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ABSTRACT. We carried out a case-control study to examine the 
relationship between the ATP-binding cassette subfamily B member 1 
(ABCB1) gene polymorphisms C1236T, G2677T, and C3435T and risk 
of acute leukemia in a Chinese population. Between May 2013 and April 
2015, we recruited 164 acute leukemia patients and 285 healthy controls, 
and determined polymorphism genotypes by polymerase chain reaction-
restriction fragment length polymorphism. Using unconditional logistic 
regression analysis, we observed that in comparison to the wild-type 
sequence, the TT genotype [odds ratio (OR) = 2.15, 95% confidence 
interval (CI) = 1.12-4.10; P = 0.01] and the T allele (OR = 1.39, 95%CI 
= 1.05-1.86; P = 0.02) of ABCB1 G2677T were associated with acute 
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leukemia susceptibility. The TT genotype (OR = 2.03, 95%CI = 1.11-
3.69; P = 0.01) and the T allele (OR = 1.39, 95%CI = 1.05-1.85; P = 
0.02) of the C3435T polymorphism also increased acute leukemia risk 
compared to the wild-type form. However, no significant relationship 
was established between the ABCB1 C1236T variant and this disease. 
Our results suggest that the ABCB1 G2677T and C3435T sequence 
variations may affect susceptibility to acute leukemia.
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INTRODUCTION

Acute leukemia is a serious malignancy of stem cells characterized by accumulation 
of myeloid blasts in bone marrow. An annual cancer report revealed that in 2012, 65,778 
new cases of leukemia were diagnosed and 54,719 patients died as a result of this disease, 
accounting for 2.5% of all cancer deaths in that year worldwide (Ferlay et al., 2013). This 
disease is classified into two principal forms, namely, acute lymphoblastic leukemia and 
acute leukemia (Vardiman et al., 2009). In addition, genetic factors play an important role in 
susceptibility to acute leukemia, and prior research has shown many genes to be associated 
with its development, including those encoding endothelial protein C receptor, DNA repair 
enzymes, cytochrome P450 1A1, tumor protein p53, tet oncogene family member 2, and 
primary microRNA-34b/c (Besbes et al., 2015; Li et al., 2015; Lu et al., 2015; Ruan et al., 
2015; Tong et al., 2015; Bănescu et al., 2016).

The ABCB1 gene is located on chromosome 7q21.12 and encodes a protein of 1280 
amino acids. G2677T (rs2032582) located in exon 21, C3435T (rs1045642) in exon 26, 
and C1236T (rs1128503) in exon 12 exhibit a certain degree of linkage (Rustemoglu et al., 
2014; Saidijam et al., 2015). In recent years, several studies have evaluated the relationship 
between the ABCB1 C1236T, G2677T, and C3435T polymorphisms and development of acute 
leukemia, but the results are conflicting (Urayama et al., 2007; Wang et al., 2007; Kreile et al., 
2014; Pongstaporn et al., 2015). Therefore, we carried out a case-control study to assess the 
relationship between these ABCB1 variants and acute leukemia risk in a Chinese population.

MATERIAL AND METHODS

Subjects

The present study comprised 164 acute leukemia patients and 285 healthy controls. 
The former were consecutively recruited from Qilu and Yantai Yuhuangding Hospitals 
between May 2013 and April 2015. Patients with a history of malignant cancer other than 
acute leukemia, autoimmune diseases, serious acute or chronic infectious diseases, end-stage 
liver or kidney diseases, or having previously used immunosuppressive agents were excluded 
from the study.

Healthy control subjects were selected from among individuals having visited the 
outpatient clinics of Qilu and Yantai Yuhuangding Hospitals over the same period. Those with 
a history of acute leukemia, any of the conditions mentioned above, or having previously used 
immunosuppressive drugs were excluded from the investigation.
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Data regarding participants’ demographic characteristics were collected using a 
questionnaire conducted by trained nurses in face-to-face interviews, and included age, 
gender, tobacco smoking, exposure to benzene, alkylating agents, and ionizing radiation, 
and family history of malignant cancer. Each subject signed an informed consent form prior 
to recruitment, and this study was approved by the Ethics Committees of Qilu and Yantai 
Yuhuangding Hospitals.

ABCB1 genotyping and direct sequencing

Each study subject provided a 5-mL blood sample for DNA extraction, which was 
stored in a tube containing 0.5 M ethylenediaminetetraacetic acid at 4°C until use. ABCB1 
C1236T, G2677T, and C3435T genotypes were determined by polymerase chain reaction 
(PCR)-restriction fragment length polymorphism. The primers and restriction enzymes used 
are shown in Table 1. PCRs began with a denaturation at 94°C for 5 min, followed by 35 
cycles of denaturation at 94°C for 1 min, annealing at 58°C for 1 min, and extension at 72°C 
for 90 s, before a final extension at 72°C for 7 min. Digested PCR products were separated 
using 1.5% agarose gel electrophoresis and visualized under ultraviolet light.

