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A B S T R A C T

Introduction: TheQ2 X XATP Binding Cassette Subfamily B1 (ABCB1) gene is responsible for encoding

the permeability glycoprotein (P-gp), a crucial protein involved in multidrug resistance. P-

gp functions as an ATP-dependent efflux pump, actively removing diverse substances,

including carcinogens, from cells. However, a specific genetic variation called the C3435T

polymorphism of the ABCB1 gene has been linked to reduced plasma levels of P-gp sub-

strates. This genetic variation leads to the accumulation of harmful compounds within

cells, which may increase susceptibility to hematological malignancies. This study aims to

determine the frequency of ABCB1 gene polymorphism C3435T (rs1045642) in acute myeloid

leukemia patients at tertiary care hospitals in Lahore, Pakistan.

Methods: A cross-sectional comparative study was conducted to investigate the association

between ABCB1 gene polymorphism (C3435T) and acute myeloid leukemia. A total of 100

samples (50 cases and 50 healthy controls) were genotyped using restriction fragment

length polymorphism assay.

Results: The TT genotype of ABCB1 C3435T was more prevalent in cases (62%) compared to

the control group (20%). In different genetic models, the TT genotype was significantly

associated with acute myeloid leukemia when compared to the CC and CT genotypes.

Conclusion: This study suggests that the TT genotype of the ABCB1 C3435T gene polymor-

phism is more strongly associated with acute myeloid leukemia compared to controls. This

specific genotype may contribute to the development or progression of this malignancy.

Further research is needed to explore the functional implications of this genetic variation

in the pathogenesis.
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1 Introduction

2 Acute Myeloid Leukemia (AML) is a rapidly progressing blood

3 cancer characterized by the uncontrolled growth of myeloid

4 blast cells in the bone marrow and peripheral blood [1,2]. The

5 development of AML can be influenced by various factors,

6 including exposure to radiation, certain medications, chemi-

7 cals, and genetic predisposition [3]. Among the genetic fac-

8 tors, polymorphisms in genes involved in xenobiotic and drug

9 transporters have been implicated as potential risk factors for

10 AML [4].

11 One such gene is the ATP Binding Cassette Subfamily B1

12 (ABCB1), also known as the Multidrug Resistance 1 (MDR1) gene,

13 located on chromosome 7. The ABCB1 gene is highly polymor-

14 phic, with over 50 reported single-nucleotide polymorphisms

15 (SNPs) [4]. Among these SNPs, the C3435T polymorphism in

16 exon 26 has been extensively studied [5].

17 The ABCB1 gene encodes a protein called permeability gly-

18 coprotein (P-gp), which functions as an ATP-dependent efflux

19 pump, actively transporting various substances, including

20 carcinogens, out of the cells [6]. The C3435T polymorphism of

21 the ABCB1 gene has been associated with a significant reduc-

22 tion (more than two-fold) in plasma concentration of P-gp

23 substrates [7]. Decreased expression of P-gp can lead to the

24 accumulation of xenobiotics and toxic compounds within

25 cells, potentially increasing the risk of hematological malig-

26 nancies and other diseases [8].

27 Several studies have investigated the relationship between

28 the ABCB1 gene polymorphism, C3435T, and acute leukemia

29 in different populations. Therefore, this study aims to deter-

30 mine the frequency of the ABCB1 C3435T gene polymorphism

31 in AML patients at tertiary care hospitals in Lahore, Pakistan.

32 By examining this association, we can gain further insights

33 into the genetic factors contributing to AML susceptibility in

34 this population.

35 Material andmethods

36 A cross-sectional comparative study was conducted involving

37 100 samples: 50 patients diagnosed with AML and 50 healthy

38 controls. The samples were collected at Jinnah Hospital and

39 Shaikh Zayed Hospital in Lahore, with the necessary appro-

40 vals from ethics review committees. The research was carried

41 out in the Hematology & Human Genetics and Molecular Biol-

42 ogy departments at the University of Health Sciences in

43 Lahore.

44 Informed consent was obtained from all AML patients who

45 agreed to participate and 3mL of blood were collected in eth-

46 ylenediaminetetraacetic acid (EDTA) vacutainers from each.

