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Abstract

Background: Acute Myeloid Leukemia (AML) is a heterogeneous disorder with variable genetic abnormalities and
cytogenetic alterations which provide a significant disease prognosis and determine response to therapy. Purpose: We
aim to investigate the expression of the MDR1 gene in 100 Egyptian AML patients, to identify their role on both the
progression and chemotherapeutic refractoriness together with assessment of known prognostic molecular markers;
FLT3-ITD and NPM1 mutations. Methodology: Quantitative assessment of MDR1 gene expression was performed
by quantitative RT-PCR. Additional prognostic molecular markers were determined as internal tandem duplications of
the FLT 3 gene and nucleophosmin gene mutation A. Results: MDR1 gene expression levels and FLT3/ITD mutations
were significantly higher in AML patients with resistant disease with P value <0.001 and 0.002 respectively. However,
NPM1 was insignificantly higher in patients with CR P-value 0.14. In MDR positive group, wild FLT3/ITD with or
without NPM 1 mutation was favorable in achieving CR with p value 0.02. MDR negative group, wild FLT3/ITD with
or without NPM 1 mutation showed insignificantly higher CR rates with p value (0.35). Kaplan-Meier curves revealed
statistically significant difference between MDR 1-negative and MDR 1-positive patients regarding their DFS and OS
between the two groups where DFS and OS were higher in MDR1-negative patients with p value 0.004 and 0.01,
respectively. Conclusion: The results obtained by the current work together with the previous researches concerning
the study of multidrug resistance genes in AML patients provide additional evidence of the role played by these genes
as predictors of chemoresistance and poor treatment outcome.
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Introduction

Acute Myeloid Leukemia (AML) is a heterogeneous
disorder with variable genetic abnormalities and
cytogenetic alterations which provide a significant disease
prognosis and determine response to therapy (Liu et al.,
2007). Specific AML entities had been identified by
WHO through focusing on significant cytogenetic and
molecular genetic subgroups. In the entity of AML with
recurrent genetic abnormalities, the most commonly
identified prognostic balanced cytogenetic abnormalities
are t(8;21)(q22;q22) and inv(16) (p13.1g22). They are
usually associated with a good response to chemotherapy
and a high complete remission (CR) rate with long term
disease-free survival (DFS). Therefore, considerable
progress has been made not only in understanding AML
pathogenesis, but also in the development of diagnostic
assays and novel therapies (Doéhner et al., 2015). In the
last decade, many somatically acquired mutations have
been identified in several genes in cytogenetically normal

