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Abstract
Background: P-glycoprotein (P-gp), a drug efflux transporter, encoded by the gene MDR1 ABCB1 multidrug 

resistant, reduces the penetration through the brain by the AEDs. Overexpression of Pgp in blood-brain barrier 
in epileptic patients play an important rol in pharmacoresistance. The aim of this study was to evaluate a possible 
association between C1236T and G2677T ABCB1 gene polymorphisms and drug-resistant epilepsy in Romanian 
children. Material and Methods: A total of 194 children with epilepsy hospitalized in the Paediatric Neurology and 
Psychiatry Clinic in Tirgu Mureş and 153 healthy controls were included in this study. Of the initial group, those 
cases that met the criteria for idiopathic and cryptogenic epilepsies (114 cases) were stratified in 31drug-resistant 
and 83 drug-responsive patients. The C1236T and G2677T genetic polymorphisms were assessed by RFLP-PCR 
(polymerase chain-restriction fragment length polymorphism) followed by gel electrophoresis. Results: Molecular 
analysis of ABCB1 gene polymorphism identified 1236CT heterozygous to be highly represented in drug-respon-
sive group, with a p value of 0.001. Also, in idiopathic epilepsy subgroups (with partial and generalized type of 
seizures), in case of 1236TT and CT genotypes we found highly significant differences between drug-responsive 
patients and those resistant to antiepileptic treatment (p-0.003 and p-0.002 respectively). No association between 
G2677T polymorphism and total epilepsy was found. Conclusions: Our results show that MDR1 C1236T and 
G2677T polymorphisms are not associated with drug-resistant epilepsy in the study population, but 1236TT and 
1236CT genotype variants and also 2677TT were found to be significantly associated with drug-responsive idio-
pathic epilepsy.
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Introduction

Epilepsy is a condition characterized by two 
or more recurrent seizures which are unprovoked 
by any immediate identified cause. Despite sig-
nificant advances in terms of antiepileptics, one 
third of epileptic patients still remain drug-resis-
tant.[1] Resistance to AEDs (antiepileptic drug) 
increases the morbidity and mortality risk for 
these patients. The mechanism leading to resis-
tance towards antiepileptic treatment is complex 
and still, to this date, is incompletely deciphered. 
Drug-resistance depends on several factors, such 
as aetiology, type of AED medication, epilepsy 
phenotype, frequency and type of seizures, age 
of onset, syndrome type, structural cerebral ab-
normalities, and electroencephalographic dis-
charges. In addition, treatment resistance can 
be associated with the same genetic factors re-
lated to pharmacokinetics and pharmacogenet-
ics of AED. These genetics factors can induce 
increases in plasma level concentrations either 
by decreasing elimination or by increasing ab-
sorption of the medication and also by facilitat-

ing the substance’s access to the epileptic foci 
from the central neurvous system (CNS). Genet-
ic factors may also cause changes in transporters 
and receptors affecting the therapeutic response.
[2] ABC (the ATP-binding cassette) proteins are 
associated with multiple drug resistance and are 
members of an energy-dependent protein super-
family. The MDR1 gene (ABCB1) is located on 
chromosome 7q21.1 and encodes a membrane 
protein (p-glycoprotein Pgp), found in several 
tissues such as pancreas, liver, kidney, intestine 
and in other tissues with excretory or secretory 
function. Several hypotheses have been issued 
concerning the aetiology of resistance to antie-
pileptic drugs. Two concepts are attempting to 
explain this issue: the first is modification of the 
action target and the second is modification of 
the efflux protein function. The first hypothesis 
is sustained by studies which show the associa-
tion between pharmachoresistance to treatment 
and structural damage or anomalies in the neu-
ronal network and in the activity of same neu-
rotransmitters. The second hypothesis incrimi-
nated a weak penetration of the AEDs through 

Rezumat
Introducere: Glicoproteina P, un transportor de eflux de substanţe, codificată de gena multidrug resistant 

