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Abstract 

Imatinib mesylate (IM), the well-established gold standard drug in the treatment of chronic 

myeloid leukemia is a synthetic tyrosine kinase inhibitor. Despite excellent efficacy, a 

significant number of patients on IM therapy develop resistance to IM. Currently, great focus 

has been given to the effect of inter-individual pharmacogenetic variability on IM treatment 

response. IM uptake is mediated by hOCT1 protein encoded by the solute carrier 22 gene 

(SLC22A1). The current study investigated the impact of single nucleotide polymorphism 

C480G (rs683369) of SLC22A1 in mediating resistance and/or good response to IM among 

278 Malaysian CML patients (146 IM resistant group and 132 IM good response group) 

undergoing IM therapy on 400 mg daily. Our results showed that the allelic frequencies of 

heterozygous (CG) and homozygous variant (GG) genotypes of C480G were significantly 

higher in IM resistant group as compared to IM good response group (41.8 % vs 30.3 % and 

10.9 % vs. 4.5 % with p value of 0.047 and 0.048 respectively). On evaluating the association 

of genotypes with risk of IM resistance development, heterozygous (CG) and homozygous 

(GG) variant genotypes showed significantly higher risk for developing resistance to IM 

treatment with OR: 1.901 (95% CI: 1.142 – 3.163, P = 0.013) and 3.324 (95% CI: 1.235 – 

8.947, P = 0.017) respectively. Two SNPs and two insertion/deletion were detected in exon 7 

of SLC22A1. As for exon 7, 1222AA carriers together with the presence of both the 8 bp 

insertion and 3 bp deletion, and M420del alleles showed higher possibility of developing 

resistance towards IM treatment. Our results warrant the need for genotyping of this SNP in 

terms of modulating IM treatment in CML patients. 
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Introduction 

Chronic myeloid leukemia (CML) is an acquired myeloproliferative neoplasm characterized 

by presence of Philadelphia (Ph) chromosome resulting from reciprocal translocation 

between chromosome 9 and 22, t(9;22) (q34;q11). This translocation involves ABL1 gene on 

chromosome 9 and BCR gene on chromosome 22 and formation of a BCR – ABL fusion 

gene. This BCR-ABL is an oncogene which codes for 210 KDa oncoprotein with increased 

tyrosine kinase activity (Baccarani et al. 2012). Imatinib mesylate (IM) is a synthetic ATP-

binding inhibitor designed as the first specific molecularly targeted drug to inhibit the BCR-

ABL fusion protein (O'Brien and Deininger 2003, Carella 2007, Cervantes and Mauro 2011). 

Currently, Imatinib mesylate (IM) has been used as a frontline gold standard drug for the 

treatment of newly diagnosed Ph chromosome positive CML patients. Despite its excellent 

efficacy, a significant proportion of CML patients treated with IM develop suboptimal 

response and resistance to IM. Resistance to IM could be either due to BCR-ABL dependent 

or BCR-ABL independent mechanisms. The BCR-ABL independent mechanism involves a 

heterogeneous array of mechanisms, mainly multifactorial in patients with CML. Currently, 

great attention is focused on inter-patient pharmacokinetic variability in response to drugs as 

a pharmacogenetic mechanism mediating resistance.  Pharmacokinetic variability as a result 

of genetic polymorphisms in key genes encoding IM transporter and metabolizing enzymes 

has been documented as one of the BCR-ABL independent mechanisms of resistance to IM in 

CML patients (Bixby and Talpaz 2009). 

 Drug transporters are major determinants of drug pharmacokinetics and are widely 

reported to influence the pharmacokinetics of drug disposition and thus impact on their 

efficacy (Bixby and Talpaz 2009). Human organic cation transporter 1 (hOCT1) protein, 

encoded by SLC22A1 gene, belongs to the superfamily of transporters, the solute carrier 

family (Itoda et al. 2004). It is an influx transporter responsible for the uptake of IM into 

CML cells. SLC22A1 which is located on chromosome 6q26, consists of 11 exons and spans 

approximately 37kb (Itoda et al. 2004). The ability of SLC22A1 to facilitate imatinib 

accumulation and subsequent response to therapy has led to the evaluation of the impact of 

genetic variations of SLC22A1 on imatinib treatment as a potential link to the differential 

patient response.  

