overall group or in the
hinese, Indian, and Malay subgroups. The genotype
istribution of the ABCB1 1236T, 2677T, and 3435T poly-
orphisms, in both VPA-resistant and VPA-responsive

atients in the total group or in each ethnic subgroup,
as consistent with HWE. The distribution of ABCB1

435TT, 2677TT, and 3435TT genotypes in the total
atient population was 35, 20, and 19%, respectively.
here was no significant association between the
1236T, G2677T, and C3435T genotypes and resistance

o VPA in the total sample or in the Indian and Malay
ubgroups using alternative genetic models (table 3).
67

owever, the G2677T variant in the Chinese sub-
roup showed a significant association with response
o VPA only using the co-dominant model (G/G vs
/T; adjusted OR 0.38, 95% CI 0.16-0.90, p=0.03). The
ype of epilepsy syndrome had a confounding effect
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n this association (symptomatic epilepsy: OR 5.25,
5% CI 1.55-17.76, p=0.008 and cryptogenic epilepsy:
R 4.92, 95% CI 1.46-16.56, p=0.019). The frequency

f the 2677TT genotype in drug-resistant patients was
ess than that in drug-responsive patients with symp-
omatic epilepsy (29% vs 71%) or idiopathic epilepsy
33% vs 67%), but not with cryptogenic epilepsy (58%
s 41%). There was a marginal association of this variant
n the Chinese subgroup using the dominant model
adjusted OR 0.46, 95% CI 0.21-1.00, p=0.05) as well
s in the Indian subgroup using the co-dominant
odel (G/G vs T/T; adjusted OR 2.39, 95% CI 0.99-

.76, p=0.05). After correction of multiple comparisons
ith Bonferroni’s method, we did not find any signifi-

ant association between ABCB1 polymorphisms and
esponse to VPA (0.05/3).

aplotype and diplotype association of ABCB1
olymorphisms with resistance to AEDs

or all patients, all eight possible haplotypes were
ncountered with frequencies of above 5% (table 4).
verall, the TTT (21.5%) and CGC haplotypes (18.5%)
ere more frequent than other ABCB1 gene hap-

otypes. Similar results for the TTT and CGC
aplotypes were observed in the Chinese (21 and
9%, respectively) and Malay subgroups (20.5 and
9.5%, respectively), but for only the TTT haplotype in
he Indian subgroup (24%). The association between
BCB1 haplotypes and response to VPA was not sig-
ificant in patients overall or in the Chinese and Malay
ubgroups, but was significant for the CTC haplotype
n the Indian subgroup (adjusted OR 3.23, 95% CI 1.04-
0.03, p=0.04). The type of epilepsy syndrome had a
trong confounding effect on this association (symp-
omatic epilepsy: OR 2.80, 95% CI 1.29-6.09, p=0.01
nd cryptogenic epilepsy: OR 3.67, 95% CI 1.72-7.83,
=0.001). The CTC haplotype was more frequent in
PA-resistant patients with symptomatic and crypto-
enic epilepsy (25% and 42%, respectively) than in
PA-responsive patients (11% and 22%, respectively).
owever, this haplotype was less frequent in VPA-

esistant patients (33%) than VPA-responsive patients
67%) with idiopathic epilepsy. After using Bonferroni’s
orrection for multiple comparisons, the association
as lost (0.05/8). Of the 27 possible diplotypes in

ll patients, only six (CGC-TTT, TGC-TTT, CGC-TTC,
GC-TGC, TTT-TTT, and TGC-TTC) were present at fre-
uencies above 5% (table 4). Overall, CGC-TTT and
GC-TTT were the most frequent diplotypes, although
0

he frequency of TGC-TTT was greatest (14%) in the
hinese patients. There were no CGC-TGC or TGC-
TC diplotypes in the Indian VPA-responsive patients.
o significant association was observed between
BCB1 diplotypes and response to VPA in patients

a
a
u
t
b

verall or in each ethnic subgroup. There was no
trong LD between C1236T/G2677T, G2677T/C3435T,
nd C1236T/C3435T polymorphisms in the overall
roup or in each ethnic subgroup.

