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Abstract  
Background: The frequency of the multi-drug resistance 1 (MDR1) gene C3435T polymorphism differs in various 
ethnical populations such as Asian, African, and Caucasians populations. A silent C3435T polymorphism in exon 26 of 
MDR1 has been reported to be associated with a decreased expression of P-gp in TT genotypes carriers compared 
with CC genotypes carriers.  

Materials and Methods: To evaluate the association between MDR1 gene C3435T polymorphism and acute 
lymphocyte leukemia (ALL), 126 ALL patients (72 males and 54 females) with a mean age of 11.42 ± 6.55 and 139 
healthy controls (79 males and 60 females) with a mean age of 12.15 ± 7.5 who were referred to Dr. Sheykh hospital, 
Mashhad, Iran, between 2005-2007 were enrolled in our study and their C3435T MDR1 polymorphism was 
investigated using PCR-RFLP.  

Results: The mutant homozygous TT and TC genotypes were found to be associated with the incidence of ALL 
(p<0.05). There was no significant difference for T allele frequency between ALL patients and healthy controls 
(OR=1.08, 95% CI; 0.84-1.66, p=0.33). 

Conclusion: TT genotypes carriers are at higher risk of developing ALL than carriers of other genotypes. 
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Introduction 

Acute lymphoblastic leukemia (ALL) is the most 
common malignancy in children and represents 
20% of acute leukemias in adults.1,2 Eighty percent 
of children with ALL have a good prognosis for 
remedy. In adults, there is a high remission rate 
after the initial treatment; however, only 20%- 
40% of patients achieve long–term survival.1 Little 
is known about the pathogenesis of ALL, although 
both inheritance and specific environmental 
exposures are supposed to play a role in this 

process. The genetic polymorphisms, which 
determine differences in the activity of enzymes 
involved in transport and metabolism of mutagens 
(e.g. glutathione S–transferase or cytochrome 
family genes) are promising areas to search for risk 
factors of developing ALL.3 

P-glycoprotein (P-gp), the product of multidrug 
resistance 1 gene (MDR1), is an important ATP-
dependent membrane transporter which is 
involved in the absorption, distribution, and 
elimination of numerous drugs and acts as 
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energy–dependent efflux pump that exports its 
substrates out of the cell.4,5 The most important 
role of P-gp is the protection of the organism 
against xenobiotics and toxic compounds.3 P-gp 
expression in tumor cells is associated with 
multidrug resistance phenotype in some 
hematological malignancies, e.g. acute myeloid 
leukemia (AML) or adult ALL. Anthracylines, vinca 
alkaloids and epipodophyllotoxins, which are 
crucial drugs in the chemotherapy of ALL, are P-gp 
substrates.2,6-9 At least 28 single nucleotide 
polymorphisms of MDR1 gene locus have been 
reported.3,10-13  Hoffmayer et al.13 have reported a 
silent polymorphism, which is associated with the 
expression of P-gp. This polymorphism consists of 
a C to T exchange at position 3435 in exon 26 of 
the MDR1 gene. Individuals with the 3435TT 
genotype have significantly lower duodenal MDR1 
expression and function than those with the 
3435CC genotype.12,14 It is supposed that the lower 
expression of P-gp can cause accumulation of 
xenobiotics and toxic compounds in the cell and 
results in predisposition to diseases such as 
cancers. The allelic frequencies of the MDR1 gene 
C3435T differ in various populations so we aimed 
to evaluate the association between MDR1 gene 
polymorphism with the incidence of ALL in an 
ethnic Iranian population.  

Materials and Methods 
Subjects 

126 patients with ALL and 139 healthy controls 
of Iranian origin were enrolled in our study. All 
patients were referred to Dr. Sheykh hospital, 
Mashhad University of Medical Sciences, 
Mashhad, Iran, between May 2005 and October 
2007. The study was approved by the Ethical 
Committee of Mashhad University of Medical 
Science. All subjects gave their informed consent. 

One of the patients had also been diagnosed 
with cerebral palsy and one with Down's 
syndrome. The control group consisted of 
volunteers who had attended the hospital for 
blood sampling for biochemistry and/or 
hematologic analysis, and those who were willing 
to participate in the study. Subjects with any 
hematologic or other malignancies were excluded. 

We grouped together all infants, children, and 
adults with ALL because we found no statistical 
difference in the incidence of polymorphism 
between patients aged 20 years or younger (infant 
and childhood ALL) and those older than 20 (adult 
ALL).  

