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Abstract
Adenosine triphosphate (ATP) binding transporters are one of the chief reason behind drug resistance.
There are forty nine adenosine triphosphate binding cassette (ABC) transporters. Some of them are
Multidrug resistance associated protein-1 (MRP 1), Breast resistance cancer protein (BCRP), and P
glycoprotein (P-gp). Their expression in the cell causes expel out of drugs from the cell. Therefore, the
patient is incapable of achieving remission or may relapse.

Methodology: Peripheral blood samples of 40 patients with denovo AML were taken in this study. QRT
PCR and ELISA was performed to evaluate the MRP 1 gene and MRP 1 protein expression respectively. A
relationship was analyzed between MRP 1 expression and complete remission.

Results: Out of 40 patients, males were predominant i.e., 55 percent in the current research. The frequency
of acute myeloid leukemia was the highest in the age group of 25–39 years both in males and females.
Between MPR 1 gene expression and complete remission, clinical relevance was observed in this study,
69.2 percent of patients with high gene expression failed to attain complete remission (P value > 0.05)
whereas results of MRP 1 protein analysis was statistically nonsignificant. Moreover, other parameters
such as FLT3, NPM1, and cytogenetics indicated no relationship with MRP 1.

Conclusion: This study provides a basis to further evaluate the role of ABC transporters for future
researches. However, larger sample would be required to validate the results.

Introduction
Malignancy is one of the most common reasons for mortality worldwide. According to the World Health
Organization statistics, around 13.1 million deaths can be anticipated by 2030 owing to malignancies (1).
Hematological malignancies are the most lethal malignancy consisting of 4% of all cancers. Numerous
researches have proposed that it is considered the most common cause of death below 40 years age in
males, and around half of all new malignancies in females are associated with blood cancer. Acute
myeloid Leukemia characterizes as mixed malignancy categorized by clonal multiplication and
compromised of differentiation of myeloid precursors with varied outcomes. Even though improvements
in concepts of the molecular diversity and pathogenesis of AML, and slight advancement in the
conventional therapy for AML over the past forty years but treatment failure, advanced disease and
narrow treatment choices remain significant hurdles for AML patients. Drug resistance can also cause
failure in induction or relapse (2). Some recognized causes of drug resistance include specific proteins
and enzymes, variations of miRNAs, and atypical activation of specific signal pathways involved in drug
resistance. One of the major reason of treatment failure is drug efflux by some transporters present on the
cell membrane. Some transporters are substrate-specific for certain anticancer drugs, specifically
cytarabine and daunorubicin. Several drug transporters have been well researched, like P glycoprotein (P-
gp/MDR1/ABCB1), which belongs to the ATP-Binding Cassette (ABC) superfamily, multidrug resistance
protein 1 (MRP1/ABCC1) and breast cancer resistant protein (BCRP/MXR/ABCP/ABCG2) (3) The human
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multidrug resistance-associated protein 1 (MRP1) is a member of the ATP-binding cassette (ABC)
transporter superfamily and is encoded by the ABCC1 gene on chromosome 16p13.1 (4). MRP1 is a
single polypeptide chain consisting of three membrane spanning domains, two cytosolic nucleotide-
binding domains (NBD1 and NBD2), and the N terminal of unidentified function as represent in Fig. 1.
When substrate binds to transmembrane domain, drug enters into the cell. Nucleotide binding domain
dimerizes causes TMDs facing outwards causes efflux of drug outward (Fig. 2). MRP 1/ ABCC1 is
responsible for the efflux of necessary anticancer drugs, for instance, Vinca alkaloid, Anthracycline, and
Methotrexate (5).

Objectives of the study

To ascertain the expression of the MRP1 gene in AML patients

To determine the relationship between MRP1 gene expression and response to remission induction in
AML patients

To estimate the MRP1 protein expression in prechemotherapy patients regarding remission induction
in AML patients

Materials And Methods
The study conducted was a cross-sectional longitudinal analysis. The ethical approval of this study was
conferred by the Institutional Review Board of Dow University of Health Sciences through letter reference
no IRB-1663/DUHS/Approval/2020 dated June 8, 2020. The  peripheral blood samples  (n=40) of
 diagnosed AML patients before chemotherapy  were collected from the bone marrow transplant unit of
Ojha (Dow University of Health Sciences) and Jinnah Postgraduate Medical Center (JPMC). Informed
consent obtained from all participants before taking the blood samples. The experiment was carried out
in Dow Diagnostic Research and Reference Laboratory (DDRL) at the Dow Research Institute of
Biotechnology and Biosciences (DRIBBS) Karachi, Pakistan. The duration of this study was 15 months,
starting from July 2020 to September 2021, after approval from the Ethical Committee, Institutional
Review Board (IRB on June 8, 2020), and Board of Advanced Studies and Research (BASR on September
5, 2020). AML patients both male and female ranging from 16 to 60 years on same treatment protocol
were included in this study. Patients with APL (AML-M3) and patients who expired during induction
chemotherapy were exclude out from this study. Using Statistical Package for Social Sciences (SPSS)
version 21, the data variables were assessed. Descriptive analysis was carried out to generate frequency
distributions. Categorical data were analyzed by using chi-square. An inter-class correlation was done to
check the agreement between the two techniques either results of qRT PCR and ELISA is comparable or
not. 