(CN) AML such as FLT3-ITD, NPM1, CEBPA.. .etc. The
fms-related tyrosine kinase 3 (FLT3) gene is a member
of type III receptor tyrosine kinase (RTK) and located
on chromosome 13q12 (Grafone et al., 2012). Mutations
in FLT3 predict inferior response to chemotherapy and
poor overall survival in AML patients. FLT3 mutations
have been found in ~ 30% to 35% of adult AML patients.
These mutations have been preferentially found in AML
patients with normal karyotype (Takahashi et al., 2011).
Mutations that result in the constitutive activation of
FLT3 have been identified in two functional domains
of the receptor. Internal tandem duplications (ITDs) in
the juxtamembrane domain (JM) and activating point
mutations in the second tyrosine kinase domain (TKD)
which occur in ~ 30% and 10% of AML patients,
respectively (Leung et al., 2013). FLT3 mutations
causes activation of signal transduction networks mainly
PI3K-AKT, RAS-MEK-MAPK, and STATS pathways
and result in uncontrolled cell proliferation. Also,
these mutations suppress myeloid transcription factors
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PU.1, C/EBPa, which result in blocking of myeloid
differentiation. Therefore, FLT3 mutations have a crucial
role in AML pathogenesis, and FLT3 inhibitors such as
Midostaurin (PKC412, Novartis) have been validated by
FDA as promising targeted therapy in combination with
chemotherapy which used in newly diagnosed FLT3-ITD
positive AML cases (Wei et al., 2017). The nucleophosmin
1 (NPM1) gene is located on chromosome 5q35 and
contains 12 exons. It is an abundant phosphoprotein in
nucleoli. It is primarily localized to nucleolus but has
been shown to shuttle between the cytoplasm and nucleus.
NPMI mutations results in the cytoplasmic dislocation of
NPMI and that altered protein results in leukemogenesis.
Prevalence of NPMI1 mutations increases with age,
occurring in 2—8% of childhood AML and 27%-35% of
adult AML. NPM1 mutations occur in 45—64% of adult
AML with a normal. This disease appears to show a
female predominance (Suleiman et al., 2018). Regarding
risk stratification of AML patients, AML with t(8;21)
(922;922.1); RUNX1-RUNXITI inv(16)(p13.1;q22) and
mutated NPM without or with FLT3-ITD low shows a
good response to induction chemotherapy with favorable
outcome. Patients with mutated NPM1 and FLT3-ITD
high or wild type NPM1 without FLT3-ITD or with
FLT3-ITD low have intermediate risk stratification. The
coexistence of wild-type NPMland FLT3-ITD high is
associated with an adverse prognosis and poor outcome
(Daver et al., 2019). Multidrug resistance (MDR), the
principal mechanism by which many cancers develop
resistance to chemotherapy, is one of the major obstacles
to the successful AML treatment (Hatakeyama and
Harashima, 2014). Pediatric AML accounts for 15%-20%
of all pediatric acute leukemias. Induction chemotherapy
lead to complete remission (CR) in 50 to 90% of de novo
patients, but 10 to 25% of patients have primary resistant
disease and the most patients who gain remission relapses
within 3 years of diagnosis (Styczynski, 2007). In adult
AML patients, increasing age is independently associated
with poorer outcomes. General health, performance status
and different comorbidities have an important impact on
the tolerance these patients have to intensive treatment
modalities whereas specific age-related AML-associated
genetic abnormalities increase the drug resistance. Hence,
age should not be the sole determinant of treatment
decisions (Almeida and Ramos, 2016) Expression of the
multidrug resistance (MDR 1) phenotype, encoded by the
MDRI gene, is an adverse prognostic factor for CR and
survival in acute myeloid leukemia (AML). The MDRI
gene encodes the drug transporter P glycoprotein (Pgp)
which promotes drug efflux. The mechanism by which
cancer cells resist to chemotherapy is the overexpression
of Pgp (Scheffer et al., 1995). In AML patients, MDR]
gene expression was also associated with lower CR rates,
but not decreased OS. Furthermore, analysis of MDR1
expression and FLT3-ITD mutation status in adult AML
patients demonstrated shorter time to relapse in MDR1
overexpressing patients, and poor DFS in patients with
both MDR1 overexpression and FLT3-ITD positive status
(Tiribelli et al., 2011). This study aimed to investigate the
impact of MDR1 gene expression together with FLT3-ITD
and NPM1 mutations on response to therapy in Egyptian
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AML patients.

Materials and Methods

Subject and methods
Study population

The present study included 100 AML patients.
Patients were recruited from the Kasr Al-Ainy Center
of Clinical Oncology and nuclear medicine, School of
Medicine, Cairo University. Twenty age and sex matched
healthy volunteers were included in the current study
as control group. For patients and controls, 2 ml EDTA
blood samples was collected under complete aseptic
conditions for molecular studies. The study was approved
by the Research ethical Committee of Clinical Oncology
department, School of Medicine, Cairo University, and
informed consents were obtained from all participants
prior to enrollment in the study.

RNA extraction

Extraction of total RNA was performed by QIAamp
RNA Blood Mini Kit (Qiagen, Germany) according to
manufacturer’s instructions. RNA integrity was tested
on the Nanodrop (ND-1000) and stored at —80-C. Total
RNA was reverse transcribed using random primers with
a high-capacity cDNA archive kit (Applied Biosystem,
Foster city, CA, USA).