A common single nucleotide polymorphism (SNP) C480G of SLC22A1 (rs683369), 

involves nucleotide change from cytosine (C) to guanine (G) which leads to an amino acid 

change from phenyl alanine to leucine at codon 160 (phe160Leu). This genetic variation 

causes difference in drug transport and results in considerable inter-individual variation in 

pharmacotherapy. There are four other genetic variations detected in exon 7 of SLC22A1 

gene including two SNPs, one 3-bp deletion and one 8-bp insertion. The two SNPs in exon 7 

of SLC22A1 include G>A substitution at position 1201 which leads to change of amino acid 

glycine to serine at codon 401 and G>A substitution at position 1222 which leads to change 

of amino acid methionine to valine at codon 408. Another genetic variation is the deletion of 
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methionine at codon 420 (M420del; rs35191146), which involves the deletion of three base 

pair (3-bp) which is ATG at the position of 1258 until 1260. The M420del has been reported 

to affect the action and pharmacokinetics of metformin, an antidiabetic drug and a well-

known hOCT1 substrate (Shu et al. 2008). A previous study from Giannoudis et al. (2013) 

has shown that patients carrying the M420del allele had a greater probability of imatinib 

failure because of unsatisfactory response than patients with undeleted M420 (Giannoudis et 

al. 2013). The 8 bp insertion is an intronic insertion of TGGTAAGT (rs113569197) which a 

duplication of the proceeding 8 bp at the 3’ end of exon 7. The present study was conducted 

to investigate the genotype frequencies of polymorphisms C480G, G1201A, G1222A, 

M420del and 8 bp insertion of SLC22A1 and to determine their association with response to 

Imatinib Mesylate among Malaysian chronic myeloid leukemia (CML) patients.  

Materials and methods  

Study Subjects 

This study was approved by Research and Ethics Committee of Universiti Sains Malaysia 

and Ministry of Health, Malaysia (ethical numbers USMKK/PPP/JEPeM [244.3.(4)] and 

USMKK/PPP/JEPeM [264.3.(8)]) which compiles with the Declaration of Helsinki. In this 

study, 278 Philadelphia (Ph) chromosome positive BCR-ABL non-mutated CML patients 

undergoing daily treatment of 400 mg IM for at least 12 months were recruited. These CML 

patients were recruited from few university hospitals in Malaysia such as Hospital Universiti 

Sains Malaysia (HUSM), Universiti Kebangsaan Malaysia Medical Centre (PPUKM), Sime 

Darby Medical Centre and also from few hospitals under Ministry of Health Malaysia such as 

Hospital Raja Perempuan Zainab II (HRPZII) Kota Bharu, Kelantan, Hospital Pulau Pinang, 

Penang, Hospital Raja Permaisuri Bainun, Ipoh and Hospital Umum Sarawak (HUS), 

Kuching.   

Evaluating Imatinib response: 

By referring to European Leukemia Net: Guideline for managing CML patients [9] 

hematologic, cytogenetic and molecular response of the CML patients were assessed. Based 

on this, patients were grouped into IM good responders and IM resistant CML patients.  

Molecular response was defined as a major molecular response (MMR) and complete 

molecular response (CMR). Patients were categorized under major molecular response when 

they showed BCR-ABL transcript level ≤0.1% on the International Scale. The complete 

molecular response was characterized by non-detectable BCR-ABL by reverse transcriptase 

quantitative polymerase chain reaction (RT-Q-PCR) and also transcript level of 0.01% or 

0.0032%, or 0.001%, depending on the sensitivity of the assay. Cytogenetic response was 

assessed based on GTG-banded analysis of a minimum 20 bone marrow metaphases. 