Treatment protocol and complete remission  

AML patients received 3+7 regimen (3 d of an IV anthracycline daunorubicin at least 60 mg/m2 7 d of
continuous infusion cytarabine (100-200 mg/m2) were assessed for complete remission after induction
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therapy. Complete remission is explained by blast cells lower than 5 percent in bone marrow with absence
of Auer rods and extramedullary disease and return of peripheral blood report to normal.

RNA Extraction and Real-time quantitative reverse transcription polymerase chain reaction (qRT PCR)

The mRNA level of multidrug resistance gene MRP1 were analyzed by qRT PCR. Isolation of total RNA
was done by using Nucleospin RNA blood kit according to manufactures guidelines. Then RNA was
reverse transcribed according to the instruction of Revert Aid First Strand cDNA Synthesis
Thermoscientific Kit. The final step was qRT PCR by following the manufacturers protocol (Bright Green
2X qPCR MasterMix- Low ROX. Cat no:  MasterMix-LR).  Reaction mixture 10 microliter was prepared by
adding master mix 5 microliter, primers 0.5 microliter, cDNA 2 microliter, nuclease free water 2.5 microliter.
Denaturation step (95 °C   for 3 sec) followed by primer annealing (60° C for 30 seconds). The expression
level of target gene was calculated by normalizing it to a housekeeping gene beta actin. The relative gene
expression levels were calculated by the 2−ΔΔCT method then two-fold change was calculated.
Determination of MRP 1 mRNA were done in triplicate.

Primers

The sequence of primers for MRP 1 Forward- CAGCCTACTGCCTCGGATCT   Reverse-
ACTGCAGCCCCAAGGAATG. B ACTIN   Forward- TGGGCATGGGTCAGAAGGAT    Reverse-
AGGTGTGGTGCCAGATTTTCTC

Protein (MRP 1) expression analysis by ELISA

The serum was separated out in two aliquots for duplicate reactions and stored at -80 °C till further
process. Firstly Standard sample solution was made again with 1 ml of standard diluent. The
concentration of standard in stock solution was 10ng/ml. Standard diluent of 0.5ml were made in 7
tubes and double serial dilution was prepared. Each tube was comprehensively mixed.  The Tubes were
arranged as 10ng/ml, 5ng/ml, 2.5ng/ml, 1.25ng/ml, 0.625ng/ml, 0.312ng/ml, 0. 156ng/ml. The wells
were assigned as standard, blanks and samples. Diluted standard of 100 µl was added in each well. The
plate was incubated for 1 hour at 37°C. About100 µl of Detection reagent was added and incubated at
37°celsius for one hour. The solution was aspirated and washed thrice with 350 µl wash solution. After
the last wash, any remaining wash buffer was discarded by aspirating and the plate was inverted on an
absorbent paper. Then 100 µl of detection reagent B was added and the plate was once again covered
with sealer and incubated for 30 minutes at 37°C. The solution was washed 5 times with wash solution.
90 µl of TMB substrate was added in each well and incubated for 20 minutes at 37°C. 50 µl of Stop
solution was added to each well. The Optical density was recorded at 450nm. The average was taken for
each duplicate reading for standards and samples and the blank was subtracted.

Result
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40 patients of denovo AML were included in this study, 20 patients achieved remission, 13 patients has
high expression of MRP 1 gene and 27 patients has low expression. Demographic analysis shown in
Figs. 3 and 4. Table 1 shows 4 (30.8%) patients who achieve remission had high expression of gene while
9 (69.2%) of the patients fail to achieve remission had high expression of MRP 1. Statistical evaluation
shown non significant p value which might be due to smaller sample size. Table 2 shows relationship
between MRP 1 proteins with complete remission, out of 40 patients 5(38.5%) had high expression of
MRP 1 protein with no remission. Statistical results were non-significant. Association between FLT3 and
MRP 1 was analyzed and results were statistically non significant as presented in table We investigated
whether there is an association between cytogenetics with MRP 1 gene expression in table and we found
no association between them. We further investigated whether the association between NPM1 and MRP
1 exists, results showed non significant P value in Table 1.

