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ABSTRACT 

Introduction: Acute myeloid leukemia (AML) is a cancer that affects the myeloid line of blood
cells. It is the most prevalent type of acute leukemia in adults. This study aimed to provide
insights into Iraqi patients diagnosed with Acute Myeloid Leukemia (AML). 
Methods: A total of 90 samples were included in the study,60 samples were from patients
with AML and 30 were from healthy controls, both males and females, with ages ranging
from (16-73 years). Peripheral blood samples were collected from all patients and healthy
controls groups, patients of AML. from (March 2023 to December 2023). Serum levels of
IL-6, IL-10, and TNF-α were estimated using an ELISA kit, and hematological parameters,
such as RBC count, HB, HCT, platelets, and WBC count, were measured using (CBC) 
apparatus (HUMA COUNT30/Germany). The difference in MDR1 gene expression between
patients with acute myeloid leukemia and healthy individuals was investigated.
MDR1 expression was measured after extraction of total RNA at various concentrations, and
gene expression was used to calculate the double ΔCt value to assess MDR1 expression in
the presence of GAPDH as a reference gene.
Results: IL-6, IL-10, and TNF-α levels were significantly higher in newly diagnosed and
relapsed patients with AML than those in the control group, and their levels decreased in
patientswith AML responded to the chemotherapy. However, the results showed a significant
decrease in RBC count, percentage of Hb and HCT and Platelets in newly diagnosed patients
compared with the treated and healthy control groups, while a significant increase in WBC
count of newly diagnosed and treated leukemia was comparable to that of the healthy control
group. Based on statistical analysis of gene expression folding (2-ΔΔCt) indicated that there
was a significant decrease in the gene expression of MDR1 in Leukemia patients treated
(0.6447) compared to the results of the gene expression in the MDR1 in other two groups,
leukemia patients (without treatment) and the healthy control group (1.1401) (1.3585,
respectively).
Conclusion: Immunological parameters, CBC, and significant differences in MDR1 gene
expression are important indicators of the severity and treatment response of patients with
AML. 
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INTRODUCTIONINTRODUCTION

Acute myeloid leukemia (AML) is a form of leukemia that is characterized by
multiple types of irregular myeloid cells known as myeloid cells, which can be
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identified through clinical, cytogenetic, and molecular
analysis (1). It is the most lethal form of leukemia (2).
Manifest the buildup of hematopoietic cells in lymph or
blood circulation (3). A rapid increase in abnormal
white blood cells in the bone marrow impairs the pro­
duction of normal white blood cells (4). This is a 
clearly defined subset of the diseases. It comprises a
significant proportion of adults (5). The median age 
of the patients was 67 years (5). Regrettably, the 
underlying cause of AML remains predominantly
unidentified (6). Several risk factors have been 
implicated, including exposure to radiotherapy,
chemotherapy, benzene, and radiation (7).

Furthermore, numerous studies have suggested
that genetic modification is linked to increased suscep­
tibility to AML (7). The interaction between inflamma­
tion and the tumor microenvironment (TME) is a key
factor that contributes to the growth of cancer cells.
The tumour microenvironment (TME) is an intricate
network that encompasses tumor and immune cells,
cytokines, enzymes, and various other components (8).
Cytokines, which are crucial mediators of immune
responses, facilitate the coordination of cellular 
activities with immune responses. Cytokines also play a
role in externalizing the cellular defense (9). In patients
with acute myeloid leukemia (AML), Cytokines are
released by leukemic blasts and immune cells in
patients with acute myeloid leukemia. However, the
exact role of these cytokines in the development of
acute leukemia is not fully understood (10).

Multiple studies have confirmed a correlation
between acute myeloid leukemia (AML) severity and
the presence of interleukin 6 (IL 6) (11). Tumor necrosis
factor­alpha (TNF A) and chronic inflammation are
closely linked to the tumor environment. Interleukin 6
(IL 6) is a cytokine that has various inflammatory effects
and different effects on the growth of leukemic blasts
(12). Interleukin 6 levels in the bloodstream can serve as
prognostic indicators in addition to the follow­up 
criteria for early identification of relapse in individuals
diagnosed with acute myeloid leukemia (13).

TNF­α, an inflammatory cytokine, is predominantly
synthesized by macrophages. It has the capacity to
stimulate cell differentiation and proliferation as well
as induce cell death and regeneration. Consequently,
TNF­α has been associated with various diseases,
including cancer. This cytokine plays a role in cancer
progression, as it is involved in all cellular processes,
including survival, proliferation, transformation, angio­
genesis, invasion, and metastasis (14,15).

