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Article Info ABSTRACT

The dysregulation of miRNA expression patterns is one of the many effects developments of

Received cancer,miRNA hasbeen found to expressabnormally in hematological neoplasia such as chronic
24/09/2022 myeloid leukemia and solid malignancies. Resistance and the degree of response following
tyrosine kinase inhibitor treatmentare correlated with miRNA expression. Hence, in this study

we tried to study the relationship of miRNA-150 between different breakpoint cluster region—

Accepted Abelson (BCR- ABL) P210 transcript levels and the role miRNA- 150 between different levels
04/12/2022 of imatinib optimal response in chronic myeloid leukemia (CML). Our study included sixty

chronic myeloid leukemia (CML) patientsthey were divided into two groups based on response
Published to imatinib therapy, thirty samples of the optimal molecular response of chronic myeloid
30/03/2023 leukemia (CML) patients, and thirty samples of failure molecular response chronic myeloid

leukemia (CML) patients. Thirty samples of apparently healthy volunteers were included and
evaluated as control. According to the P210 BCR-ABL%, the results showed a significant
difference (P= <0.0001) between the responderand the failure response CML patients. Assessed
the result of miRNA-150 showed a significant difference between both CML patients
(P =<0.0001), assessed miRNA-150 level among different response groups, and failure
response of CML patients (P = 0.0002). A cutoff value of response vs. failure response (1.784)
with high sensitivity can be a diagnostic value to differentiate between response and failure
response. Changing gene expression with differentamountsof miRNAs had animpactondrug-
gene interactions, with consequences for cell growth and death. Gene expression of different
levels miRNA-150 among of CML patients of imatinib therapy showed high expression in
response patients than failure response patients. The gene expression level of miRNA-150 differs
through different responses in CML patients.
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INTRODUCTION

Hematopoiesis is described as the ability of self-
renewing cells to form mature blood cells, [1].
Abnormal hematopoiesis is characterized by an
increase of immature cells in the bone marrow,
hematological cancer known as leukemia comes in
a wide range of forms [2]. Between January 2018
and December 2019, the Iraqi Center for
Hematology in the Medical City complex of
Baghdad recorded 3102 eligible leukemia cases.
For all types of cancer, 1402 cases were registered
in 2018 and 1700 in 2019 [3]. Chronic myeloid
leukemia (CML) is a rare disease worldwide and
its incidence is estimated to be 1-2 cases / 100,000
presence of people, accounting for around 15% of
newly diagnosed adult leukemia cases [4] . CML
diagnosed in 8,450 persons in the United States in
2020, with 1,130 people dying from the disease [5].
Men are more likely than women to be diagnosed
with CML, and the disease usually occurs in their
sixth or seventh decade of life [6]. Agranulocytosis,
marrow hypercellularity, and splenomegaly are all
symptoms of CML, which is caused by a mutation
in a pluripotent stem cell [7]. This
myeloproliferative  neoplasm is a clonal
hematopoietic stem cell (HSC) neoplasm marked
by an increase in myeloid linage cells at all stages
of development [4] . The increase of Philadelphia
chromosome-positive (Ph+) myeloid cells is a
defining feature of CML patients. A reciprocal
translocation  between the Abelson (ABL)
protooncogene on chromosome 9 and the
breakpoint cluster area (BCR) on chromosome 22
results in the Ph chromosome, t (9;22) (q34; ql1).
[8]. This results in the production of an abnormal
MRNA product, p210 BCR-ABL, a fusion protein
with constitutive ABL tyrosine kinase (TK) activity
[9]. This Kkinase regulates several downstream
substrates, including A serine threonine kinase also
known as  protein  Kinase B (Akt),
Myelocytomatosis MYC and c-Jun N-terminal
kinase (JNK), which are all required for normal cell
proliferation and survival. The hyperactivity of the
BCR-ABL kinase, on the other hand, breaks this
delicate balance and drives cells to uncontrolled
proliferation and survival, both of which provide a
growth advantage to malignant cells with this
mutation, ultimately leading to CML pathogenesis
[10]. For the efficient treatment of CML, tyrosine
kinase inhibitors (TKIs) are required to suppress
the kinase activity of the BCR-ABL protein [11].
Imatinib mesylate is a tyrosine kinase inhibitor TKI
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that inhibits downstream BCR-ABL signaling by
blocking the ATP binding site of the protein [10].
Although imatinib, a tyrosine kinase inhibitor TKI,
works for the great majority of CML patients,
resistance can develop either spontaneously or
during treatment [4]. MicroRNAs (miRNAS) are
short noncoding RNAs that affect cell survival and
development after transcription. Overexpression of
oncogenic mMiRNAs (oncomiRs) or reduced
expression of tumor suppressor mMiRNAs have been
found in malignancies, and miRNAs have been
proven to induce carcinogenesis [12]. Over 30% of
basic genes, which are involved in key biological
processes such as proliferation, differentiation,
survival, invasion, and programmed cell death, are
found in the human genome, have Dbeen
demonstrated to be regulated by miRNAs [13].
Although the role of mIRNA in leukemia
pathogenesis remained unclear, some research has
suggested that miRNA expression profiles could be
used as biomarkers for leukemia diagnosis,
prognosis, and treatment response [14]. Lineage
commitment and differentiation are influenced by a
set of mMIRNAs present in hematopoietic cells [15].
In hematological malignancies, aberrant miRNA
expression has been reported, with distinct
expression  patterns compared to normal
equivalents [11]. Changes in transcription
regulation may potentially cause changes in
microRNA expression during carcinogenesis.
Transcription factors encoded by oncogenes or
suppressor genes regulate some microRNAs [16].
For numerous miRNAs, functional validation of
unregulated miRNAs in hematopoiesis has been
demonstrated mMiRNAs have been linked to
leukemogenesis and have been implicated in
important hematological processes [17].