Table 1
Number of patients with and without remission in relation

to MRP1 gene in AML patients
MRP1

Gene

Achieve Remission P-value

Yes No

High expression 4 (30.8%) 9 (69.2%) 0.091^

Low expression 16 (59.3%) 11 (40.7%)

Table 2
Number of patients with and without remission in relation

to MRP1 protein in AML patient
MRP1 Protein Achieve Remission P-value

Yes No

High expression 11 (40.7%) 5 (38.5%) 0.890^

Low expression 16 (59.3%) 8 (61.5%)

Intraobserver Reliability
We found no agreement of MRP 1 when observed through two techniques (PCR and ELISA) by applying
intraclass correlation (ICC = 0).

Discussion
Effective treatment in AML remains an unsolved question. Conventional methods like Cytarabine,
Daunorubicin, or Idarubicin, though effective, cause chemotherapy resistance which is a prevailing
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problem that brings about resistance and ultimately death. Going into a novel prognostic marker can be
effective for personalized treatment in leukemia patients (6, 7). Hitherto, a considerable number of AML
patients did not attain complete remission, several patients responded poorly and relapsed later. Though
drug resistance remains an area of interest for researchers, further researches need to be conducted.
Various methods have been developed regarding drug resistance such as drug resistance associated
proteins like Multidrug resistant protein (MDR), Lung related protein (LRP), MRP 1, Breast cancer resistant
protein (BCRP), etc. Some enzymes like Glutathione S-transferases (GST), Protein kinase C (PKC), etc.
also play a vital role. Gene alteration plays a significant role in drug resistance (FLT3, RAS family, IDH,
ASXL1). Several inhibitors are on clinical trials to restrain drug resistance (8). The contribution of efflux
transporters like ABC transporters is of primary concern for drug resistance as the chemotherapeutic drug
influx is imperious for successful treatment (9). Even though extensive studies have been done, the role
of ABC transporters is so far not comprehensible. ABC transporters are one of the largest families of
transmembrane proteins, found in every living organism and play a primary role in drug efflux, which is
the most usual cause of drug resistance. Many of the ABC transporters have been investigated in various
malignancies like prostate (10), neuroblastoma (11), blood malignancies (9), etc. Several researches
manifested coexpression between ABC transporters. Coexpression, considered one of the poor prognostic
markers, is compared with those who expresses one efflux transporter (ABC) (12–17). In our population, a
small number of drug resistance transporters have been examined. From this perspective, the current
research was designed to explore one of the ABC transporters, MRP 1, in AML patients. MRP 1 protein in
AML patients in our population has not been investigated yet, but it was analyzed by ELISA.

Demographic analysis revealed that males are more affected than females (Fig. 3) in this study. This
finding is consistent with previous studies (7, 9). As long as the age is concerned, the mean age was
found to be 33.15 ± 10.63. Most of the patients were between 25 to 39 years of age (Fig. 4)This finding is
in line with other studies that reported more patients were enrolled between 15 to 40 years of age (9). The
reason for the predominance of young adult males in AML might be because of obesity, poor dietary
habits, or occupational hazards like ionizing radiation, tobacco smoking, and people belonging to rural
areas working in agriculture fields, or animal farming (18, 19). Nearly 80% of younger AML patients
reached remission after induction therapy and a majority of them relapsed with resistance to the current
treatment method. Even in patients treated with aggressive therapy, the 5 year survival rate is less than
35% (20–22). Some of the drug efflux transporters corresponding to age have been analyzed such as
MDR1 expression. The efflux of the drug grew with age from 17% in patients less than 35 years old to
39% in patients above 50 years. In opposition to MDR1, expression of MRP 1 decreased with the age of
the patients. Likewise, expression of BCRP was high in above 60 years patients (ABC/ efflux transporter)
(22–24). According to the current study, the expression of MRP1 increased (70.6%) with the age between
25 to 39 years (70.6%) contrary to patients less than 25 years (27.3%).

This study found that there is a upregulation of MRP 1 gene in patients who didn’t reach remission
(69.2%) as shown in (Table 1). Maria Paprocka1 et al also reported overexpression (86%) of MRP 1 in
patients who didn’t reach remission (7). Though, some other studies showed that MRP 1 had no
significance to anticipate treatment response, has no prognostic value, and its relationship with remission
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is somehow contentious (25–29). On the other hand, Antonella Maria Salvia, et al. noticed upregulation
of ABCC1/ MRP1 in relapsed and no remission groups. They also asserted that failure in
chemotherapeutic response can be due to MDR 1 gene (one of the ABC transporter) which was related to
poor prognosis (30). There are 49 ATP-binding cassette (ABC) transporters express on multiple cells of
the body and several researches have revealed the role of multidrug resistance genes in several
carcinomas. One previous research concerning multidrug resistance was conducted in Russia in 2019
which presented its results about one of the multidrug resistance genes MDR 1 in primary AML patients,
in which MDR 1 moderately corresponded to poor therapy response and resistance to cytarabine, and
strongly corresponded to resistance with daunorubicin (31). In 2019, Huang Y et al examined ABCB1,
ABCB4, ABCC1, ABCC4, and ABCG2 gene expression in 96 AML patients and found out that patients with
no complete remission had a higher level of multidrug resistance protein. They also established that
failure to efflux transport inhibitor therapy could be due to the existence of more than one transporter (12,
32).