Table 1. Primers and restriction enzymes for ABCB1 C1236T, G2677T, and C3435T genotyping.

Polymorphism Primers (5'-3') Restriction enzyme 
C1236T TCTTTGTCACTTTATCCAGC (forward) 

TCTCACCATCCCCTCTGT (reverse) 
EcoO109I 

G2677T TGCAGGCTATAGGTTCCAGG (forward) 
TTTAGTTTGACTCACCTTCCCG (reverse) 

XbaI 

C3435T GATCTGTGAACTCTTGTTTTCA (forward) 
GAAGAGAGACTTACATTAGGC (reverse) 

MboI 

 

Statistical analysis

Differences between acute leukemia patients and control subjects in terms of 
demographic and lifestyle factors and ABCB1 polymorphism genotypes were assessed using 
the Pearson chi-square test or the Student t-test. Conformance of ABCB1 C1236T, G2677T, 
and C3435T genotype frequencies to Hardy-Weinberg equilibrium (HWE) was established 
using the Pearson chi-square test. Multivariate logistic regression analyses were carried out to 
estimate the relationship between these genetic variants and acute leukemia risk, employing 
odds ratios (ORs) and their 95% confidence intervals (CIs). Statistical analysis was conducted 
with SPSS 20.0 (IBM Corp., Armonk, NY, USA), and a P value <0.05 was considered to 
signify a significant difference.

RESULTS

In comparison with the control subjects, acute leukemia patients were younger (chi-
square = 2.52, P = 0.01; Table 2). However, the two groups were comparable with respect 
to gender (chi-square = 0.18, P = 0.67), tobacco smoking (chi-square = 0.25, P = 0.62), 
exposure to benzene or alkylating agents (chi-square = 1.53, P = 0.22), exposure to ionizing 
radiation (chi-square = 2.39, P = 0.12), and family history of malignant cancer (chi-square 
= 0.85, P = 0.36).
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ABCB1 C1236T, G2677T, and C3435T genotype distributions are summarized 
in Table 3. Using the Pearson chi-square test, significant differences were evident in the 
frequencies of ABCB1 G2677T (chi-square = 6.31, P = 0.04) and C3435T (chi-square = 
6.35, P = 0.04) genotypes between the patient and control groups. However, no such trend 
was observed in relation to the C1236T polymorphism (chi-square = 0.22, P = 0.90). None 
of the ABCB1 variants demonstrated deviation from HWE in either the patient or control 
group.

Table 2. Demographic and environmental circumstances of acute leukemia patients and control subjects.

Variable Patients (N = 164) % Controls (N = 285) % Chi-square P 
Mean age (years) 28.55 ± 12.63 31.50 ± 11.55 2.52 0.01 
Gender       
Female 68 41.46 124 43.51   
Male 96 58.54 161 56.49 0.18 0.67 
Tobacco smoking       
No 122 74.39 218 76.49   
Yes 42 25.61 67 23.51 0.25 0.62 
Exposure to benzene or alkylating agents       
No 137 83.54 250 87.72   
Yes 27 16.46 35 12.28 1.53 0.22 
Exposure to ionizing radiation       
No 153 93.29 275 96.49   
Yes 11 6.71 10 3.51 2.39 0.12 
Family history of malignant cancer       
No 142 86.59 255 89.47   
Yes 22 13.41 30 10.53 0.85 0.36 

 

Table 3. ABCB1 C1236T, G2677T, and C3435T polymorphism genotype frequencies among acute leukemia 
patients and control subjects.

ABCB1 Patients (N = 164) % Controls (N = 285) % Chi-square P P for Hardy-Weinberg equilibrium 
Patients Controls 

C1236T         
CC 21 12.80 33 11.58     
CT 78 47.56 134 47.02     
TT 65 39.63 118 41.40 0.22 0.90 0.75 0.59 
G2677T         
GG 50 30.49 111 38.94     
GT 84 51.22 143 50.18     
TT 30 18.29 31 10.88 6.31 0.04 0.61 0.13 
C3435T         
CC 47 28.66 103 36.14     
CT 79 48.17 141 49.47     
TT 38 23.17 41 14.39 6.35 0.04 0.67 0.51 
 

Use of unconditional logistic regression analysis revealed that the TT genotype (OR 
= 2.15, 95%CI = 1.12-4.10; P = 0.01) and the T allele (OR = 1.39, 95%CI = 1.05-1.86; P = 
0.02) of ABCB1 G2677T were associated with acute leukemia, in comparison to the wild-
type sequence (Table 4). Furthermore, the TT genotype (OR = 2.03, 95%CI = 1.11-3.69; 
P = 0.01) and the T allele (OR = 1.39, 95%CI = 1.05-1.85; P = 0.02) of ABCB1 C3435T 
increased risk of this disease, also when compared to the wild type. However, no significant 
relationship was apparent between the ABCB1 C1236T variant and susceptibility to acute 
leukemia.
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DISCUSSION

In the present study, we explored the relationship between genetic variations in ABCB1 
and risk of acute leukemia, revealing that the G2677T and C3435T variants may influence 
susceptibility to this condition in the Chinese population.

