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ABCB1 gene variants as predictors 
of multidrug-resistant epilepsy 
in Croatian population
D. Sporiš, S. Bašić, N. Božina1, T. Babić2, S. Hajnšek3, J. Sertić1, I. Šušak, I. Marković

ABSTRACT - P-glycoprotein (Pgp) is a drug e6  ux transporter and is the encoded product of the human 
multidrug resistance gene ABCB1 (MDR1). Pgp is expressed in the blood-brain barrier (BBB) and blood-
cerebrospinal 8 uid (CSF) barrier, and reduces the brain penetration of antiepileptic drugs (AEDs). Functio-
nal polymorphism or overexpression of Pgp in the BBB of patients with epilepsy may play a role in pharma-
coresistance. : e aim of this study was to investigate the possible association of ABCB1 gene polymorphisms 
C1236T in exon 12, G2677T in exon 21, and C3435T in exon 26 with the development of resistance to anti-
epileptic therapy. All patients enrolled in the study had an established diagnosis of partial complex epilepsy 
with or without secondary generalisation and have been su? ering from it for more than two years. Patients 
were devided into two groups. : e @ rst group comprised 57 patients refractory to the current therapy, while 
group 2 consisted of 48 patients with well-controled seizures. Results of our study showed statistically sig-
ni@ cant di? erence in the allele and genotype frequency of ABCB1 G2677T between resistant and nonresis-
tant patients. Haplotype G2677/C3435/C1236 was overrepresented among resistant patients. According to 
our results, ABCB1 variants C1236T, G2677T and C3435T might be associated with therapeutic response to 
AED in patients with partial epilepsy with or without secondary generalization and represent a possible pre-
dictive factor for pharmacoresistance.

Key words: ABCB1 gene, epilepsy, multi-drug resistance, polymorphism
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INTRODUCTION

Epilepsy is characterized by recurrent spontaneous 
seizures and is one of the most common neurolog-
ical disorders (1). Despite advances in antiepileptic 
drug (AED) therapy, about one-third of patients 
with epilepsy are resistant to drug treatment. Most 
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patients with refractory epilepsy are resistant to 
several, if not all, AEDs despite the fact that these 
drugs act by di? erent mechanisms (2). Epilepsy 
was the @ rst central nervous system (CNS) disor-
der for which drug resistance was associated with 
enhanced expression of multidrug transporters in 
the brain (3). In addition to intrinsic and acquired 
overexpression of multidrug transporters in the 
blood brain barrier (BBB) of patients with epilepsy, 
functional polymorphisms of these transporters 
might contribute to pharmacoresistance (4).

P-glycoprotein (Pgp), the encoded product of the 
human multidrug-resistance gene ABCB1, is a 
drug e6  ux transporter of particular clinical rele-
vance because many drugs are substrates and/or 
inhibitors, among which there are several major 
AEDs, including phenytoin, phenobarbital, car-
bamazepine, lamotrigine, topiramate and gaba-
pentin (5–10).

P-glycoprotein is widely localized in normal tissues 
including the apical membrane of the gastrointes-
tinal tract, blood cells, the biliary canalicular mem-
brane of hepatocytes, and the luminal membranes 
of proximal tubular epithelial cells in the kidney, 
and thus limits the cellular uptake of xenobiotics 
by excreting these compounds into the bile, urine 
and intestinal lumen (11–13). Pgp is expressed in 
the BBB or blood-cerebrospinal 8 uid (CSF) barrier, 
combining them to reduce the brain penetration of 
AEDs.

More than 50 single nucleotide polymorphisms 
(SNPs) and insertion/deletion polymorphisms in 
the large ABCB1 gene have been reported (14), 
and mutations at positions 2677 and 3435 have 
been associated with alteration of Pgp expression 
and/or function (14–16). A silent C to T transition 
in exon 26 of ABCB1 (3435C>T) has been associ-
ated with di? erences in Pgp levels and activity (17). 
: e polymorphism has also been associated with 
Pgp function, and with clinical conditions such as 
drug-resistant epilepsy (18). However, available 
data suggest that this polymorphism may not di-
rectly cause altered Pgp transport activity but may 
be associated with one or more causal variants in 
the stretch of linkage disequilibrium surrounding 
it (19). In a study from Austria (20), in which func-
tional variants in ABCB1 were genotyped in pa-
tients with temporal lobe epilepsy, a common 
ABCB1 gene haplotype CGC/CGC was identi@ ed, 
which was signi@ cantly associated with the risk of 
pharmacoresistance. A few other studies con@ rmed 
the association of polymorphism, linkage disequi-
librium and speci@ c haplotype combinations with 

pharmacoresistance in patients with epilepsy (21–
24). However, other studies failed to replicate an 
association of polymorphism in ABCB1 gene with 
multidrug-resistant epilepsy (25–32).