Cytogenetic response was classified as complete (0 % Ph+ metaphases), partial (> 0 to 35 % 

Ph+ metaphases), minor (> 35 to 65 % Ph+ metaphases), minimal (> 65 to 95 % Ph+ 

metaphases) and no cytogenetic response (> 95 to 100% Ph+ metaphases). When patients 

achieved < 450 x 109 /L platelet count, < 10 x 109 /L WBC count, and < 5 % basophils, they 

were categorized as complete haematological response (CHR). Those patients with partial 
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cytogenetic response in 3 months, complete cytogenetic response in 6 months and major 

molecular response in 12 months from the initiation of treatment were considered as IM good 

responders. Those patients who did not achieve the above response criteria within the 

specified time frame were categorized under IM non-responders/ resistant groups. Based on 

IM treatment response, the patients included in this study comprised of 132 CML patients 

showing good response and 146 CML patients showing resistance to IM therapy. 

Genotyping of SLC22A1 C480G 

After getting written informed consents, 3 mL of peripheral blood was collected from the 

patients and stored in EDTA tube until analysis. Genomic DNA was extracted using 

commercialized DNA extraction kit (QIAGEN QIAamp DNA Blood Mini kit, QIAGEN. 

Hilden, Germany) based on instructions given by the manufacturer. SLC22A1 C480G 

genotyping was performed using the Polymerase Chain Reaction- Restriction Fragment 

Length Polymorphism (PCR-RFLP). The targeted gene was amplified using primer pairs 5’– 

GAT ACC GAG TTT GAT GAA CTG – 3’ (forward) and 5’–ACT CTG AAA CAC ACC 

TCA AAT C – 3’ (reverse) to produce 424 bp DNA fragment. The total volume was 25 L, 

which consisted of 1X PCR buffer, 2.0 M of Magnesium chloride (MgCl2), 0.2 M dNTPs, 

0.4 M of each primers and 1.0 U of GoTaq DNA Polymerase, 50 ng genomic DNA template 

and ddH2O. PCR conditions included denaturation at 95 C for 2 minutes, followed by 35 

cycles of 3 steps; denaturation at 95 C, annealing at 56 C and extension at 72 C for 30 

seconds respectively for each step and final extension at 72 C for 5 minutes. PCR product 

was electrophoresed on 2 % Agarose gel for 30 minutes. PCR product was digested using 

MboII enzyme, incubated at 37 C for 1 hour. Digested DNA fragments were visualized by 2 

% Agarose gel electrophoresis for 30 minutes and 90 V. Genotypes were categorized based 

on number of bands produced after electrophoresis. A genotype was considered as 

homozygous wildtype (CC) when there were three bands produced at 249 bp, 127 bp and 48 

bp and as heterozygous variant (CG) when there were four bands produced at 376 bp, 249 bp, 

127 bp, and 48 bp. When there were only two bands produced at 376 bp and 48 bp, it was 

considered as homozygous variant (GG). 

Direct Sequencing of SLC22A1 C480G 

In order to confirm that the primers amplified correct target sequence of interest and also as 

part of quality control, random samples with C480G (including samples represent each of 

homozygous wildtype, heterozygous variant and homozygous variant genotypes of C480G) 

were chosen and were sent for sequencing (First BASE Laboratories Sendirian Berhad) after 

purification using commercialized kit (QIAGEN QIAquick PCR purification kit). 

Amplification and genotyping of genetic variations in exon 7 of SLC22A1 

For studying the four genetic variations in exon 7, direct sequencing was carried out. PCR 

was performed to amplify a 360 bp region of exon 7 of SLC22A1 gene. A pair of primers 

were used as follows; forward 5’ – GTC TCT GAC TCA TGC CTT TGA CTT G – 3’ and 

reverse 5’ – CAT CTT TGT TCT CAT TCC AGA GGC – 3’ (adopted from the previous 
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study by (Grinfeld et al. 2013). The presence of band as a marker for successful PCR reaction 

was visualized in 2% Agarose gel. Samples were then purified using the ExoProStar PCR and 

Sequence Reaction Clean-Up kit (illustraTM ExoProStarTM, United Kingdom) for direct 

sequencing analysis. Samples were the sent to the First BASE Laboratories Sdn Bhd for 

sequencing analysis services.  