Genotyping 
Whole blood was collected from the enrolling 

subjects and genotyping of ALL patients and 
healthy controls was performed by Polymerase 
Chain reaction–Restriction Fragment Length 
Polymorphism (PCR-RFLP).  

DNA was isolated from peripheral blood cells 
using a standard salting out protocol. The C3435T 
variant of the MDR1 gene was identified with 
primers: 5’-ACT CTT GTT TTC AGC TGC TTG-3' as 
the forward and 5'-AGA GAC TTA ACT TAG GCA 
GTG ACT-3' as the reverse primer, yielding the 
206-base-pair (bp) product. The primer design was 
based on the published sequences for genotyping 
procedure of MDR1 polymorphism using genomic 
DNA.3 For PCR reactions, 200 ng of genomic DNA 
was amplified in 50 μL of reaction mixture 
containing 200 μM of each of dNTPs (dATP, dCTP, 
dGTP and dTTP), 250 ng of each primer, 1.5 mM 
MgCl2 and 1 U Taq DNA polymerase (MBI 
Fermentas). PCR amplification consisted of an 
initial 5-minute denaturation at 94˚C, followed by 
35 cycles of denaturation at 94˚C for 90 seconds, 
annealing at 60˚C for 30 seconds, and extension at 
72˚C for 30 seconds. The terminal extension was 
performed at 72˚C for 10 minutes. Amplified DNA 
fragments (206 bp) were digested by MboI 
enzyme (Fermentas) for 24 h in 37˚C. The PCR 
product was identified in a 1% (w/v) agarose gel 
stained with ethidium bromide and visualized 
directly under UV light. 

Statistical analysis  
Statistical analysis of the data was performed by 

SPSS 11.5 software and chi-square tests. Odd ratio 
(OR) with 95% confidence interval (CI) was 
calculated. 

Results 
The ALL patients (1-63 years old, 72 males 

(57.1%), 54 females (42.9%), with a mean age of 
11.42 ± 6.55) and the control group (1-68 years 
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old, 79 males (56.8%), 60 females (43.2%), with a 
mean age of 12.15 ± 7.5) consisted our 265 
subjects in this study. In vitro DNA amplification of 
the MDR1 gene using the specific primers resulted 
in a 206 bp DNA product. Digestion of amplified 
fragment (amplicon) with MboI restriction 
endonuclease resulted in DNA fragments of 130-
bp (CC); 206-bp (TT); or 130 and 206-bp (TC). The 
mutant homozygous TT genotype and 
heterozygous CT genotype were found to be 
significantly associated with the occurrence of ALL 
(OR=1.96, 95% CI; 1.07-3.58, p=0.026 for TT 
genotype and OR=1.96, 95% CI; 1.07-3.58, p=0.017 
for TC genotype, Table 1). The risk of developing 
ALL in carriers with TT genotype was 2.1 folds 
higher compared to carriers of TC genotype 
(p=0.016, OR, 95% CI; 2.117, Table 2). The allelic 
frequencies for C and T alleles were 44% and 56%, 
respectively. There was no significant difference 
for C and T allele frequency between ALL patients 
and healthy controls (OR=1.18, 95% CI; 0.84-1.66, 
p=0.33, Data not shown). Moreover, there was no 
significant association between MDR1 gene 
C3435T polymorphism and clinical parameters 
including age at the time of diagnosis and sex 
(p=0.76, Data not shown).                                                       

Discussion 
Acute lymphoblastic leukemia (ALL) is the most 

common malignancy in children and represents 

20% of acute leukemia in adults. We found an 
about 2-fold (1.96) increase in the risk of 
developing ALL in TT genotype carriers (p=0.026, 
Table 1). We also found an interesting significant 
difference in TC genotype carriers between 
patients with ALL and healthy controls (p=0.017). 
Incidence of ALL in TC genotype carriers compared 
to TT genotype carriers showed an about 2-fold 
(2.117) decrease.  It may be because of the 
protective role of C allele in a way that even one 
allele of C can decrease the incidence of ALL to 
half. As described above, we grouped together all 
infants, children, and adults with ALL. It is 
suggested that TT genotype may be associated 
with the incidence of ALL more than TC genotype 
(Table 2). There was a significant difference 
between TT and TC genotypes (p=0.016). On the 
other hand, there was no significant difference for 
C and T allele frequency between ALL patients and 
healthy controls. Many studies did not found any 
significant association between MDR1 gene 
C3435T polymorphism and the incidence of 
diseases or cancers. One study reported that the 
single nucleotide polymorphisms considered 
individually or within haplotype C3435T was not 
significantly associated with childhood ALL.15 
Urayama et al. (2002) did not find any significant 
difference in C3435T gene MDR1 polymorphism 
between patients and controls.16 This may be 
because they did not stratify patients in AML and 

