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A B S T R A C T

Background: To treat viral infection of chronic hepatitis C (CHC) is a main strategy to prevent progression of liver disease, and cancer. Some 
patients with CHC have failed to respond to the common antiviral therapy in different populations.
Objectives: In the current study it was aimed to find out the possible role of multiple drug resistance gene1 (MDR1) in non-responder patients 
with CHC infection in Turkish population.
Patients and Methods: Peripheral blood-EDTA samples were used for total genomic DNA isolation. In total of 55 patients with chronic 
hepatitis C and positive results for genotype 1 [31 male (56.4%), 24 female (43.6%) and mean age-min-max; 56.9 ± 9.66 (39-71)]; 19 responder 
(34.5%), 21 non responder (38.2%), and 15 recurrence (27.3%) were included in the presented results. Functional MDR1 gene was genotyped by 
multiplex PCR-based reverse-hybridization Strip Assay method, and some samples were confirmed by direct sequencing.
Results: Our results indicate that MDR1 gene polymorphism is strongly associated with non-responder patients and those with recurrent 
chronic hepatitis C during conventional drug therapy when compared to the responder patients. Homozygous of the TT genotype for MDR1 
exon 26 polymorphism was at 2.0-fold higher risk of non-responder than patients with CC and CT.
Conclusions: The homozygous MDR1 3435TT genotype which encodes the xenobiotic transporter P-glycoprotein may be associated with a 
poor antiviral response in HCV chronicity during conventional therapy, and large-scale studies are needed to validate this association.
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Implication for health policy/practice/research/medical education:
The C3435T polymorphism in multidrug resistance gene (MDR1) affects the high expression of P-glycoprotein (Pgp) and may be as-
sociated with treatment failure in chronic hepatitis C virus (HCV) infection.

Please cite this paper as:
Timucin M, Alagozlu H, Ozdemir S, Ozdemir O. Association Between ABCB1 (MDR1) Gene Polymorphism and Unresponsiveness Com-
bined Therapy in Chronic Hepatitis C virus. Hepat Mon. 2013;13(4):e7522. DOI: 10.5812/hepatmon.7522

Copyright © 2013, Kowsar Corp.; Published by Kowsar Corp.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which per-
mits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Hepatitis C, Multidrug Resistance GeneTimucin M et al.

Hepat Mon. 2013;13(4):e75222

1. Background
Positive sense single-stranded RNA virus, HCV is from 

the virus family of Flaviviridae, and causes to the blood-
borne liver infection primarily in hepatocytes in human 
(1). Hepatitis C infection is accepted as a metabolic liver 
disease more than virus based infectious disease because 
of the high prevalence of metabolic alterations. The pri-
mary goal of medical treatment of HCV infection is to pre-
vent the liver complications such as; progression of liver 
disease, and cancer. The peginterferon alfa, and ribavirin 
are the common medical drugs which are currently used 
in the HCV treatment. In some population nearly a half of 
patients failed to respond to an earlier version of antivi-
ral therapy of HCV infection (1-3). Alternative treatment 
strategies are needed to cure nonresponder patients of 
HCV infection. Approximately, 180 million individuals 
are affected by acute or chronic viral hepatitis, and its 
prevalence is estimated to reach 2% of the world popula-
tion (4); moreover, about 60% of these HCV carriers are 
also at the risk of HCV related several life threatening 
complications, and extrahepatic manifestations such as 
cryoglobulinemia (4-9). Concurrently, persistent chronic 
HCV infection more potent to developed cirrhosis, end 
stage of liver disease, and hepatocellular carcinoma is a 
result of hepatocellular necrosis among other hepatitis 
virus types (4, 10). HCV infection has been linked to severe 
chronic conditions such as; altered lipid metabolism (5, 
10, 11), high prevalence of steatosis (11), fibrosis (12) in-
creased insulin resistance (IR), (13-15), and type 2 diabetes 
mellitus (16). The single nucleotide polymorphism (SNP) 
in drug efflux genes such as drug transporter genes, per-
oxisomal genes, transferases are new highlights of cur-
rent research. Although genomic heterogeneity of HCV 
virus affects the efficiency of the antiviral therapy, therapy 
response against HCV is also associated with host genetic 
profile (17). The recent experiments for understanding 
the link between association of different gene polymor-
phisms with drug pharmacokinetics and viral kinetics, is 
a promising tool for prediction of therapy response, and 
vital for “hard to cure” or “null-responder” patients. For 
instance, Peg-IFN-a plus Ribavirin therapy efficiency on 
chronic HCV patients is closely related to the miR196a-2 
gene polymorphism (18). Another polymorphism based 
treatment response study indicates that the tumor ne-
crosis factor-related apoptosis-inducing ligand recep-
tor 1 (TNFRSF10A) gene rs4242392 SNP causes low-degree 
interferon-based response against HCV (19). Moreover, 
rs12979860 polymorphism, located upstream region of 
IL-28B interleukin, enhanced response rates in chronic 
hepatitis C infected patients treated with (PEG-INF) plus 
ribavirin (RBV) (20).