Statistical analysis 

Genotype frequencies for both groups (IM good response as well as IM resistant group) were 

compared using Chi-square test (2). In order to determine the association between genotype 

pattern and response to IM therapy, binary logistic regression was performed and odd ratios 

(OR) with 95 % confidence intervals (CIs) were derived. Both statistical tests were two-sided 

and considered as statistically significant at p < 0.05. All statistical tests were performed 

using the Statistical Packages for the Social Sciences (SPSS) version 20.0. 

Results 

PCR-RFLP Analysis of SLC22A1 C480G polymorphism 

In total, two hundred and seventy-eight CML patients were successfully recruited including 

146 IM resistant and 132 IM good responders. MboII enzyme could successfully and 

correctly cut at the target region for SNP C480G of SLC22A1 (shown in Figure 1) which 

then was confirmed by direct sequencing as shown in Figure 3. The genotype frequencies of 

the homozygous wildtype in IM resistant group and IM good responder group were 47.3 % 

and 65.2 % respectively, showing significantly higher frequency among IM good responders 

compared to IM resistant group. However, heterozygous variant and homozygous variant 

were significantly higher in IM resistant group compared to IM good response (41.8 % vs 

30.3 % and 10.0 % vs 4.5 % respectively). The distribution of SLC22A1 C480G genotypes 

among the study subjects are shown in Table 1.  

 The association between SLC22A1 C480G SNP and IM response was determined 

using binary logistic regression (Table 2).  The G allele carriers showed higher probability to 

develop resistance to IM therapy. Our result showed that the heterozygous variant (CG) 

genotype was associated with significantly higher risk for development of resistance to IM 

therapy with OR 1.901 (95 % CI: 1.142 – 3.163, P = 0.013). Likewise, the homozygous 

variant genotype (GG) was also associated a higher risk (OR 3.324 95 % CI: 1.235 – 8.947, P 

= 0.017), for development of resistance to IM.  

Exon 7 sequencing data  

PCR amplification (shown in Figure 2) and sequencing of exon 7 of SLC22A1 were 

successfully carried out among two hundred and seventy-eight Malaysian CML patients. Two 

SNPs and two insertion/deletions were detected, and their genotype frequencies are shown in 
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Table 1. Genetic variations including both SNPs and insertion/deletion were compared 

between good response and resistant group. For 1201G>A SNP, only homozygous GG 

genotype was found in all samples. 8 bp insertion was observed only in 1222A/A allele 

carriers and never seen in patients with 1222G/G allele. Additionally, 8 bp insertion was 

found to be heterozygous in patients with 1222G/A heterozygous alleles. So it is presumed 

that 1222A is constantly co-inherited in cis with 8 bp insertion. Among 1222AA variant 

genotype carriers, IM resistance frequency was 15% vs. IM good response frequency of 

7.6%. Whereas, in ATG del variant genotypes, 2.8% were in IM resistant groups and 1.5% 

were in IM good response group. On evaluating the risk, OR values were observed to be 

statistically significant in 1222AA and 8 bp insertion homozygous variant genotypes. Both 

shared the same value (OR = 2.559, 95% CI: 1.106 – 5.924). Heterozygous M420 del also 

showed significantly higher OR value of 2.200 (95% CI: 1.031 – 4.694 with p value = 0.041). 

Although homozygous M420 del also showed higher OR value (OR = 2.017, 95% CI: 0.362 

– 11.223) it was not statistically significant (P = 0.423). 

Discussion 

The development of resistance toward IM in approximately 33 % of CML patients on IM 

therapy is one of the most common problems in CML management. Inter-patient 

pharmacokinetic variability due to genetic variation (SNPs) in key genes encoding drug 

transporter and metabolizing enzymes has been documented as one of the BCR-ABL 

independent mechanisms of IM resistance development in CML patients (Bixby and Talpaz 

2009). To the best of available knowledge, this is the first study to investigate the 

contribution of genetic variations in influx transporter gene, SLC22A1 in modulating IM 

treatment response in Malaysian Chronic Myeloid Leukemia patients.  