MATERIALS AND METHODS

This study was carried out between September
2021- July 2022 at Baghdad Teaching Hospital/
Medical City. The current study included 60 CML
patients who were over the age of 18 and had been
on imatinib mesylate therapy for over a year. Based
on treatment response and BCR-ABL transcript
levels, patients were divided into groups. The
European Leukemia-Net (ELN) guidelines were
used to define treatment response criteria The
results were taken from the previous examinations
of the patients depended Real-time quantitative
(RQ-PCR) gene expert machine [18]. Thirty
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samples were determined to be optimal responders
(p210 BCR-ABL transcript levels less than 0.1%)
and thirty samples as failure molecular responders
(p210 BCR-ABL transcript levels greater than 1%).
Thirty samples of apparently healthy volunteers
were used as controls. At the time of sampling,
blood count indices were obtained using an
automated blood count analyzer This study was
approved by the scientific ethics committee/ All the
study experiments were performed at the
University of Mustansiriyah University - College
of Science - Department of biology. Excretion
criteria: <I12-month treatment, CML on other TKI,
Chronic illness and malignance, Chronic illness,
and malignance. Inclusion criteria: Age>18-year-
old, CML patients on imatinib therapy for at level
12 month, no other malignance, no other chronic
diseases.

ANALYSIS OF DATA

1. Analysis of the results as shown by Rotor-Gene
Q Series Software which included:

a. Recording Ct values of each amplification
reaction

b. Amplification plots.

c. Dissociation curves.

2. The expression ratio was calculated without a
calibrator sample according to the following
equation:

DCT (test)=CT geneofinterest (target, test) - CT
internal control.

3. Finally, the expression ratio was calculated
according to the formula (Schmittgen and Livak
2008).

DCt=Normalized expression ratio folding.

STATISTICAL ANALYSIS

GraphPad Prism 7.0 was used for statistical
analysis, to detect the effect of different parameters
in study, discrete variables presented using their
number and percentage, chi square test was used to
analyze. For non-parametric data such variables
analyzed by Kruskal-Wallis test for comparison
between different groups (response, and failure
response and control). The probability was
calculated for Variables that followed normal
distribution One way ANOVA used for their
analysis. For post Hoc analysis, Tukey U test used
for those analyzed by One way ANOVA, while
Dunn’s multiple comparison test for those analyzed
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by Kruskal-Wallis test. We performed a receiver
operator curve (ROC) analysis to look at how
MIRNA expression levels differed between
instances of optimum and failure responses, with a
significance threshold of P 0.05.