The multidrug resistance gene 1 (MDR1, adenosine tri-
phosphate-binding cassette transporter ABCB1, P-glyco-
protein) encodes 170 kDa, glycosylated efflux transporter 
membrane protein which plays a crucial role in protect-
ing cells from xenobiotics, chemicals, and drugs (21, 22) 

such as; immunosuppressant (23), antidepressant (24), 
Ca+2 channel blockers (25), chemotherapeutics (26), and 
antiviral therapeutics (27). This gene is mainly expressed 
in apical sides of barrier organs like intestinal, renal, he-
patic epithelial cells or brain endothelial cells, thus poly-
morphism on MDR1 gene affects pharmacokinetics, and 
pharmacodynamic of a broad spectrum of substances 
and xenobiotics. The MDR1 gene has a total of 50 differ-
ent polymorphic alleles, and 20 of them has silent feature 
(28).

2. Objectives
In the current case-control study it was aimed to find 

out the possible association between MDR1 polymor-
phism and gene based unresponsiveness and HCV infec-
tion.

3. Patients and Methods

3.1. Patients and Clinical Diagnosis
The current study was performed in Departments of 

Gastroenterology and Medical Genetics of Cumhuriyet 
University Hospital. All applications were approved by 
the local ethics committee of Cumhuriyet University 
(Ref No: 2009-06/22). Informed consent was obtained 
from all of the subjects. Blood samples with EDTA from 
patients with chronic hepatitis C, and positive results for 
genotype 1 who underwent medical treatment to cure 
the viral infection were used for genotyping in the cur-
rent case-control study. The viral load quantitation was 
established by the single-tube RT-PCR technique from 
peripheral blood samples for each patient according to 
the manufacturer’s instructions. The histology activity 
index (HAI) was evaluated by Knodell's scoring system 
which is the combined scores for necrosis, inflammation, 
and fibrosis for all groups. In a total of 55 patients with 
positive results for HCV [31 male (56.4%), 24 female (43.6%) 
and mean age-min-max; 56.9 ± 9.66 (39-71)]; 19 responder 
(34.5%), 21 nonresponder (38.2%), and 15 recurrence (27.3%) 
were included, genotyped for the MDR1 gene polymor-
phism and compared with the other groups in the pre-
sented results. Other causes of chronic hepatitis except 
for HCV were excluded by appropriate serological tests, 
and liver histology.

3.2. Genotyping and Mutation Analysis
Total genomic DNA was extracted from 100 μL periph-

eral blood samples from patients by the Invitek kit ex-
traction technique (Invitek, Invisorb spin blood, Ger-
many), and stored at −20°C until genetic analysis was 
performed. The mutation analysis of target MDR1 gene 
was performed by Strip Assay technique (Vienna Lab, 
Strip Assay GmbH, Austria) which is based on the reverse-
hybridization principle automatically. MDR1 gene was 
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simultaneously amplified and biotin-labeled in a single 
multiplex amplification reaction (Viennalab, Strip Assay 
GmbH, Austria). PCR for MDR1 gene was performed in a 
Perkin Elmer 9600, (Singapore), and the protocol consist-
ed of an initial melting step of 2 min at 95°C; followed by 
35 cycles of 15s at 95°C, 30s at 56°C, and 30s at 72°C; and a 
final elongation step of 3 min at 72°C (29).

