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Background
ATP-binding cassette transporters are important in the mechanism of multidrug 
resistance. ABCB1 displays a high affinity for imatinib. BMI1 is a polycomb group protein 
thought to be overexpressed in leukemic cells.

Methods
This study was conducted to investigate the prognostic value of ABCB1 and BMI1 ex-
pressions in chronic myeloid leukemia (CML). Expression levels were measured in 81 
patients newly diagnosed with CML and 20 healthy controls by real time reverse tran-
scription-PCR. 

Results
The ABCB1 expression levels did not differ between patients with CML and controls. Low 
ABCB1 mRNA levels were observed in patients who achieved an optimal response com-
pared to suboptimal and resistant cases (P=0.005). Non-responders showed the highest 
ABCB1 levels. ABCB1 expression did not affect the progression-free survival (PFS) of 
patients. BMI1 expression was higher in patients than that in controls (P=0.001). Patients 
in advanced phases expressed higher levels of BMI1 than those in the chronic phase 
(P=0.004). High BMI1 expression was associated with a shorter PFS.

Conclusion
ABCB1 mRNA expression may serve as a predictor of the optimal response to imatinib 
treatment in patients with CML. BMI1 expression was higher in the accelerated and blastic 
crisis phases of CML and associated with a shorter PFS.
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INTRODUCTION

Chronic myeloid leukemia (CML), a chronic myeloproli-
ferative neoplasm, comprises 14% of all leukemias and arises 
from a reciprocal translocation between chromosomes 9 and 
22; the resultant bcr-abl fusion protein is a constitutively 
active tyrosine kinase. The synthetic tyrosine kinase inhibitor 
imatinib mesylate is well-known as the first-line treatment 
for CML [1].

Imatinib has been recognized as a prototype for targeted 
therapy because it inhibits bcr-abl tyrosine kinase activity 
by competing with ATP at its binding sites, leading to in-
hibition of leukemogenesis [2].

Most patients achieve a good therapeutic effect with im-

atinib, but some patients are resistant to the drug and are 
at a greater risk of disease progression. The development 
of resistance to imatinib is a multifactorial phenomenon 
in patients with CML and may be mediated by diverse mecha-
nisms [3]. Imantinib resistance is mainly categorized as pri-
mary or secondary resistance [4, 5].

Primary resistance to imatinib is defined as the inability 
to achieve response milestones. The mechanisms by which 
resistance occurs can be grouped into BCR-ABL1–related 
and BCR-ABL1–independent [6-8]. Among the BCR-ABL1–
independent factors are the polycomb genes, including B-cell 
specific Moloney murine leukemia virus integration region 
1 (BMI1) and transmembrane transporters such as ATP-bind-
ing cassette (ABC) transporters [9-12].

Membrane-bound efflux transporters play important roles 
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in mediating the chemoresistance of tumor cells. There are 
seven subfamilies of ABC transporters, named as ABCA 
through ABCG. Members of the ABC family are important 
in the mechanism of multidrug resistance. Imatinib is a sub-
strate of ABC transporters [13]. The ABCB subfamily consists 
of 11 genes. The first and best-characterized ABC transporter 
is ABCB1, which is known as the multidrug resistance 
(MDR1) transporter and is thought to play a role in the 
multidrug resistance mechanism [14-18]. In leukemia cells, 
these transporters are involved in drug extrusion, while in 
the gut mucosa and excretory organs, particularly the kidneys 
and liver, they are thought to reduce the absorption and 
increase the elimination of drugs [11, 12].

Polycomb group genes (PcGs) are epigenetic effectors in-
volved in the progression of both solid and hematological 
malignancies [19]. Some members of this gene family have 
been implicated in chemotherapy resistance and proposed 
as innovative therapeutic targets in hematological and solid 
malignancies [19, 20].

BMI1 is a transcriptional repressor that belongs to the 
PcG family. Polycomb family proteins act mainly as tran-
scriptional regulators by controlling specific genes involved 
in development, cell differentiation, proliferation, and sen-
escence [21]. BMI1 represses the INK4A locus, which is a 
family of cyclin-dependent kinase inhibitors [22-25]. BMI1 
also silences pro-apoptotic and onco-suppressive genes, thus 
mediating resistance in several neoplasms [26-28].

MATERIALS AND METHODS

This study was conducted from February 2014 to 
December 2017 and included 81 (45 males and 36 females) 
patients with CML recruited from the Hematology 
Department of the Medical Research Institute, Alexandria 
University. The mean age of patients was 49 years. An age- 
and gender-matched control group composed of 20 healthy 
subjects (12 males and 8 females) were enrolled with a mean 
age of 45 years. Control subjects had no history of any hema-
tologic disorders, and their complete blood counts were with-
in normal ranges. 