RESULTS

General features of both patients and controls:
Response to imatinib treatment was used to split 60
individuals with CML into two groups, thirty
samples were with optimal response with (mean
age 45.97+2.23 years, M:F ratio 12:18) and thirty
samples were with failure response with (mean age
49.87+2.25 years, M:F ratio 18:12) As a control,
thirty samples of apparently healthy volunteers
were included and evaluated (mean age 30.93+1.75
years, M:F ratio 24:6). The following patient
characteristics were included based on a complete
blood count: The median white blood cells count
(cell/lcm3) for the response, failure response CML
patients and control group was (6.6x10%) (3.9-
15.3), (7.05x10%), (3.1-12.6), (6.15x10%), (0.8-
18.3) respectively, they showed no significant
difference between all studied groups as shown in
Figure 1A. While the median hemoglobin level g/dI
to puL for the response, failure response CML
patients and control group was (12.15 g/dl) (6.8-
15.3), (13.1 g/dl) (9.6-15.9), (15.8 g/dl) (10.2-17.3)
respectively, showed no significant difference
(P=0.5386) for both patients CML groups, but
showed a significant difference among patients
groups and control group according to the
hemoglobin level (P=<0.0001) showed reduced
hemoglobin levels than the control, as shown in
Figure 1B. The median platelets count x103/uL for
the response, failure response CML patients and
control group was (235x103) (17-391),
(210.5x103) (48-1237), (237x103) (159-450)
respectively showed no significant difference
between all student groups, as shown in Figure 1C.
Quantitative polymerase chain reaction analysis of
p210 BCR-ABL transcripts and peripheral blood
indices, all CML cases were classified based on
imatinib therapy response there was a significant
difference (P= <0.0001), between the response and
the failure responder CML patients with a highest
transcript level in failure responder CML group
with mean (7.463+3.345%) and optimal response
group with mean (0.0145+0.03%) in terms of BCR-
ABL transcript levels, as shown in Figure 2.
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distribution of mean BCR-ABL p-210 level among
different responses of CML patients groups. the
mean BCR-ABL1 (< 0.0032), (0.01-0.0032), (0.1-
0.01) and (>1), the result showed in this study, the
mean +SE BCR-ABL p-210

level different response groups and

failure response group=(0.0019+0.0005,
0.0056+0.0007, 0.0271+0.0036, 7.463+3.345)
respectively, shown high significant difference
between all studied patients (p=<0.0001). Assessed
of mean mIRNA expression level among response
group and failure response group of CML patients,
the mean folding mMIRNA-150 expression
(391.8+349.3 and 1.919+0.4081), forboth response
and failure response respectively, the result showed
high significant difference between both patients
groups (P=<0.0001), as shown in Figure 3.
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Figure 1. Patients' characteristics based on complete
blood count in both CML and control groups (A) white
blood cells count (B) hemoglobin level (C) Platelet count.
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Figure 3. Shown P-value of miRNA-150 expression
with BCR-ABL level through response and
failure response of CML patients.

Assessed of mean miRNA-150 expression level
among different responses groups and failure
response group of CML patients showed significant
difference result in the mean BCR-ABL1
(<0.0032), (0.01-0.0032), (0.1-0.01) and (>1), were
expression (12031164, 14.17+8.502, 59.16+24.35
and 1.919 + 0.4081) respectively, as shown in
Figure 4.
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Figure 4. MiRNA -150 expression level among
different responses groups and failure response of
CML patients.

Shown in Table 1 to determine cutoff value and
mIRNA-150 expression levels were analyzed using
a receiver operating characteristic (ROC) curve
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(1.784) with high sensitivity that can be used to
distinguish between response and failure response,
as shown in Figure 5 and 6.

Table 1. The ROC analysis for miRNA-150 expression.

Comparison Control vs. Response vs.
groups Response Failure response
AUC 0.819 0.819
95% ClI
of AUC 0.715-0.922 0.715-0.922
P-value <0.0001 <0.0001
SN (%) 70 70
SP (%) 353 73.3
Control vs. Response
100+ i
804 -
§\ 604
&
E 404
[72]
204
0 T T T T 1
0 20 40 60 80 100

100% - Specificity %

Figure 5. ROC analysis for miRNA-150 expression for
control vs. response.

Response vs. Failure

100+

80

60+

404
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204
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100% - Specificity %
Figure 6. ROC analysis for miRNA-150 expression for
response vs. failure response.

DISCUSSION

When comparison differential expression of
microRNAs in CML patients who responded to
TKI therapy (“responders™) versus those who did
not ("non responders"”), as well as between normal
control bone marrow cells and CML patients'
leukemic cells The goal is to identify microRNAs
as predictive biomarkers of TKI sensitivity as well
as toaid in the investigation of potential microRNA
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mediated TKI resistance mechanisms  for
therapeutic use [19]. MiRNA levels in the blood
were shown to alter considerably in newly
diagnosed CML patients before and throughout the
first two weeks of Imatinib treatment, suggesting
the possibility of identifying easily detectable
biomarkers to track TKI response. These findings
show that miRNA signatures could be used as
biomarkers in CML research, allowing for CML
staging and predicting patient response to TKI
therapy [20]. MYB mRNA stability and translation
efficiency are both affected by miR-150, MY B has been
shown to be a top predicted target of miR-150,
furthermore, miR-150 can target MYB in chronic
myeloid leukemia (CML) and limit the production of a
number of oncogenes, preventing CML cells from
proliferating [19]. MYB is a confirmed target of miR-
150. MYB expression was dramatically enhanced at Dg
in AP/BC, with a significant negative association of
MY B with miR150 expressionandasignificant positive
correlation between MYB expression and BCR-ABL
transcript level in contrast to controls [20]. At the
molecular level, BCR-ABL and miRNA-150 had a
positive connection. This means that once patients on
imatinib have achieved molecular remission from
chronic myeloid leukemia, miRNA-150 can be used to
predict remission outcome [21]. TKI inhibit BCR-ABL
oncoprotein phosphorylation by blocking the ATP-
binding site of the kinase domain of ABL, the activity
of this compound results in the transcriptional
modulation of various genes involved in the control of
the cell cycle, cell adhesion, and cytoskeleton
organization, leadingthe Ph-positive cell to an apoptotic
death. Tyrosine kinases are a part of many cell
functions, including cell signaling, growth, and
division. These enzymes may be too active or found at
high levels in some types of cancer cells, and blocking
them may help keep cancer cells from growing. Some