3.3. Statistical Analysis
The current results from different HCV positive group 

patients were given as the mean (standard deviation 
[SD]). The software SPSS for Windows version 12.0 was 
used to perform statistical analysis. The Mann-Whitney U 
and X2 tests were used to analyze differences among the 
three patient groups.

4. Results
We studied the association between C3435T polymor-

phisms of MDR1 gene and its correlation with drug re-
sistance against “nonresponder” patients with HCV. In a 
total of 55 seropositive genotype 1 patients with HCV; 19 re-
sponder [8 female (42.1%), and 11 male (57.9%)], (cases that 

were found to have seronegative HCV-RNA and normal 
ALT values after 6 months treatment), 21 nonresponder 
[10 female (47.6%), and 11 male (52.4%)], (cases that were 
found to have seropositive HCV-after 6 months treatment 
and increased ALT and fibrosis values), and 15 recurrence 
patients [6 female (40.0%) and 9 male(60.0%)], (cases that 
were found to have seronegative HCV-RNA after 6 months 
treatment but HCV-RNA levels were also raised to un-
treated level after second 6 months period) were exam-
ined in the presented results. The mean HCV-RNA loads 
value were > 50 IU/ml for the current patients with HCV 
at the beginning of the treatment, and all patients with 
negative results for serum HAV, HBV, HDV, and HIV were 
excluded. The current cohort includes 24 female (43.6%), 
and 31 male (56.4%) patients with HCV and positive re-
sults for genotype 1 (Table 1). The viral load was 2.7×106 
± 5.45×105 for responder, 4.7×106 ± 1.01×106 for nonre-
sponder, and 5.7×106 ± 1.02×106 for recurrence group 
before treatment respectively (Table 2). After combined 
treatment with alpha 2a-interferon, and ribavirin the 
viral load has changed to zero (0) for responder, 4.5×106 
± 1.30×106 for nonresponder, and 4.6×106 ± 7.40×105 for 
recurrence group respectively (Table 2).

Table 1. Some Clinical Characteristics for the Current Responder, Nonresponder, and Recurrent Patients

Characteristics
Patients (n = 55)

P value
Responders (n = 19) Non responders (n = 21) Recurrence (n = 15)

Age, y, Mean ± SD (Min-Max) 56.9 ± 9.66 (39-71)  -

Gender, No. (%)     -

Female 24 (43.6)  -

Male 31 (56.4)  -

Fibrosis Score, Mean ± SD (0-4) 2.38 ± 2.09 2.25 ± 1.83 2.40 ± 2.11 0.999

ALT, Mean ± SD, U/L 32.84 ± 28.10 62.57 ± 44.39 60.20 ± 50.70 0.017

HAI Score, Mean ± SD (0-10) 5.66 ± 1.53 5.65 ± 1.22 5.10 ± 2.60 0.396

Table 2. Shows Mean Viral Load (IU/ml) Before, and After Treat-
ment for all Groups

Patients
Viral Load, Mean ± SD, IU/ml

Before Treatment After Treatment

Responder 2.7×106± 5.45×105 0

Nonresponder 4.7×106± 1.01×106 4.5×106± 1.30×106

Recurrence 5.7×106± 1.02×106 4.6×106± 7.40×105

All groups have nearly the same fibrosis and HAI pro-
files but the ALT values were significantly different in 
responder group when compared to the nonresponder, 
and recurrence groups (Table 1), (P = 0.017). Six of 19 (31.6%) 
responder patients were in homozygous CC genotype 
(wild type), and 13 (68.4%) patients were in heterozygous 
CT genotype (Table 3). The homozygous mutated TT geno-
type was not detected in the current responder cohort 
(Table 3). Three of 21 (14.2%) nonresponder patients were 
in homozygous CC genotype, 9 (42.9%) patients were in 

