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Abstract

Aim: A possible molecular mechanism of clinically defined multidrug-resistant epilepsy involves drug efflux
transporters such as P glycoprotein (P-gp), a member of the ATP- binding cassette subfamily Bl (ABCBI1). We
have investigated the prevalence of the C3435T, G 2677T/A, and T129C single-nucleotide polymorphisms in the
promoter region of MDRI gene, in Romanian epileptic patients. Methods: 70 epileptic patients evaluated in the
Neurology Department of Cluj County Hospital were included in the study. The response to treatment was assessed
by reviewing the seizure diaries and the patients were classified as responders or non-responders. Antiepileptic
drug (AED) plasmatic concentrations were measured and the patients were divided into 2 groups: first group with
AED concentrations in therapeutic range and the second one with sub-optimal AED concentrations. Genotyp-
ing the DNA samples, we investigated MDRI gene polymorphism by polymerase chain reaction (PCR). Results
were expressed as genotype and allele frequencies per response group and compared between subgroups. Results:
33 patients (47.14%) were classified as responders, while the remaining 37 patients (52.86%) were classified as
non-responders. A comparison of responders and non-responders revealed no significant difference in genotype
frequency for any of the three mutations studied. The CT heterozygote for ABCBI T129C had significantly lower
AED concentrations (p=0.041), with no significant difference for the other polymorphisms studied.

Conclusions: In our study we found an association of CT variant in ABCB1 C129T with lower AED plasmatic
concentrations and no association between ABCBI variants and the drug responsiveness.
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Introduction

Epilepsy is a debilitating disorder and a
public health concern due to the high percent-
age of patients with treatment-resistant types of
epilepsy, associated with a high mortality rate
and debilitating psychological and social con-
sequences (1,2). Recent pharmacology research
has lead to the development of new antiepileptic
drugs (AED), which now are largely used to treat
epilepsy. But in a significant number of patients
the medication does not fully control epilepsy;
irrespective of the definition criteria used, 1/3
of them have refractory epilepsy (3). Because
epilepsy is a heterogeneous condition induced
by variable causes (4,5), a reduced response to
therapy is influenced by multiple factors, both
genetic and environmental (2).

Drug-responsiveness is influenced by multi-
ple factors including the type of seizure, the age,
the etiology, early age of seizure onset, struc-
tural cerebral abnormalities or brain lesions at
genetics. Also, the pharmacokinetics and phar-
macodynamics of AEDs may rely on genetic or
acquired factors (6). One of the challenges in ep-
ilepsy treatment is to predict which patients will
develop drug resistance (7).

Experts have advanced several hypotheses
to explain the causes of resistance to AED (2).
The two main theories of multi-resistance are
1) changes in the drug target and 2) changes in
the efflux protein function. The first hypothesis
is based on studies suggesting that certain struc-
tural changes (8) or abnormalities of the brain
network, which also involved neurotransmitter
dysfunction (9) in epileptic patients may con-
stitute causes of resistance to AED therapy, i.e.
the condition is determined by a change in the
drug target. The second hypothesis was based
on the finding that one of the main obstacles
in the treatment of neurological conditions, in-
cluding epilepsy, is the poor penetration across
the blood-brain barrier (BBB). New published

data suggest that a possible molecular mecha-
nism of multidrug resistance epilepsy involves
drug efflux transporters such as the ATP-bind-
ing cassette subfamily B member 1, ABCBI,
also known as MDRI1 or P glycoprotein (P-gp)
(10-12). P-gp is a protein encoded in humans by
2 genes that belong to the same family, ABCB1
(known as MDR1) and ABCB4 (MDR?2), located
on chromosome 7 (7q21). The ATP-dependent
drug transporter proteins and P-glycoprotein
(P-gp) are involved in drug efflux from different
cells, reducing drug accumulation (13). P-gp is a
substrate for several antiepileptic drugs, such as
phenytoin or carbamazepine. The identification
of MDR1 gene mutations, which encode P-gp,
could represent a predictive factor for thera-
peutic goals and could be exploited to improve
therapeutic response. Studies have shown a low
plasma level of carbamazepine and phenytoin
in patients with intestinal MDR1 gene overex-
pression; in these cases, genetic polymorphisms
at positions 3435 and 2677 have influenced the
used doses of antiepileptics (14,15). Low drug
plasma levels could be correlated with treatment
failure. Although the silent polymorphisms of
ABCBI1 gene might not be the only cause of
resistance, there is evidence that they could in-
fluence the activity of P-gp and they could be
a valuable marker to predict who will develop
resistance to AED. Thus, these polymorphisms
could be associated with drug-resistant forms of
epilepsy.

