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Abstract
MDR1 gene C3435T and C1236T single-nucleotide polymorphisms (SNPs) have been studied in 59 Uzbek patients with 

epilepsy aged from 1 to 40 years. The patients were resistant to anticonvulsant drugs in therapeutic doses with no remission 
attained. The disease duration was about two years. The DNA samples were isolated from peripheral blood of patients and healthy 
individuals. The study found a statistically significant difference in the frequency of the ТТ genotype of the MDR1 gene С3435Т 
polymorphism, which was associated both with rapid and slow drug metabolism. In the TT genotype group, the share of the 
patients resistant to the therapy was almost 4.8 times higher than in the control group. Despite high OR=1.9, there were statistically 
insignificant differences in the frequency of С1236Т SNP. The 3435C – 1236T haplotype of MDR1 gene was associated with an 
increase the risk of drug-resistance development in epileptic patients.
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Introduction
Epilepsy is one of the common neurological diseases, 

its frequency being from 1% to 2% of people in the entire 
population. One of the most urgent and unsolved problems of 
current epileptology is the development of pharmacoresistant 
epilepsy (PRE), the frequency of which is nearly 30% [1-3].

The mechanisms of pharmacoresistance are still 
insufficiently studied. One of the causes of PRE forming is 
that some genetic factors affect the bioavailability of drugs, 
in particular those factors that contribute to disorders in drug 
metabolism and lead to low effectiveness of anti-epileptic drugs 
(AED). The key participants in the AED metabolism systems 
are the enzymes of the xenobiotics biotransformation system 
and drug transporters [1,4,5]. Among protein-transporters, 
glycoprotein P coded by the multi-drug resistance (MDR1) 
gene plays the major role in the processes of AED absorption, 

distribution and excretion [4,6-8]. The MDR1gene is located 
in 7q21.1chromosome and codes 170кДа glycoprotein [9,10]. 
By now, many polymorphous loci of the MDR1 gene have 
been studied. However, many researchers give preference to 
C3435T (rs1045642) and C1236T (rs1128503) polymorphisms 
[11-13]. C1236T SNP is located in exon 12, C3435T SNP 
in exon 26. The presence of these polymorphisms in the 
MDR1 gene is supposed to lead to a change in glycoprotein P 
expression [14-17]. 

Nowadays, the population profiles of these SNPs of 
the MDR1gene need further research. The same is true of the 
effect of genotypic variants of these markers on the risk of PRE 
development. The data in the literature are still contradictory 
[7,11,13,18-21].

Introduction of molecular research methods to clinical 
practice to reveal PRE will allow performing individual 
selection of AEDs and their doses, as well as choosing the 
tactics of therapeutic and prevention interventions for PRE 
patients. 

The aim of this research was to study C3435T 
and C1236T SNPs of the MDR1 gene and evaluate their 
association with development of drug-resistance in epileptic 
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patients being treated with AEDs.
The research involved 59 PRE patients (31 males и 28 

females), Uzbeks, aged from 1 to 40 years, observed at the 
hospital of Tashkent Medical Academy. The criteria for PRE 
were the duration of the disease over two years and application 
of more than two AEDs in maximum permissible doses with no 
remission attained (valproic acid, carbamazepin, topiromat).

  The control group comprised 60 apparently healthy 
individuals of Uzbek nationality with no epileptic syndromes 
and similar diseases.

The DNA from peripheral blood was isolated by 
the standard phenol technique with some modifications. 
Genotyping of MDR1 gene C1236Т and C3435Т SNPs was 
made by the real-time polymerase chain reaction (PCR) using 
thermocycler Rotor-Gene 6000 (Corbett Research, Australia) 
and the Genotechnology LLC sets (Moscow, Russia) according 
to the instructions of the manufacturer. 

The following sequence primers were used:
С1236Т:
F: 5’-TTC GAA GAG TGG GCA CAA ACC-3’
R: 5’-CAG CCA CTG TTT CCA ACC AGG-3’;
С3435Т:
F: 5’-CTG AAT GTT CAG TGG CTC CGA-G-3’ 
R: 5’-AAG GTA ACA ACT AAC CCA AAC AGG-3’. 