 The frequency of heterozygous genotype (CG) of C480G (Phe/Leu) was significantly 

higher in IM resistant group (p = 0.047) as compared to IM good response group. Likewise, 

the frequency of homozygous variant GG genotype (Leu/Leu) also was significantly higher in 

IM resistant group (p = 0.048). In a study by Vaidya et al. (2015) on Indian patients, the 

frequency of homozygous variant (GG) was higher among non-complete cytogenetic 

response group as compared to the complete response group but difference was not 

statistically significant (Vaidya et al. 2015). Their study also compared the genotype pattern 

between major molecular response vs non major molecular response groups. The results 

showed higher frequency of homozygous variant (GG) in non-major molecular response 

group, but was not statistically significant. Vaidya et al’s findings, although statistically 

insignificant, are almost in agreement with our findings.  

When the association of the genotype patterns with clinical response was evaluated 

(Table 2), the heterozygous CG genotype of C480G showed a significantly higher risk 

association with resistance to IM (OR 1.901 95% CI 1.142 – 3.163, P = 0.013). Likewise, the 

homozygous variant genotype (GG) also showed a significantly higher risk association with 

resistance to IM (OR 3.324 95 % CI: 1.235 – 8.947, P = 0.017). In the study by White et al 

(2007) in Australian CML patients, the group with GG genotype of SLC22A1 showed a 5.5 
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fold and 3.9 fold higher risk of treatment failure or loss of response to IM therapy 

respectively (White et al. 2007). In another study by Kim et al. (2009), the GG genotype was 

associated with higher rates of loss response (LOR) or treatment failure in Canadian CML 

patients on IM therapy (Kim et al. 2009). It is reasonable to suggest that patients with variant 

GG genotype have low levels of expression of SLC22A1, which results in decreased uptake 

of IM into cells and hinder the efficacy of IM therapy. 

Sequencing and analysis of exon 7 of the SLC22A1 gene was carried out to detect the 

status of other four genetic variants of SLC22A1 which previously had been reported to have 

implication in altered protein function as well as patient outcome (Giannoudis et al. 2013, 

Grinfeld et al. 2013). Our study indicated that the 1222A allele can only be observed with the 

presence of the 8 bp insertion, which is contradictory with M420del and our results are 

concurrent with a study by Grinfeld et al (2013). Earlier, Bazeos et al. (2010) found 

association of 1201G>A in exon 7 with improved rates of 3 log degrees of molecular 

remission (MR3) and Takahashi et al., (2010) reported possession of the GG genotype at 

1222, correlated with the achievement of major molecular response (MMR). Recently, 

Giannoudis et al (2013) reported that 1222G carrier patients were showing better and 

improved outcome compared to 1222A carrier patients. However, it present only with a 3 bp 

deletion at position 1260 which leads to methionine deletion at position 420 in exon 7. This 

has been suggested as a reason for the reduction of SLC22A1 activity and association with 

poorer outcome. 

Few other researchers (Singh et al. 2012, Grinfeld et al. 2013) had demonstrated an 

association between 1222G>A with an intronic 8 bp insertion which leads to an additional 

RNA variant with a premature stop codon. Grinfeld et al (2013) explained and suggested that 

patients with homozygous for this insertion (8+/8+) as well as heterozygous (8+/8-) have 

inferior response to imatinib as compared to the other genotypes. This explains why patients 

with 1222GG, along with lack of the 8 bp insertion and 3 bp deletion, M420del alleles 

showed the best responses. This is in agreement with Sigh et al (2012), Takahashi et al 

(2010) and Giannoudis et al (2013). Sigh et al (2012) reported correlation between haplotype 

containing 1222G>A and two intronic SNPs with lesser imatinib levels, Takahashi et al 

(2010) reported improvement rates in Major Molecular Response (MMR) for 1222GG 

patients whereas Giannoudis et al (2013), observed inferior responses in patients with the 

presence of 420del which could be attributed as to the as presence of 1222G allele that might 

give a better outcome compared to the 1222A allele.  