MDR1 ABCB1, reduce penetrarea creierului de către antiepileptice. Supraexprimarea proteinei la nivelul barierei 
hematoencefalice la pacienţii epileptici, joacă un rol important în farmacorezistenţă. Scopul acestui studiu a fost 
acela de a evalua o posibilă asociere între polimorfismele genice ABCB1 C1236T și G2677T si epilepsia rezistentă 
la tratamentul antiepileptic la copiii din România. Material și metodă: studiul a inclus 194 de copii cu epilepsie 
internaţi în Clinica de Neurologie şi Psihiatrie Pediatrică din Targu Mureş şi un lot control compus din 153 de 
copii sănătoşi. Din lotul total, cei care au întrunit criteriile pentru forme de epilepsii idiopatice și criptogenice (114 
cazuri) au fost grupați în: 31 de pacienţi cu epilepsie rezistentă la tratament şi 83 pacienţi cu forme responsive. 
Pentru determinarea frecvenţei alelice şi a genotipurilor s-a utilizat tehnica PCR-RFLP urmată de elecroforeza în 
gel. Rezultate: forma heterozigotă pentru C1236T (1236CT) a fost semnificativ reprezentată în grupul responsiv la 
tratament, cu o valoare p de 0.001. În epilepsiile idiopatice (forme parţiale sau generalizate), genotipurile 1236TT 
si 1236CT au fost identificate ca fiind semnificativ statistic asociate formelor responsive la tratament (p-0.003 
respectiv p-0.002). Nu a fost identificată nici o asociere intre polimorfismul genic G2677T și lotul epileptic studiat. 
Concluzii: Rezultatele noastre arată că polimorfismele MDR1 C1236T și G2677T nu sunt asociate cu epilepsiile 
rezistente la tratament în rândul populației studiate, în schimb genotipurile 1236TT şi 1236CT precum și 2677TT 
s-au dovedit a fi asociate cu formele idiopatice de epilepsii responsive la tratament.
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the blood-brain barrier (BBB), where the exist-
ing high density of ABC transporters determines 
multiple drug resistance.[3] Starting from this 
idea a non-specific mechanism was suggest-
ed, which limits antiepileptic drug efficiency 
by over-expressing efflux transporters at BBB. 
P glycoprotein (P-gp) is the prototype of these 
transporters. 

It is known that almost all seizures are caused 
by the cumulative action in varying proportions 
genetic factors (predisposing factors) and envi-
ronmental factors (precipitating factors). Also, 
“both, genetic factors and subclinical differenc-
es in epilepsy related brain alteration may be 
involved”.[2] In the genetic causes of epilepsy 
environmental factors will influence disease ex-
pression. Also, the genetic factors is possible to 
generate in structural lesions of the CNS, epilep-
togenic potential wich underliyng symptomatic 
epilepsies.[4]

In 1995, Thisel et al. suggested the absence 
of response to antiepileptic treatment to be sec-
ondary to a reduction in drug penetration into the 
CNS.[5] In this study the authors noticed an in-
creased expression of MDR1 in the brain tissue 
of patients undergoing surgery. Dombrovski et 
al. in a study on patients diagnosed with refrac-
tory epilepsy, treated by temporal lobectomy, 
demonstrated an increased expression of MDR1 
in endothelial cells of the BBB.[6]

Several single nucleotide polymorphisms 
(SNPs) have been identified in the ABCB1 
gene. Among them, C3435T, C1236T, G2677T, 
G2667A, T129C polymorphism are the most 
studied in epilepsy. Due to the potential involve-
ment of this gene in resistant epilepsy, a large 
number of studies have suggested these poly-
morphisms to be associated factors for drug-re-
sistant epilepsy. Siddiqui et al. [7] performed a 
large study on Caucasian population analysing 
three single nucleotide polymorphisms (C1236T, 
G2677T and C3435T) and found a significant 
association between C3435T polymorphism and 
drug-resistant epilepsy. On the other hand, the 

association among drug therapy response and 
C3435T genotype observed in these studies was 
not confirmed by other studies that included pa-
tients with similar ethnic characteristics. [8-11].

To our knowledge, no data are available re-
garding the association between C1236T and 
G2677T polymorphisms and epilepsy in Ro-
manian children. The aim of this study was to 
evaluate a possible association between C1236T 
and G2677T ABCB1 gene polymorphisms and 
drug-resistant epilepsy in Romanian children.

Material and Methods

Patients and controls
The study protocol was approved by the Eth-

ics Committee of the University of Medicine and 
Pharmacy of Tirgu Mures. A written informed 
consent was signed by each parent or legal tutor 
of all children included in the present study. 

We analysed a number of 194 patients diag-
nosed with various forms of epilepsy, hospital-
ized in the Paediatric Neurology and Psychiatry 
Clinic Tirgu Mureş, between 2011 and 2014. 
Epilepsy diagnosis was made according to the 
definition of epilepsy and ILAE (International 
League Against Epilepsy) classification.[12] Ep-
ileptic children were divided according to aetiol-
ogy, in idiopathic (74 cases), cryptogenic (40 cas-
es) and symptomatic (80 cases) groups, as well 
as by type of epileptic seizure, namely partial 
and generalized. Idiopathic epilepsy represent 
a group of epileptic syndromes predominantly 
genetic or presumed genetic origin, in which pa-
tients had a normal structural brain and a normal 
neurological examination;  symptomatic epilep-
sy are those cases, with structural or metabolic 
causes and cryptogenic epilepsies are defined as 
an epilepsy of presumed symptomatic unknown 
causes. Of the initial group, for this study those 
cases that met the criteria for idiopathic and 
cryptogenic epilepsies (114 cases) (previously 
diagnosed and treated) were selected, aged 1.1 
years to 18 years (49 girls and 65 boys), mean 
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age 8.98±2.9 years. We also selected a number 
of 153 healthy controls (89 girls and 64 boys) 
aged between 2.1 to 17.6 years. Controls were 
chosen randomly, all being unrelated healthy 
children with no neuropsychiatric diseases, no 
personal or family history of seizures, and were 
recruited from the Paediatric department. All ep-
ileptic patients included in the study had specific 
epileptiform discharges on EEG and all were on 
stabile treatment with one, two or more antiepi-
leptic drugs in maximum tolerated dose and ad-
equate AED schedules for at least one year. The 
exclusion criteria were noncompliance of AED 
therapy and symptomatic epilepsies.