The PCR real time conditions for C1236T и C3435T 
SNPs were as follows: denaturation at 95° С -10 min (1 cycle), 
95 °С- 15 sec, 60°С -15 sec (50 cycles) and 62°С - 40 sec.  
Interpretation of the results was made in the Yellow channel 
(Figures 1-2).

Statistical analysis was performed using a statistical 
software package, OpenEpi (ver. 9.3). Chi square (χ2) or 
Fischer’s exact test (two sided) was used to compare the 
association between the genotypes and alleles in relation 
to the cases, and test for deviation of genotype distribution 
from Hardy–Weinberg equilibrium. P values of < 0.05 were 
considered statistically significant. The odds ratio (OR) 
and their 95 % confidence intervals (CI) were calculated 
to estimate the strength of the association. The predictive 
efficiency (AUC-classifier) of the genetic markers under study 
was determined by the standard formula: AUC = (SE + SP)/2.

Results
We analyzed the predictive efficiency of the investigated 

SNPs (Table 1). The indicators of sensitivity and specificity 
for C1236Т SNP reached the mean values, namely SE=0.66 
and SP=0.53. 

The estimated AUC (0.60) also demonstrates the mean 
level of efficiency by the marker classifier as an independent 
gene candidate. 

The predictive value of C3435T SNP turned out to be 
high. The high level of specificity (SP = 0.81) and the mean 
level of sensitivity (SP = 0.6) may indicate a rather independent 
predictive value of the marker on the risk of PRE development 
(AUC = 0.70).

Tables 2 and 3 show the frequencies of alleles and 
genotypes of C3435T and С1236Т SNPs. All allele frequencies 

Figure 1. Normal genotype of C3435T и С1236Т 
polymorphisms of MDR1 gene.

a)

b)

Figure 2. Homozygous  and heterozygous genotypes 
of C3435T and С1236Т polymorphism of MDR1 gene.

Table 1. 
Indicators of the markers predictive efficiency

Genetic marker 
of MDR gene

SE SP AUC OR (95%CI) *P

1236 T/C 0.66 0.53 0.60 3.9 (0.46-33.31) 0.2

3435 T/C 0.81 0.6 0.70 4.8; 95%CI= 
1.013, 22.48

0.03

  SE – sensitivity; SP – specificity; AUC – prediction efficiency;       
*P– precise Fisher’s test.



211  N. M. Tuychibaeva et al / International Journal of BioMedicine 4(4) (2014) 209-212

were in Hardy-Weinberg equilibrium.
Both in the control group and in the group of PRE 

patients, the heterozygous CT genotype was the most common 
genotype of C1236Т SNP, which was quite unexpected, with 
a frequency of 40.0% for the control group and 54.2% for 
the group of PRE patients (χ2=2.4; Р=0.1; OR=1.8; 95% CI: 
0.859-3.679). The homozygous TT genotype occurred also 
with a high frequency – 53.3% in the control group and 33.9% 
in the PRE patients group (χ2 =4.6; Р=0.03; OR=0.4; 95% CI: 
0.2141-0.9406). The frequency of homozygous CC genotype 
was 6.7% in the control group and 11.8% in the PRE patients 
group (χ2=1.0; Р=0.3; OR=1.9; 95% CI: 0.5213-6.813). 
Despite high OR=1.9, there were statistically insignificant 
differences in the frequency of this genotype. Probably, this 
is due to the small sample or demonstrates a rather high 
distribution of this polymorphism in our population.

The same comparative analysis of C3435Т SNP has 
been made between the PRE patients and controls (Table 3). 
All genotype variants of this SNP were present in both groups. 
In the group of PRE patients, the following genotypes  were 
observed: СС – in 18.6%, СТ – in 55.9%, ТТ – in 25.4% of 
cases. In the control group: СС – in 60.0%, СТ – in 33.3%, 
ТТ – in 6.6% of cases.