In the present study we aimed to evaluate the
influence of some ABCB1 gene polymorphisms
on AED plasmatic concentration and treatment
response in epileptic patients.

Material and method

Patients

An initial group of 100 epileptic patients ad-
mitted to the Neurology Department of Cluj-Na-
poca County Hospital were included in this
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study. Seventy patients, who met the criteria
described below, were enrolled in the final sur-
veillance. Specific exclusion criteria were major
psychiatric disease, history of alcohol abuse, un-
controlled kidney or liver diseases, and evidence
of noncompliance with medication.

The patients were evaluated based to inter-
national guidelines criteria and the type of epi-
lepsy was established. The response to treatment
was assessed by reviewing the clinical notes (at
least 4 visits in one year) and seizure diaries. The
response to treatment was assessed after 1 year,
according to the guidelines of the International
League Against Epilepsy (ILAE) (16). Patients
who were seizure-free for at least 12 months on
their current antiepileptic regimen were classi-
fied as responders. Those who had continued
to experience seizures in the last 12 months of
follow-up despite prior exposure to a minimum
of two appropriate antiepileptic regimens (mo-
no-therapy or poly-therapy) at maximally toler-
ated doses were considered to be non-respond-
ers. Patients with undetermined and undefined
forms of epilepsy according to ILAE definitions,
or cases with wrong or inappropriate drug selec-
tion or low compliance to medication were ex-
cluded from this study.

The study protocol is in accordance with the
Declaration of Helsinki. The study was approved
by the Ethical Committee of the University of
Medicine and Pharmacy Cluj Napoca, and each
patient signed an informed consent before inclu-
sion.

AED plasmatic concentrations

For all patients, steady-state plasmatic con-
centrations of AED were determined, after a
minimum one month of continuous treatment.
Peripheral blood samples were drawn from each
patient a jeun, before medication. AED plasmat-
ic concentrations were measured for valproate,
phenytoin, phenobarbital, carbamazepine, ox-
carbazepine, lamotrigine, and topiramate by a

modified GC-FID protocols (17). The patients
were divided into 2 groups: first group included
patients with AED concentrations in therapeutic
range (see table 1) and the second one patients
with sub-optimal AED concentrations according
to the ILAE guideline (18).

Genotyping

ABCBI1 polymorphisms were determinat-
ed using DNA extracted from lymphocytes of
peripheral blood, using commercial kits for ge-
nomic DNA extraction (Wizzard Genomic DNA
Purification Kit, Promega, USA). Genotyping
was performed by PCR-RFLP technique accord-
ing to previously described protocols (18,19).
The used sequences of primers are shown in Ta-
ble 2. We analyzed the resulted fragments after
digestion in 2.2% agarose gel and visualization
using a photo documentation and gel analysis
system (Vilber Lourmat Imaging System®).

Statistical analysis

The statistical evaluation was performed us-
ing SPSS version 17. The relationship between
various genotypes, alleles and responsiveness
was examined using the Pearson y2-test or Fish-
er’s exact test, according to expected counts (less
than 5 for Fisher’s test). Statistical significance
was accepted at p<0.05.

