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1 | INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal myeloproliferative neo-
plasm of pluripotent hematopoietic stem cells.! CML does appear

Abstract

Background: The P-glycoprotein (P-gp) is one of the mechanisms of Imatinib (IM)
resistance in chronic myeloid leukemia (CML). P-gp has been identified as an efflux
pump involved in releasing of IM outside CML cells. To date, the P-gp involvement
in the IM resistance development was not completely understood. Therefore, the
present study aimed at measuring the P-gp expression level on lymphocytes from
Tunisian patients with CML and correlating this level with a molecular response to IM.
Method: The expression of P-gp on peripheral blood lymphocytes from 59 Tunisian
patients with CML (27 IM responder patients vs 32 IM non-responder patients) was
evaluated by flow cytometry.

Result: Our finding showed significantly positive expression of P-gp in the lym-
phocytes from the IM non-responder group when compared to the IM-responder
group (P =.001). In IM non-responder CML patients, the comparison between CCyR
achievers and non-achievers showed a high mean fluorescence intensity (MFI) of
P-gp expression in patients who did not achieve their CCyR (P = .001). The com-
parison between patients with primary and secondary resistance to IM showed an
increasing MFI value in patients with primary resistance to IM (P = .001). Besides, the
comparison between nilotinib-treated and dasatinib-treated patients proved a high
value of MFl in nilotinib-treated patients (P = .001).

Conclusion: The overexpression of P-gp on lymphocytes has significantly correlated

with the failed molecular response to IM in patients with CML.
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because of the reciprocal translocation between the long arms of
chromosomes 9 and 22 t(9;22) (q34;q11).2 This translocation results
from the formation of a chimeric gene, BCR-ABL1, which encodes the
BCR-ABL protein with intrinsic tyrosine kinase activity that is critical
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of Ieukemogenesis.3 The discovery of BCR-ABL protein, which is re-
quired for the pathogenesis of this disease, provided the rationale for
the therapeutic intervention of an inhibitory agent that targets tyro-
sine kinase domain of the protein and blocks its phosphorylation.*

Imatinib mesylate (IM) is the first molecule tyrosine kinase inhibi-
tor (TKI) that is currently successfully used for the treatment of CM L>
IM is also known as a blocked tyrosine kinase activity of the BCR-ABL
oncoprotein by the competitive inhibitor of ATP-binding site.®

Despite IM's striking efficacy, many researchers showed the re-
sistance of this drug has developed over time in a minority of pa-
tients with advanced-stage CML.”?

The resistance against IM can result from several mechanisms
that can be widely divided into BCR-ABL-dependent or BCR-ABL-
independent.’® Overall, in these findings, the mutations in the ABL
kinase domain and/or amplification of the BCR-ABL oncogene are
greatly observed in the BCR-ABL-dependent mechanisms.** For the
mechanisms of resistance of BCR-ABL independent to IM, some stud-
ies revealed that these mechanisms included decreasing intracellu-
lar concentration drug, which can be due to either the bringing of IM
by human organic cation transporter 1 (hOCT1) or its export by the
P-glycoprotein (P-gp).*?*® The influence of efflux transporters on IM
pharmacokinetics has widely been investigated, and their increased ex-
pression has been usually connected with IM response variability.*?2
The most well-studied transporter protein is the P-gp, which has the
ability to eject IM from the leukemic cells.* This protein is encoded by
ATP-binding cassette, subfamily B, member 1 ABCB1 gene (also known
MDR1 [multidrug resistance 1]), and it is located in various tissues as
well as in normal peripheral blood lymphocytes and bone marrow cells
that are involved in the traffic of IM outside cancer cells.*® In a consid-
erable number of cancers, overexpression of P-gp provides the most
commonly found mechanism of multidrug resistance (MDR), designing
a significant obstacle of failure of cancer chemotherapy.’**” MDR is a
phenomenon that is related to reduced intracellular drug accumulation
in leukemic cells resulting from enhanced drug efflux.'®

Within the past few years, the actual role of P-gp efflux pump in re-
sistance against IM has been widely studied. A number of investigations
have proposed that increased P-gp expression is unlikely to be a pri-
mary mechanism of IM resistance in patients with CML.2?! However,
these results have not been obtained by other investigators.??2°

To clarify these inconsistent and/or controversial findings of
these results, the roles of P-gp in IM resistance need to be more
explored. In our study, we tried to find a correlation between the
overexpression of P-gp and the interindividual variability of IM re-
sponse in CML patients.

2 | MATERIALS AND METHODS
2.1 | Ethics statement

The protocol of this study was approved relying on the criteria declared

by Helsinki. Each patient agreed on his participation in the study.