Detection of FLT3/ITDs and NPM1 mutation A

Briefly, the FLT3 gene was amplified
using the following forward primer sequence:
5’CATTGTCGTTTTAACCCTGCTA3’ and reverse
primer sequence: 5’ATATTCTCGTGGCTTCCCAG3’.
The PCR reaction was performed using a 25 pl mixture
as described by Lilakos et al., ( 2006). A 360-bp fragment
was visualized on a 3% agarose gel stained with ethidium
bromide under UV light. For analyzing the presence of type
A mutation in NPM1 exon 12, we used a forward primer
sequence: 5’CCAAGAGGCTATTCAAGATCTCTCTC3’
and reverse primer sequence: 5’ACCATTTCCATGT
CTGAGCACC3’according to Ottone et al., (2008).
A 320-bp fragment was visualized by electrophoresis
on 2% agarose gel. As internal control, we used
ABL amplification with the following primers
sequence: 5’GCATCTGACTTTGAGCCTCAG3’ and
5’TGACTGGCGTGATGTAGTTGCTT3’ with same
PCR conditions and 258 bp fragment visualized by
electrophoresis on 2% agarose gel.

Quantitative assessment of MDR1 gene expression
MDRI gene expression was tested by real
time PCR based on SYBR Green I fluorescence
using StepOne (Applied Biosystems, USA). We
used the following primer sequences for MDRI
gene: F:5'-GCCAAAGCCAAAATATCAGC-3'and
R: 5'-TTCCAATGTGTT CGGCAT-3'and GAPDH as the
housekeeping gene: F:5'-GAAGGTGAAGGT CGGAGT-3'
and R:5'-GAAGATGGTGATGGGATTT C-3' as described
by Yang et al. 2012. The relative quantification (RQ) of
MDRI gene expression was assessed by 274 method
(AACt = {[Ct(MDR1 sample) — Ct(GAPDH sample)] —



[Ct(MDR1 control) — Ct (GAPDH control)]}.

Data analysis

Statistical analysis was done using IBM® SPSS®
Statistics version 22 (IBM® Corp., Armonk, NY, USA).
Numerical data were expressed as mean and standard
deviation or median and range as appropriate. Qualitative
data were expressed as frequency and percentage.
Chi-square test or Fisher’s exact test was used to
examine the relation between qualitative variables. For
not normally distributed quantitative data, comparison
between two groups was done using Mann-Whitney test
(non-parametric t-test). Spearman-rho method was used
to test correlation between numerical variables. Survival
analysis was done using Kaplan-Meier method and
comparison between two survival curves was done using
log-rank test. All tests were two-tailed. A p-value < 0.05
was considered significant.

Results

Patients’ characteristics

Our patients were 47 males and 53 females with a
male to female ratio 0.9. Their ages ranged between 5
and 70 years with a mean value of 38.7+15.9 years. AML
cases were stratified according to their age into adulthood
cases (93%) and childhood cases (7%). Seventy one
patients were de novo AML cases while 29 patients were
in relapse. As regards FAB classification, 37% were M1,
28% were M2, 15% were M4, 17% were M5 and 3% were
M6. Molecular studies revealed 36 patients had FLT3/
ITD mutation and 41 patients had NPM1 mutation A.
Regarding cytogenetic studies 35 patients were t(8;21)
positive and 27 patients were inv.16 positive.

MDRI gene expression levels

In the control group, MDRI gene expression level
ranged between 0.53 and 2.6 with a mean value of
1.129+0.620 and a median value of 0.894. However, in
AML patients, it ranged between 0.001 and 191.34 with
a mean value of 8.6724+26.260 and a median value of
1.258, with no statistically significant difference between
the two groups (P=0.57). MDR1 gene expression level in
de novo patients ranged between 0.005 and 29.446 with
a mean value of 3.637+6.5 while in relapsed patient, it
ranged between 0.132 and 191.34 with a mean value of
13.3634+39.21 and no statistically significant difference
between the two groups (P=0.66). AML patients with
MDRI gene expression level below cut off value which
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Table la. Comparison between AML Patients with
MDRI1 Negative or Positive According to Their Clinical
and Laboratory Data

Parameter MDRI1 negative MDRI positive P-value
n=48 (48%) n=52 (52%)
Age
Adulthood 44 (47.3%) 49 (52.7%) 0.71
Childhood 4 (57.1%) 3 (42.9%)
Gender
Male 24 (51.1%) 23 (48.9%) 0.56
Female 24 (45.3%) 29(54.7%)
FAB Classification
Ml 19 (51.4%) 18 (48.6%) 0.132
M2 15 (53.6%) 13 (46.4%)
M4 9 (60%) 6 (40%)
M5 and M6 5(25%) 15 (75.8%)
Mol. studies
FLT3-ITD wild 34 (53.1%) 30 (46.9%) 0.171
FLT3-ITD mutant 14 (38.9%) 22 (61.1%)
NPM1 WILD 28 (47.5%) 31 (42.9%) 0.89
NPMI mutant 20 (48.8%) 21 (51.2%)
Cytogenetic studies
t (8;21) positive 16 (45.7%) 19 (54.3%) 0.74
t (8;21) negative 32 (49.2%) 33 (50.8%)
inv.16 positive 12 (44.4%) 15 (55.6%) 0.67
inv.16 negative 36 (49.3%) 37 (50.7%)