Few studies in different population had shown various outcomes in terms of function 

and role of hOCT1 in modulating IM treatment response. A study by White et al. (2006) 

demonstrated a significant difference between patients with low versus high intrinsic 

sensitivity in terms of drug uptake (White et al. 2006). In addition, other studies stated that 

level of expression of hOCT1 could be an important determinant in IM treatment outcomes 

among CML patients and they also showed lower expression of hOCT1 protein in pheripheral 

blood of CML patients as compared to the normal healthy controls (Cao et al. 2015, Vaidya 
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et al. 2015). Vaidya et al. (2015) had demonstrated association of several hOCT1 

polymorphisms with the reduced transport activity of hOCT1 substrates.   

 According to Marin et al. (2012), down regulation or the expression of less functional 

variants of hOCT1 proteins in CML cells might be impairing IM uptake, reducing the 

intracellular concentration of the active agent and as a consequence, might be hindering the 

efficacy of IM therapy. IM uptake in CML primary cells and cell lines has been shown to be 

dependent on OCT1 expression (Thomas et al. 2004) and the degree of OCT1 expression has 

been suggested to be a useful biomarker for predicting the success of IM based therapy in 

leukemia patients (Wang et al. 2008). A study by Marin et al. (2010) in concurrent with few 

other studies, also reported that low levels of hOCT1 was associated with poor cytogenetic 

and molecular response and patients with high levels of hOCT1 were more likely to achieve 

early molecular response (EMR) as compared to patients with low levels of hOCT1 (Marin et 

al. 2010). Patients with low hOCT1 activity showed higher failure rates to achieve major 

molecular response.  

 Alterations in the expression and appearance of the genetic variants that affect genes 

involved in IM influx and efflux can reduce the amount of IM inside CML cells. According 

to Marin et al (2012) these alterations can occur through two mechanisms; either by lowering 

uptake of IM or enhancing the efflux of IM. Angelini et al (2013) investigated a panel of 20 

polymorphisms in seven genes including SLC22A1, potentially associated with the 

pharmacogenetics of IM, in a subset of 189 CML patients on IM therapy (Angelini et al. 

2013). In their study also, polymorphism in hOCT1 was significantly associated with major 

molecular response. All these reports suggest that genotyping should be taken into account in 

CML patients in an attempt to individualize treatment further, with the aim of achieving 

efficacy in terms of achievement of MMR and CMR.  

The current study results also support the importance of pharmacogenetic studies that 

could be utilized to predict the response of CML patients to IM therapy. Pharmacogenetic 

studies focusing on the genetic background of the host might be important for a 

comprehensive assessment of the prognosis of CML patients on IM therapy which may help 

in individualized (personalized) treatment in clinical practice. Success of IM treatment 

requires understanding of the critical determinants of treatment response. Focusing on the 

pharmacogenetic background of the host, especially with regard to drug transporter genes, 

might be important for a comprehensive assessment of the prognosis of CML therapy. 

Conclusion 

CML patients who are G allele carriers of SLC22A1 C480G, A allele carriers of G1222A, 

along with presence of M420del and 8 bp insertion, were found to have higher risk for 

development of resistance to IM. These genetic variations in SLC22A1 could be considered as 

pharmacogenetic markers which could allow the prediction of clinical response of CML 

patients on IM therapy.  
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Table 1 Genotype frequencies of SLC22A1 genetic variants in two groups of CML 

patients 

p < 0.05 is statistically significant (in bold) 

 

Genetic 

variants 
Genotype 

Genotype Frequency (%)  

IM Resistance 

(n=146) % 

IM Good Response 

(n=132) % 
P Value 

SLC22A1 

C480G 

(rs683369) 

