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Abstract In the spite of the impressive results achieved

with imatinib in chronic myeloid leukemia (CML) patients,

differences in patient’s response are observed, which may

be explained by interindividual genetic variability. It is

known that cytochrome P450 enzymes play a major role in

the metabolism of imatinib. The present study aimed to

understand the functional impact of CYP2B6 15631G[T

polymorphism on the response of imatinib in CML patients

and its relation to CML susceptibility. We have genotyped

CYP2B6 G15631T in 48 CML patients and 64 controls by

PCR-RFLP. CYP2B6 15631G[T was not found to be a

risk factor for CML (OR 95 % CI, 1.12, 0.6–2, p [ 0.05).

Hematologic response loss was higher in patients with

15631GG/TT genotype when compared with 15631GT

(36.8 vs. 13.8 %; X2 = 3.542, p = 0.063). Complete

cytogenetic response was higher in 15631GG/GT genotype

groups when compared with 15631TT (X2 = 3.298,

p = 0.024). Primary cytogenetic resistance was higher in

patients carrying 15631GG/TT genotype when compared

with 15631GT carriers (52.6 vs. 17.2 %; X2 = 6.692,

p = 0.010). Furthermore, side effects were more common

for patients carrying 15631GG genotypes when compared

with GT/TT carriers (36 vs. 13.8 %; X2 = 8.3, p = 0.004).

In light of our results, identification of 15631G[T poly-

morphism in CML patients might be helpful to predict

therapeutic response to imatinib.

Keywords CYP2B6 15631G[T � Chronic myeloid

leukemia � Imatinib � Drug response

Introduction

Chronic myeloid leukemia (CML) is a malignant prolifer-

ation of hematopoietic cells marked by reciprocal translo-

cation t(9; 22)(q34; q11) on the cytogenetic map and the

Bcr-Abl gene fusion at the molecular level [1]. CML

management was revolutionized by imatinib mesylate

(Gleevec), a selective tyrosine kinase inhibitor; imatinib

blocks growth of cells expressing Bcr-Abl but also other

receptors such as c-kit tyrosine kinases, receptor of stem

cell factor and the receptor for platelet-derived growth

factor [2, 3]. Imatinib has ensured patients a good hema-

tologic, cytogenetic and molecular response, causing a

decrease in the time of response, the toxicity, morbidity

and mortality of patients [4, 5]. In spite of these impressive

results, certain patients develop resistance and fail to reach

expected results or at least do not respond well to imatinib.

These differences in terms of treatment can be explained,

firstly, by mutation/amplification of Bcr-Abl domain or up-

regulation of MDR-1 [6, 7]; secondly, by genetic vari-

ability of enzymes involved in imatinib metabolism,
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including the famous family of cytochrome P450 (CYP).

Indeed, it is known that imatinib is largely metabolized by

CYP3A4 and in a lesser extent by other isoenzymes such as

CYP1A2, CYP2D6, CYP2C9 and CYP2C19 [8]. Inter-

patient genetic variability can explain differences in

imatinib bioavailability, which influences plasma and

intracellular concentrations and finally affects the thera-

peutic response [8]. In this paper, we have proposed to

understand the impact of CYP2B6 G15631T (Gln172His)

in exon 4, which represents the most common exonic SNP

[9] in CML patients treated with imatinib mesylate.

CYP2B6 gene has been located on chromosome 19q13.2

[10], the organs involved in the expression of the gene are

predominantly represented by the liver, kidney, intestine

and lung [11–13]. It is known that this gene participates in

the metabolism of many drugs such as cyclophosphamide,

isophamide, tamoxifen, ketamine, propofol, nevirapine,

efavirenz and other environmental carcinogens [13, 14].

However, the impact of this polymorphism on the metab-

olism of imatinib remains controversial [15, 16]. To the

best of our knowledge, this is the first pharmacogenetic

study investigating CYP2B6 gene on imatinib response in

Moroccan patients.

Materials and methods

Patients

A total of 64 controls and 48 patients monitored at the

department of Onco-Hematology of the Ibn Rochd Uni-

versity Hospital in Casablanca, Morocco from 2009 to

2012, participated in the present study. The median age at

diagnosis was 41.5 years, range (20–59) at diagnosis. Each

patient was treated with imatinib (IM) at 400 mg per day;

this dose was increased to 600 or 800 mg in the absence of

complete hematologic response (CHR) at 3 months, or no

major cytogenetic response (MCyR) at 6 months, or no

complete cytogenetic response (CCyR) at 12 months. All

patients were confirmed with translocation t(9; 22)(q34;

q11). Clinical and biological data were obtained from each

patient’s data file with the help of hematologist. Hemato-

logic and cytogenetic responses were previously described

by [17, 18]. All participants have signed the informed

consent.