heterozygous CT, and 9 (42.9%) patients of nonresponder 
were in homozygous mutated TT genotype (Table 3). Two 
of 15 (13.3%) recurrence patients were in homozygous CC 
genotype, and 13 (86.7%) patients were in heterozygous 
CT genotypes. The homozygous mutated TT genotype 
was also not detected in the current recurrence cohort 
(Table 3). When individuals at each group were compared 
according to the prevalence for the MDR1 gene mutation 
profiles, the difference among the groups was considered 
as logical statistically significant (P < 0.05), (X2:19.26), (Ta-
bles 2 and 3). The C and T allele frequency of 3435 C > T SNP 
for all groups were; 0.658 for C, and 0.342 for T allele in 
responder group, 0.357 for C, and 0.693 for T allele in non-
responder group, and 0.567 for C, and 0.433 for T allele in 
current recurrence group (Table 3). Increased mutated T 
allele frequency for MDR1 exon 26 genes was detected in 
the presented nonresponder cohort. The difference for T 
allele was statistically significant when compared to the 
responder group (P = 0.001) (Table 3).
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Table 3. Mutation Distribution, Genotype, and Allele Frequency of the MDR1 Gene [P-Glycoprotein, ATP-Binding Cassette (ABC) Super-
family of Membrane Transporters] 3435 C > T SNP in the Current Responder, Non responder and Recurrent HCV Positive Groups a

Patients 
(n = 55)

Genotype CC, No. (%) Genotype CT, No. (%) Genotype TT, No. (%) Allele Frequency C Allele Frequency T

Responder 
(n = 19)

6 (31.6) 13 (68.4) 0 0.658 0.342

Nonresponder 
(n = 21)

3 (14.2) 9 (42.9) 9 ( 42.9)b 0.357 0.693

Recurrence 
(n = 15)

2 (13.3) 13 (86.7) 0 0.567 0.433

a P = 0.001; X2 = 19.26; Gene, MDR1 (ABCB1); Exon, 26; SNP, C > T, Transition; Codon, 3435
b P < 0.05 significant

5. Discussion
Hepatocellular carcinoma (HCC) is one of the most com-

mon malignant cancers which is closely associated with 
chronic infection by the hepatitis B (HBV) and C (HCV) 
viruses in various populations (30-33). High rate of mor-
tality, cirrhosis risk development, and HCC may occur in 
the long time unresponsiveness treatment of patients 
with HCV infection (31, 34-36). Increased MDR1 expression 
was reported in tumoral tissues of HCC when compared 
to the nontumoral samples (37). Rose et al., have claimed 
that up-regulation of such genes as; MDR1, MRP1, and 
MRP3 are strongly associated with hepatocytes in severe 
human liver disease (38). Funaoka et al., have claimed 
that the 70 and 91 amino acids substitution in HCV core 
region is a significant predictor of poor responses to pe-
ginterferon-plus-ribavirin therapy by detecting the lower 
HCV RNA in culture supernatant than the wild type sub-
clones (39). They also claimed that the infected patients 
by mutated virus showed increased incidence of HCC. 
Viral drug unresponsiveness is sometimes based on viral 
and/or bacterial gene recombinations, and resistance to 
the wide range of drugs (29, 40-42) but in general it is 
based on genomic variation and/or mutations of host 
organisms genome, intracellular functions and causes 
different tissue cancers in human (43-47). As claimed by 
Hoofnagle et al., the racial difference (variation in host 
genome) takes crucial role in the response to antiviral 
therapy (48). These results suggest that racial differences 
in the response to antiviral therapy are due to greater un-
responsiveness to intracellular actions of interferon in 
African, American individuals after peginterferon alfa-2a 
and ribavirin therapy without dose modification in HCV 
genotype 1 (48). Artini et al., have claimed that elevated se-
rum 90K/MAC-2 BP levels are related to the degree of dis-
ease severity, infection period, and they are acceptable for 
the independent predictor for the failure to respond to 
alpha-interferon treatment in patients with CHC (49). We 
studied the association between C3435T polymorphisms 
of MDR1 gene, and its correlation with combined drug 
resistance in the nonresponders patients with positive 
results for HCV during conventional therapy. Three HCV 
seropositive groups (responder, nonresponder and recur-