: e aim of this study was to investigate the possible 
association of ABCB1 gene polymorphisms in 
exon 21 G2677T, exon 26 C3435T and exon 12 
C1236T with the development of antiepileptic drug 
resistance in Croatian population.

PATIENTS AND METHODS

Patients

: is cross-sectional study is part of the ongoing 
pharmacogenomic study of epilepsy in Croatian 
population and has been approved by the Ethics 
Committee of the Zagreb University Hospital Cen-
ter. Patients were consecutively recruited through 
the Referral Center for Epilepsy, University De-
partment of Neurology, and laboratory methods 
were done at the Center for Functional Genomics 
and Clinical Institute of Laboratory Diagnosis. All 
patients enrolled in the study had an established 
diagnosis of partial complex epilepsy with or with-
out secondary generalization and had been su? er-
ing from it for more than two years. : ey were di-
vided into two groups. Group 1 consisted of 57 
patients refractory to current therapy, while group 
2 included 48 patients with well-controlled sei-
zures. Refractory epilepsy was de@ ned as one or 
more seizures per month during the past year, 
while on therapy with two or more established 
AEDs at the maximally tolerated doses. : e pa-
tients with well-controlled seizures were free from 
seizures in the same period. Compliance was de-
termined by measuring serum concentration of 
anticonvulsants (33,34). Seizure frequency was re-
corded from the patient medical records, seizure 
diaries and patient interview. Patients in-between 
these two groups were excluded from the study. Pa-
tients with a history of CNS infection, head trau-
ma, brain tumor, cerebrovascular disease, neuro-
degenerative and psychiatric diseases, or pseudo-
attacks were excluded from the study. All patients 
signed an informed consent to participate in the 
study. In all patients, the allele, genotype and hap-
lotype frequencies were determined as well as the 
number of AEDs and MDR1 substrates, age at on-
set, duration of epilepsy and interictal electroen-
cephalogram (EEG). Association with ABCB1 
gene polymorphisms was compared between the 
two groups.
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: e mean patient age was 42.64 years (SD 13.91). 
Non-responders took a signi@ cantly higher mean 
number of medications (χ2=55.322; ss=4; P<0.001), 
as compared with responders (2.9 vs. 1.9 antiepi-
leptics). Furthermore, the mean number of AEDs, 
substrates of MDR1 transporter, was statistically 
signi@ cantly higher in the group of non-respond-
ers as compared with the group of responders (2.6 
vs. 1.6). In the non-responder group, most patients 
were taking three (49%) or two (47%) AEDs, 
MDR1 substrates. In the responder group, 48% 
were taking one AED, MDR1 substrate, and 46% 
were taking two AEDs, MDR1 substrates. Car-
bamazepine was the most frequently administered 
AED (n=95, 88%), either as monotherapy or in 
combination with other drugs. Lamotrigine was 
used by 54 (50.5%), phenobarbital by 46 (43%), 
valproate by 23 (21%) and topiramate by 18 (16.8%) 
patients. Gabapentin and phenytoin were used by 
7/6 patients.

Genotyping procedures

Genotyping of 1236C/T, 2677 G/T/A and 3435C/T 
variants of the ABCB1 gene was performed by the 
PCR-RFLP and real-time PCR methods according 
to the previously described procedures (35–40).

Statistical analysis

A test for Hardy-Weinberg equilibrium using 
Markov chain method (41) and the linkage-dise-
quilibrium likelihood-ratio test between loci whose 
gametic phase is unknown (42) were performed, as 
implemented in Arlequin ver. 3.01 (43). Haplotype 
frequencies were estimated using Expectation-
Maximization algorithm implemented in the same 
program, leading to maximum likelihood estimates 
of haplotype frequency. : e c2-test was used for 
pair-wise comparisons of allele frequencies be-
tween the groups. Log likelihood ratio tests were 
performed to compare distributions of the estimat-
ed haplotypes between the groups, as well as com-
parisons of genotype frequencies. P values less than 
0.05 were considered statistically signi@ cant. : e 
c2-test or t-test was performed for comparison of 
age at onset, duration of epilepsy, interictal electro-
encephalogram, antiepileptic drugs and MDR1 
substrates between genotypes and in resistant vs. 
non-resistant patients. All statistical analyses were 
carried out using the SPSS 11.5 (SSPS Inc., Chica-
go, IL, USA) statistical so_ ware package. : e pat-
tern was calculated with Altman’s algorithm and 
power of 80%.