The diagnosis of CML was based on standard clinical data 
and confirmed by cytogenetic and molecular analyses. 
Sixty-five patients were in the chronic phase of CML and 
16 cases were in the advanced phase (11 in accelerated and 
5 in blastic phase). All patients gave informed consent. Sokal 
and Hasford scores were calculated for patients in the chronic 
phase at the initiation of treatment and patient risk was 
categorized as low, intermediate, and high. Before starting 
imatinib mesylate, the complete blood count, serum crea-
tinine, and electrolytes were analyzed. Treatment was started 
at a dose of 400 mg/day in patients in the chronic phase 
and at doses of 600 and 800 mg/day in patients in the accel-
erated phase and blastic crisis, respectively. While on ther-
apy, complete blood counts were monitored biweekly until 
the patients achieved a hematological response, after which 
monitoring was conducted monthly. The response to im-

atinib was evaluated according to the European Leukemia 
Net criteria [6, 29]. Fifty patients achieved an optimal re-
sponse, 16 patients achieved a suboptimal response, and 15 
patients were imatinib-resistant. Patients who responded op-
timally to imatinib were further followed-up for pro-
gression-free survival (PFS). The follow-up period ranged 
from 18 to 35 months, with a median of 28.5 months.

Methods 
RNA extraction and QRT-PCR: From each patient and 

healthy subject, 3 mL of EDTA-anticoagulated peripheral 
blood was collected and total RNA was extracted with 
QIAamp RNA blood mini kits (Qiagen, Hilden, Germany). 
The concentration and purity of extracted RNA were esti-
mated by measuring absorbance at 260 and 280 nm using 
a Nano Drop spectrophotometer ND-1000 (Thermo 
Scientific, Waltham, MA, USA). Only samples with A260 
to A280 ratios between 1.9 and 2.1 were included. Extracted 
RNA was reverse-transcribed into cDNA according to stand-
ard methods using a QuantiTect reverse transcription kit 
(Qiagen, Hilden, Germany). 

The expression of ABCB1, BMI1, and GAPDH was assessed 
by quantitative real-time polymerase chain reaction (QRT/PCR) 
using the Applied Biosystems SteoOne Real-Time PCR 
System (Foster City, CA, USA). All Q-RT/PCRs were per-
formed in a 50 L volume. GAPDH expression was measured 
as an endogenous cDNA control.

The sequences of the primers and probes were as follows: 
ABCB1 F, 5′-AGACATGACCAGGTATGCCTAT-3′; ABCB1 
R, 5′-AGCCT ATCTCCTGTCGCATTA-3′; BMI-1 forward 
primers 5′-GTATTCCCTCCACCTCTTCTTG-3′, BMI-1 re-
verse primers 5′-TGCTGATGACCCATTTACTGAT-3′. The 
sequences of the primers and probes for the GAPDH control 
were as follows: GAPDH forward primer: 5′- GAAGGTG 
AAGGTCGGAGTC-3′, GAPDH reverse primer: 5′-GAAG 
ATGGTGATGGGATTTC-3′.

Samples volumes of 50 L in each tube contained 25 L 
universal master mix, 2.5 L each primer, 10 L water, 
and 10 L sample. PCR was performed as follows: 1 cycle 
for 2 min at 52oC, 1 cycle for 10 min at 95oC, 40 cycles 
for 15 sec at 95oC, and 1 min at 60°C. The relative amounts 
of the genes of interest and GAPDH were measured in 3 
independent assays. The comparative expression levels were 
determined as the ratio between the relative amounts of 
the genes of interest and housekeeping gene (GAPDH) to 
correct for variations in the amounts of mRNA, and then 
normalized to the mean level of studied controls as de-
termined by the 2−∆∆CT method [30].

Statistical analysis
Statistical analyses were performed using the software 

package SPSS/Win version 16 (SPSS, Inc., Chicago, IL, USA). 
Qualitative data were presented as the frequency and 
percentage. Chi square test was used to compare groups. 
Quantitative data were presented as the median or mean 
and standard deviation. To compare groups, t-test and 
Mann-Whitney test were used according the type of data. 
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Table 2. ABCB1 and BMI1 expression in relation to the studied parameters.