iscussion

n the present study, we found no association between
BCB1 C1236T, G2677T/A, and C3435T polymorphisms
nd haplotypes with response to VPA in Malaysian
pilepsy patients. Overall, the results of these three
olymorphisms are consistent with our previous meta-
nalysis (Haerian et al., 2010) but inconsistent with the
riginal report of Siddiqui et al. (2003)
nlike Siddiqui et al. (2003) who demonstrated an

ncreased prevalence of the 3435CC genotype in drug-
esistant epilepsy, we did not find a similar result in the

alaysian patients receiving VPA monotherapy. Simi-
ar results were obtained using subsidiary analysis of
thnicity in the Chinese, Indian, and Malay patients.
he results of the Chinese subgroup in the current
tudy are consistent with two studies reporting no
ssociation, but inconsistent with four studies of Chi-
ese epilepsy patients (Haerian et al., 2010). Our data
f the Indian subgroup is consistent with all three pre-
ious studies of epilepsy patients in India.
n the current study, in the overall group, the 3435T
llele was less frequent in VPA-resistant patients than
n VPA-responsive patients, consistent with some
sian and Caucasian studies. A similar result was
btained in the Chinese subgroup, consistent with two
tudies reporting an association with Chinese patients,
ut inconsistent with four other Chinese studies.
owever, the result of the Indian subgroup was

nconsistent with the findings from all three studies
reviously performed in India (Grover et al., 2010;
aerian et al., 2010). As an alternative method, we

pplied the adjusted ORs for ethnicity, gender, age
t recruitment, age at onset of epilepsy, seizure type,
nd cause of epilepsy to minimize their effects on the
ssociation study.
ne plausible explanation for the inconsistency of

esults of all loci between our study and previous
eports is that false-positive results, due to type I
rrors in the studies reporting positive results, may be
aused by the effect of sample size and confounders
uch as ethnicity, definition of drug-resistance and
rug-responsiveness, and polytherapy, (Ameyaw et
l., 2001; Otto, 2004; Tan et al., 2004; Löscher et al.,
009). Sample size limitation is a common problem in
Epileptic Disord, Vol. 13, No. 1, March 2011

ssociation studies, including most previous epilepsy
ssociation studies, as well as our own. This leads to
nderpowered allelic and genotypic data. This limi-

ation could be resolved by worldwide collaboration
etween different centres. A recent genome-wide
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ssociation study between common variants and risk
f partial epilepsy was performed in 10,380 partici-
ants of European ancestry (3,445 patients and 6,935
ontrols), the largest sample size reported for an
pilepsy study (Kasperavičiūtė et al., 2010). Ethnicity

s another confounder which may affect the results.
comparison of 3.4 million loci from 270 indivi-

uals of African, American, European, Japanese, and
hinese ethnicity has shown obvious differences in
atterns of LD, haplotype diversity, and haplotype fre-
uency among populations. This variation has been
haped by evolutionary forces, most likely natural
election in ancestral populations. Such haplotype pat-
ern diversity is greatest in European and East Asian
opulations (Tishkoff and Verrelli, 2003; Hutchison et
l., 2004). This factor may affect the population struc-
ure in various geographical regions and thus lead to
ontradictory results. For example, of five Caucasian
tudies using the same definition of drug resistance
nd drug responsiveness, ABCB1 C3435T was shown
o be associated with resistance to antiepileptic drugs
n four studies; from the United Kingdom, Croatia, and
pain, in agreement with the initial study of Siddiqui
t al., (2003) from the United Kingdom, in contrast to
wo other studies from Australia and Scotland (Haerian
t al., 2010; Sánchez et al., 2010). The lack of associa-
ion in the Indian subgroup is consistent with all three
revious studies in India (Haerian et al., 2010; Grover
t al., 2010) and the lack of association in the Chi-
ese subgroup is consistent with one previous study
ut inconsistent with four studies performed in China

Haerian et al., 2010).
ariation in the definition of drug resistance and drug
esponsiveness in the different studies as well as dura-
ion of follow-up may also lead to contradictory results.

f 25 studies, the same definition of treatment out-
ome was used in 10 (40%); in five Asian and five
aucasian studies. Of the Caucasian studies, 80% of

he studies which used the same definition as that
f Siddiqui et al., (2003) and 20% which used alterna-

ive definitions reported an association. In the Asian
eports, no association was observed in any study
hich used the same definition as that of (Siddiqui et

l., 2003)Siddiqui et al., (2003), but 50% of studies which
sed alternative definitions of drug resistance and
rug responsiveness reported associations (Grover et
l., 2010; Haerian et al., 2010; Sánchez et al., 2010). When
e used the alternative definition of treatment out-

ome in our study, the results were consistent with 50%
f studies from Asia which reported no association.