 
Table 1: Frequencies of genotypes in ALL patients and the control group in the MDR1 study 

 Genotypes 
TT TC/CC TC TT/CC CC TT/TC

Patients  
(n=126)  

34 
(27.0%) 

92
(73.0%) 

73
(57.9%) 

53
(42.1%) 

19 
(15.1) 

107
(84.9%) 

Control 
(n=139)  

22 
(15.8%) 

117
(84.2%) 

100
(71.9%) 

39
(28.1%) 

17 
(12.2%) 

122
(87.8%) 

P- value 0.026 0.017 0.499 
OR (95% CI) 1.96 (1.07-3.58) 1.96 (1.07-3.58) 1.96 (1.07-3.58)

 
 

Table 2: The comparison of TC and TT genotypes in ALL patients and control group in the MDR1 study 
 OR (95% CI) P-value Total Control Patients Genotype ٭

OR = 2.117, 
(1.144-3.917) 

0.016 56 (24.4) 22 (18.0) 34 (31.8) TT 
173 (75.6)100 (82.0)73 (68.2) TC 

*Confidence Interval 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
7-

01
 ]

 

                               3 / 5

http://ijbc.ir/article-1-21-en.html


Miladpour et al. 

 

IRANIAN JOURNAL OF BLOOD AND CANCER 
 
66 

ALL as well as in Hispanic and non- Hispanic 
populations. The genotype frequency distribution 
of MDR1 CC, CT and TT genotypes in Tamilian 
(South Indian) population was 18%, 56%, and 25%, 
respectively, whereas the allel frequencies were 
46% and 54% for C and T alleles, respectively.17 

Our study is in accordance with Jamroziac et al. 
(2004) findings on the association between MDR1 
gene C3435T polymorphism and ALL in children. 
They found that TT genotype was associated with 
the occurrence of ALL (OR=1.80, 95% CI; 1.10-3.10, 
p=0.037.3 Hoffmayer et al. (2000) also 
demonstrated the contribution of MDR1 gene in 
the pathogenesis of inflammatory and malignant 
disorders of the gasterointestinal tract. They 
reported that the MDR1 gene C3435T 
polymorphism was a silent polymorphism.13 The 
reason why this polymorphism can influence the 
function and expression of P-gp remains 
unanswered. It may be in linkage disequilibrium 
with other polymorphism(s). A polymorphism at 
position 2677 in exon 21 of the MDR1 was found 
to co-segregate with C3435T in some studies.10,18,19 

In conclusion, we found that T- allele carriers 
have an increased risk of developing ALL when 
compared to other subjects. More studies with 
higher number of patients are needed to elucidate 
the association between C3435T polymorphic 
variant forms with ALL.        

Acknowledgments 
The authors are indebted to the research 

council, Mashhad University of Medical Sciences, 
Iran, for approval and financial support of this 
project. 

References 
1. Thomas X, Le Q. H. Prognostic factors in adult 

acute lymphoblastic leukemia. Hematology; 2003; 8: 
233-42. 

2. Jamroziak K, Balcerczak E, Cebula B, Kowalczyk M, 
Panczyk M, Janus A. Multi-drug transporter MDR1 gene 
polymorphism and prognosis in adult acute 
lymphoblastic leukemia. Pharmacol Rep; 2005. 57: 882-
88. 

3. Jamroziak K, Mlynarski W, Balcerczak E, Mistygacz 
M, Trelinska J, Mirowski M. Functional C3435T 
polymorphism of MDR1 gene: an impact on genetic 
susceptibility and clinical outcome of childhood acute 

lymphoblastic leukemia. Eur J Haematol; 2004. 72: 314-
21. 

4. Hartmann G, Kim H, Piquette-Miller M. Regulation 
of the hepatic multidrug resistance gene expression by 
endotoxin and inflammatory cytokines in mice. Int 
Immunopharmacol; 2001. 1: 189-99. 

5. Arceci R. J. Clinical significance of P-glycoprotein in 
multidrug resistance malignancies. Blood; 1993. 81: 
2215-22. 