RESULTS

All samples were successfully genotyped. We found 
no case of 2677A variant. Genotype frequencies of 
the ABCB1 2677GG, 2677GT and 2677TT in the 
sample were 35, 48 and 22; of the 3435CC, 3435CT 
and 3435TT 26, 44, 37; and of the 1236CC, 1236CT 
and 1236TT 33, 41 and 25, respectively.

No signi@ cant deviations from the expected Har-
dy-Weinberg proportions were observed in the to-
tal sample and at the loci (ABCB1 G2677T: P=0.43; 
C3435T: P=0.08; C1236T: P=0.516). Test result for 
linkage disequilibrium (LD) between the loci was 
signi@ cant among all loci. LD between exon 21 
G2677T and exon 26 C3435T: c2=94.97, P<0.001, 
ss=1; LD between exon 21 G2677T and exon 12 
C1236T: c2=58.72, P<0.001, ss=2; and LD between 
exon 26 C3435T and exon 12 C1236T: c2=40.49, 
P<0.001, ss=2.

Pair-wise comparisons of the allele frequency be-
tween resistant and non-resistant patients revealed 
a statistically signi@ cant di? erence for exon 21 
G2677T (P=0.041, c2=4.19, ss=1), while in exons 
26 and 12 there was no statistically signi@ cant dif-
ference (Table 1). Patients with allele G of G2677T 
had 85% odds ratio (31% risk ratio) for resistance 
recorded in patients with T allele. Analysis of vari-
ous C3435T alleles in exon 26 did not yield statisti-
cal di? erence (p=0.124) according to antiepileptic 
therapeutic ef  cacy. Analysis of di? erent C1236T 
alleles in exon 12 yielded no statistical di? erence 
(P=0.821) according to antiepileptic therapeutic 
ef  cacy (Table 1).

A statistically signi@ cant di? erence was found in 
genotype based analysis of exon 21 G2677T 
(P=0.016, likelihood ratio G= 8.214, ss=2), but not 
in exon 26 C3435T and exon 12 C1236T (Table 1). 
Patients with G/T allele had a statistically signi@ -
cantly lower chance for pharmacoresistance as 
compared with patients with G/G allele. Patients 
with T/T allele did not show statistical di? erence 
according to resistance. C3435T polymorphism in 
exon 26 did not show signi@ cant correlation with 
pharmacoresistance, although patients with C/T 
allele showed a statistically signi@ cantly lower 
chance for resistance as compared with patients 
with C/C allele. C1236T polymorphism in exon 12 
did not show statistical di? erence according to an-
tiepileptic therapeutic ef  cacy (Table 2).

Likewise, statistically signi@ cant di? erences were 
found in the distribution of the estimated haplo-
types between the groups. Haplotype G2677/
C3435/C1236 was overrepresented among resist-
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ant patients (likelihood ratio G=9.641; ss= 3; 
P=0.023) (Table 2); in the analysis of genotype 
combination frequencies of ABCB1 exon 21, 26 
and 12, genotype combination GG/CC/CC was 
statistically signi@ cantly overrepresented among 

resistant patients (likelihood ratio G=9.641; ss=3; 
P=0.023) (Table 3).

: ere were signi@ cant di? erences between resist-
ant and non-resistant patients in the age at disease 
onset (mean age ± SD: 11.8 ± SD 6.37 vs. 23.4 ± SD 
11.57, t=8.448, ss=105, P<0.001) and duration of 
illness (mean value ± SD: 30.4 ± SD 11.97 vs. 19.9 
± SD 11.59, t=4.495, ss=105, P<0.001). Further-
more, in the resistant group of patients we found 
signi@ cantly higher focal altered EEG @ ndings 
(χ2=11.545, ss=1, P<0.001).

DISCUSSION

As indicated by the data presented, ABCB1 vari-
ants seem to be associated with AED response in 
patients with partial complex epilepsy.