The selected 114 patients were stratified in 
two groups according to their antiepileptic drug 
response (drug-responsive and drug-resistant). 
Drug-responsive group consisted of 83 patients 
that were seizure free on monotherapy or com-
bination-therapy for at least 12 months or for a 
three-times longer period compared to the in-
ter-seizure interval (of the relapsed seizures). In 
accordance with a recent Task Force of the ILAE 
Commission on Therapeutic Strategies, drug-re-
sistant patients (our group of 31 patients) were 

considered if they were not seizure free even af-
ter adequate trial with two, three or more toler-
ated, appropriately chosen AED schedules was 
instituted.[13,14] 

Genotyping procedure
Genomic DNA was obtained from peripher-

al blood samples using a Zymo Beads Genomic 
DNA kit (Zymo Research). The ABCB1 geno-
types were determined by PCR-RFLP (poly-
merase chain-restriction fragment length poly-
morphism) assay. Primers, restriction enzymes 
and PCR protocols for G2677T were the same 
as described by Dong L et al. [15] but with a mi-
nor modification regarding C1236T PCR proto-
col:  initial denaturation at 95°C for 5 minutes, 
followed by 40 cycles of denaturation at 95°C 
for 30 seconds, anneling for 30 seconds at 59°C, 
extension at 72°C for 30 seconds, and a final 
extension at 72°C for 5 minutes. All restriction 
enzymes used in this study were supplied by Fer-
mentas. The resulting fragments were separated 
by electrophoresis, using standard 2% agarose 
gels stained with ethidium bromide. (Figure 1) 

Fig. 1 Determination of ABCB1G2677T and C1236T genotypes by gel electrophoresis, following PCR-
RFLP. a) PCR amplifications of locus G2677T digested by BanI. M: marker; GT: 3,4,7; GG: 1,6; TT: 2,5 b) 

PCR amplifications of locus C1236T digested by EcoO109I. M: marker; CT: 3,5,6; CC: 1,2; TT: 4,7,8 
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 Statistical analysis
For statistical analysis we used SPSS soft-

ware, version 17.0 (Statistical Package for So-
cial Sciences), considering statistically signifi-
cant a p value of less than <0.05. A chi-square 
test was used to evaluate the Hardy–Weinberg 
equilibrium. Fisher’s exact test performed on a 
contingency table with was used to compare al-
lele and genotype frequencies between the epi-
leptic, idiopathic and symptomatic epileptic sub-
groups and also between partial and generalized 
type of epilepsy. OR (odds ratio) was calculated 
to demonstrate the probability or susceptibility 
to drug resistance according to the given poly-
morphism.[16]

Results

Demographic characteristics of the 83(72,8%) 
drug-responsive and 31(27,2%) drug- resistant 

epileptic children are shown in Table I. Age dis-
tribution at the time of study and age of onset 
show a significant difference between groups 
(p-0.005 and p-0.01 respectively). The onset of 
epilepsy between the ages of 4-12 has been iden-
tified as being representative both in the drug-re-
sistant and drug-responsive epileptic groups. 
Instead, epilepsy onset above 12 years old was 
associated in 95.5% with the total control of sei-
zures. Gender distribution was not significantly 
different between drug-resistant, drug-responsive 
and control groups. No statistically significant 
difference between partial or generalized seizures 
was observed. Patients with cryptogenic epilep-
sy had at three times greater risk of developing 
drug resistant epilepsy than those with idiopath-
ic epileptic syndromes (p-0.008, OR:3.16, 95% 
CI:1.34-7.45). The type and causes of epilepsy 
that were included in study follow the classifi-
cation offered by Shorvone et al, 2011 [17] and 

Table I. Demographical data of patients

Subgroups Categories
Total epileptic 

pacientes
(N=114)

Drug-responsive
(N-83)

Drug-resistant
(N-31) p value*

(years)
median (min-max) - 8.6 (1.1-18) 11.0 (1.9-18) 6 (2.5-13.3) 0.005

sex, no (%) F
M

49 (43.0)
65 (57.0)

33 (39.7)
50 (60.3)

16 (51.6)
15 (48.4)

-
0.25

Age 
no (%)

<12 years
>12 years

72 (63.1)
42 (36.9)

46 (55.4)
37 (44.6)

27 (87.1)
4 (12.9)

-
0.001

Age of onset 
no (%)

< 1 year
1-3 years
4-12 years
>12 years

16 (14.0)
25 (21.9)
51 (44.7)
22 (19.3)

9 (10.8)
15 (18.07)
38 (45.8)
21 (25.3)

7 (22.6)
10 (32.3)
13 (41.9)
  1 (3.22)

0.01

Type of seizures
no (%)

Simple partial and 
complex

Generalized

32 (28.1)