Genotyping CYP2B6 polymorphism

Genomic DNA was isolated from peripheral white blood

cells using salting-out method previously described

by Miller et al. [19]. DNA quality and quantity were

measured by NanoVue Plus spectrophotometer. Polymer-

ase chain reaction followed by restriction fragments length

polymorphism method was used to genotype CYP2B6

G15631T; the mixture for PCR amplification consisted of

100 ng of DNA, 1X of 5X GoTaq Flexi Buffer (Promega),

1.25 mM of MgCl2, 0.2 mM of each dNTP, 10 pM of each

primer and 0.5 U of GoTaq polymerase (Promega) com-

pleted to 20 ll with molecular grade water. Forward and

reverse primer used were previously published by Berköz

and Yalin [20]. PCR amplification was performed with an

initial denaturation at 94 �C for 5 min followed by 35

cycles of three steps: denaturation at 94 �C for 90 s,

annealing at 55 �C for 60 s, extension at 72 �C for 90 s and

a final extension at 72 �C for 7 min. Amplified product

after migration on a 1 % agarose gel shows 570 bp, and

then 10 ll of PCR product was digested with 10 units of

BsrI enzyme (New England, Biolabs) during 4 h at 65 �C.

Digested products were run on a 3 % agarose gel stained

with ethidium bromide. Homozygote mutant variant (TT)

produces one band at 578 bp, homozygote wild type (GG)

produces two bands at 518 and 60 bp, and heterozygote

(GT) produces three bands at 570, 518 and 60 bp (Fig. 1).

Statistical analysis

Differences in alleles and genotypes distribution between

CML patients and controls as well as between good

responders and poor responders to imatinib were calculated

by the Chi square (X2) test. Crude odds ratios (OD) with

95 % confidence intervals (CI) were calculated. p \ 0.05

was considered as significant. The statistical package SPSS

version 16 (SPSS Inc., Chicago, IL, USA) was used.

Results

The distribution of (CYP2B6 G15631T) polymorphism in

patients and controls is summarized in Table 1. No statis-

tical difference was observed in genotype distribution

Fig. 1 Different profiles of CYP2B6 G15631T polymorphism on a

3 % agarose gel
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between patients and controls (X2 = 3.298; p = 0.192).

The mutant 15631TT genotype was not associated with the

occurrence of chronic myeloid leukemia (OR 95 % CI,

1.35, 0.6–3.1), and the frequency of the T allele in patients

was not significantly different from controls (0.58 vs. 0.55;

OR 95 % CI, 1.12, 0.6–2). As shown in Fig. 2, 15631GG/

TT carriers were more exposed to lose their hematologic

response compared with 15631GT carriers (36.8 vs.

13.8 %; X2 = 3.542, p = 0.063). Surprisingly, in Table 2,

the frequency of the homozygous 15631TT was signifi-

cantly higher in patients who have failed to obtain a CCyR

compared with patients who achieved a CCyR (45.8 vs.

12.5 %; p = 0.038). As shown in Table 3, when we con-

sider the recessive model GG/GT vs. TT, a significant

difference was observed between poor and good responders

(X2 = 3.298, p = 0.024). The proportion of patients who

presented cytogenetic resistance to imatinib was higher in

15631GG/TT carriers compared with 15631GT carriers

(52.6 vs. 17.2 %; X2 = 6.692, p = 0.010) and the risk to

develop cytogenetic resistance was 5.33-fold for the

15631GG/TT carriers (Fig. 3). Furthermore, 15631GG

genotype carriers were more exposed to have side effects

than GT/TT carriers (36 vs. 13.8 %; X2 = 8.3, p = 0.004)

Fig. 4.

Discussion

The CYPs enzymes constitute a large multi-gene family of

hemoproteins involved in the endogenous and exogenous

metabolism of many xenobiotics. This activity of biotrans-

formation concerns anticancer drugs, environmental carcin-

ogens as well as steroid hormones [13, 14, 21–23]. Thus,

CYPs enzymes contribute significantly in drug metabolism.

However, the polymorphism of CYPs enzymes leads to a

functional change in the expression of the gene that causes

variability in patient’s response to drugs. This variability

allows the classification of patients into distinct groups

(poor, intermediate or extensive metabolizers) [24–27].

Though, numerous studies have shown the importance of

CYPs enzymes’ variability in interindividual susceptibility

to developing certain diseases [28–30].

In this study, we have found out that the frequency of

the 15631TT genotype is higher in patients than in controls

(Table 1), but this difference was not significant. It has

been shown that the 15631G[T (Gln172His) polymor-

phism [31, 32] leads to a decrease in enzymatic activity of

CYP2B6 in liver [33], which results in a limited ability to

eliminate xenobiotics-exposing subjects of developing

cancer or not getting an adequate response to treatment [34,

35]. Berköz M and Yalin S indicated that the risk of

developing acute leukemia was 2.48-fold for subjects with

GT genotype and 1.92-fold for T allele carriers [20]. Other

authors have reported that the T allele was associated with

acute leukemia [36].