2.2 | Study design

A retrospective case-control study on Tunisian CML patients has
been designed. This study was carried out from June 2015 to January
2016 in the Hematology Department of Hedi Chaker University
Hospital, Sfax, Tunisia.

2.3 | Patients

Inclusion criteria were as follows: CML patients in chronic phase,
availability of clinical data, and patients who have already been
treated with IM 400 mg once daily as first-line therapy. Exclusion
criteria were as follows: pregnant women, patients suffering from
any other hematological illnesses, patients in accelerated phase
or blastic crisis, and particularly patients with BCR-ABL1 gene
mutations.

Demographic, clinical, and biological characteristics (white blood
cell [WBC] count, neutrophils count, platelets count, hemoglobin
[Hb] concentration, and the spleen size) at diagnosis, Sokal score,
TKI-treated, and therapy failure were extracted retrospectively from
the patients' files.

Clinical evolution was performed on the basis overall survival
(OS), progression-free survival (PFS), and MMR achievement, from
the date of CML diagnosis and the start of IM treatment with an
appropriate length of follow-up (3-year).

Sokal score was established to prognosticate the patients of
CML at diagnosis.?* Three risky groups were designated as follows:
low risk (score < 0.8), intermediate risk (score 0.8-1.2), and high risk

(score > 1.2).

2.4 | Definitions and approaches to measuring
responses to Imatinib

According to the European Leukemia Network criteria 2016
(ELN),?® the IM responses were evaluated by the BCR-ABL1
gene ratio. One year later of IM treatment, patients are consid-
ered as optimal responders to IM if the BCR-ABL1 gene ratio
<0.1% (achieve a major molecular response [MMR]) or as IM-
resistant phenotype if the ratio >0.1%. IM non-responders CML
patients can be defined as primary resistance (fail to achieve an
optimal response) or as secondary resistance (loss an initiated
response).

According to Cortes et al,? the complete cytogenetic response
(CCyR) took place when the BCR-ABL1 gene ratio was less than 1%
within 6 months from the start of IM treatment.

A complete hematologic response (CHR) is obtained when labo-
ratory values return to normal levels in 3 months from the start of
IM therapy.

The BCR-ABL gene mutation testing was performed exclusively

on patients who showed IM resistance.
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2.5 | Peripheral blood mononuclear cell isolation

Peripheral blood mononuclear cells (PBMCs) from CML were iso-
lated by Ficoll-Hypaque gradient (Eurobio, France) immediately
after sampling. Cells were washed once in phosphate-buffered sa-
line (PBS). After being washed, they are frozen in dimethyl sulfoxide
(DMSO) and conserved at -80°C for long-term storage.

2.6 | Determination of P-gp expression by
flow cytometry

The expression of P-gp was examined on lymphocyte subpopula-
tions in PBMCs by indirect immunofluorescence method.?’ Briefly,
5%10° cells were rinsed twice in PBS with 0.5% bovine serum albu-
min (BSA) to eliminate the DMSO. Then, these cells were incubated
with or without a P-gp antibody (1:50) (Clone UIC2; GeneTex) for
45 minutes at 4°C. After three washes, cells were sequentially in-
cubated with a saturating concentration (1 ug/mL) of PE anti-mouse
I1gG (clone 679.1Mc7; Beckman Coulter) as well as FITC anti-CD45
(clone J33; Beckman Coulter) on ice for 30 minutes in the darkness.
Besides, cells were washed twice in PBS/BSA 0.5% and resuspended
in PBS.

Cells were analyzed on the FACS Canto™ Il flow cytometer using
BD FACS Diva™ software (Becton Dickinson). PBMCs were gated by
forward scatter (FSC-A) vs side scatter (SSC-A) and FITC anti-CD45
vs SSC-A as shown in Figure 1.

The data were revealed as the ratio (relative fluorescence inten-
sity [RFI]) of the mean fluorescence intensity (MFI) of anti-P-gp, pri-
mary antibody, and PE anti-mouse IgG, secondary antibody, divided
by the MFI of cells treated just with the secondary antibody.28

2.7 | Statistical analysis

The statistical analysis was carried out using Student's t test to assess
the statistical significance of the differences between IM responder
and those non-responder patients and the Mann-Whitney U test when
sample sizes are small or/and when not normally distributed. Data were
expressed in mean + standard deviation (SD). P < .05 was considered
statistically significant (SPSS 20). The probabilities of OS, PFS, and

MMR achievement were calculated using the Kaplan-Meier method.
The log-rank test was used to compare the Kaplan-Meier curves. OS
was defined as the time interval from the start of IM therapy to either
the date of death or the date of the last contact with the patient. PFS
was defined as the time interval from the start of IM therapy to the date
of disease progression to the advanced phase. MMR achievement was
defined as the time interval from the start of IM therapy to the date of
obtaining BCR-ABL' < 0.10. Follow-up lasted 3 years.