82 (71.9)

24 (28.9)

59 (71.08)

  8 (25.8)

23 (74.2)

-

0.74
aetiology
no (%)

Idiopathic
Cryptogenic

74 (64.9)
40 (35.1)

60 (49.2)
23 (18.8)

14 (19.4)
17 (23.6)

-
0.008

AED
no (%)

Monotherapy
2 drugs
3 drugs

4-5 drugs

70 (61.4)
24 (21.1)
15 (13.4)
5 (4.4)

70 (84.3)
10 (12.04)

3 (3.6)
0 (0.0)

0 (0.0)
14 (45.1)
12 (38.7)
5 (16.2)

0.001

AED- antiepileptic drug, *chi test square, Mann Whitney, OR-Odds Ratio, no-number
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are described in Table II. From the 74 idiopathic 
epilepsy selected cases, 19 (25.7%) were partial 
type (84.2% drug-responsive and 15.9% drug-re-
sistant forms). Of the 55 (74.3%) idiopathic gen-
eralized epilepsy cases, 80% presented complete 
seizure control while under specific treatment 
while in 20% of cases we found recurrent sei-
zures (27.3% GEFS, 9.1% GTCS, 63.6% CAE).

ABCB1 gene’s genotype and allele frequen-
cies of the two investigated polymorphisms for 
both epileptic and healthy children are presented 
in Table III.

The distribution of MDR1 C1236T and 
G2677T genotypes within the two groups was 
not significantly different from that indicated by 
the Hardy–Weinberg equilibrium. No statistical-
ly significant differences were detected for the 
genotype and allele frequencies of the polymor-
phisms in the ABCB1 gene between all epileptic 
patients and healthy controls. C allele as well as 
CT and GT genotypes were the most frequent 
in both groups.  Allele and genotype frequency 
analysis after stratification of epilepsies in idio-
pathic and cryptogenic showed no statistically 

Table II. The causes of epilepsies in our patients 
74 cases of idiopathic epilepsy N (%)
pure epilepsies due to single 
gene disorders

autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE) 
generalized epilepsy with febrile seizure plus  (GEFS+)         
benign myoclonic epilepsy 

2 (2.7) 

2 (2.7) 
2 (2.7)

pure epilepsies with com-
plex inheritance

idiopathic generalized epilepsy (IGE)
  • childhood absence epilepsy (CAE) 
  • juvenile absence epilepsy (JAE )    
  • juvenile mioclonic epilepsy (JME)   
  • generalized tonic clonic epilepsy (GTCS) 
  • partial idiopathic epilepsy 

11 (14.9) 
 6 (8.1)
 9 (12.2) 
23 (31.1) 
19 (25.7)

40 cases of cryptogenic epilepsies    unknown causes
N - number

Table III. Genotype and allele frequencies of the polymorphisms in ABCB1 gene  
for epileptic and healthy children

SNP
Genotype/allele

Epileptic children 
(N-114)

Healthy controls 
children (N-153) p value OR/95%CI

Exon 12-C1236T
CC
CT
TT
CT+TT
C
T

31 (27.2)
56 (49.1)
27 (23.7)
83 (72.8)
118 (51.8)
110 (48.2)

40 (26.1)
78 (51.0)
35 (22.9)
113 (73.9)
158(51.6)
148(48.4)

-
0.92
0.98
0.84

-
0.97

-
0.92 (0.51-1.65)
0.99 (0.50-1.97)
0.94 (0.54-1.64)

-
0.99 (0.70-1.40)

Exon 21-G2667T
GG
GT
TT
GT+TT
G
T

30 (26.3)
53 (46.5)
31 (27.2)
84 (73.6)
113 (49.5)
115 (50.5)

42 (27.5)
72 (47.1)
39 (25.5)
111 (72.5)
156 (51.0)
150 (49.0)

-
0.92
0.75
0.83

-
0.74

-
1.03 (0.57-1.85)
1.11 (0.57-2.16)
1.05 (0.61-1.83)

-
1.05 (0.75-1.49)

SNP-single nucleotide polymorphism, OR-odds ratio; CI-confidence interval
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significant difference compared to the control 
group. For C1236T, CT heterozygotes were 
identified with a higher frequency among those 
with idiopathic epilepsy than those with crypto-
genic, with no statistical significance. T allele 
was more frequent in idiopathic forms for the 
2677 locus.

Genotype and allele frequencies of C1236T 
and G2677T in drug-resistant and drug-respon-
sive group.

Generalized and partial epilepsy (drug-resis-
tant drug-responsive)

By comparing genotype frequencies be-
tween drug-resistant and drug-responsive pa-
tients after stratification by type of seizures, sig-
nificant differences (p<0.05) were observed for 
drug-responsive generalized and partial type of 
seizure for 1236CT, while for 2677GT no statis-
tically significant differences were noticed. Af-
ter analysing C1236T compound genotypes CC 
vs CT+TT, significant differences (p-0.01) were 
demonstrated for drug-responsive generalized 
epilepsy patients. Also, a significant association 
between T variant allele at the same 1236 locus 
and drug responsive patients was found (p-0.03). 
(Table IV)

Total epileptic patients (drug-resistant/
drug-responsive)

When we considered CC as reference, 
1236CT heterozygous was highly representative 
in the responsive group (p-0.001) and T variant 
allele representative in the same group for the 
same SNP (p-0.04). No association between the 
G2677T polymorphism and epilepsy was found. 