However, IL 10 is the primary anti­inflammatory
cytokine involved in the human immune response. It

acts as a suppressor of Th1 cytokines, such as IL 2 and
IFN g, andr of the production of pro­inflammatory y
cytokines in monocytes/macrophages s. IL 10 has been
found to be present ine leukemic cells in f the majority
of ALL and AML cases. It inhibits t immune responses,
indicating that IL 10 may be linked to the ability of
leukemia cells to evade immune surveillance (16).

MDR1, also known as P glycoprotein (P gp), is a 
protein that belongs to the ATP binding cassette sub­
family. It is necessary for the ATP­dependent removal
of a wide variety of substances from cells (17). This
transporter plays an essential role in drug disposition,
including drug absorption, distribution, and excretion.
Additionally, it may be involved in steroid regulation
(18). MDR1, a human gene, is located on chromosome
7q21.12 and consists of 29 exons, which vary in size
from 49 to 587 base pairs. The genomic region that
encompasses the MDR1 gene spans 209.6 kilobases
(19). The cDNA comprised 3843 nucleotide base pairs
(20).

MDR1 is expressed in organs involved in xenobiotic
metabolism and excretion (the gastrointestinal system,
kidney, and liver). Therefore, MDR1 plays a crucial role
in eliminating carcinogenic substances (21). MDR1
exhibited a high degree of genetic variation.
Approximately 1000 single nucleotide polymorphisms
(SNPs) have been identified (22,23). The SNP C1236T in
exon 12 has the same meaning as another SNP, and 
different genetic studies have focused on the C3435T
variant in exon 26. This genetic variation impacts 
the expression, function, and activity of MDR1 
transcription through different processes (24). Several
genetic epidemiological studies have reported a 
positive association between this polymorphism in
MDR1 and cancer risk, such as acute lymphoblastic
leukemia, breast cancer, acute myeloid leukemia, and
non­Hodgkin lymphoma (25,26).

M1/P gp is present in various tissues throughout 
the human body, including the liver, pancreatic ducts,
intestine, kidney, adrenal cortex, placenta, endothelium
of brain capillaries, and the choroid plexus epithelium
(27). In addition, certain blood cell populations exhibit
substantial levels of MDR1. Approximately 50 percent
of patients with AML or acute myeloid leukemia have
leukemic blasts that express MDR1 or ABCB1, with a
slightly higher occurrence and intensity in older 
individuals (28). The MDR1 or ABCB1 gene product is
more common in older patients and has been more
closely associated with unfavorable outcomes in this
specific population group. The significance of MDR1 or
ABCB1 expression as prognostic factors may vary
depending on the patient’s age. This could be due to
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the fact that younger patients tend to receive more
aggressive chemotherapy treatments compared to
older patients. This bias could potentially overshadow
the importance of MDR1 or ABCB1 expression as 
prognostic factors in younger patients (29).

METHODS METHODS 

Patients and Control 

A total of 90 samples were included in the study; 
60 samples were from patients with AML, and 30 were
from healthy controls, both males and females, with
ages ranging from (16 73 years). Healthy controls were
recruited in the same age group as the patients, so
there were no significant differences in age. Peripheral
blood samples were collected from all patients and
healthy control groups, patients of AML, were provided
by Nassyhria Teaching Hospital in Thi Qar City, Iraq, 
during the period from (March 2023 to December 2023).

The sera of patients and controls were assessed for
the levels of three cytokines, which were IL 6, IL 10, 
TNF α, using ELISA based on similar principles according
to the Elabscience company. Hematological para­
meters such as RBC count, HB, HCT, platelets, and WBC
count were measured using (CBC) apparatus (HUMA
COUNT30/Germany).

Extraction of RNA and Synthesis of cDNA 

The real­time PCR experiment was designed as a
singleplex assay, and the chemistry used in real­time
qPCR was the DNA binding dye SYBR Green1. The
method used for quantification of gene expression in
RT qPCR was “two steps” RT qPCR, in this method 
RNA was isolated from blood samples, after RNA
extraction, cDNA was synthesized by use reverse
transcriptase PCR and used as template for real time.
The used to investigate the expression of the MDR
gene. Total RNA was isolated using a GENEzol TriRNA
Pure Kit (Geneaid, UK). The extracted RNA was 
analyzed using a NanoDrop (Thermo Scientific). RNA
was converted into cDNA using TransScript One­Step
gDNA Removal and cDNA Synthesis SuperMix
(TRAN;China) according to the manufacturer’s
instructions. The quantitative real­time PCR system
(Stratagene Mx3000; USA)  was performed using SYBR
Green method (Syber green Master mix Kit; Promega
/USA). 