rence) were compared in the presented results. The cur-
rent results from twenty one seropositive HCV patients 
[10 male(47.6%) and 11 female(52.4%)] who were treated 
with combined alpha 2a-interferon, and ribavirin for 6 
months showed strong association in the MDR1 SNP and 
drug unresponsiveness in patients with HCV. The muta-
tion profile of MDR1 affects the response rates and clinical 
progress on the current cohort of patients with hepatitis 
C in Turkish population. All nonresponder patients have 
also increased ALT and fibrosis values after treatment 
period of 6 months. None of the current responder and 
recurrence group patients have TT genotype but a large 
amount of the nonresponder patients (42.9%) showed ho-
mozygous mutated TT genotype (Table 3). The presented 
results showed statistical significance for both TT geno-
type, and T allele frequency for nonresponder group (P < 
0.05), (X2:19.26), (Tables 2 and 3). Increased mutated T al-
lele frequency was detected in the nonresponder cohort 
when compared to the other two groups in Turkish popu-
lation. According to the presented results, while higher 
rate of heterozygote C > T was seen for three responded 
groups to treatment, higher rate of homozygote was de-
tected on patients with hepatitis C who are unresponsive 
to treatment. This shows that there is a strong associa-
tion between MDR1 polymorphism and HCV unrespon-
siveness. The P-glycoprotein which is encoded by MDR1 
effluxes many chemicals. The silent C3435T mutation in 
MDR1 gene causes decrease in MDR1 expression, and also 
in the amount of MDR1 receptors (23, 26, 28). Variation in 
exon 26 of MDR1 gene also shows significant differences 
for drug transport. Therefore it affects both response and 
therapeutic doses of multiple drugs (22-24, 29). The ho-
mozygous C alleles in C3435T SNP are considered to be re-
sponsible for resistance against the medicines in which 
the P-gp expression is high and against some materials. 
The TT genotype of the same SNP in exon 26 of MDR1 gene 
causes over expression of gene activity, and effluxes many 
chemicals. Some recent reports insist that the TT alleles 
failed to efflux chemicals role, and cause to some types of 
cancer such as; HCC (30-32), breast (47), NSCLC (46), pros-
tate (43), and ovarian cancers in human (44, 45). In con-
clusion, the homozygous TT alleles in MDR1 gene showed 



Hepatitis C, Multidrug Resistance Gene Timucin M et al.

5Hepat Mon. 2013;13(4):e7522

strong association with drug unresponsiveness in the 
current nonresponder patients with HCV who were treat-
ed by combined alpha 2a-interferon, and ribavirin for 
six months. Results also showed that there is increased T 
allele frequency for MDR1 exon 26 genes in current non-
responder cohort in Turkish population. Results need to 
be supported by population based large–scale samples of 
representative nonresponder patients with HCV.

Acknowledgements
Authors want to thank to Dr. Binnur KOKSAL (PhD) for 

her valuable technical assistance in the current results.

Authors’ Contribution
HA, and MT performed the bioinformatical work, ana-

lyzed the clinical data, and designed the clinical experi-
ments, OO designed the experiments, performed PCR, 
performed parts of the analyzed the sequencing data and 
wrote the manuscript. OO, and SO supervised the study.

Financial Disclosure
Authors declare there was no financial disclosure in the 

current study.

Funding/Support
The current clinical results were not funded.

References
1.       Gross JB. Nonresponders to Previous Chronic Hepatitis C Treat-

ment. Curr Treat Options Gastroenterol. 2004;7(6):469-75
2.       Chevaliez S, Hezode C, Soulier A, Costes B, Bouvier-Alias M, Roua-

net S, et al. High-dose pegylated interferon-alpha and ribavirin 
in nonresponder hepatitis C patients and relationship with IL-
28B genotype (SYREN trial). Gastroenterology. 2011;141(1):119-27

3.       Fidock MD, Souberbielle BE, Laxton C, Rawal J, Delpuech-Adams 
O, Corey TP, et al. The innate immune response, clinical out-
comes, and ex vivo HCV antiviral efficacy of a TLR7 agonist (PF-
4878691). Clin Pharmacol Ther. 2011;89(6):821-9

4.       Böckle BC, Sepp NT. Hepatitis C virus and autoimmunity. Autoim-
munity Highlights. 2010;1(1):23-35

5.       Chary A, Holodniy M. Recent advances in hepatitis C virus treat-
ment: review of HCV protease inhibitor clinical trials. Rev Recent 
Clin Trials. 2010;5(3):158-73