Compound genotype C1236T/G2677T 
(CC+GG; CT+GT; TT+TT) analysis showed that 
CT+TT combination was three time more rep-
resentative in drug-responsive epileptic groups 
compared with drug-resistant, with a significant 
p value of 0.001 (OR:3.43, 95% CI:1.09-10.7).

By comparing genotype genetic models’ 
(CC vs TT, CT vs TT, CC vs CT, CC+CT vs TT, 

CC vs CT+TT) effects in drug-resistant and in 
drug-responsive epileptic patients, assuming 
co-dominant (CC vs TT, CT vs TT), dominant 
(CC+CT vs TT) and recessive (CC vs CT+TT) 
we found a statistically significant association 
(p-0.001) of the 1236CC genotype with the 
drug-responsive group.  

Cryptogenic and idiopathic epilepsy 
(drug-resistant and drug-responsive)
When patients were stratified by aetiology 

of epilepsy our results showed an association of 
drug-responsive epilepsy with variant T allele 
and TT homozygous genotype in both analyzed 
polymorphisms. In both cases, the OR was <1, 
indicating TT as a possible protective factor in 
the development of unresponsive epilepsies (Ta-
ble V). After stratification of idiopathic forms by 
type of seizure (partial and generalized) we ob-
tained the following results: an association with 
homozygous variant genotype 1236TT with id-
iopathic partial and generalized drug-responsive 
group, with a statistically significant p-value 
(0.04 and 0.05 respectively) 

We assessed the association of MDR1 haplo-
types derived from C1236T and G2677T loci in 
response to AEDs in drug-resistant and drug-re-
sponsive groups. There were 4 possible combi-
nations (CG, CT, TG and TT) and they were esti-
mated and compared between drug-resistant and 
drug-responsive groups. In both groups all hap-
lotypes were represented higher than 5%. Using 
as a reference the CG haplotype we did not find 
any statistical difference between the groups 
(p>0.05). In drug-resistant group CG was the 
most frequent (36.1%) while in drug-responsive 
group TT haplotype was found to have a high-
er prevalence (29.1%). In the healthy controls 
group haplotype frequencies were as follows: 
29.6 for CG, 21.1 for CT, 20.5 for TG and 28.8 
for TT. 
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Table IV. Genotype and allele frequencies of C1236T and G2677T in drug-resistant  
and drug-responsive group 

Type of epilepsy Genotype Drug-responsive Drug-resistant OR/ 95%CI p value*
ABCB1 – C1236T
generalized

Partial

Total epilepsy 
No 114

CC
CT
TT

CC/CT+TT
C
T

CC
CT
TT

CC/CT+TT
C
T

CC/TT
CT/TT
CC/CT

CC+CT/TT
CC/CT+TT

C
T

n-59
14 (23.7)
32 (54.2)
13 (22.1)

14/45
60 (50.8)
58 (49.1)

n-24
2 (8.3)

15 (62.5)
7 (29.2)

2/22
19 (39.5)
29 (60.4)

16/20
47/20
16/47
63/20
16/67

79 (47.6)
87 (52.4)

n-23
12 (52.2)
8 (34.8)
3 (13.0)
12/11

32 (69.5)
14 (30.5)

n-8
3 (37.5)
1 (12.5)
4 (50.0)

3/5
7 (43.7)
9 (56.3)

15/7
9/7
15/9
24/7
15/16

39 (62.9)
23 (37.1)

-
3.43 (1.14-10.2)
3.71 (0.85-16.2)
0.28 (0.10-0.78)

-
0.45 (0.21-0.93)

-
22.5 (1.51-335.6)
2.62 (0.29-23.1)
0.15 (0.02-1.16)

-
0.84 (0.26-2.64)

0.37 (0.12-1.13)
1.82 (0.59-5.59
0.20 (0.07-0.55)
0.91 (0.34-2.45)
0.25 (0.10-0.62)

-
0.53 (0.29-0.97)

-
0.02
0.10
0.01

-
0.03

-
0.02
0.59
0.08

-
0.76

0.07
0.28
0.001
0.86
0.001

-
0.04

ABCB1-G2667T
Generalized

Partial

Total epilepsy 
No-114

GG
GT
TT

GG/GT+TT
G 
T

GG
GT
TT

GG/GG+TT
G
T

GG/TT
GT/TT
GG/GT

GG+GT/TT
GG/GT+TT

G
T

n-59
17 (28.8)
28 (47.5)
14 (23.7)

17/42
62 (52.5)
56 (47.4)

n-24
3 (12.5)
12 (50.0)
9 (37.5)