Table 1. Plasmatic therapeutic ranges of the
antiepileptic drugs (17)

AED Reference range (mg/L)
Carbamazepine 4-12
Lamotrigine 2.5-15
Oxcarbazepine 3-35
Phenobarbital 10-40
Phenytoin 10-20
Topiramate 5-20

Valproic acid 50-100
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Table 2. Primers used to determine ABCB1 polymorphisms

Polymorphism Primer
C3435T Fw 5’-TTGATG GCAAAGAAA TAAAGC-3’;
Rev 5’-CTTACATTAGGCAGT GAC TCG-3’
Fw 5’-TTT GCAGGC TAT AGG TTC CAG-3’
G2677A/T Rev G2677A, 5°-GTT TGA CTC ACC TTC CCA G-3;
Rev G2677T 5’-TTTAGTTTGACTCACCTTCCCG-3’
T-129C Fw 5’-TCAGCA TTC AGT CAA TCC GG-3’;
Rev 5’-TTT GCG TGC CCC TAC CTC-3’
Results ilar to those of patients with epilepsy and healthy

Seventy epilepsy patients (31 men, 39 wom-
en), aged between 18 and 75 (mean age 36 years)
were included. Characteristics of epileptic pa-
tients are presented in table 3. There were no
differences between male and female patients
regarding response to treatment (p=0.853), type
of epilepsy (idiopathic vs. secondary epilep-
sy, p=0.395) or plasmatic level of AED (thera-
peutic AED concentration vs. sub-therapeutic
AED concentration, p=0.165). Thirteen patients
(18.6%) had sub-therapeutic AED concentra-
tions.

The frequencies of determined ABCB1 gen-
otypes are shown in tables 4 and 5.

Each genotype frequency was consistent
with Hardy-Weinberg equilibrium, and was sim-

controls in the previous studies done in the Ro-
manian population (19-21). All studied ABCB1
(MDR1) polymorphisms followed Hardy-Wein-
berg equilibrium with no difference between re-
sponders and non-responders or therapeutic vs.
sub-therapeutic group.

For the ABCB1 C3435T polymorphisms,
three genotypes were identified: CC, CT, and
TT. For ABCBI1 T129C, no mutant homozygote
CC was found in the studied population. For
G2677T/A, five of six possible genotypes (GG,
GT, TT, TA, GA) were identified. The AA mu-
tant variant of ABCB1 G2677T/A was not found
in our epileptic population.

Of the three candidate SNPs, ABCBI1
T129C showed a significant association with the

Table 3. Characteristics of epileptic patients
Female Male All
N=39 N=31 N=70 (%)
35.1 (13.086) 37.29 (13.031) 36.07 (13.013)

Age, mean (std. deviation)

Type of epilepsy N, (%)

Idiopathic 22 (56.4) 20 (64.5) 42 (60)
Secondary 17(43.6) 11 (34.5) 28 (40)
Response N, (%)

Responders 18 (46.2) 15 (48.4) 33 (47.1)
Non-responders 21 (53.8) 16 (51.6) 37 (52.9)
AED concentration N, (%)

Sub-therapeutic 6(15.4) 5(16.4) 11 (15.7)
Therapeutic 33 (84.6) 26 (83.9) 59 (84.3)
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Table 4. ABCB1 genotypes frequencies at responders and non responders
Response
ABCBI1 Genotype frequency, N (%)
p value
genotype Responder Non-responder Total
N=33 N=37 N=70
CcC 6 (18.18%) 8 (21.6%) 14 (20%)
C3435T CT 18 (54.55%) 20 (54.1%) 38 (54.28%) 0.922
TT 9 (27.27%) 9 (24.3%) 18 (25.72%)
TT 31 (93.93%) 34 (91.89%) 65 (92.85%)
T129C CT 2 (6.06%) 3 (8.11%) 5(7.15%) 0.74
CC 0 (0%) 0 (0%) 0 (0%)
GG 11 (33.3%) 12 (32.4%) 23 (32.9%)
GT 14 (42.4%) 19 (51.4%) 33 (47.1%)
TT 6 (18.2% 4 (10.8% 10 (14.3%
G2677T/A (18.2%) (10.8%) (14.3%) 0.678
GA 0 (0%) 1 (2.7%) 1 (1.4%)
TA 2 (6.1%) 1 (2.7%) 3 (4.3%)
AA 0 (0%) 0 (0%) 0 (0%)

sub-therapeutic plasmatic concentration. Com-
pared with TT wild variant, the CT heterozygote
had a higher frequency of low AED concentra-

tion (p=0.041). For patients with secondary ep-
ilepsy, we observed an increased frequency of
patients with sub-therapeutic concentrations for