*, Significant at P < 0.05

was the mean expression level in the control group+2SD
(2.403) were considered as “MDR1 Negative”, while
those with expression level higher than (2.403) were
considered as “MDRI1 Positive”. Forty eight patients
were MDRI negative with MDRI gene expression
level ranged between 0.001 and 1.057, a mean value of
0.344+0.329 and median value of 0.215. Fifty two patients
were MDR1 positive where MDR1 gene expression level
ranged between 1.133 and 191.34 with a mean value of
16.360+34.827 and median value of 4.69. Statistical
analysis showed significant difference in expression levels
between the two groups with p value = 0.00. Comparison
between AML patients with MDR1 negative versus
positive according to their clinical and laboratory data
was described in Table la and 1b.

Correlation between MDR1 expression levels, FIT3/ITD
and NPM1 mut. A and response to therapy
Complete remission (CR) was defined as recovery

Table 1b. Comparison between AML Patients with MDR1 Negative or Positive According to Their Laboratory Data

Parameter MDRI negative n=48(48%) MDRI positive n=52(52%) P-value
Range Mean+SD Median Range Mean+SD Median

Hb gm/dL 3-13.7 7.8+2.1 7.6 3.7-12 7.4£1.9 7.3 0.343

TLCx10%/cm? 3.3-272 55.625+62.1 39 1.5-312 62.996+67.7 51.75 0.456

Plts x10%/cm? 6-386 80.8+87.1 44.5 5-228 48.7+£53.7 28 0.030*

P.B blast (%) 10-95 51.8+£25.5 52.5 Oct-99 53.84£28.6 55.5 0.702

B.M blast (%) 21-99 76.0+£21.9 86.5 21-99 74.94£25.3 85 0.836

*, Significant at P < (.05
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Figure 1. OS in MDR1 +ve Group Regarding FLT3/ITD and NPM1mut.A status
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Figure 2. OS in MDR1 -ve Group Regarding FLT3/ITD and NPM1mut.A Status

of bone marrow morphology with less than 5% blasts,
neutrophil count 1/109/L or more, platelet count
100/109/L or more, and no evidence of extra medullary
leukemia. Resistant disease (RD) was defined as treatment
resistance when evaluation did not meet the criteria of
complete remission. Early death was defined as death
before completion of the induction therapy cycle. These
latter patients were not included in evaluation of resistant
disease. Fifty seven patient achieved CR with MDR1 gene
expression level ranged between 0.003 and 29.45, with
a mean value of 2.912+5.592 and median value of 0.86.
Forty three patients had RD with MDR1 gene expression
level ranged between 0.001 and 191.341, with a mean
value of 16.308+38.458 and median value of 3.68. There
was statistically significant difference noticed in MDR/
gene expression between the two patients groups with
P value <0.001. In this study, 48 patients were MDR1
negative with 32 patients achieved CR after induction
therapy and 16 patients had RD. However, 52 patients
were MDR1 positive with 25 patients achieved CR after
induction therapy and 27 patients had RD. There was
no statistically significant difference between patients
as regards the response to therapy in the 2 groups (P
value 0.061). Regarding FLT3/ITD mutation, there was
statistically significant difference between cases who
achieved CR and those with RD with p-value (0.002),

2424 4sian Pacific Journal of Cancer Prevention, Vol 20

where CR rates were higher in patients with wild FLT3/
ITD than in mutant FLT3/ITD patients. While NPM1
mutation A showed no statistically significant difference
between cases who achieved CR and those with RD with
P-value 0.14. AML patients were stratified into groups
according to MDRI gene expression, FLT3-ITDs and
NPMI mutation A status. Statistical analysis of studied
molecular genetic abnormalities regarding the response
to therapy show significant difference between cases
who achieved CR and those with RD within patients
with MDR1 +ve with P-value=0.020* where CR rate
was higher with (FLT3/ITD wild, NPM1 mut.A neg.) and