n this study, we considered VPA monotherapy as an
pileptic Disord, Vol. 13, No. 1, March 2011

nclusion criterion. VPA is a widely used AED with a
road spectrum of activity. It is effective for the treat-
ent of various epileptic seizures such as absence,
yoclonic, and generalised tonic-clonic seizures, as
ell as partial seizures with or without secondary

e
H
C
G
t

ABCB1 polymorphisms and response to sodium valproate

eneralisation. It is also effective for the acute
reatment of status epilepticus. In polytherapy, VPA
nteracts with other AEDs such as carbamazepine, lam-
trigine, and phenytoin (Patsalos et al., 2002). The
ajority of previous ABCB1 polymorphism studies

ave consisted of patients on polytherapy, however,
EDs including VPA were also considered individually.
espite some studies suggesting that VPA is not a

ubstrate for P-gp (Baltes et al., 2007; Rivers et al.,
008), VPA was the most commonly used first-line
ED in some reports which demonstrated a negative

43.4%; Ufer et al., [2009] and 35.8%; Szoeke et al.,
2009]) and positive (80.2%; Seo et al., [2006]) associ-
tion between polymorphisms and drug efficacy. To
urther clarify this association, we stringently selected
atients who were receiving VPA monotherapy in
rder to study a more homogenous population.
espite the inclusion of this criterion, our sample

ize was still much larger than that of previous
tudies of subjects receiving monotherapy. Consistent
ith some previous studies, we found no association
etween polymorphisms and response to VPA overall

n patients or in any ethnic subgroup. These findings
upport the observation that although VPA induces
-gp expression and function (Tang et al., 2004; Eyal et
l., 2006), this may be influenced by other mediators
uch as the nuclear pregnane X receptor (NR1I2), a
egulator of ABCB1 gene expression (Cerveny et al.,
007). Further studies are necessary to identify a
ossible link between the loci of these mediators and
esponse to VPA.
n the current study, no association was found between
he ABCB1 haplotypes or diplotypes, derived from
1236T, G2677T, and C3435T polymorphisms, and the

esponse to VPA in the total group or in each ethni-
ity. These results are inconsistent with three studies
reviously performed in Austria (Zimprich et al., 2004),
hina (Hung et al., 2005), and Japan (Seo et al., 2006)

table 5). In addition, in our study, the 1236/2677/3435
TT haplotype was more common than the other hap-

otypes in the total group and in each ethnic subgroup,
onsistent with four previous reports; one from Japan
Seo et al., 2006) and three from India (Lakhan et al.,
009; Vahab et al., 2009; Grover et al., 2010). Some
tudies have also reported a high frequency of the
GC haplotype and diplotype in Caucasian (Zimprich
t al., 2004) and Korean (Kim et al., 2006) populations,
nd a high frequency of CGC, TGC, and TTT haplo-
ypes in a Chinese population (Hung et al., 2005). Some
f these studies have reported a strong LD between
1236T/G2677TA/C3435T loci (Hung et al., 2005; Seo
73

t al., 2006) and C1236T/G2677TA (Grover et al., 2010).
owever, we did not observe any strong LD between
1236T/G2677TA/C3435T, C1236T/G2677T (exon 12/26),
2677T/C3435T, and C1236T/C3435T polymorphisms in

he total group or in each ethnic group. Among the
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iplotypes, CGC/TTT and TGC/TTT were more com-
on in the total group, consistent with an Indian

tudy of the CGC/TTT diplotype (Grover et al., 2010).
owever, the TGC/TTT diplotype was more common

han other diplotypes in Chinese patients, consistent
ith a Chinese report (Hung et al., 2005). Finally, the

requency of the CGC/CGC diplotype was less than
%, which is inconsistent with two previous studies
Zimprich et al., 2004; Seo et al., 2006). A study of
apanese epilepsy patients demonstrated that this
iplotype was associated with a good response to
EDs (Seo et al., 2006), but another study in Cau-
asians reported the frequency of this diplotype to
e six times greater in drug-resistant patients com-
ared to drug-responsive patients (Zimprich et al.,
004).
n conclusion, our results have failed to identify any
ssociation between ABCB1 polymorphisms or related
aplotypes and response to VPA, suggesting that these
olymorphisms may not contribute to the response to
PA in patients with epilepsy. �
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