Table 5. ABCB1 genotype and plasmatic concentrations

AED concentrations

Genotype frequency, N (%) Statistic-al
Genotype - Analysis
Sub therapeutic In range Total
p value
N=13 N=57 N=70
CC 4 (30.8%) 10 (17.5%) 14 (20%)
C3435T CT 7 (53.8%) 31 (54.4%) 38 (54.28%) 0.452
TT 2 (15.4%) 16 (28.1%) 18 (25.72%)
GG 5(38.5%) 17 (29.8%) 22 (31.4%)
GT 5(38.8%) 27 (47.4%) 32 (45.7%)
TT 2(15.4%) 10 (17.5%) 12 (17.1%)
G2677T/A 0.694
GA 1(7.7%) 1(1.8%) 2 (2.9%)
TA 0 (0%) 2 (3.5%) 2 (2.9%)
AA 0 (0%) 0 (0%) 0 (0%)
TT 10 (76.9%) 55 (96.5%) 65 (92.85%)
T129C CT 3 (23.1%) 2 (3.5%) 5(7.15%) 0.041
CC 0 (0%) 0 (0%) 0 (0%)
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heterozygous 129TC (p = 0.086), but this differ-
ence did not reach the level of statistical signif-
icance. This trend was not observed in the other
studied polymorphisms.

There were no significant differences between
responders and non-responders regarding geno-
types and allele frequencies for all studied SNPs.
A subgroup analysis of patients with idiopathic or
secondary epilepsy was similarly unremarkable.
Regarding response to treatment in the subgroup
of patients with idiopathic epilepsy, 21 patients
were considered responders, while 21 of them
were non-responders. In patients with secondary
epilepsy, 12 patients were responders, while 16
patients were non-responders (p=0,344). Among
patients with idiopathic epilepsy, 9 of them had
sub-therapeutic AED concentrations and 33
therapeutic levels. In the second group of patients
with secondary epilepsy, 4 patients presented
sub-therapeutic AED concentrations and 24
therapeutic AED concentrations (p=0,567).

Discussion

This study demonstrated that the ABCBI1
T129C polymorphism, CT genotype in promoter
region was significantly associated with lower
AED concentrations, but had no influence over
refractory epilepsy in Romanian patients. We did
not observe any correlations between ABCB1
C3435T, G2677T/A polymorphisms and AED
concentrations and treatment outcome in our co-
hort.

It is essential to perform a complete assess-
ment of all the factors influencing therapeutic
response, to promote early prediction based on
these factors, the probability of an unsatisfactory
response, to ensure faster advanced intervention
(i.e. surgical therapy) (6), as well as an assess-
ment of the methods to influence these factors.

The P-gp mediated drug resistance is char-
acterized by a reduction in transport of different
compounds from blood to brain (22). The inves-

tigated antiepileptic drugs in the present study
are P-gp substrates (23) and each one could be
effluxed out from the brain by this mechanism.
The overexpression of P-gp augments this pro-
cess and some of the MDRI1 genetic variants
may be associated with P-gp over-expression
(24, 25).

The first study on ABCB1 polymorphism in
epilepsy demonstrated that patients with drug-re-
sistant epilepsy presented the CC genotype more
frequently and a lower frequency of the TT one
compared to drug-responsive epileptic patients
or non epileptic controls (26). Following this,
a series of studies, especially on C3435T mu-
tation were conducted on different populations
(27-30) with conflicting results. Our data did
not confirm the original report which noted an
increased prevalence of the CC genotype in pa-
tients with resistant form of epilepsy. The pres-
ent results are similar with a recently published
meta-analysis of 57 case-controlled studies on
C3435T, G2677T/A, and C1236T mutation in-
fluence over refractory epilepsy (31). In this me-
ta-analysis, no difference between the frequen-
cy of observed alleles or genotypes in the pop-
ulation with refractory epilepsy was remarked,
except for a significantly decreased risk of low
therapeutic response to AEDs in patients who
present T allele of C3435T variant in a Cauca-
sian population.