3 | RESULTS
3.1 | Clinical characteristics of CML patients

A total of 127 Tunisian subjects with CML have been interrogated
from the Hematology Department of Hedi Chaker Hospital. Sixty-
eight patients have been excluded from our study: 58 with BCR-ABL
mutations, 6 in accelerated phase, and 4 in the blastic crisis phase.
The final sample size was 59 subjects who met the inclusion criteria
and took part in our study.

In our study, patients have been classified into two groups: The
first group comprised 27 patients (45.7%) who are considered as op-
timal responders to IM, while the second group comprised 32 pa-
tients (54.3%) who are presented as IM-resistant phenotype.

Table 1 summarizes the clinical characteristics of both groups of
patients with CML. There were no significant differences based on
gender, age, and Sokal score between both groups (P < .05). The age
of IM responder CML patients ranged from 23 to 80 years, with an
average of 50.22 + 15.23 years and that of IM non-responders from
24 to 73 years, with an average of 48.53 + 11.54 years.

We observed a significant increase in the b3a2 transcript type
of BCR-ABL in IM responders as compared with IM non-responders
(P=.006).

Imatinib non-responder CML patients are classified as patients with
primary resistance (n = 26) and patients with secondary resistance
(n = 6). The patients who failed in IM has switched to second-gener-
ation TKI as dasatinib (n = 11) or nilotinib (n = 21). Only 14 IM non-re-
sponder patients achieved their CCyR within 6 months (Table 1). All
patients achieved a CHR in 3 months following IM therapy.

The test of BCR-ABL1 gene mutations showed no mutation of
the BCR-ABL kinase domain in IM-resistant subjects.

FIGURE 1 Analysis of P-gp expression
in lymphocytes populations in peripheral
blood mononuclear cells from CML
patients by flow cytometry. A, FSC versus
SSC. B, CD45 versus SSC: lymphocytes
were selected by their low SSC and bright
CD45. CML, Chronic myeloid leukemia;
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3.2 | Biological characteristics of CML patients

Table 2 lists the biological characteristics of CML patients. The
comparison between the IM responder and IM non-responder CML
patients showed higher levels of WBC and neutrophils in IM non-
responders (P = .005 and P = .01, respectively). We observed more
progress of the spleen size for IM non-responder than for IM re-
sponder patients (P = .015).

TABLE 1 Clinical characteristics of CML patients

3.3 | P-gp expression status in CML patients

P-gp expression ranged from 0.76 to 1.43 with an RFl = 1.1 when all
patients were studied. This value of RFl was used as the cutoff point
to divide negative (RFI < 1.1) and positive (RFl > 1.1) P-gp expres-
sion. Two instances of a flow cytometric analysis for negative and
positive P-gp expression are shown in Figure 2A,B respectively

By analyzing levels of P-gp expression according to response to
IM (responders vs non-responders), we found that all IM non-re-
sponder CML patients exhibited P-gp overexpression (RFI > 1.1),

while all IM responder patients demonstrated negative expression

CML patients of P-gp (RFI < 1.1; P = .001) (Figure 3A; Table 3).
IM IM non-
Responders responders P
Clinical characteristics  (n=27) (n=32) value 3.4 | Relationship between MDR phenotype and
Gender expression of P-gp
Male, n 13 18 .543
Female, n 14 14 In IM non-responder CML patients, the comparison by Mann-
Age at diagnosis (y), 50.22 + 15.23 48.53+11.54 .630 Whitney U test showed a high RFI of P-gp expression in patients not
mean + S.D achieving their CCyR (P = .001) (Figure 3B), patients with primary IM
Transcript type resistance (P = .001) (Figure 3C), and patients treated with nilotinib
b2a2, N 8 12 390 (P =.001) (Figure 3D; Table 3).
b3a2, N 23 13 .006
b2a2 + b3a3, N 0 3 .540 L. . .
S 3.? | Association of exPreSS|on of P-glycoprotein
with the outcome of patients
Low, N 8 13 .540
Intermediate, N 13 19 470 . L S
Kaplan-Meier method indicated that the 3-year probabilities of OS,
High, N 6 0 .190 . . . . . .
PFS, and MMR achievement in patients with negative expression
Achtlsye?ent (:\If COR N 14 - were significantly higher compared to those found in patients with
within 6 mo,
positive expression (P < .001, P = .047, and P < .001, respectively)
Treated with dasatinib, — 11 — .
(Figure 4).
N
Treated with nilotinib, - 21 -
N
Primary failure of IM, N - 26 — 4 | DISCUSSION
Secondary failure of - 6 - . . .
IM. N Introduction of IM, as a first anticancer drug treatment for pa-

Abbreviations: CCyR, complete cytogenetic response; CML, chronic
myeloid leukemia; IM, imatinib.