3/21
18 (37.5)
30 (62.5)

20/23
40/23
20/40
60/23
20/63

80 (48.2)
86 (51.8)

n-23
9 (39.1)
11 (47.8)
3 (13.1)

9/14
29 (63.0)
17 (36.9)

n-8
1 (12.5)
2 (25.0)
5 (62.5)

1/7
4 (25.0)
12 (75.0)

10/8
13/8
10/13
23/8
10/21

33 (53.2)
29 (46.7)

-
1.38 (0.46-3.92)
2.47 (0.55-10.9)
0.62 (0.22-1.72)

-
0.65 (0.32-1.32)

-
2.0 (0.13-30.2)
0.64 (0.04-7.41)

1 (0.08-1.25)
-

1.83 (0.5-6.76)

0.69 (0.23-2.1)
1.07 (0.38-2.96)
0.65 (0.24-1.74)
0.90 (0.35-2.31)
0.66 (0.26-1.65)

-
0.81 (0.45-1.46)

-
0.58
0.30
0.36

-
0.22

-
0.98
0.95
0.97

0.54

0.51
0.89
0.38
0.83
0.37

-
0.45

Compound genotype 
C1236T/G2677T
CC+GG
CT+GT
TT+TT

12 (14.4)
33 (39.7)
12 (14.4)

10 (32.2)
8 (25.8)
6 (19.3)

-
3.43 (1.09-10.7)
1.66 (0.45-6.05)

-
0.03
0.43

*chi test square, OR-Odds Ratio, n-number
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Discussion 

As a result of the clinical characteristics of 
drug-resistant epileptic patients, we found a pre-
dominance in younger children, meaning 54.9% 
were younger than four years old. With respect 
the aetiology, 87.7% of the cases had a normal 
neurological examination without structural le-
sions, identifiable on computer tomography (CT) 
or MRI, while 12.3% had nonspecific global de-
velopmental delay or mental retardation before 
epilepsy onset but with no identifiable structural 
cause for epilepsy on neuroimaging.

Idiopathic epilepsies may have a genetic eti-
ology, but the genetic defect is associated with 
a distinctive pathology that predisposes to sei-
zures.[18] This type of epilepsy is distinguished 

from diseases with genetic determinism in which 
seizures are part of that syndrome. Recurrent sei-
zures can be caused by genetic predisposition, or 
by neuropathological, chemical and physiologi-
cal changes of nerve cells and at the connections 
between them. Seizures can be caused by any le-
sion involving the cortex. Damage may be struc-
tural, metabolic, or may involve the neurotrans-
mitters or the ion channels. There are epilepsies 
caused entirely by genetic factors and epilepsies 
determined by lesion factors, congenital or ac-
quired, but most often these factors are acting 
together in varying proportions. The therapeutic 
effect of a drug is the consequence of its action 
on several locations of the brain cell. Resis-
tance to anti-epileptics may be caused by func-
tional or structural alterations of the action site 

Table V. Genotype association of C1236T and G2677T in drug-resistant and drug-responsive group after 
aetiology stratification 

ABCB1genotype
Idiopathic(N-74)

Drug resistant 
(%)(N-14)

Drug responsive
(%)(N-60) p value OR/95%CI

C1236T     CC
                   CT
                   TT
                     C
                     T

10 (71.4)
  3 (21.4)
  1 (7.14)
23 (82.1)
5 (17.8)

9 (15.0)
34 (56.7)
17 (28.3)
52 (43.3)
68 (56.7)

-
0.002
0.003

-
0.001

-
0.07(0.01-0.35)

 0.05(0.005-0.48)
-

0.13(0.04-0.45)
G2677T    GG
                  GT
                  TT
                    G
                    T

6 (42.8)
7 (51.3)
1 (7.14)
19 (66.1)
9 (33.9)

14 (23.4)
26 (43.3)
20 (33.3)
54 (45.0)
66 (55.0)

-
0.47
0.04

-
0.03

-
0.62(0.17-2.93)
0.11(0.01-1.08)

-
0.38(0.16-0.92)

ABCB1genotype
Cryptogenic
(N-40)

Drug resistant (%)
(N-17)

Drug responsive (%)
(N-23) p value OR/95%CI

C1236T    CC
                  CT
                  TT
                    C
                    T

5 (29.4)
6 (35.3) 
6 (35.3)
23 (82.1)
4 (17.8)

  7 (30.4)
13 (56.5)
3 (13.4)
19 (41.3)
27 (58.7)

-
0.70
0.38

-
0.0002

-
0.64(0.14-2.90)
2.8(0.46-16.9)

-
0.12(0.03-0.41)

G2677T   GG
                 GT
                 TT
                   G
                   T

4 (23.5)
6 (35.3)
7 (41.2) 
20 (58.8)
14 (41.2)

6 (26.1)
14 (60.8)
3 (13.1)
26 (56.2)
20 (43.8)

-
0.69
0.36

-
1.00

-
0.64(0.13-3.14)
3.5(0.54-22.3)