CC 69 (47.3) 86 (65.2) 0.003 

CG 61 (41.8) 40 (30.3) 0.047 

GG 16 (10.9) 6 (4.5) 0.048 

SLC22A1 

G1201A 

(rs34130495) 
GG 146 (100) 132 (100) - 

 

SLC22A1 

G1222A 

(rs628031) 

GG 49 (33.6) 57 (43.2) 0.099 

GA 75 (51.4) 65 (49.2) 0.723 

AA 22 (15.0) 10 (7.6) 0.050 

 

SLC22A1 

M420 del (3 

bp del – ATG) 

(rs35191146) 

ATG/ATG 118 (80.8) 119 (90.2) 0.028 

ATG/3- 24 (16.4) 11 (8.3) 0.042 

3-/3- 4 (2.8) 2 (1.5) 0.483 

SLC22A1 

TGGTAAGT 

(8 bp) 

insertion 

(rs113569197) 

8 - / 8 - 49 (33.6) 57 (43.2) 0.099 

8 -/ 8+ 75 (51.4) 65 (49.2) 0.723 

8+ / 8+ 22 (15.0) 10 (7.6) 0.050 
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Table 2 Risk association of SLC22A1 genetic variants with IM treatment response in CML patients 

p < 0.05 is statistically significant (in bold); OR, Odd Ratio; CI, Confidence Interval; REF, Reference 

Genetic 

variants 

 Frequency (%)    

Genotype 
IM Resistance 

(n=146) % 

IM Good Response 

(n=132) % 
OR 95 % CI P Value 

SLC22A1 

C480G 

(rs683369) 

CC 69 (47.3) 86 (65.2) REF - - 

CG 61 (41.8) 40 (30.3) 1.901 1.142 – 3.163 0.013 

GG 16 (10.9) 6 (4.5) 3.324 1.235 – 8.947 0.017 

SLC22A1 

G1201A 

(rs34130495) 

GG 146 (100) 132 (100) - - - 

SLC22A1 

G1222A 

(rs628031) 

GG 49 (33.6) 57 (43.2) REF - - 

GA 75 (51.4) 65 (49.2) 1.342 0.809 – 2.226 0.254 

AA 22 (15.0) 10 (7.6) 2.559 1.106 – 5.924 0.028 

SLC22A1 

1258 – 

1260del 

(ATG) 

(rs35191146) 

ATG/ATG 118 (80.8) 119 (90.2) REF - - 

ATG/3- 24 (16.4) 11 (8.3) 2.200 1.031 – 4.694 0.041 

3-/3- 4 (2.8) 2 (1.5) 2.017 0.362 – 11.223 0.423 

SLC22A1 

TGGTAAGT 

insertion 

(rs113569197) 

8 - / 8 - 49 (33.6) 57 (43.2) REF - - 

8 -/ 8+ 75 (51.4) 65 (49.2) 1.342 0.809 – 2.226 0.254 

8+ / 8+ 22 (15.0) 10 (7.6) 2.559 1.106 – 5.924 0.028 
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Figure 

1 

 Gel electrophoresis picture showing RFLP analysis of SLC22A1 C480G (digestion 

with MboII enzyme). Lane 1 represents the 100 bp ladder. Lane 3, 4, 5 and 7 show 

homozygous wildtype (CC). Lane 6, 8 and 9 show heterozygous variant (CG) and Lane 2 

shows homozygous variant (GG). 
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Figure 2 Electrophoresis gel picture showing amplification of 360 bp exon 7 region of 

SLC22A1. Lane 1 represents 100 bp DNA ladder. Lane 2 until Lane 7 represents different 

samples of CML patients.  
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Randomly selected samples which were sequenced to confirm the sequences of each genotype 

are shown in Figure 3. 

 

 

 

 

 

a) 

 

 

 

 

 

 

b) 

 

 

 

 

 

c) 

Figure 3 Part of direct sequencing results showing (a) homozygous wildtype (b) 

heterozygous variant and (c) homozygous variant of SLC22A1 C480G 