Many studies aimed to highlight the role of intesti-
nal Pgp in drug interactions, of P-glycoprotein ex-
pressed in the BBB for drug penetration into the 
CNS, the role of pharmacological inhibition of Pgp 
function to increase drug concentrations in sanc-

Table 1. Distribution of allele and genotype frequencies of ABCB1 exon 21 G2677T, exon 26 C3435T and exon 12 
C1236T between subjects who are resistant and non resistant to treatment 

Locus Resistant Non resistant Total OR (95%C.I.)

Exon 21 G2677T aAllele G 73 45 118 1.85 (1.02-1.69)

T 43 49 92 1

bGenotype GG 26 9 35 1

GT 21 27 48 0.27 ( 0.10-0.70)

TT 11 11 22 0.35 (0.11-1.07)

Exon 26 C3435T aAllele C 59 37 96 1.59 (0.95-1.70)

T 59 59 118 1

bGenotype CC 19 7 26 1

CT 21 23 44 0.34 (0.12-0.96)

TT 19 18 37 0.39 (0.13-1.15)

Exon 12 C1236T aAllele C 67 40 107 0.91 (0.71-1.20)

T 45 46 91 1

bGenotype CC 23 10 33 1

CT 21 20 41 0.46 (0.17-1.20)

TT 12 13 25 0.40 (0.14-1.18)

a exon 21 G2677T , p=0.041, x2 = 4.19, ss=1; exon 26 C3435T, p=0.124, x2=2.37, ss=1; exon 12 C1236T p=0.821, 
x2=0.05, ss=1
b exon 21 G2677T, p=0.016, likelihood ratio G= 8.214, ss=2; exon 26 C3435T, p=0.103, likelihood ratio G=4.739, 
ss=2; exon 12 C1236T p=0.176, likelihood ratio G= 3.615, ss=2

Table 2. Distribution of genotype combination 
frequencies of ABCB1 exon 21 G2677T, exon 26 
C3435T and exon 12 C1236T between subjects who 
are resistant and non resistant to treatment.

Genotype 
combina-
tion

Resistant
n=56

Non-
resistant
N=43

OR (95%C.I.) p

GG-CC-CC 17 3 1

GT-CT-CT 11 11 0.18 
(0.4-0.78)

0.022

TT-TT-TT 7 5 0.25 
(0.05-1.33)

0.103

Others 21 24 0.15 
(0.4-0.60)

0.007

Likelihood ratio G=9,641; ss= 3; p= 0,023
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tuary sites (e.g., for the HI virus), and for the po-
tential role of MDR1 polymorphisms for Pgp ex-
pression, drug disposition, adverse drug reactions 
and disease risk (44). Active drug transport is now 
considered an important additional mechanism 
limiting drug accumulation in multiple tissues, in-
cluding the CNS. Despite the magnitude of exten-
sive research, many con8 icting data still need to be 
clari@ ed.

AED resistance could be either the result of each 
single polymorphic variant of ABCB1 gene, or of 
many di? erent polymorphic variants in the wide 
spectrum of linkage disequilibrium.

An important characteristic of refractory epilepsy 
is that most patients are resistant to most, and of-
ten to all AEDs (2). : is argues against epilepsy-
induced alterations in speci@ c drug targets as a ma-
jor cause of pharmacoresistant epilepsy. It points 
out other mechanisms such as decreased drug up-
take into the brain by seizure-induced overexpres-
sion of multidrug transporters in the BBB (45). 
Our results are in accordance with the @ ndings re-
ported by Hung et al., Zimprich et al. and Kwan et 
al. (20,22,46), con@ rming the possible role of 
ABCB1 gene variants in pharmacoresistance. : e 
results of the presented study con@ rmed the exist-
ence of linkage disequilibrium of 12, 21 and 26 
exon of ABCB1 gene that could be responsible for 
altered function of drug transporter and as a con-
sequence for refractory epilepsy. Association be-
tween combinations of GG/CC/CC genotypes and 
pharmacoresistance in patients with partial com-
plex epilepsy has been reported. Furthermore, the 
analysis showed that carriers of GG2677 genotype 
had more o_ en diagnosis of refractory epilepsy. 
Single GCC haplotypes in the resistant group 
showed a statistically signi@ cantly di? erence in 

comparison with single TTT and TTC haplotypes 
in the nonresistant group. Siddiqui et al. (18) were 
the @ rst to report on the association between single 
nucleotide polymorphisms in the ABCB1 gene and 
refractory epilepsy. : at study led to a hypothesis 
that drug resistance in epilepsy might be geneti-
cally determined. Patients with AED-resistant epi-
lepsy were more likely to carry 3435CC genotype, 
which is associated with increased Pgp expression 
in comparison to 3435TT genotype.