6. Tafuri A, Gregorj C, Petrucci M. T, Ricciardi M. R, 
Mancini M, Cimino G. MDR1 protein expression is an 
independent predictor of complete remission in newly 
diagnosed adult acute lymphoblastic leukemia. Blood; 
2002.  100: 974-81. 

7. Schinkel A. H, Wagenaar E, van Deemter L, Mol C. 
A, Borst P. Absence of the mdr1a P-Glycoprotein in 
mice affects tissue distribution and pharmacokinetics of 
dexamethasone, digoxin  and cyclosporin. A. J Clin 
Invest; 1995.  96: 1698-1705. 

8. Illmer T, Schuler U. S, Thiede C, Schwarz U. I, Kim R. 
B, Gotthard S. MDR1 gene polymorphisms affect 
therapy outcome in acute myeloid leukemia patients. 
Cancer Res; 2002. 62: 4955-62. 

9. Ambudkar S. V, Dey S, Hrycyna C. A, Ramachandra 
M, Pastan I, Gottesman M. M. Biochemical, cellular, and 
pharmacological aspects of the multidrug transporter. 
Annu Rev Pharmacol Toxicol; 1999. 39: 361-98. 

10. Kim R. B, Leake B. F, Choo E. F, Dresser G. K, 
Kubba S. V, Schwarz U. I. Identification of functionally 
variant MDR1 alleles among European Americans and 
African Americans. Clin Pharmacol Ther; 2001. 70: 189-
99. 

11. Ito S, Ieiri I, Tanabe M, Suzuki A, Higuchi S, Otsubo 
K. Polymorphism of the ABC transporter genes, MDR1, 
MRP1 and MRP2/cMOAT, in healthy Japanese subjects. 
Pharmacogenetics; 2001. 11: 175-84. 

12. Hoffmeyer S, Burk O, von Richter O, Arnold H. P, 
Brockmoller J, Johne A. Functional polymorphisms of 
the human multidrug-resistance gene: multiple 
sequence variations and correlation of one allele with 
P-glycoprotein expression and activity in vivo. Proc Natl 
Acad Sci U.S.A.; 2000. 97: 3473-78. 

13. Ameyaw M. M, Regateiro F, Li T, Liu X, Tariq M, 
Mobarek A. MDR1 pharmacogenetics: frequency of the 
C3435T mutation in exon 26 is significantly influenced 
by ethnicity. Pharmacogenetics; 2001.  11: 217-21. 

14. Drozdzik M, Mysliwiec K, Lewinska-Chelstowska 
M, Banach J, Drozdzik A, Grabarek J. P-glycoprotein 
drug transporter MDR1 gene polymorphism in renal 
transplant patients with and without gingival 
overgrowth. J Clin Periodontol; 2004.  31: 758-63. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
7-

01
 ]

 

                               4 / 5

http://ijbc.ir/article-1-21-en.html


 Association  of  Acute  Lymphoblastic  Leukemia  and...  

Volume 1 | Number 2 | Winter2009 
  

67 

15. Urayama K, Wiencke J. K, Buffler P. A, 
Chokkalingam A. P, Metayer C. MDR1 gene variants, 
indoor insecticide exposure and the risk of childhood 
acute lymphoblastic leukemia. Cancer Epidemiol 
Biomarkers Prev; 2007. 16: 1172-77. 

16. Urayama K, Winke J, Buffler P, Wiemels J. The role 
of MDR-1 gene polymorphisms in the genetic 
susceptibility to childhood leukemia. Annals of 
Epidemiology; 2002. 12: 497. 

17. Ramasamy K, Sam S. S. Allele and genotype 
frequency of MDR1 C3435T in Tamilian population. 
Drug Metab; 2006. 21: 506-8. 

18. Zheng H, Webber S, Zeevi A, Schuetz E, Zhang J, 
Lamba J. The MDR1 polymorphisms at exons 21 and 26 
predict steroid weaning in pediatric heart transplant 
patients .Hum Immunol; 2002. 63: 765-70. 

19. Moriya Y, Nakamura T, Horinouchi M, Sakaeda T, 
Tamura T, Aoyama N. Effects of polymorphisms of 
MDR1, MRP1, and MRP2 genes on their mRNA 
expression levels in duodenal enterocytes of healthy 
Japanese subjects. Biol Pharm Bull; 2002. 25: 1356-9. 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
7-

01
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://ijbc.ir/article-1-21-en.html
http://www.tcpdf.org