Table 2. Correlation between MDR1 Expression Levels,
FIT3/ITD & NPM1 Mut. A and Response to Therapy

Subgroup CR RD P-value
FLT3/ITD mutant, NPM1 +ve 2 3
FLT3/ITD mutant, NPM1 -ve 3 14
MDRI1 FLT3/ITD wild, NPM1 —ve 9 5 0.020%*
Positive  FLT3/ITD wild, NPMI1 +ve 10 6
FLT3ITD mutant, NPM1 +ve 3 2
FLT3/ITD mutant, NPM1 —ve 5 4
MDRI FLT3/ITD wild, NPM1 —ve 13 6 0.349
Negative FLT3/ITD wild, NPM1 +ve 12 3

*, Significant at P < 0.05
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Figure 4. DFS in MDR1 -ve Group Regarding FLT3/ITD and NPM 1mut.A Status

(FLT3/ITD wild, NPM1 mut.A pos.). While AML patients
with MDR1 -ve showing no statistically significant
difference between cases who achieved CR and those
with RD with P value = 0.349, Table 2.

Correlation between MDR1 expression levels, FIT3/ITD
and NPM1 mut. A and OS and DFS

AML patients were followed up for 6-24 months
according to available clinical data, the Overall Survival
rate (OS: defined from the date of diagnosis till the
date the patient died, or was last seen) and the Disease
Free Survival rate (DFS: defined from the date of CR
achievement till the date the patient relapsed) were
assessed. AML patients with MDR1 negative had a
cumulative DFS at 6 months 47.3%, while patients with
MDRI1 positive had a cumulative DFS at 6 months of
16.9%, with statistically significant difference encountered
between the two patients’ group (P value 0.004). While,
AML patients with MDR1 negative had a cumulative OS
at 6 months 56.3%, while patients with MDR1 positive
had a cumulative OS at 6 months 28% , with statistically
significant difference between the two patients’ group (P
value 0.01). After stratifying AML patients into groups
according to studied molecular genetic abnormalities.
MDRI1 +ve group and MDRI -ve showing significant
higher OS and DFS in FLT3/ITD wild patients whether

NPMI is mutant or not, Figures 1-4.