6.       Della Rossa A, Tavoni A, Baldini C, Bombardieri S. Mixed cryoglob-
ulinemia and hepatitis C virus association: ten years later. Isr Med 
Assoc J. 2001;3(6):430-4

7.       McMurray RW. HEPATITIS C–ASSOCIATED AUTOIMMUNE DISOR-
DERS. Rheum Dis Clin North Am. 1998;24(2):353-74

8.       Muhammad D, Anjum A, AMIN K, Javed M. Chronic Hepatitis C 
Virus İnfection; Associated with Type 2 Diabetes Mellitus. Proffe-
sional Med J. 2010;17(4):557-62

9.       Scotto G, Cibelli DC, Saracino A, Prato R, Palumbo E, Fazio V, et 
al. Cryoglobulinemia in subjects with HCV infection alone, HIV 
infection and HCV/HIV coinfection. J Infect. 2006;52(4):294-9

10.       Potthoff A, Witte T, Rifai K, Hoy L, Deterding K, Feyerabend S, et al. 
Prevalence of alpha-fodrin antibodies in patients with chronic 
hepatitis C infection and Sjogren syndrome. Scand J Gastroen-
terol. 2009;44(8):994-1003

11.       Syed GH, Amako Y, Siddiqui A. Hepatitis C virus hijacks host lipid 
metabolism. Trends Endocrinol Metab. 2010;21(1):33-40

12.       Fukasawa M. Cellular lipid droplets and hepatitis C virus life 
cycle. Biol Pharm Bull. 2010;33(3):355-9

13.       El-Satar HA, Mahfouz M, Rashed L, Ahmet D. Insulin Resistance in 
patients with chronic hepatitis c Infection. Aust J Basic Appl Sci. 
2010;4(10):4554-8

14.       Furutani M, Nakashima T, Sumida Y, Hirohama A, Yoh T, Kakisaka 
Y, et al. Insulin resistance/beta-cell function and serum ferritin 
level in non-diabetic patients with hepatitis C virus infection. 
Liver Int. 2003;23(4):294-9

15.       Negro F. Hepatitis C virus-induced steatosis: an overview. Dig Dis. 
2010;28(1):294-9

16.       Kawaguchi T, Sata M. Importance of hepatitis C virus-associated 
insulin resistance: therapeutic strategies for insulin sensitiza-
tion. World J Gastroenterol. 2010;16(16):1943-52

17.       Masgala A, Bonovas S, Nikolopoulos GK. Recent advances in the 
treatment of HIV/HBV and HIV/HCV co-infection. Mini Rev Med 
Chem. 2012;12(9):890-904

18.       Hong XL, Cao H, Zhao F, Pan XF, Zhang K, Xu QH, et al. [MiR-
196a-2 gene polymorphism and the antiviral therapy of chronic 
hepatitis C]. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi. 
2010;24(6):470-2

19.       Rizza SA, Cummins NW, Rider DN, Saeed S, Klein MB, Badley AD. 
Polymorphism in tumor necrosis factor-related apoptosis-in-
ducing ligand receptor 1 is associated with poor viral response 
to interferon-based hepatitis C virus therapy in HIV/hepatitis C 
virus-coinfected individuals. AIDS. 2010;24(17):2639-44

20.       Sanabani SS, Nukui Y, Pereira J, da Costa AC, de Oliveira AC, Pessoa 
R, et al. Lack of evidence to support the association of a single 
IL28B genotype SNP rs12979860 with the HTLV-1 clinical out-
comes and proviral load. BMC Infect Dis. 2012;12:374

21.       Mease K, Sane R, Podila L, Taub ME. Differential selectivity of ef-
flux transporter inhibitors in Caco-2 and MDCK-MDR1 monolay-
ers: a strategy to assess the interaction of a new chemical entity 
with P-gp, BCRP, and MRP2. J Pharm Sci. 2012;101(5):1888-97

22.       Uhr M, Tontsch A, Namendorf C, Ripke S, Lucae S, Ising M, et al. 
Polymorphisms in the drug transporter gene ABCB1 predict 
antidepressant treatment response in depression. Neuron. 
2008;57(2):203-9