ABCB1 expression

P

BMI expression

PLow
(N=41)

High
(N=40)

Low
(N=41)

High
(N=40)

Age, yr (mean±SD)     47.7±9.12   46.80±10.41 0.669a)   49.10±7.71   45.40±11.23 0.087a)

Gender 0.429b) 0.581b)

Male (N=45) 21 24 24 21
Female (N=36) 20 16 17 19

Platelets, ×1000/L (mean±SD) 295.19±110.07 261.18±114.73 0.177b) 243.32±101.41 314.35±114.12 0.004b)*
WBCs, ×1000/L (mean±SD) 235.24±122.53 249.27±116.43 0.599b) 249.12±123.06 235.05±115.86 0.598b)

Eosinophils, % (mean±SD)     3.85±1.88     3.48±1.97 0.379b)     3.95±1.82   3.375±2.01 0.179b)

Basophils, % (mean±SD)     6.07±2.50     6.45±3.00 0.542b)     6.63±3.03     5.88±2.41 0.217b)

Blasts, % (mean±SD)     2.68±4.49     2.40±4.29 0.773c)     2.27±3.66     2.83±5.02 0.570c)

Hasford risk 0.040d)* 0.376d)

Low (N=21) 14 7 15 6
Intermediate (N=29) 10 19 15 14
High (N=15) 10 5 8 7

Sokal risk 0.417d) 1.000d)

Low (N=12) 7 5 7 5
Intermediate (N=41) 19 22 24 17
High (N=12) 8 4 7 5

Phase 0.531d) 0.004d)*
Chronic (N=65) 34 31 38 27
Accelerated (N=11) 5 6 3 8
Crisis (N=5) 2 3 0 5

a)P -value of student t test. b)P -value of Chi square test. c)P -value of Wilcoxon Signed Rank test. d)P -value of Monte Carlo test.  *Significant.

Table 1. Expression levels of ABCB1 and BMI1 in cases and controls.

ABCB1
Pa)

BMI
Pa)

Cases Control Cases Control 

Mean   6.65×1010    1841.36 0.263 4.44 0.34 0.030*
Std. Deviation   59.2×1010    4535.6 10.92 0.66
Minimum 0 0 0 0
Maximum 532.9×1010 15,683.9 87.01 2.57
Median     4.08        13.18 1.36 0.05

a)P -value of Mann-Whitney test. *Significant.

Kaplan–Meier test was used for PFS analysis and the sig-
nificance of differences among curves was determined by 
log-rank test. Patients were divided into groups based on 
Q-RT/PCR values delineated by the median. A P-value less 
than 0.05 was considered significant.

RESULTS

The ABCB1 mRNA expression level did not differ sig-
nificantly between patients and controls. BMI1 mRNA ex-
pression was significantly higher in patients than in controls 
(P=0.030) (Table 1).

As assessed by the Sokal score, the risk of patients in 
the chronic phase was stratified as low-risk (12 patients), 

intermediate-risk (41 patients), and high-risk (12 patients). 
For the Hasford score, 21 patients showed a low-risk score, 
29 patients showed an intermediate-risk, and 15 patients 
showed a high-risk score. 

According to the median expression level of ABCB1 and 
BMI1, patients were grouped into a low-expression group 
(expression level less than or equal to the median) or high-ex-
pression group (expression level higher than the median). 
No significant association was found between the ABCB1 
expression level and age, spleen size, Sokal score, Hasford 
score, phase of CML, total leukocytic count, Hb concen-
tration, platelet count, eosinophil percentage, basophil per-
centage, or blast percentage at diagnosis (Table 2). The BMI1 
expression level was not associated with age, spleen size, 
Sokal score, Hasford score, total leukocytic count, Hb concen-
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Table 3. Response to imatinib in relation to ABCB1 and BMI1 expression.

 Response to imatinib
Pa)

Optimal response Suboptimal response Resistance

ABCB1 0.001*
Mean±SD 5.28×107±3.73×108 3.33×1011±1.33×1012 3.46×109±9.55×109

Median 1.74 6.93 268.17
Range 0–2.64×109 0–5.33×1012 0.01–3.36×1010

BMI 0.950
Mean±SD 2.65±3.8   6.41±10.09   8.29±10.92
Median 1.05 2.17     1.36
Range 0–21.36 0.01–41.25 0–87.01

a)P -value of Mann-Whitney test . *Significant.

Fig. 2. Kaplan-Meier analysis of progression hazard according to BMI1 
expression level (P=0.052).

Fig. 1. Kaplan-Meier analysis of progression hazard according to 
ABCB1 expression level (P=0.289).

tration, eosinophil percentage, basophil percentage, or blast 
percentage at diagnosis. In contrast, the platelet count was 
significantly higher in the high versus low BMI1 expression 
groups (P=0.004). BMI1 expression levels were significantly 
higher in patients with advanced phase (accelerated and 
blastic crisis) than in patients with chronic-phase CML 
(P=0.004) (Table 2). 