47 Detailed information was collected using a specially designed

48 proforma. AML diagnosis was based on clinical presentation,

49 peripheral and bone marrow morphology, cytochemistry, and

50 immunophenotyping. Age- and sex-matched healthy individ-

51 uals were enrolled as a control group.

52 Genomic DNA extraction from frozen EDTA blood samples

53 was performed using the phenol-chloroform-isoamyl

54 method. The extracted DNA was stored at �20 °C. The detec-

55 tion of the ABCB1 (C3435T) gene polymorphism was

56performed using a Polymerase Chain Reaction-Restriction

57Fragment Length Polymorphism (PCR-RFLP) assay. Following

58genomic DNA extraction, the targeted region in exon 26 of the

59ABCB1 gene was amplified by PCR.

60Each PCR assay was performed in a final reaction volume

61of 15mL with 2.5mL genomic DNA, 8mL universal master mix,

620.2mL ABCB1 C3435T forward primer, 0.2mL ABCB1 C3435T

63reverse primer, and 4.1mL distilled water. A thermal cycler

64was used for the PCR process, which consisted of an initial

65denaturation step, followed by cycles of denaturation,

66annealing, and extension. The final extension was performed,

67and the amplified PCR product, sized at 244 base pairs (bp),

68was obtained.

69The Polymerase Chain Reaction (PCR) product was subse-

70quently digested overnight with the MboI restriction enzyme

71at 37 °C to identify the polymorphism. The resulting frag-

72ments were then separated by 3% agarose gel electrophoresis

73containing ethidium bromide and visualized under an ultravi-

74olet transilluminator. A DNA molecular weight marker of

7550 bp was used to determine the size of the PCR-RFLP prod-

76ucts. The digestion with the MboI restriction enzyme allowed

77differentiation between wild and variant type alleles (homo-

78zygous and heterozygous genotypes). The CC genotype

79yielded two fragments of 72 and 172 bp, the TT genotype

80yielded one fragment of 244 bp, and the CT genotype resulted

81in three fragments of 72, 172, and 244 bp. Figure 1 Q3X X

82To confirm the genotypes observed in AML patient sam-

83ples using the PCR-RFLP assay, further validation was per-

84formed through direct DNA sequencing. The 244 bp ABCB1

85gene sequence was analyzed using the online insilico soft-

86ware Nebcutter, which confirmed the number and sizes of the

87fragments after MboI digestion.

88Statistical analysis

89Statistical analysis was conducted using SPSS version 24.

90The continuous variables such as age, hemoglobin level (Hb),

91red blood cell count (RBC), white blood cell count (WBC),

92platelet count, and blast percentage were reported as mean §

93standard deviation (SD). Categorical variables including

94gender, AML subtypes, patient clinical features, and patient

Figure 1 –A representative gel photograph of the Polymerase

Chain Reaction-Restriction Fragment Length Polymorphism

assay. The gel depicts two DNA fragments in samples 6 and

10, indicating the CC genotype. Samples 1, 9, and 12 show

three DNA fragments, representing the CT genotype. On the

other hand, the remaining samples exhibit a single DNA

fragment, indicating the TT genotype.
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95 genotypes were presented as frequencies. The association

96 between patient genotypes and AML was analyzed using the

97 Chi-square test, and the odds ratio (OR) with a 95% confi-

98 dence interval (95% CI) were calculated. A p-value <0.05 was

99 considered statistically significant for all analyses.