23.       Gumus-Akay G, Rustemoglu A, Karadag A, Sunguroglu A. Geno-
type and allele frequencies of MDR1 gene C1236T polymorphism 
in a Turkish population. Genet Mol Res. 2008;7(4):1193-9

24.       Kimchi-Sarfaty C, Oh JM, Kim IW, Sauna ZE, Calcagno AM, Ambud-
kar SV, et al. A "silent" polymorphism in the MDR1 gene changes 
substrate specificity. Science. 2007;315(5811):525-8

25.       Maraz A, Furak J, Palfoldi R, Eller J, Szanto E, Kahan Z, et al. Roles 
of BCL-2 and MDR1 expression in the efficacy of paclitaxel-based 
lung cancer chemoradiation. Anticancer Res. 2011;31(4):1431-6

26.       Deenik W, van der Holt B, Janssen JJ, Chu IW, Valk PJ, Ossenkop-
pele GJ, et al. Polymorphisms in the multidrug resistance gene 
MDR1 (ABCB1) predict for molecular resistance in patients with 
newly diagnosed chronic myeloid leukemia receiving high-dose 
imatinib. Blood. 2010;116(26):6144-5

27.       Kikuchi R, McCown M, Olson P, Tateno C, Morikawa Y, Katoh Y, et 
al. Effect of hepatitis C virus infection on the mRNA expression 
of drug transporters and cytochrome p450 enzymes in chimeric 
mice with humanized liver. Drug Metab Dispos. 2010;38(11):1954-
61

28.       Nakamura T, Sakaeda T, Horinouchi M, Tamura T, Aoyama N, Shi-
rakawa T, et al. Effect of the mutation (C3435T) at exon 26 of the 
MDR1 gene on expression level of MDR1 messenger ribonucleic 
acid in duodenal enterocytes of healthy Japanese subjects. Clin 
Pharmacol Ther. 2002;71(4):297-303

29.       Ozen F, Silan C, Uludag A, Candan F, Silan F, Ozdemir S, et al. As-
sociation between ABCB1 (MDR1) gene 3435 C>T polymorphism 
and colchicine unresponsiveness of FMF patients. Ren Fail. 
2011;33(9):899-903

30.       Eicher C, Dewerth A, Kirchner B, Warmann SW, Fuchs J, Armeanu-
Ebinger S. Development of a drug resistance model for hepato-
blastoma. Int J Oncol. 2011;38(2):447-54

31.       Lin CC, Hwang JM, Tsai MT, Su WW, Chen LM, Lai TY, et al. Protein 
kinase C alpha location and the expression of phospho-MEK and 
MDR1 in hepatitis virus-related hepatocellular carcinoma biop-
sies. Chin J Physiol. 2010;53(2):112-8

32.       Ling X, Zhou Y, Li SW, Yan B, Wen L. Modulation of mitochondrial 



Hepatitis C, Multidrug Resistance GeneTimucin M et al.

Hepat Mon. 2013;13(4):e75226

permeability transition pore affects multidrug resistance in hu-
man hepatocellular carcinoma cells. Int J Biol Sci. 2010;6(7):773-83

33.       Park BL, Kim YJ, Cheong HS, Kim LH, Choi YH, Lee HS, et al. As-
sociation of common promoter polymorphisms of MCP1 with 
hepatitis B virus clearance. Exp Mol Med. 2006;38(6):694-702

34.       Nishanth RP, Ramakrishna BS, Jyotsna RG, Roy KR, Reddy GV, Red-
dy PK, et al. C-Phycocyanin inhibits MDR1 through reactive oxy-
gen species and cyclooxygenase-2 mediated pathways in human 
hepatocellular carcinoma cell line. Eur J Pharmacol. 2010;649(1-
3):74-83

35.       Sun Z, Zhao Z, Li G, Dong S, Huang Z, Ye L, et al. Relevance of two 
genes in the multidrug resistance of hepatocellular carcinoma: 
in vivo and clinical studies. Tumori. 2010;96(1):90-6