Primers Selection 

For the estimation of MDR1 expression, two primers
were used: one primer designed specifically for the
MDR1 gene and another primer designed specifically for
the housekeeping gene known as glyceraldehyde ­3­
phosphate dehydrogenase (GAPDH).

RT-qPCR Reactions and Analysis

A total volume of 20 μl reaction containing 4 μl of
cDNA, 12.5 μl SYBR Green master mix, 1 μl of each 
forward and reverse, and completed the volume with
nuclease­free water and was run according to the 
following program: an initial activation step at 94 °C for
4 min, 40 cycles of denaturation at 94 °C for 30 s,
annealing at 60 °C for 30 s, and extension at 72 °C for
20 min. s. qPCR procedure was performed, in 
duplicates.

Data Analysis 

The 2–ΔΔCt method was used to assess the 
transcription level in the studied samples. The follow­
ing equations summarize the optimal calculations to
determine the folding of the studied samples.

Folding = 2^ ΔΔCT, ΔΔCT = ΔCT treated − ΔCT 
control, ΔCT = CT gene − CT housekeeping gene (31).
The threshold cycle (CT) method was employed to 
calculate relative expression for quantitative RT qPCR.

Ethical Use of Data 

Upon explaining the study's objectives to the
patients, verbal consent was obtained from them prior
to conducting the interviews. Participant names were
substituted with identification codes to ensure data
confidentiality.

Statistical Analysis

One­way ANOVA and the chi­square test were used
to compare means and parametric variables. The
results were reported as the mean ± standard 
deviation, and LSD. Differences were deemed 
significant if p­values were < 0.05. Statistical analysis
was performed using the SPSS 19 Statistics.
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RESULTRESULT

Comparison of cytokine’s levels and hemato-
logical parameters of acute leukemia groups
compare with healthy control group
The data shown in fig. 1a indicate that there was a

significant increase (P≤0.05) in the levels of IL6 in
patient suffering from leukemia [new diagnosis 
(without treatment)] and treated patients with (37.60,
28.50 pg/ml) levels as compared to the healthy control
group (22.30 pg/ml). Interleukin 10 increase significantly
P ≤ 0.05) in leukemia [new diagnosis (without treatment

d)] and treated patientsh (16.63 and 9.60, ) respectivel,
s compared e with the control grouph (6.68 pg/ml). In
n contrast d, TNFα levels l increased e significantly 
P ≤ 0.05 in all patient groups p (newt untreated d and
treated leukemia patients with (165.26, 113.7, 0 and
108.6, respectively 6)y.s. The e results showedt a 
significant decreas (e P ≤ 0.0) 5 in f RBC count, percent­
age of Hb and HCT and Platelets in newly w diagnosed
s (without treated) leukemia patients t compared with
treated and healthy control group, s as shown in fig. 1
b, c, d, e respectively. As seen a in fig. 1 f exhibited that
a significant y increase in WBC count of new diagnosis

Figure 1 - (a) Serum IL6, IL10 and TNF levels; (b) RBC count; (c) Hb concentration; (d) Platelets count; (e) Hematocrit;
(f) WBC count.

a b

c d

e f
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(without treated) and treated leukemia patients 
compared to the healthy control group.

Gene Expression Analysis of MDR Gene

Based on the statistical analysis of the studied 
samples, as shown in table 1 a significant decrease in
the gene expression of MDR1 in Leukemia patients
(treated) was (0.6447) compared to the results 
of the gene expression in the MDR1 in other two
groups. Leukemia patients(treated) and healthy 
control group where they were (1.1401), (1.3585)
respectively, (table 2, fig. 2).

Distribution of Study Sample of Gene
Expression for the MDR1 According Gender 

The data illustrated in table 3 revealed no significant
differences between the rate of men injured in acute
leukemia by a percentage of 43 % and control by a 
percentage of 50 %, while the incidence in women was
57 % and control by 50 %. There were no significant 
differences between the healthy control group and
patients, whereas the gene Expression for the MDR1
decreased significantly (P ≤ 0.05) in patients with a new

diagnosis of leukemia and leukemia in both men and
women.