These differences between studies occurred
probably due to a different number of patients
included in the studies, the different ethnic pop-
ulations, and the definition criteria of refractory
epilepsy. A previous study performed in a Ro-
manian population had showed an association
between TT and CT genotypes in 1236 position
with drug-responsive forms in children with id-
iopathic epilepsy (32). In the present, study we
did not investigate this polymorphism. In Butila
study e TT genotype in position 2677 was more
frequently observed in drug-responsive cases
(32), which is different from the present data.
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The conflicting results among studies could
be explained through different combinations of
polymorphisms that are commonly inherited
together, so different haplotypes, rather than an
SNP may have influence on treatment response.
Studying only a few mutations (especially
C3435T) ignores the fact that silent mutations
may have a significant role in the occurrence of
drug resistance, since they may be in linkage
imbalance with non-silent SNP. SNP affects the
expression and structure of P-gp into the mem-
brane, thereby altering the interaction between
substrate and its binding site (25). Also, the
drug responsiveness of a patient with epilepsy
may be variable in time, it is not a fixed state,
because the course of epilepsy sometimes fluc-
tuates (7).

There are a series of studies showing re-
duced plasma levels of some antiepileptic drugs:
carbamazepine (14), oxcarbazepine (33), lam-
otrigine (34,35), phenobarbital (35), phenytoin
(15, 36), valproic acid (21, 37), in association
with ABCB1 polymorphisms. Studies regard-
ing drug pharmacokinetics associated with dif-
ferent SNPs have generally conflicting findings
that can be explained by haplotype heterogene-
ity in different populations. On the other hand,
we have to take into account that some AEDs
are metabolized by CYP450, so polymorphisms
of CYP2C9, CYP2C19 are associated with the
metabolism of some specific AEDs but not with
others. In the present study, we did not analyze
the association between MDRI1 and CYP450
polymorphisms and drug-resistance in patients
treated with a specific AED. Polymorphisms of
enzymes affecting AED metabolism may have
an influence on serum concentrations of AEDs
and produce insufficient concentrations of AED
in the brain, which may contribute to a low ther-
apeutic response.

In our study we noticed that the frequency
of patients who do not reach therapeutic AED
concentrations is reduced compared with the fre-

quency of non-responsive patients, and this ob-
servation could be an argument in favor of other
mechanisms of resistance.

For ABCB1 T129C, the frequency of mutant
variants is very low in the general population,
less that 5% for CT or even lower in some Asian
populations, so it has been less studied. This is
the first study done in epilepsy for this polymor-
phism.

In our study, due to the fact that no values
of p were found to be lower than 0.25, except
the one already discussed, a logistic regression
to determine the role of each genotype on phar-
maco-resistance was considered futile. Also,
analyzing the haplotype based on above three
single nucleotides was not necessary for the
same reason. In the study by Sanchez, there was
a significant association of drug-resistance with
covariates, including the type of seizures and
etiology of epilepsy. But after adjustment by
clinical factors through a logistic regression, a
significant association between the SNPs studied
and drug-resistance was not found (6). Because
we did not apply the logistic regression for the
aforementioned reasons, we cannot conclude if
there is an association between types of epilepsy
and MDR polymorphisms.

The study has some limitations. First, the
present study did not explore the correlation
between the candidate SNPs and all available
AEDs, limiting the number of patients studied.
The sample size was not large enough. The vali-
dation of results requires research continuity and
a larger sample of patients, to ensure statistical
analysis reliability. A more extensive study of
ABCBI1 mutation and the haplotypes could de-
termine different results.

Conclusion

In our study, we found an association of CT
variant in ABCB1 C129T with lower AED plas-
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matic concentrations and no association between
ABCBI variants and drug responsiveness.
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