Discussion

Multidrug resistance may be an inherent phenomenon
seen before medications or acquired after an initially
successful treatment begins (Filipits, 2004). The MDR
phenotype is described as the simultaneous resistance
against various drugs that have no structural similarity
and act on different molecular targets. It is a multifactorial
phenomenon with biochemical resistance mechanisms in
common, which can include the reduction of intracellular
drug concentrations by changes in its influx/efflux (Larsen
etal., 2000). Here, we aim to investigate the expression of
the MDRI gene in AML patients, to identify their role on
both the progression and chemotherapeutic refractoriness.
As this is important chemotherapeutic drug transporters,
quantification of this gene by real-time PCR offers
particular promise as prognostic markers and markers for
drug resistance in AML patients together with assessment
of known prognostic molecular markers; FLT3-ITD and
NPMI1 mutations. In our study, MDRI gene expression
was insignificantly higher in AML cases compared to
controls with P value = 0.57. This is in agreement with
(Xu et al., 2008; Farawela et al., 2014) who reported that
the expression of MDR1 gene was significantly higher in
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AML patients than in normal controls. Also, MDR! gene
expression was insignificantly higher in relapsed cases
compared to de novo cases with P value = 0.66. Several
studies have reported a higher MDR1 expression at time
of relapse as compared to time of diagnosis (Farawela
et al., 2014; Beck et al, 1996; Gekeler et al., 1992).
However, most studies suggest an identical expression
or even lower level of MDRI in relapsed/refractory AML
(Hartetal., 1994; Sato et al., 1990). Moreover, Huh et al.,
2006 reported that MDR mRNA expression did not give
significant effects on tendency to relapse or continuous
CR status after induction chemotherapy. Our AML patients
were divided into 2 groups; MDRI1 negative and MDR1
positive according to Farawela et al., 2014. Forty eight
patients were MDR 1-negative and 52 patients were MDR 1-
positive. This is in accordance with (Leith et al., 1999;
Fujimaki et al., 2002). Their studies reported that over a
third of AML patients had MDR1 expression. Also, these
frequencies were higher than those previously reported
in the study of Schaich et al., (2004) who reported that
25% their AML patients had MDR 1expression-positive
in addition to (Huh et al., 2006; Farawela et al., 2014)
who reported that MDRI gene was expressed in 23.1
% and 39.6 % of AML patients, respectively. On the
contrary, Pirker et al., (1991) reported positive MDR]
gene expression in about 71% of their AML cases. There
was no statistically significant difference noticed between
AML patients with MDR 1-negative and MDR1-positive
as regards their age, gender, FAB classification or other
clinical and laboratory features except for platelet count
which was higher in MDR1 negative patients. This is
in accordance with (Illmer et al., 2002; Farawela et al.,
2014). As regards response to induction therapy; MDR]
gene expression levels were significantly higher in AML
patients with RD with P value < 0.001. Our results are
similar to Farawela et al., 2014 who observed that MDR1
gene expression levels were higher in cases with RD
than cases who achieved CR; however it didn’t reach
statistically significant difference. FLT3ITD represents
one of the most frequent genetic alterations in AML.
In our study FLT3/ITD showed statistically significant
difference between cases who achieved CR and those with
resistant disease were FLT3/ITD higher in patients with
RD. This is in agreement with Wang et al., (2017) who
reported that FLT3ITD-positiveAML patients had higher
relapse incidence. These observations have validated
FLT3 as a therapeutic target in AML with FLT3 inhibitors
have shown promising results when combined with
standard therapy. In our study, NPM1 showed statistically
insignificant difference between cases who achieved CR
and those with RD were NPM1 mutation was higher in
patients with CR. Similarly, Zidan et al., (2013) reported
that NPM 1 mutation is a prognostic factor for a favorable
outcome in Egyptian population. The current work aimed
to verify the impact of the studied molecular genetic
abnormalities on the response to therapy. AML patients
were stratified into groups according to MDRI gene
expression, FLT3/ITDs and NPM1 mutation A status.
In MDR positive group, wild FLT3/ITD with or without
NPM1 mutation was favorable in achieving CR with p
value (0.02). In MDR negative group, wild FLT3/ITD with
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or without NPM 1 mutation showed insignificantly higher
CR rates with p value (0.35). However, Farawela et al.,
(2014) reported that there was no statistically significant
difference noticed between cases who achieved CR and
those with RD except for those with negative for MDR1
expression together with mutated NPM gene where CR
rate was higher in this group. Our patient with wild FLT3/
ITD showed significantly higher DFS and OS with p
value 0.001 and <0.001, respectively. Similar to Wang
et al., (2017) who reported that FLT3ITD-positive AML
patients had lower DFS as well as OS. Our Patient with
NPM mutant showed insignificantly higher DFS and OS
with p value 0.709 and 0.708, respectively. This is in
agreement with that previously reported by Verhaak et
al., (2005) who reported that NPM1 mutations express
independent favorable prognostic value with regard to
OS, and DFS. Kaplan-Meier curves revealed statistically
significant difference between MDR1-negative and
MDR I-positive patients regarding their DFS and OS
between the two groups where DFS and OS were higher
in MDR1-negative patients with p value 0.004 and 0.01,
respectively. This is compatible to that previously reported
by (Pirker etal. 1991; Schaich et al., 2004) who reported a
significant decrease in both DFS and OS of AML patients
with detectable MDRI gene expression compared to the
DFS and OS of MDR1 RNA-negative patients. Also, Huh
et al., 2006 reported that MDR1-positive AML had poor
2-yr survivals; yet this observation was not supported by
statistical analysis.

In conclusion, the results obtained by the current work
together with the previous researches concerning the study
of multidrug resistance genes in acute myeloid leukemia
patients providing additional evidence of the role played
by these genes as predictors of chemoresistance and poor
treatment outcome. Hence, MDR1 blockade-mediated
chemoresistance reversal, or novel chemotherapeutic
approaches directed against cancer expressing MDR1
could enhance tumor eradication and contribute to durable
clinical response.
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