Among the 65 patients with chronic phase CML, 42 and 
12 patients achieved optimal and suboptimal responses to 
imatinib, respectively. Eleven patients were imatinib-resistant. 
ABCB1 mRNA expression was significantly lower in patients 
who achieved an optimal response to imatinib compared 
to those who did not achieve this response (P=0.001). BMI 
expression did not differ significantly between the 3 response 
groups (P=0.950) (Table 3). 

Of the 16 patients who presented with advanced phase, 
8 achieved an optimal response to imatinib. The 50 patients 
who achieved an optimal response in the whole cohort were 
followed-up and the PFS was 74% at a median follow-up 
period of 28.5 months. The ABCB1 expression level did not 

significantly affect the PFS of patients (P=0.289) (Fig. 1). 
In contrast, patients displaying low BMI1 expression levels 
at diagnosis had a longer PFS than patients with statistical 
values approaching significance (P=0.052) (Fig. 2).

DISCUSSION

The use of tyrosine kinase inhibitors, particularly im-
antinib, for treating patients with CML has significantly im-
proved the clinical outcomes of these patients. Numerous 
molecular studies have investigated the various factors affect-
ing the responsiveness to this therapy. Among these studies, 
differences in the expression levels of BMI1 and ABCB1 
and their relationship with imatinib resistance have been 
evaluated [5].

In the present study, there was no significant difference 
between patients and healthy individuals in the expression 
level of ABCB1 mRNA. Low ABCB1 expression was observed 
in patients who achieved an optimal response to imatinib. 
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Non-responders showed the highest ABCB1 levels. This may 
be because of the decreased intracellular concentration of 
imatinib when ABCB1 was overexpressed. Our results agree 
with those of Radza et al., Solali et al., and others [1, 31-34]. 
Moreover, Eadie et al. [1] found that the level of ABCB1 
mRNA remained high during imatinib therapy in patients 
who failed therapy or underwent disease progression. Kim 
et al. [35] showed that the ABCB1 expression level was 
significantly higher in poor imatinib responders. In contrast, 
Ben Hassine et al. and others reported [5, 36] no significant 
difference in ABCB1 expression among responders and 
non-responders. These controversial data may be attributed 
to variabilities in the sample size, patient ethnicity, and 
disease phase [5].

In this study, we found no association between the ex-
pression levels of ABCB1 and phases of the disease, different 
prognostic factors, and PFS. A total of 77% of our patients 
had low and intermediate Sokal scores, while 19 patients 
had high Sokal scores. This result agrees with those of Francis 
et al. [37]. We found no association between the phases 
of CML, response to treatment, and PFS in patients with 
high Sokal scores compared to in patients with low and 
intermediate Sokal scores. Contrasting findings were re-
ported by Castagnetti et al. [38] who found that low and 
intermediate Sokal scores were associated with optimal im-
atinib responses and better overall survival. This may be 
explained by the low number of patients with high Sokal 
scores compared to the total number of cases in the current 
study.

BMI1 overexpression has been observed in several types 
of cancer, including hematologic neoplasms [39, 40]. In the 
present study, BMI1 expression was significantly upregulated 
in patients with CML compared to in healthy controls. The 
BMI1 expression level was significantly higher in patients 
in the blastic and accelerated phase than in those in the 
chronic phase. Our data agree with the findings of previous 
studies [10, 26, 41].

We found no association between the BMI1 expression 
level and age, gender, total leukocytic count, and Hb level 
at diagnosis. Similar results were reported by Saudy et al. 
[41]. 

In the present study, high BMI1 expression was associated 
with shorter PFS compared to the low BMI1 expression 
group with a borderline significant difference. In agreement 
with this, Saudy et al. [41] and Mohty et al. [26] showed 
that higher BMI1 expression predicted significantly shorter 
overall survival than low BMI1 expression.

The results of the present study emphasize the expected 
effects of ABCB1 as a drug efflux pump and BMI1 as an 
adverse tumor behavior controller. High ABCB1 expression 
reduces the intracellular imatinib concentration and con-
sequently lowers its efficacy. High BMI1 expression mediates 
resistance through selective transcriptional regulation and 
lowers the efficacy of imatinib.

ABCB1 mRNA expression levels before treatment are re-
lated to the response to imatinib in patients with CML. 
This prognostic value requires further evaluation including 

monitoring the change in the expression levels of ABCB1 
after starting imatinib therapy. The expression levels of BMI1 
are useful for risk stratification of patients with CML, and 
its measurement at the time of diagnosis may help predict 
treatment outcomes. Future screening for ABCB1 and BMI1 
expression may help refine CML management by predicting 
the outcome of imatinib therapy.
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