The results presented in table 4 revealed no 
significant differences in patients who did not have a
family history and had a family history of acute
leukemia (new diagnosis and treatment) compared
with the healthy control group. A significant decrease P
≤ 0.05 in the gene expression of MDR1 was observed in
patients with new diagnoses of leukemia and leukemia
compared with the control group in both groups with
and without family history. 

DISCUSSION DISCUSSION 

The current study showed a highly significant 
difference between new diagnosis (without treated),

Primer Sequence Amplicon

MDR1 F TGACAGCTACAGCACGGAAG 131bP

R TCTTCACCTCCAGGCTCAGT

GAPDH F GAAGGTGAAGGTCGGAGTCA 199bp

R GACAAGCTTCCCGTTCTCAG

Table 1 - Real time PCR (qPCR) primer sequences used 
for the transcript analysis (Absarul et al., 2020) (30).

Group N Mean SD 95% Confidence Interval Minimum Maximum
for Mean

Lower Bound Upper Bound

Control 30 1.358 0.027 1.348 1.368 1.26 1.46

Treated 30 0.644 0.025 0.054 0.734 0.15 0.93

Without 30 1.14 0.213 1.06 1.219 1.04 2.15

Total 90 1.046 0.356 0.971 1.121 0.15 2.15

LSD 0.218

Table 2 - Gene Expression for the MDR1
gene in Leukemia Patients and Healthy

Control Group.

Figure 2 - Real time PCR 
amplification plot for MDR1 gene 
that show difference in threshold 
cycle numbers (Ct value) between

patients and control groups. 
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treated patients and healthy control for serum IL­6, 
IL­10 , and, TNF­α levels is shown in fig. 1 with P­value
(0. 05) for IL­6, (37.60, 28.50 pg/ml) respectively 
compared to healthy control group with (22.30 pg/ml),
IL­10 (16.63 and 9.60) and control group with
(6.68pg/ml).finally, TNFα level increase significantly
P≤0.05 in all patient group (new without treated and
treated leukemia patients with (165.26, 113.70 and
108.66) receptively.

The study conducted by (32) yielded similar findings
to our own research, indicating that the expression of
cytokines, such as IL 6, IL 8, IL 10, TNF α, TNF β, IL 17F, and
IL 22, was significantly higher (P < 0.05) at the time of
initial AML diagnosis in patients in the remission groups
compared to their levels after two chemotherapy 
sessions. 

According to (33), the levels of IL 6 and IL 10 were
notably elevated in newly diagnosed AML patients
compared with those in the control group. However,
these levels decreased when the patients responded to
induction chemotherapy, which aligns with our find­
ings. Another study (34) corroborated our findings,
showing that the levels of IL 6 in the serum of patients
with newly diagnosed and relapsed acute myeloid
leukemia (AML) were significantly higher than those in
the control group. Additionally, the concentration of IL ­
6 decreased during remission. They found that the IL 6
serum level in the AML patient group was lower than
that in the control group, which contradicts our results.

Elevated levels of IL 6 may serve as a useful indicator of
the disease and a potential focus for novel treatments
in pediatric AML patients. However, (35) contradicted
these findings by discovering that the serum concentra­
tion of IL 6 in the AML study group was notably lower
than that in the control group.

The function of IL 10 in the development of cancer
has been discovered to be intricate and multifaceted.
However, there is substantial evidence indicating that
IL 10 plays a vital role in preventing the immune system,
enabling cancerous cells to avoid detection by the
immune system, and facilitating the growth and spread
of cancer (36). IL 10 has been identified in the leukemic
cells of the majority of ALL and AML cases. It inhibits
immune responses, indicating that IL 10 may be linked to
evasion of leukemia cells from immune surveillance (37). 

The levels of TNF α were notably elevated in 
the patients in comparison with the control group, 
suggesting a positive correlation between a pro­
inflammatory cytokine and an increased sensitivity to
AML. This result coincides with previous research 
conducted by (38), which validated that having a high
level of TNF α in the blood is a negative predictor for
survival and Effective Free Persistence in individuals
with high­risk MDS or untreated AML (39). This further
elucidated that the concentration of TNF α in the 
plasma significantly increased in newly diagnosed AML
patients compared to healthy individuals, aligning with
the present outcome (40).

Table 4 - Distribution of Gene Expression
for the MDR1 gene according to family

history.