-
0.91(0.37-2.23)
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that may change the pharmacodynamics of the 
drug. These molecular AED targets behave like 
ligands and can be divided into two categories: 
voltage-dependant channels and neurotransmit-
ter receptors associated with neuronal excitation. 
The changes produced at the site of action can be 
determined or developed as a result of epigenetic 
changes (mutations of genes dependent channel 
- channelopathies) or caused by exogenous envi-
ronmental factors. [19]

The action mechanism of antiepileptic drugs 
is not fully understood. Three important cat-
egories of potential candidate genes that can 
influence the response of AEDs are being dis-
cussed: genes encoding transporters of drugs 
whose known substrate is an antiepileptic; genes 
encoding for enzymes that are involved in the 
metabolism of AEDs decomposition; and genes 
encoding AEDs targets.[18,20]

IGE treatment is demanding for two main 
reasons. Firstly, AEDs beneficial in focal epilep-
sies may be deleterious in IGEs. Secondly, the 
efficacy of AEDs differs even within IGE sei-
zures. This is because of the generation of ab-
sences, for example, are due to a predominance 
of inhibitory activity, in contrast to generalized 
convulsive seizures in which an excess of excit-
atory activity is present. Difficulties in diagnosis 
can generate wrong management of AED that 
can negatively impact the development of drugs. 
So, there may be situations where partial epilep-
sy forms are interpreted as generalized, which 
require a certain type of antiepileptic adminis-
tration. Certain AEDs that are beneficial in focal 
epilepsies are ineffective or even contraindicated 
in IGE. A drug that is efficient in one type of gen-
eralized seizure may be ineffective or exacerbate 
another type of generalized seizure.[20] Some 
epilepsy forms are characterized by polymorphic 
seizures; in those situations seizure exacerbation 
induced by the AED used must be considered as 
not always parents/tutors can correctly identify 
all seizures of a child. Therefore, identification 

of type of epilepsy must be done with great care, 
and only by correlating clinical and EEG data.

In recent years numerous scientists have 
studied the role of MDR1 gene in relation to 
antiepileptic drug response, the fact that certain 
AEDs are a substrate for MDR1 being well-
known. Therefore, various studies are needed, 
involving groups from all this categories (in 
relationship to substrate medication - epilepsy 
type - patient age). Certain AEDs are P-glyco-
protein inhibitors and ABCB1 polymorphisms 
influence this inhibitory effect, the intracellular 
P-glycoprotein substrate concentration depend-
ing on one hand on these gene polymorphisms 
and on the other hand on the drug combination 
administered (substrate and inhibitor).[21] The 
protein overexpression in resistant cases may 
not be related to therapy response. Following ex-
perimental tests on mice and rats it was proven 
that seizures influence the p-gp level and that it 
is possible for certain changes highlighted in re-
sistant forms to be the result of increased seizure 
frequency.[22]

The results from various studies concerning 
the role of ABCB1 gene polymorphisms in an-
tiepileptic drug responsiveness are conflicting.
[23,24] Seo et al.[25] found that 2677TT gen-
otype was significantly higher than GG gen-
otype in drug-resistant patients. He also found 
that 1236CC-2677GG dyplotype association 
was lower in drug-resistant patients in compar-
ison to drug-responsive epileptic patients. Other 
researchers found an associated G2677T SNP 
with resistant epilepsy.[26,27] Contradicting 
with these results, Seven et al. . and Haerian et 
al. found no association between these SNPs and 
drug-resistant epilepsy.[28,29]  In our study we 
found an association of the TT genotype variant 
of C1236T and also G2677T with responsive 
epileptic patients. Contradictions regarding the 
presence or absence of association between these 
polymorphisms and resistant epilepsies can be 
explained by differences related to the inclusion 
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criteria. A number of authors included different 
forms of epilepsy with different etiology, includ-
ing symptomatic forms, many cases from those 
being resistant to multiple AEDs. We also tried to 
make an analysis of all epileptic patients initially 
selected, but no correlation between seizure con-
trol and MDR1 gene polymorphisms was found. 

For these two gene polymorphisms ethnic 
differences have been reported, the frequency of 
C and T alleles varying between 45-55% in Cau-
casian populations and between 5-10% in Afri-
can, Americans and Indians.[30] Many research-
ers have been concerned with the genotypic ef-
fects of these polymorphisms on drug resistance 
in epilepsy. The conflicting reports of several 
studies on genotype and allele frequency may 
be due to ethnic differences, knowing that gene 
polymorphisms often vary among ethnic groups, 
thus affecting the result of genetic studies.[28]