The obtained findings are in agreement with the data of 
some researchers [11-13] and do not agree with the findings 
of others [19-21]; this result suggests population peculiarities 
of these SNPs and ethnic specificity of the AED resistance 
development. According to our data, the presence of T allele of 
C3435Т SNP increases the risk of PRE development in Uzbek 
patients (χ2 =22.8; Р=0.000002; OR=3.8; 95% CI: 2.157-
6.566); TT homozygous carriers showed the highest percent 

of PRE (χ2=7.8; Р=0.005; OR=4.8; 95%CI: 1.479-15.4). 
We analyzed the risk of PRE development in 

simultaneous carriers of different allelic variants of studied 
SNPs. The 1236C–3435T haplotype of the MDR1 gene in 
the PRE patient group was found six times more often than 
in the control group (79.7% vs. 40.0%, respectively; χ2=21.3; 
Р=0.0002; OR=6.5; 95% CI: 2.842 - 15.07).

Conclusion
The obtained findings suggest the heterogeneous nature 

of PRE formation with the participation of studied SNPs. 
С3435Т SNP is associated with PRE to AED. Carriage of T 
allele, especially the TT genotype, is associated with a higher 
risk of PRE. The 1236C–3435T haplotype of the MDR1 gene 
may be an additional risk factor for PRE development. 

Competing interests 
The authors declare that they have no competing interests.

Details of funding sources 
The study was supported by the grant ATCC 28.1 

“Developing effective methods of diagnosis, prognosis and 
rational treatment of pharmacoresistant epilepsy in Uzbekistan 
through the study of modern AED”

References
1. Aksyonova MG, Kachalin EY, Burd SG, Avakyan GN, 
Badalyan OL, Savenkov AA, et al. Relation of C3435T 
polymorphism of MDR1gene to the efficiency of carbamazepin 
therapy. Med Gen 2007; 6:39-41. [Article in Russian].
2. Kwan P, Brodie MJ. Refractory epilepsy: mechanisms and 
solutions. Expert Rev Neurother 2006;6(3):397-406.
3. Nadkarni S, LaJoie J, Devinsky O. Current treatments of 
epilepsy.  Neurology 2005;64(12 Suppl 3): S2–11.
4. Bournissen FG, Moretti ME, Juurlink DN, Koren G, 
Walker M, Finkelstein Y. Polymorphism of the MDR1/
ABCB1 C3435T drug-transporter  and  resistance  to  
anticonvulsant drugs: a meta-analysis. Epilepsia 2009; 
50(4): 898-903.
5. Haerian BS, Lim KS, Mohamed EHM, Tan HJ, Tan 
CT, Raymond AA, et al. Association of ABCB1 gene 
polymorphisms and their haplotypes with response to 
antiepileptic drugs: a systematic review and meta-analysis. 
Pharmacogenomics 2011; 12(5):713-25.
6. Schwab M, Eichelbaum M, Fromm MF. Genetic 
polymorphism of the human MDR1 drug transporter. Annu 
Rev Pharmacol Toxicol 2003; 43:285–307.
7. Haerian BS, Roslan H, Raymond AA, Tan CT, Lim 
KS, Zulkifli SZ, et al. ABCB1 C3435T polymorphism and the 
risk of resistance to antiepileptic drugs in epilepsy: a systematic 
review and meta-analysis. Seizure 2010; 19(6):339-46.
8. Sayyah M, Kamgarpour F, Maleki M, Karimipoor M, 
Gharagozli K, Shamshiriet AR. Association analysis of 
intractable epilepsy with C3435T and G2677T/A ABCB1 
gene polymorphisms in Iranian patients. Epileptic Disord 
2011;13(2):155-65.
9. Callen DF, Baker E, Simmers RN, Seshadri R, Roninson 

Table 2. 
Distribution of alleles and genotypes of 1236 С/Т polymorphism of 
gene MDR1 in the groups of patients and controls