100 Results

101 In this study, 50 healthy control individuals, 38 (76%) males

102 and 12 (24%) females, were examined. Among the 50 AML

103 patients diagnosed, 40 (80%) were male, and ten (20%) were

104 female. A marginal higher number of male patients was

105 observed in the AML group. PCR-RFLP analysis of the ABCB1

106 gene polymorphism (rs1045642) revealed the distribution of

107 genotypes among the participants. Of the AML patients, 4 %

108 had homozygous CC wild type alleles, 34% had heterozygous

109 CT alleles, and 62% had homozygous TT alleles. The C and T

110 allelic frequencies in the AML group were 21% and 79%,

111 respectively. In the normal healthy control group, 16% had

112 homozygous CC wild type alleles, 64% had heterozygous CT

113 alleles, and 20% had homozygous TT alleles. The C and T alle-

114 lic frequencies in the control group were 48% and 52%,

115 respectively.

116 Using the Chi-square test, a statistically significant differ-

117 ence was observed between the AML patients and the normal

118 healthy controls (p-value ≤0.05). The frequency of homozy-

119 gotes for the TT alleles in AML patients was significantly

120 higher compared to normal healthy controls. Thus, the pres-

121 ent study suggests a strong association between the homozy-

122 gous TT genotype of the C3435T SNP and AML susceptibility,

123 indicating that it may have a potential role in AML.

124 In the genotypic model, the TT homozygous genotype of

125 the C3435T polymorphism was significantly associated with

126 AML compared to the homozygous CC and heterozygous CT

127 genotypes (OR = 16.2; 95% CI: 0.38−12.70; p-value = 0.0001). In

128 the dominant model, the combined CT and TT genotypes of

129 the C3435T polymorphism showed an association with AML

130 compared with the homozygous CC genotype (OR = 5.15; 95 %

131 CI: 0.98−27.03; p-value = 0.032). Similarly, in the recessive

132 model, the TT genotype of C3435T showed an association

133 with AML when compared to the combined CC and CT geno-

134 types (OR = 8.28; 95% CI: 3.123−21.94; p-value = 0.0001).

135 By analyzing the genetic models, it was observed that the

136 frequency of the TT genotype of the ABCB1 C3435T polymor-

137 phism was 16.24 times more prevalent than the CC genotype

138 in the genotypic model. In the dominant model, the combined

139 CT and TT genotypes of the ABCB1 C3435T polymorphism

140 were 5.15 times more prevalent than the CC genotype. Fur-

141 thermore, in the recessive model, the TT genotype of the

142 ABCB1 C3435T polymorphism was 8.28 times more prevalent

143 than the combined CC and CT genotypes. These findings sug-

144 gest that the homozygous TT genotype of ABCB1 C3435T poly-

145 morphism is more associated with AML. The recessive model

146 was identified as the best fit model for the data in the present

147 study, which was further supported by the highly significant

148 p-value of 0.0001 in the recessive model analysis (Table 1).

149 To explore potential associations, the demographic, hema-

150 tological, and clinical characteristics of AML patients were

151 stratified based on the ABCB1 gene polymorphism (C3435T).

152The combined CC and CT group was compared with the TT

153genotype group in respect to these characteristics. Overall,

154there were no statistically significant differences between the

155two genotype groups, except for lymphadenopathy, which

156showed clinical significance in the combined CC and CT geno-

157type group (p-value = 0.015 - Table 2). This indicates that the

158presence of lymphadenopathy may have a different clinical

159implication in patients with the CC and CT genotypes com-

160pared to those with the TT genotype.

161Discussion

162The main objective of this study was to identify the associa-

163tion between the ABCB1 gene polymorphism (C3435T) and

164AML. Using PCR-RFLP for genotype distribution analysis, a sig-

165nificantly higher frequency of homozygous alleles (TT) was

166found in AML patients (62%) when compared to the healthy

167control group (20%; p-value ≤ 0.05). These results are in line

168with a study conducted by Li et al. in 2016, in whcih the

169authors also observed a significantly higher frequency of TT

170homozygous genotypes of the ABCB1 gene polymorphism in

171AML patients (24.32%) compared to healthy controls (15.56%;

172p-value = 0.02) [9].