CML Patients

tients with CML, has profoundly enhanced the prognosis of these
patients.>® Despite the high efficiency of this drug, a fraction

TABLE 2 Biological characteristics of

Biological characteristics
WBC (10%/mm?)
Neutrophils (103g/I)
Platelets (10%/mm?%)

Hb (g/dL)

Spleen size (cm)

IM Responders (n = 27)
6.20 +1.19

775+ 1.74

404.16 +1.19
11.65+1.81

3.69 +1.27

CML patients
IM non-responders P
(n=32) value
13 +1.03 .005
14.37 +1.33 .01
387.68 +1.03 .839
10.63 £ 1.6 .18
8.7 +1.09 .015

Note: Data presented as mean + SD and t test applied for the comparisons.
Abbreviations: CML, chronic myeloid leukemia; Hb, hemoglobin; IM, imatinib; WBC, white blood

cell.
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FIGURE 2 Flow cytometry analysis
of CML cells. The results were expressed
as the ratio (RFI) of the MFI of UIC2 and
PE-anti-mouse IgG, divided by the MFI
of cells treated just with the PE- anti-
mouse IgG. A, An example of negative
P-gp expression in cells incubated with
monoclonal antibody anti-P-gp UIC2
and PE-anti-mouse IgG, secondary
antibody. B, An example of positive

P-gp expression in cells incubated with
monoclonal antibody anti-P-gp UIC2 and
PE-anti-mouse IgG, secondary antibody.
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FIGURE 3 Comparison of P-gp expression level in CML patients based on clinical patient’s status. Distribution plots demonstrating
results of P-gp level measured by flow cytometry using monoclonal antibodies as described in Materials and methods. A, Comparison of
P-gp expression between CML patients responders and non-responders to IM. B, Comparison of P-gp expression between CML patients
achieved (CCyR +) and not achieved (CCyR -) their CCyR. C, Comparison of P-gp expression between patients with primary and secondary
resistance to IM. D, Comparison of P-gp expression between patients nilotinib-treated and patients dasatinib-treated. CML, Chronic myeloid
leukemia; IM, imatinib; P-gp, P-glycoprotein; CCyR, Complete Cytogenetic Response

of patients with CML developed resistance to IM.”? Various in-
vestigations have demonstrated that the responsiveness to IM
is due to some factors such as mutations in the ABL kinase do-
main, amplification in the BCR-ABL gene, and/or alterations in
the expression of drug transporters as P-gp.8'® Our study was
conducted to understand the mechanisms of resistance to IM
in order to find therapeutic solutions that may help prevent a

relapse from this drug in CML. In this review, we have mainly

focused on the mechanism of resistance to IM induced by P-gp
overexpression in CML. Luckily, this is the first Tunisian study to
measure the level of P-gp expression on lymphocytes from CML
patients.

In our study, the prevalence of resistance to IM was 54.3%.
This rate was relatively similar to a Tunisian study (49.2%)%’ but
higher than the Korea study (16%).%° Consequently, we believe that

Tunisian patients differ from other populations regarding resistance
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TABLE 3 Comparison of relative fluorescence intensity expressed by the median of P-glycoprotein with CML status

Relative fluorescence intensity expressed by the median of P-glycoprotein

Nilotinib-treated VS
dasatinib-treated CML
patients

CML patients achieved VS not
achieved their CCyR

CML patients with primary VS
secondary resistance to IM

CML patients responders VS
non-responders to IM

0.80 +0.09 vs 1.26 + 0.09; 1.17 + 0.03 vs 1.33 + 0.05; 1.29 +0.08 vs 1.17 + 0.02; P = .001 1.3 +0.07 vs 1.18 + 0.04;

P=.001 P=.001

P =.001

Abbreviations: CCyR, complete cytogenetic response IM, imatinib; CML, chronic myeloid leukemia.

mechanisms to IM, secondarily to interethnic pharmacokinetic vari-
ation in IM response.

Our finding revealed a significant increase in the b3a2 transcript
type of BCR-ABL in IM responders (63.8%) as compared with IM
non-responders (36.2%). Moreover, the findings of Hanfstein et al®?
showed that the probability of achieving MMR was significantly
higher in patients with b3a2 transcript. Our result emphasizes that
CML patients with b3a2 transcript had less prospect to have failure
responses to IM. Consequently, the b3a2 transcript could serve as a
clinical and helpful biomarker to prophesy an optimal response to IM
in patients with CML.