tyrosine kinase inhibitors are used to treat cancer [22].
Our study included 60 CML patients with mean
age was (45.97+ 2.23, 49.87 + 2.25, 30.93 £ 1.75)
years for both response, failure response CML
patients and control group, respectively, without
significant statistical differences between both
patients groups. With a younger average age than
the general population, this is akin to a review of
the ELN in 2020. the people were typical; a
diagnosis is made around the age of 50, which
reflects the population's lower median age [18].
Our studied groups showed significant difference
of age between the control from one side and
different groups of CML patients from the other
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side (P=<0.0001). Chronic myeloid leukemia
(CML) affectspeople of all ages, and its prevalence
rises with age. Prior to the introduction of imatinib,
older age was a risk factor. Since then, CML
patients' outcomes have improved, and older age
appears to have lost its negative impact [21]. white
blood cells count they showed no significant
difference between both patients group, also
between patients different response groups and
control group, our studied failure response CML
patients were with failure molecular response.
While the median hemoglobin level g/dl to pL
showed no significant difference for both patients
CML groups, but showed a significant difference
between patients groups and control group.
(P=<0.0001) showed reduction of hemoglobin
levels than the control, in CML patients group
proliferation of granulocytes inhibit hematopoiesis
in erythrocytes, or which might be related to the
long-term use of imatinib treatment [22]. Anemia
increases gradually with the prolongation of
medication [23]. The median platelet count was
within the normal range in all studied groups, but
this does not rule out the presence of CML at
various stages in this study. According to European
Leukemia Net recommendations, achieving CHR
within 3 months of starting therapy is an optimal
response. With TKI therapy, nearly all patients
with chronic CML achieve a CHR [24]. In our
study, we compared the expression level of mMIRNA
with the degree of response achieved after
treatment for CML patients with failure response.
Assessment  mMIRNA-150 expression levels in
different responses and failure response of CML
patients, the result significant differences appeared
between (<0.0032 vs. >1) and (0.1-0.01 vs. >1),
(P=0.0471) (P=0.0001) respectively, without
significant difference among other studied patients
groups. MiRNA -150 expression in CML showed a
significant inverse connection with the levels of the
MYB and BCR-ABL transcripts [25]. MYB, an
oncogenic transcription factor that controls
hematopoiesis at the early progenitor levels, is
inhibited by the miRNA -150, and treatment with
TKIs affects these levels reciprocally [26]. When
neoplasia develops, progresses, or responds to
treatment, MIRNA-RNA expression, which is a
dynamic process, reflects changes at the cellular
level [27]. BCR-ABL and miRNA-150 have a
strong association in this study's molecular
remission data. This suggests that miRNA -150
may be helpful in predicting outcomes once
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patients using imatinib for chronic myeloid
leukemia have achieved molecular remission, high
expression of mMIRNAs targeting BCR-ABL
sensitized the CML cells to imatinib treatment,
suppressed proliferation and induced apoptosis.
Relapse or full molecular remission could be the
results of this association [28].

CONCLUSIONS

Changing gene expression with different amounts
of miRNAs has an impact on drug-gene
interactions, with consequences for cell growth and
death The miRNA functions asa guide by base-pairing
with target mMRNA to negatively regulate its expression.
The level of complementarity between the guide and
MRNA target determines which silencing mechanism
will be employed; cleavage of target messenger RNA
(mRNA) with subsequent degradation or translation
inhibition, whose main role is to regulate MRNA by
leadingto its degradation and also to adjust the protein
levels. Gene expression different level miRNA-150
among of CML patients of imatinib therapy were
high expression in response patients than failure
response patients. The gene expression level of
miRNA-150 difference among different level
BCR-ABL-210 transcript in optimal response
CML patients. By the different miRNA-150 gene
expression level among CML patients we can
predict response or failure response to therapy.
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