Soranzo et al. (19) suggest that C3435T polymor-
phism might not be the only cause of the altered 
Pgp activity. : ey identi@ ed three intron polymor-
phisms that are associated with 3435C>T polymor-
phism. : eir study showed the possible importance 
of linkage disequilibrium for the Pgp function. Our 
results are in part consistent with the data reported 
by Hung et al. (22). : ey demonstrated association 
between C3435T, C1236T and G2677T polymor-
phisms with AED resistance. : ey emphasize that 
the CGC, TGC and TTT haplotypes and haplotype 
combinations CGC/CGC, CGC/TGC, CGC/TTT 
and TGC/TTT were found more o_ en in the re-
sistant group in comparison with nonresistant 
group. Zimprich et al. (20) performed genotyping 
for functional ABCB1variants in patients with 
temporal lobe epilepsy and found the 2677GG/
3435CC genotype to be signi@ cantly associated 
with resistance. Kwan et al. found that in 464 Chi-
nese epilepsy patients, the ABCB1 intronic poly-
morphism rs3789243 and the coding polymor-
phism 2677, and haplotypes containing them might 
be associated with drug resistance (46). Contrary 
to our results and the studies mentioned above, 
many other studies did not con@ rm positive asso-
ciation between ABCB1 polymorphisms and mul-
tidrug resistance in epilepsy patients (25–32).

Table 3. Distribution of haplotype frequencies of of ABCB1 exon 21 G2677T, exon 26 C3435T and exon 12 C1236T 
between subjects who are resistant and non resistant to treatment.

Haplotype G2677T C3435T C1236T
Resistant
n=51

Non resistant
n=44

OR (95%C.I.)

H1 G C C 50,47 22,41  1

H2 G C T 6,54 8,30 0,35 (0,11-1,14)

H3 T C T 12,26 6,78 0,80 (0,26-2,52)

H4 G T T 2,74 4,51 0,27 (0,06-1,22)

H5 T C C 0 2,89  x

H6 T T C 4,27 8,52 0,22 (0,06-0,80)

H7 T T T 33,73 33,19 0,48 (0,24-0,96)

Likehood ratio G=12,99; ss=3; p=0,043.
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Some clinical features could be associated with 
drug resistance, in particular early onset of sei-
zures, high seizure frequency prior to treatment 
initiation, a history of febrile seizures, type of sei-
zures (especially partial seizures) or epilepsy, struc-
tural brain lesions, and various malformations of 
cortical development (47). : e present study re-
vealed di? erences in main characteristics between 
the resistant and nonresistant group. Earlier onset 
and longer duration of the disease were recorded 
in the former, and earlier epilepsy progression 
from partial seizure to secondary generalized form 
of seizure in the latter. Contrary to the nonresistant 
group, patients in the resistant group had signi@ -
cantly higher focally altered EEG @ ndings. Aikia et 
al. (48) report that focal epileptic EEG activity 
could be one of the predictive factors for pharma-
coresistance, which is con@ rmed by our results.

An important fact is the compelling evidence that 
candidate gene strategies are dependent on ethnic 
strati@ cation, and divergent results could be due to 
ethnic and racial di? erences in frequency distribu-
tion of polymorphic alleles. Signi@ cant interethnic 
variability was documented for frequencies of 
MDR1 variants. : e frequency of exon 26, C3435 
allele is 43%-54% in Caucasians, 46%-61% in 
Asians and 73%-90% in Africans (17,39,40,49). 
Documented frequency of exon 21, G2677 allele is 
57% in Caucasians, 43% in Japanese and 34% in 
Indian population (50). Some studies point out 
that the high frequency of C3435 allele in Africans 
could be connected to the high frequency of more 
aggressive and drug resistant tumors, like breast 
carcinoma in subjects of African origin (51,52).

In conclusion, according to our results, ABCB1 
variants C1236T, G2677T and C3435T might be 
associated with therapeutic response to AED in pa-
tients with partial epilepsy with or without second-
ary generalization and represent the possible pre-
dictive factor for pharmacoresistance.
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