Group N Family History 

With Family Without Family 
History History

Control 30 3 (3.33%) 27 (30%)

Treated 30 8 (8.88%) 22 (24.44%)

Without 30 10 (11.11%) 20(22.22%)

Chi-square 4.845

Degrees of freedom 2

P -value 0.088 (NS)

Table 3 - Distribution of Gene Expression
for the MDR1 gene in Acute Leukemia

Patients and Healthy Control Group
According to Gender.

Group N Gender 

Men Women Men Women
(N) (N) (%) (%)

Control 30 15 15 50 50

Treated 30 13 17 43 57

Without 30 13 17 43 57

Total 90 41 49 45.55% 54.44

Chi-square 0.35

Degrees of freedom 2

P -value 0.836 (NS)
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The results showed a significant decrease (P≤0.05)
in RBC count, percentage of Hb and HCT and Platelets
in newly diagnosed (without treatment) leukemia
patients compared with the treated and healthy 
control groups. The data showed a significant increase
in the WBC count of the new diagnosis (without 
treatment) and treated leukemia groups compared to
the healthy control group.

The initial diagnostic test for suspected leukemia is
a complete blood count (CBC), which provides insight
into the alterations in bone marrow function that occur
when leukemic cells are present (41). An essential 
feature of AML is the elevation of white blood cell
count in the bloodstream. According to the American
Society of Hematology (2013), this increase is a result of
abnormal activation of signaling pathways that control
the growth and specialization of hematopoietic stem
cells (42).

Alterations in hematological parameters result from
the substitution of megakaryocytes and erythroid 
precursor cells in the bone marrow by leukemic cells
(43). The current study observed that patients newly 
diagnosed with AML exhibited elevated white bloodcell
levels cell counts t, decreased Hb levels, and reduced
platelet counts t compared to the a healthy control
group. The reduction in hemoglobin and platelet levels
in the bloodstream of acute myeloid leukemia patients
prior to chemotherapy primarily occurs because cancer
cells replace normal bone marrow cells, depleting 
the nutrients necessary for platelet and hemoglobin
production (44). Similar patterns of changes in hemato­
logical parameters were observed in a e study conducted
by (45,46). Additionally, (43,47,48) also demonstrated
similar patterns of changes in hematological parameters.
Platelet s and hemoglobi levels. Furthermore, e 
cancer cells may generate substances that impede the
synthesis of platelets and hemoglobin (44).

Based on the statistical analysis of the studied 
samples summarized in table 1, a significant decrease
(P≤0.05) in the gene expression of MDR1 was observed
in leukemia patients without treatment (0.6447) 
compared to the results of other groups, leukemia
patients (treated), and healthy control group (1.1401)
(1.3585, respectively). The Y axis represents the mean
folding of MDR1 gene expression, while the x­axis 
represents the three groups of analysis. Our findings,
which are presented in tables 2 and 3, showed that
there were no significant changes in the sex and family
history of patients with AML and controls. The goal of
chemotherapy is to achieve complete remission of AML
and prevent relapse in post­remission therapy.

Unfortunately, chemotherapy is ineffective in patients
with poor risk for whom bone marrow transplantation
is more effective. In the last few years, there have been
changes in the diagnosis and treatment of AML based
on molecular genetic assessment of expression for
designing novel curative regimens that reverse the 
regulation of the drug­resistant phenotype of AML cells
(49). Response to treatment is affected by many factors
according to the risk categories associated with 
morphological features, genetic criteria, and age
(50,51). Our findings are very much consistent with
other previous reports (52), which found that a 
correlate with the concept of AML being an intrinsically
resistant disease, and that such upregulation could be
acquired during induction treatment. The over ­
expression of MDR1 in patients undergoing treatment,
compared to newly diagnosed patients, may not only
be attributed to the specific chemotherapeutic drug
response. Instead, the increased mRNA expression
level is believed to be influenced by various stress
response pathways that are involved in the regulation
of P­gp expression (53,54).

CONCLUSIONCONCLUSION

The high serum levels of immunological parameters
(IL 6, IL 10, and TNF α) in AML patients are important
indicators of an increase in the severity of the disease.
All patients with AML had abnormal hematological
parameters. Patients who received chemotherapy
showed different levels of these parameters, such as
RBC count, WBC count, HB, platelet count, and HCT.
AML patients that received chemotherapy exhibited a
decrease in MDR1 gene expression in comparison to
other groups. A new diagnosis of a patient may have an
impact on the patient’s levels.
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