We have noticed that the response to imatinib was

influenced by CYP2B6 15631G[T polymorphism. It is

noteworthy that hematologic response loss (HRL) was

more common in patients harboring 15631GG/TT geno-

types compared with patients carrying 15631GT (Fig. 2).

This finding might be explained by the fact that homozy-

gous 15631GG regarded as extensive metabolizers elimi-

nate drugs before they reach plasma half-life. Regarding,

the homozygous 15631TT mutant considered to be poor

metabolizers fail to reach plasma half-life because of the

lack or reduction in the expression of CYP2B6. However,

15631GT carriers categorized as intermediate metabolizers

have responded better to the treatment with less HRL.

Thus, the determination of 15631G[T polymorphism

might help to predict hematologic response and classify

patients into distinct groups.

Surprisingly, we found that the 15631TT genotype was

significantly associated with a low CCyR rate (Table 1);

which might confirm that 15631TT homozygous mutant

are poor metabolizers. The highest rate of CCyR was

Table 1 Allelic and genotypic distribution of CYP2B6 G15631T

polymorphism among patients and control

Genotype/

allele

Patients

N (%)

Controls

N (%)

OR

(95 % CI)

p value

GG 6 (12.5) 8 (12.5) Ref.

GT 28 (58.3) 41 (64.1) 1 (0.3–2.9) 0.874

TT 14 (29.2) 15 (23.4) 1.24 (0.3–4.5) 0.739

GG/GT 34 (70.8) 49 (76.6) Ref.

TT 14 (29.2) 15 (23.4) 1.35 (0.6–3.1) 0.493

G 40 (42) 57 (44.5) Ref.

T 56 (58) 71 (55.5) 1.12 (0.6–2) 0.669

Fig. 2 Frequencies of CYP2b6 G15631T polymorphism according to

the hematologic response loss (HRL) to imatinib. (Black shows

absence of HRL and the gray shows the presence of HRL)
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observed among patients with 15631GT genotype

(Table 2). Considerably, the 15631GG/GT genotype was

associated with a high rate of CCyR (Table 3). Subse-

quently, we have noted that patients harboring 15631GG/

TT were more frequently exposed to develop cytogenetic

resistance to imatinib when compared with 15631GT car-

riers (Fig. 3). Villuendas et al. [16] have reported that

CYP2B6 was associated with primary cytogenetic resis-

tance to imatinib and was considered to be an independent

resistance marker, in the absence of the BCR-ABL domain

mutation. In contrast, Lewis [15] have shown that CYP2B6

is not involved in imatinib metabolism. Based on our

results, determination of the CYP2B6 15631G[T poly-

morphism in our patients undergoing imatinib treatment

might help in the prediction of therapeutic response.

However, 15631GG carriers were more frequently exposed

to have side effects compared with 15631GT/TT carriers

(p = 0.004) (Fig. 4). These side effects might be explained

by the clonal evolution of hematopoietic cell in extensive

metabolizers despite the respect of imatinib dose.

Conclusion

We have explored the functional impact of the CYP2B6

15631G[T polymorphism in CML patients treated with

imatinib mesylate. We have shown that the CYP2B6

15631G[T is not associated with the development of

CML, but interestingly, it influences significantly the

clinical and cytogenetical outcome of our CML patients

and seems to be a good therapeutic predictor. Therefore,

taking into account the number of our sample, other studies

are needed to confirm our findings.
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Table 2 Genotypic distribution of CYP2B6 G15631T polymorphism with respect to sex and cytogenetic response to imatinib

Genotypes Female N (%) Male N (%) p value CCyR N (%) No CCyR N (%) p value

GG 5 (17.2) 1 (5.3) 4 (16.7) 2 (8.3)

GT 18 (62.1) 10 (52.6) 0.192a 17 (70.8) 11 (45.8) 0.038b

TT 6 (20.7) 8 (42.1) 3 (12.5) 11 (45.8)

CCyR complete cytogenetic response
a X2 = 3.298
b X2 = 6.454

Table 3 The dominant and recessive model of CYP2B6 G15631T

polymorphism according to imatinib response

Models CCyR N (%) No CCyR N (%) p value

aGG/GT 21 (87.5) 13 (54.2) 0.024c

TT 3 (12.5) 11 (45.8)
bTT/GT 20 (83.3) 22 (91.7) 0.666d

GG 4 (16.7) 2 (8.3)

a recessive model
b dominant model
c X2 = 3.298
d X2 = 0.762

Fig. 3 Frequencies of CYP2b6 G15631T polymorphism according to

cytogenetic resistance to imatinib. (Black means sensitivity to

imatinib and the gray means the resistance to imatinib)

Fig. 4 Frequencies of side effects in patients treated with imatinib

according to their genotypes. (Black means the presence of side

effects and the gray means the absence of side effects)
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