Group n
Allele frequency Genotype distribution frequency 

T C T/T T/C C/C

n % n % n % n % n %

PRE 
patients 59 72 61.0 46 39.0 20 33.9 32 54.2 7 11.8

Control 60 88 73.3 32 26.7 32 53.3 24 40.0 4 6.7

Table 3. 
Distribution of alleles and genotypes of С3435Т polymorphism of 
gene MDR1 in the groups of patients and control

Group
n

Allele frequency Genotype distribution 
frequency

С Т C/C С/Т T/T 

n % n % n % n % n %

PRE 
patients 59 55 46.6 63 53.4 11 18.6 33 55.9 15 25.4

Control 60 92 76.6 28 23.3 36 60.0 20 33.3 4 6.6



212                                      N. M. Tuychibaeva et al / International Journal of BioMedicine 4(4) (2014) 209-212

IB. Localization of the human multiple-drug resistance gene, 
MDR1, to 7q21.1. Human Genet 1987; 77(2):142–144. 
10. Bodor M, Kelly EJ, Ho RJ. Characterization of the human 
MDR1 gene. AAPS J 2005; 7:E1–E5.
11. Siddiqui A, Kerb R, Weale ME, Brinkmann U, Smith A, 
Goldstein DB, et al. Association of multidrug resistance in 
epilepsy with a polymorphism in the drug-transporter gene 
ABCB1.N Engl J Med. 2003; 348(15):1442-8. 12.
12. Woodahl EL, Yang ZP, Bui T, Shen DD, Ho RJ. Multidrug 
resistance gene G1199A polymorphism alters efflux 
transport activity of P-glycoprotein. J Pharmacol Exp Ther 
2004;310:1199-1207.
13. Zimprich F, Sunder_Plassmann R, Stogmann E, Gleiss A, 
Dal_Bianco A, Zimprich A, Plumer S, et. al. Association of an 
ABCB1 gene haplotype with pharmacoresistance in temporal 
lobe epilepsy. Neurology 2004; 63(6):1087–9.
14. Hitzl M, Schaeffeler E, Hocher B, Slowinski T, Halle H, 
Eichelbaum M, et al.  Variable expression of P-glycoprotein 
in the human  placenta  and  its  association  with  mutations  
of  the multidrug resistance 1 gene (MDR1, ABCB1). 
Pharmacogenetics 2004;14(5):309– 318.
15. Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms 

in human MDR1 (P-glycoprotein): recent advances and 
clinical relevance. Clin Pharmacol Ther 2004;75(1):13-33.
16. Fung KL, Gottesman MM. A synonymous polymorphism 
in a common  MDR1 (ABCB1) haplotype shapes protein 
function. Biochim Biophys  Acta 2009;1794(5):860–71.
17. Ponnala S, Chaudhari JR, Jaleel MA, Bhiladvala D, Kaipa 
PR, Das UN, Hasan Q. Role of MDR1 C3435T and GABRG2 
C588T gene polymorphisms in seizure occurrence and MDR1 
effect on anti-epileptic drug (phenytoin) absorption. Genet 
Test Mol Biomarkers 2012;16(6):550-7.
18. Kim YO, Kim MK, Woo YJ, Lee MC, Kim JH, Park KW, et 
al. Single nucleotide polymorphisms in the multidrug resistance 
1 gene in Korean epileptics. Seizure 2006; 15(1):67-72.
19. Emich-Widera E, Likus W, Kazek B, Niemiec P, 
Balcerzyk A, Sieroń A, et al.  CYP3A5*3 and C3435T MDR1 
polymorphisms in prognostication of drug-resistant epilepsy in 
children and adolescents. Biomed Res Int 2013; 2013:526837. 
doi: 10.1155/2013/526837. Epub 2013 Aug 1.
20. Alpman A, Ozkinay F, Tekgul H, Gokben S, Pehlivan 
S, Schalling M, et al. Multidrug resistance 1 (MDR1) gene 
polymorphisms in childhood drug-resistant epilepsy. J Child 
Neurol 2010; 25(12):1485–1490.