36.       Zhou Y, Ling XL, Li SW, Li XQ, Yan B. Establishment of a human 
hepatoma multidrug resistant cell line in vitro. World J Gastroen-
terol. 2010;16(18):2291-7

37.       Achari C, Reddy GV, Reddy TC, Reddanna P. Chebulagic acid syn-
ergizes the cytotoxicity of doxorubicin in human hepatocellular 
carcinoma through COX-2 dependant modulation of MDR-1. Med 
Chem. 2011;7(5):432-42

38.       Ros JE, Libbrecht L, Geuken M, Jansen PL, Roskams TA. High ex-
pression of MDR1, MRP1, and MRP3 in the hepatic progenitor cell 
compartment and hepatocytes in severe human liver disease. J 
Pathol. 2003;200(5):553-60

39.       Funaoka Y, Sakamoto N, Suda G, Itsui Y, Nakagawa M, Kakinuma 
S, et al. Analysis of interferon signaling by infectious hepatitis C 
virus clones with substitutions of core amino acids 70 and 91. J 
Virol. 2011;85(12):5986-94

40.       Engin A, Koksal B, Dogan T, Elaldı N, Dokmetas I, Bakır M, et al. 
Cytochrome P450 2D6 and MDR1 gene mutation in relation to 
mortality in patients with crimean-congo hemorrhagic fever: A 
preliminary study. Turkiye Klinikleri J Med Sci. 2009;29(4):905-10

41.       Galle F, Sanguinetti M, Colella G, Di Onofrio V, Torelli R, Rossano F, 
et al. Oral candidosis: characterization of a sample of recurrent 
infections and study of resistance determinants. New Microbiol. 

2011;34(4):379-89
42.       Purkait B, Kumar A, Nandi N, Sardar AH, Das S, Kumar S, et 

al. Mechanism of amphotericin B resistance in clinical iso-
lates of Leishmania donovani. Antimicrob Agents Chemother. 
2012;56(2):1031-41

43.       Kato T, Fujita Y, Nakane K, Kojima T, Nozawa Y, Deguchi T, et al. 
ETS1 promotes chemoresistance and invasion of paclitaxel-resis-
tant, hormone-refractory PC3 prostate cancer cells by up-regu-
lating MDR1 and MMP9 expression. Biochem Biophys Res Commun. 
2012;417(3):966-71

44.       Rein DT, Volkmer A, Bauerschmitz G, Beyer IM, Janni W, Fleisch 
MC, et al. Combination of a MDR1-targeted replicative adenovi-
rus and chemotherapy for the therapy of pretreated ovarian can-
cer. J Cancer Res Clin Oncol. 2012;138(4):603-10

45.       Rein DT, Volkmer A, Beyer IM, Curiel DT, Janni W, Dragoi A, et al. 
Treatment of chemotherapy resistant ovarian cancer with a MDR1 
targeted oncolytic adenovirus. Gynecol Oncol. 2011;123(1):138-46

46.       Yan PW, Huang XE, Yan F, Xu L, Jiang Y. Influence of MDR1 gene 
codon 3435 polymorphisms on outcome of platinum-based che-
motherapy for advanced non small cell lung cancer. Asian Pac J 
Cancer Prev. 2011;12(9):2291-4

47.       Zhou Y, Sridhar R, Shan L, Sha W, Gu X, Sukumar S. Loperamide, 
an FDA-approved antidiarrhea drug, effectively reverses the 
resistance of multidrug resistant MCF-7/MDR1 human breast 
cancer cells to doxorubicin-induced cytotoxicity. Cancer Invest. 
2012;30(2):119-25

48.       Hoofnagle JH, Wahed AS, Brown RS, Jr., Howell CD, Belle SH. Early 
changes in hepatitis C virus (HCV) levels in response to pegin-
terferon and ribavirin treatment in patients with chronic HCV 
genotype 1 infection. J Infect Dis. 2009;199(8):1112-20

49.       Artini M, Natoli C, Tinari N, Costanzo A, Marinelli R, Balsano C, 
et al. Elevated serum levels of 90K/MAC-2 BP predict unrespon-
siveness to alpha-interferon therapy in chronic HCV hepatitis 
patients. J Hepatol. 1996;25(2):212-7