Our findings are in partial agreement with 
these results, as we found the same differences 
between 1236CC and 1236TT genotypes distri-
bution in our study groups. Thus, 1236CC was 
more frequent in resistant group compared with 
responsive patients (48.4 vs 19.3), while TT 
has been identified more frequent in responsive 
group (24.1 vs 22.6). With regard to G2677T, 
the same distribution was found: GG genotype 
was more frequent in resistant group (32.2 vs 
24.1) while TT more frequent in responsive one 
(27.7 vs 25.8). Contradictory results were found 
by Seo et al. [25] who noticed that patients with 
drug-resistant epilepsy had a higher frequency 
of 2677TT genotypes in comparison to drug-re-
sponsive patients (26.2 vs 23.8, respectively). 
In a Ukbek study conducted by Tuychibaeva et 
al.[31] C1236T SNP distribution among patients 
with pharmacoresistant epilepsy and healthy in-
dividuals was compared and the 1236CT geno-
type was found most common, with a frequency 
of 54.2% in epileptic patients and 40% in healthy 
controls. TT variant homozygous genotype also 
occurred with a high frequency in the control 

group (53.3% vs 33.9% in epileptic group, with 
a significant statistic p value p-0.03). Same re-
sults occurred in our study, 1236CT genotype 
being most common, both in the control and in 
the epileptic children groups (51.0 and 49.1 re-
spectively). 

By comparing C1236T and G2677T poly-
morphisms’ allele, genotype and haplotype fre-
quencies, our results were similar to those re-
ported by other studies on different populations. 
For example, in our study 1236C allele had a 
frequency of 51.6 % in healthy population, same 
results being reported in Macedonians (56%), 
Serbians (53%), Germans and Hungarians 
(55%) but not in a gipsy (44%) and Slovenians 
(39%) [32-34]. 2677G allele frequency in our 
study was found in 51% of patients, similar to 
other European populations (from 53 to 56%).
[35,36] No significant differences between C/T 
and G/T were detected in our study, in contra-
diction with other studies previously published 
on Asian populations.[37,38] A strong associa-
tion for C1236T and G2677T linkage disequilib-
rium was observed in a Macedonian study.[32] 
When we analysed the linkage between these 
two SNPs the most frequent genotype we found 
was CT/GT, followed by CC/GG and TT/TT, but 
no statistical differences were detected between 
the study groups or associated with drug-resis-
tant epilepsy. In a study conducted in Romania, 
using a group of 70 epileptic children with id-
iopathic and symptomatic epilepsy, in which 
three MDR1 polymorphisms (C3435T, G2677T 
and C129T) were monitored, Buzoianu et al. did 
not succeeded demonstrate association of these 
polymorphisms to drug resistant epilepsy, even 
after patients on monoterapy selection. [3,39] 
When we analyzed the entire epileptic group, as 
a drug-resistant and drug-responsive patients we 
noticed the same results as the previously men-
tioned study reported [3] regarding G2677T, but 
we found a statistically significant association of 
the 1236CT genotype with drug-responsive ep-
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ilepsy (p-0.001). When we analyzed those two 
groups after stratification by aetiology we found 
an association between CC/CT and GG homo-
zygous in both SNPs with idiopathic resistant 
epilepsy patients. The allele T variant was also 
representative in those two groups. No associ-
ations between genotype or allele with crypto-
genic forms were identified. These results are in 
contradiction with data published by Sanchez 
et al. where this association was present but in 
symptomatic, not in idiopathic epilepsies.[4]

A highly significant linkage disequilibrium 
was shown among exons 12, 21, 26 in MDR1 
gene (C1236T, G2677T, C3435T). [17] Nau-
movska et al.[32] concluded in their study that 
CG haplotype was over-represented in the study 
population, followed by TT haplotype. In our 
study, CT/GT haplotypes derived from C1236T 
and G2677T polymorphisms were associated 
with response to antiepileptic treatment, with a 
statistical significance of p-0.03, but we found 
the same associations as those previously de-
scribed, in our control group. 

An important aspect that must be consid-
ered is related to the inclusion criteria and in 
particular the definition of drug-resistance and 
drug-responsiveness, a situation that can be held 
responsible for the conflicting results of studies 
conducted to date. Compared to studies with the 
same inclusion criteria our results are in accor-
dance, as we found no difference in allele fre-
quency and also no risk of developing resistant 
epilepsy for epileptic patients with TT genotype 
in none of the two analysed mutations.

The limitation of the current study was the 
small sample size, due to the fact that not all 
diagnosed patients had signed an informed con-
sent. In addition, neuroimaging investigation are 
not widely used and not all cases with the clini-
cal diagnosis of idiopathic or cryptogenic epilep-
sy  can benefit from such an examination, there-
fore those cases being excluded from the study. 

To clarify the exact clinical implication of 
MDR1 polymorphisms in multidrug resistant 
epilepsy, further investigations in various types 
of epilepsy, with a reduced number of antiepilep-
tic drugs, would be necessary.

MDR1 C1236T mutation was determined for 
the first time in a Romanian children population, 
as well as the association of these two SNPs.  

Conclusion 

Our results show that MDR1 C1236T and 
G2677T polymorphisms are not associated with 
drug-resistant epilepsy in the study population. 
On the other hand, following the aetiological 
classification 1236TT and 1236CT genotype 
variants and also 2677TT were found to be sig-
nificantly associated with drug-responsive pa-
tients diagnosed with idiopathic epilepsy, but not 
with patients diagnosed with cryptogenic forms. 
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