Recently, many investigations have reported that ABCB1 genetic mutations have 
a substantial influence on immune responses and apoptosis, and are associated with the 
development of various malignancies, including colorectal, breast, and lung cancer, 
hepatocellular carcinoma, and non-Hodgkin lymphoma (Kim et al., 2014; Wan et al., 2014; 
Gutierrez-Rubio et al., 2015; Kopp et al., 2015; Zhu et al., 2015). For instance, Kim et al. 
(2014) carried out a population-based study of 694 non-Hodgkin lymphoma patients and 
1700 controls, reporting that the ABCB1 C3435T polymorphism may contribute to the risk 
of developing this disease in Koreans. In addition, Wan et al. (2014) demonstrated that the 
ABCB1 A1564T sequence variation in this gene may affect susceptibility to hepatocellular 
carcinoma. Kopp et al. (2015) conducted an investigation involving 1010 colorectal cancer 
patients and 1829 control subjects, the results of which suggested that ABCB1 C3435T is 
involved in the biological mechanism underlying carcinogenesis in the colorectum. Similarly, 
Gutierrez-Rubio et al. (2015) revealed that the T allele of this variant significantly increases 
breast cancer risk; however, Zhu et al. (2015) found no significant relationship between this 
polymorphism and lung cancer.

Several reports concerning the relationship between ABCB1 sequence variants 
and acute leukemia have been published, but have reached conflicting conclusions (Kreile 
et al., 2014; Pongstaporn et al., 2015). Two studies found that the C1236T and C3435T 
polymorphisms might influence susceptibility to acute leukemia in Indian, Thai, and Chinese 
populations (Rao et al., 2010; Pongstaporn et al., 2015). However, three other analyses have 
reported contrasting results. Kreile et al. (2014) failed to establish significant relationships 
between ABCB1 G2677T and C3435T and this disease, while an association with the latter 

Table 4. Association between ABCB1 C1236T, G2677T, and C3435T polymorphisms and acute leukemia.

ABCB1 Patients (N = 164) % Controls (N = 285) % OR (95%CI)1 P 
C1236T       
CC 21 12.80 33 11.58 1.0 (Ref.) - 
CT 78 47.56 134 47.02 0.89 (0.46-1.74) 0.70 
TT 65 39.63 118 41.40 0.84 (0.43-1.67) 0.58 
Allele       
C 120 36.59 200 35.09 1.0 (Ref.) - 
T 208 63.41 370 64.91 0.94 (0.70-1.26) 0.65 
G2677T       
GG 50 30.49 111 38.94 1.0 (Ref.) - 
GT 84 51.22 143 50.18 1.30 (0.83-2.05) 0.22 
TT 30 18.29 31 10.88 2.15 (1.12-4.10) 0.01 
Allele       
G 184 56.10 365 64.04 1.0 (Ref.) - 
T 144 43.90 205 35.96 1.39 (1.05-1.86) 0.02 
C3435T       
CC 47 28.66 103 36.14 1.0 (Ref.) - 
CT 79 48.17 141 49.47 1.23 (0.77-1.96) 0.36 
TT 38 23.17 41 14.39 2.03 (1.11-3.69) 0.01 
Allele       
C 173 52.74 347 60.88 1.0 (Ref.) - 
T 155 47.26 223 39.12 1.39 (1.05-1.85) 0.02 

 1Adjusted for age and gender. OR = odds ratio, CI = confidence interval, Ref. = reference.
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polymorphism was also ruled out by Jamroziak et al. (2006) and Leal-Ugarte et al. (2008) 
using data from Polish and Mexican populations. Such inconsistent results may be attributed 
to differences in populations, selection of study subjects, and sample sizes.

Two limitations to this study should be recognized. First, gene-gene and gene-
environment interactions were not assessed in our analysis. Second, the relatively small 
sample size used may have reduced our investigation’s statistical power, masking differences 
between the two study groups.

In conclusion, we suggest that the ABCB1 G2677T and C3435T polymorphisms affect 
the risk of developing acute leukemia. Further large-scale studies involving additional ethnic 
groups are needed to confirm our findings.
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