173However, it is important to consider that a previous study

174focused on the Iraqi population and the ABCB1 SNP (C3435T)

175reported insignificant differences in homozygous mutant-T

176allele frequencies between healthy individuals (55%) and

177AML patients (56%) [10]. These discrepancies could be attrib-

178uted to variations in sample selection criteria, study design,

179sample size, and genetic diversity between different popula-

180tions, which can influence the observed associations between

181the ABCB1 gene polymorphism and AML susceptibility.

Table 1 – Distribution of alleles and genotypes of the
ABCB1 (rs1045642) gene polymorphism and its associa-
tion with AML.

ABCB1 rs1045642 Frequency n (%)

AML cases
(n = 50)

Healthy controls
(n = 50)

Genotype − n ( %)

CC 2 (4) 8 (16)

CT 17 (34) 32 (64)

TT 31 (62) 10 (20)

Allele − ( %)

C 21 48

T 79 52

OR statistics OR (95% CI) p-value

CC versus TT

(genotypic model)

16.24 (2.60−101.39) 0.0001

C versus T (allelic

model)

3.47 (1.86−6.46) 0.0001

CC versus CT and TT

(dominant model)

5.15 (0.98−27.03) 0.032

CC and CT versus TT

(recessive model)

8.28 (3.13−21.94) 0.0001

AML: Acute Myeloid Leukemia; OR: odds ratio; 95% CI: 95 % confi-

dence interval.
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182 To enhance the reliability of the current findings and

183 better comprehend the role of the ABCB1 gene in AML

184 development, further research with larger and more diverse

185 populations is necessary.

186 In the present study, a significant association between

187 the homozygous TT genotype and AML was also identified

188 when compared to the homozygous CC and heterozygous CT

189 genotypes. This aligns with findings from similar investiga-

190 tions by Feng et al., Ma et al., Li et al., and Meirav Kedmi et al.

191 in various populations, all of which support the significant

192 correlation between the ABCB1 C3435T polymorphism and

193 AML [9,11−13].

194 However, it is noteworthy that some studies, including

195 those by Jamroziak et al., Rao et al., and Kaltoum et al.,

196 reported opposing results, suggesting potential variations in

197 the impact of the ABCB1 C3435T polymorphism on AML sus-

198 ceptibility across different populations [14−16]. Factors such

199 as population-specific genetic backgrounds, environmental

200 factors, and sample sizes may contribute to these inconsis-

201 tencies.

202 In the current study, various genetic models were

203 applied to assess the association between the ABCB1

204 C3435T polymorphism and AML. The findings revealed sig-

205 nificant associations in co-dominant, dominant, and reces-

206 sive models. Specifically, the TT homozygous genotype of

207 C3435T was associated with AML compared to the homo-

208 zygous CC and heterozygous CT genotypes, with consis-

209 tent ORs across the models. These results corroborate a

210 previous study conducted by Li et al., where the authors

211 also reported an association between the ABCB1 C3435T

212 polymorphism and AML using similar modeling

213 approaches [9]. The consistency between the present study

214 and previous research highlights the robustness of the

215 association between the ABCB1 C3435T polymorphism and

216 AML providing further evidence of its potential role in

217 AML.

218Two shortcomings of this study are the lack of an investi-

219gation of treatment outcomes and the effect of the ABCB1

220C3435T polymorphism on the prognosis of AML. While this

221study focused on the genetic link between ABCB1 polymor-

222phism and AML susceptibility, future research should investi-

223gate its prognostic role to fully assess its relevance to patient

224outcomes.

225Conclusions

226In conclusion, this study investigated the potential associa-

227tion between the ABCB1 gene polymorphism (C3435T) and

228AML. A significant association was found between the homo-

229zygous TT genotype and AML, consistent with previous

230research. However, conflicting results from other studies sug-

231gest population-specific variations. Further research with

232larger and more diverse populations is needed to validate

233these findings. Understanding the role of the ABCB1 gene in

234AML development can contribute to improved detection and

235personalized treatment approaches.
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