Literature search suggested that acute myeloid leukemia has diverse entities observed by diverse
pathophysiologic, clinical, cytogenetic, and molecular profiles that benefit from customized treatments
and have different responses and results. Based upon cytogenetics and molecular profile, patients are
categorized as favorable, intermediate, and unfavorable risk groups as stated earlier. FMS-like tyrosine
kinase 3 (FLT3) plays a major role in cell proliferation and the survival of hematopoietic progenitor cells.
It mutates frequently in AML patients accounting for 25 to 30% (33). There is a poor risk of FLT3
mutation with normal cytogenetics. NPM1 is another mutation found in AML, and it occurs in 45–64% of
the AML cases. With good cytogenetics, patients with NPM1 mutation have a good prognosis, but when it
coexists with FLT3/ ITD, it shows a poor prognosis (34–36). Hirsch and his co-workers investigated the
relation between multiple prognostic specifications like age, FLT3, NPM1, CEBPA, and the role of ABC
transporters as an autonomous prognostic factor in adult AML patients with favorable karyotyping (12,
37). With respect to previous researches, the relationship of FLT3, NPM1, and cytogenetics with our gene
of interest i.e. MRP 1 in this study was analyzed.

As far as the relationship between FLT3 and MRP 1 expression is concerned, it was found that FLT3
positive patients showed overexpression of MRP1 but our results were statistically insignificant (Table 3)
which is in accordance with the analysis of Salvia AM and his colleagues who reported overexpression of
ABCC1/MRP1 and ABCC6 (one of the efflux transporter) in FLT3 positive AML patients (28).

Table 3
Association between FLT3 mutation and MRP 1 gene

expression
MRP 1 gene FLT3 Mutation P-value

Positive Negative

High Expression 4 (66.7%) 14 (43.8%) 0.138^

Low Expression 2 (33.3%) 18 (56.3%)
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Clinically, NPM1 mutations have a significant impact on prognosis in acute myeloid leukemia patients. It
has been recorded that patients with the NPM1 mutation have a favorable prognosis and notable
complete remission (CR) after chemotherapy compared to non-mutated patients (38). About NPM1
mutation and MRP 1, no significant relation was found in the research Table 4 which is in line with
previous studies. As far as the association between MRP 1 and karyotyping is a matter of concern, the
current study didn’t find any association between them Table 5 which is in agreement with previous
studies (13, 37, 38). However, some studies reported that the deletion of MRP 1 in inv (16) karyotype was
connected with good outcomes in AML patients (13, 30, 39).

Table 4
Number of the patients with NPM1 mutation in

association with MRP 1 gene expression
MRP 1 Gene NPM1 P value

Positive Negative

High expression 8 (40.0%) 7(38.9%) 0 .944^

Low expression 12(60%) 11 (61.1%)

Table 5
Association between Favorable and unfavorable

karyotyping with MRP 1 gene
MRP 1 Gene Karyotyping P value

Favorable Unfavorable

High expression 7 (46.7%) 12 (50%) 0 .839^

Low expression 8 (53.3%) 12 (50%)

^ Chi square Test; P value < 0.05 considered as statistically significant

Previous researches have suggested that efflux transporters can be regarded as independent prognostic
markers in addition to FLT3, NPM1 mutation, and cytogenetics (37, 40).

Strength Of The Study
Patients recruited for this study have received the same type of treatment protocols and were pursued
prospectively for the assessment of the remission status to reduce the heterogeneity of the data. MRP 1
was never done in Pakistan before.

Conclusion
Based on the similar previous studies multidrug resistance is one of the major cause of treatment failure
in AML patients but we haven’t found statistical significance in this study. Though P value was near to
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significance i.e. 0.09 therefore, it can be concluded that comprehensive multicenter studies with increase
in the sample size are prerequisite to validate the findings of this study. This study might be helpful for
oncologist and researches to choose the better treatment options after confirmation of the results.
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Figure 1

Structural representation of ABCC1. Membrane spanning domain consist of 11 helices. MSD 0 consist of
5 , MSD1 and MSD 2 consist 6 helices. NBF is attached to MSD 1 and MSD 2.

MSD: membrane spanning domain   NBF: nucleotide binding fold

Figure 2

Mechanism of ABC transporters

TMD: Transmembrane domain, NBF: Nucleotide binding fold
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Figure 3

Gender wise distribution of study sample. 

Figure 4

Age wise distribution of study sample.
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