The level of P-gp expression was revealed by the RFI that had
been defined as the ratio of the MFI of anti-P-gp, primary antibody,
and PE anti-mouse IgG, secondary antibody, divided by the MFI of
cells treated just with the secondary antibody.28 The cutoff value
(RFI < 1.1 = P-gp-negative; RFl > 1.1 = P-gp-positive) was used for
expression analysis of P-gp that had been found by the previous
studies.3?33

To date, the contribution of P-gp transporter in influencing the
IM therapy response in CML patients remains unclear. However,
some investigations have studied the role of P-gp in IM pharmaco-
kinetics and have shown controversial findings.!”?® Previous works
had identified that no consensus exists on the level of P-gp expres-
sion on the surface of normal lymphocytes; hence, these can explain
the inconsistency and/or contradictory datum in the literature.3%3*
In our research, it was clear that the mode of resistance to IM is
proportional to the overexpression of P-gp that has been reported
for the first time in the Tunisian population. We found an increased
expression of P-gp on lymphocytes from IM non-responder CML

patients when compared to IM responder subjects. Our result goes
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in good analogous with a study reported by Xing-Xi et al,2? which
examined the level of P-gp expression in K562 cells and found an
overexpressed of P-gp in K562-IM cells (exhibiting MDR phenotype)
when compared to K562 cells. In contradiction to this investigation,
several reports’”?! have suggested that overexpression of P-gp
in K562 cells only conferred minimal IM resistance. Furthermore,
Gambacorti-Passerini et al?! found that at 0.5-1 mmol/L level, which
is the physiological plasma concentration of IM in patients given
once daily at 400 mg Glivec, K562 cells engineered to overexpress
P-gp did not show IM resistance.

To gain more insight into the interrelationship between the pos-
itive expression of P-gp evidenced in CML patients and the MDR
phenom, the level of P-gp expression was investigated, in a compara-
tive way, in the group of IM-resistant CML patients. Our results have
clearly shown a significantly positive expression of P-gp: in patients
not achieving their CCyR, in subjects with primary resistance to IM,
and in patients switched to nilotinib. Our results are in line with a
previous work by Laura et al®® on K562-Dox cells (ABCB1 overex-
pressing), which reported that P-gp overexpression was associated
with nilotinib resistance in vitro. Also, a study developed by Raquel
et al®® showed that P-gp negative expression was associated with
the achievement of CCyR.

In definition, P-gp acts as a drug efflux membrane pump, so it
captures drugs like a vacuum cleaner when they pass through the cell

membrane and then releases them outside the cell.”

Consequently,
our findings suggest that increased expression of P-gp on lympho-
cytes confers acquired IM resistance by functioning as an efflux
transporter and whereby reducing the accumulation of IM.

The impact of the P-gp expression level on clinical evolution has

evaluated. Our results suggest that overexpression of P-gp was a

siive P-gp C -
Bression
e P-gp

_aNegan
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p=0.001

Probability of achieving MMR

'
30 4
Time (Months)

FIGURE 4 Kaplan-Meier survival analysis. A, 3-y overall survival of CML patients, according to P-gp expression. B, 3-y progression-free
survival of CML patients, according to P-gp expression. C, 3-y achievement of major molecular response of CML patients, according to P-gp.
Kaplan-Meier analysis demonstrating the results of the P-gp level measured by flow cytometry using monoclonal antibodies as described in
Materials and methods. CML, chronic myeloid leukemia; P-gp, P-glycoprotein
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poor prognostic factor in CML patients. The probabilities of OS, PFS,
and MMR achievement were lower in CML patients with positive
expression of P-gp. These findings are in accord with the results
of Andreas-Claudius et al®® on patients with bladder cancer, which
found that after 5 years, only 23% of patients with high MDR1 ex-
pression were still alive.

Further large-scale investigations are needed to verify our re-
sults and to elucidate the fact that the monitoring of the level of P-gp

expression could be a novel approach to overcome IM resistance.

5 | CONCLUSION

So far, the research we carried out has been an attempt to explore
the relationship of P-gp overexpression in the resistance to IM
among Tunisian patients with CML. We demonstrate that patients
with positive expression of P-gp have a low prospect of achieving
their MMR and a higher risk of developing a resistance to IM. The
results presented here suggested that the monitoring of the level of
P-gp expression may potentially identify patients likely to develop

IM unresponsiveness or failure to IM therapy.
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