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ABSTRACT

Background: Dysregulation of miRNA expression patterns is one of the several effects developments of cancer.
MiRNA has been found to express abnormally in hematological neoplasia such as chronic myeloid leukemia and
solid malignancies. Resistance and the degree of response following tyrosine kinase inhibitor (TKI (treatment are
correlated with miRNA expression. Hence this study has evaluated the correlation between miRNA- 96 and
miRNA-150 with different p210 BCR-ABL transcript levels and the role of miRNA- 96 and miRNA-150 at different
levels of imatinib optimal response in CML patients.

Method: This study is based on 60 CML patients divided into two groups based on response to imatinib therapy.
30 samples have the optimal molecular response of CML patients. The other 30 samples that have failed mo-
lecular response CML patients, which were compared to 30 samples of healthy volunteers as control by
depending on the results of CBC film and PCR. BCR-ABL 210 transcript, which was used in this study, is obtained
from the patient’s file.

Results: The results based on the comparison of transcript levels showed that there was a significant difference
between the positive response and failed response of CML patients (P < 0.0001). The result of miRNA-96 showed
that there was no noteworthy difference within both CML patients (P > 0.5030), while miRNA-150 results
exhibited a high significant difference (P < 0.0001). The miRNA-96 and miRNA-150 expression levels in all
responses of CML patients demonstrated a highly significant difference with P = 0.0134 and P = 0.0002,
respectively. The cut-off value of response against failure response of miRNA-96 and miRNA-150 with P value of
1.691 and 1.784, respectively with high sensitivity is a diagnostic value of the difference between the response
and failure response.

Conclusion: modulating gene expression with different of miRNAs expression has an impact on drug-gene in-
teractions, with consequences for cell growth and death. The gene expression that shows the different level
miRNAs (miRNA- 96 and miRNA-150) among of CML patients of imatinib therapy exhibited high expression in
response patients than that of the failure response of patients. The gene expression level of miRNA- 96 and
miRNA-150 was differed between through different response CML patients.

1. Introduction

eligible leukemia cases. For all types of cancer, 1402 cases were regis-
tered in 2018 and 1700 in 2019 (Abdulridha, Jawad et al., 2021).

Hematopoiesis is described as the ability of self-renewing cells to
form mature blood cells, (Ainseba and Benosman, 2011). The increase of
immature cells in the bone marrow and abnormal hematopoiesis defined
leukemia is a highly diverse hematological malignancy (Xu et al., 2016).
Between January 2018 and December 2019, the Iraqi Center for He-
matology in the Medical City Complex of Baghdad recorded 3102
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Chronic myeloid leukemia (CML) is a rare disease worldwide. Its inci-
dence is estimated to be 1-2 cases / 100,000 presence of people, ac-
counting for around 15% of newly diagnosed adult leukemia cases
(Alves et al., 2021). CML has been diagnosed in 8450 persons in the
United States in 2020, with 1130 people dying from the disease (Dein-
inger et al., 2020). Men are more likely than women to be diagnosed
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with CML, and the disease usually occurs in their sixth or seventh decade
of life (Sampaio et al., 2021). Agranulocytosis, marrow hypercellularity,
and splenomegaly are all symptoms of CML, which is caused by a mu-
tation in a pluripotent stem cell (Matti et al., 2013). This myeloprolif-
erative neoplasm is a clonal hematopoietic stem cell (HSC) neoplasm
marked by an increase in myeloid linage cells at all stages of develop-
ment (Alves et al., 2021). 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; q11). (Mohamad and Elias,
2021). As a result, p210 BCR-ABL a fusion protein constitutive is pro-
duced with ABL tyrosine kinase (TK) activity an abnormal (Khoshnaw
et al.,, 2014). This kinase 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 hyper-
activity 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 mu-
tation, ultimately leading to CML pathogenesis (Jabbour et al., 2010).
For the efficient treatment of CML, tyrosine kinase inhibitors (TKIs) are
required to suppress the kinase activity of the BCR-ABL protein (Di
Stefano et al., 2016). Imatinib mesylate is a tyrosine kinase inhibitor TKI
that inhibits downstream BCR-ABL signaling by blocking the ATP
binding site of the protein (Jabbour et al., 2010). Although imatinib, a
tyrosine kinase inhibitor TKI, works for the great majority of CML pa-
tients, resistance can develop either spontaneously or during treatment
(Alves et al., 2021). MicroRNAs (miRNAs) are short noncoding RNAs
that affect cell survival and development after transcription. Over-
expression of oncogenic miRNAs (oncomiRs) or reduced expression of
tumor suppressor miRNAs have been found in malignancies, and miR-
NAs have been proven to induce carcinogenesis (Abd-Aziz et al., 2020).
Over 30% of specific genes, which are involved in key biological pro-
cesses such as proliferation, differentiation, survival, invasion, and
programmed cell death, are found in the human genome, have been
demonstrated to be regulated by miRNAs (Hosseinahli et al., 2018).
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 (Anelli et al., 2021). Lineage commitment and differentiation
are influenced by a set of miRNAs present in hematopoietic cells (Bartel,
2018). In hematological malignancies, aberrant miRNA expression has
been reported, with distinct expression patterns compared to normal
equivalents (Di Stefano et al., 2016). Changes in transcription regulation
may potentially cause changes in microRNA expression during carci-
nogenesis. Transcription factors encoded by oncogenes or suppressor
genes regulate some microRNAs (Szymeczyk et al., 2018). For numerous
miRNAs, functional validation of unregulated miRNAs in hematopoiesis
has been demonstrated and linked to the leukemogenesis and have been
implicated in important hematological processes (Starczynowski et al.,
2016).

2. Materials and method
2.1. Subjects

This study was carried out during period between September
2021-July 2022 at Baghdad Teaching Hospital/ Medical City. Sixty
patients with CML were enrolled in the current study, and their age were
over the age of 18, and had been on imatinib mesylate therapy for more
than a year. Patients were divided into groups based on treatment
response and BCR-ABL transcript levels according to q PCR results. The
European Leukemia-Net (ELN) guidelines were used to define treatment
response criteria (Hochhaus et al., 2020). Thirty samples were classified
as optimal responders (p210 BCR-ABL transcript levels <0.1%) and
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thirty samples as failure molecular responders (p210 BCR-ABL transcript
levels >1%). Thirty samples’ volunteers were used as controls. Blood
count indices were obtained and calculated by an automated blood
count analyzer at the time of sampling. This study was approved by the
scientific ethics committee/ All the study experiments were performed
at performed at AL- Mustansiriyah University - College of Science -
Department of biology. Exclusion criteria: <12-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.

2.2. Statistical analysis

GraphPad Prism 7.0 was used for achieving the statistical analysis in
order to detect the effect of different parameters in study, where discrete
variables presented using their number and percentage. Chi square test
was used for analyzing. The non-parametric data such variables were
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 that used for their analysis. For post Hoc analysis, Tukey U test
was used for those analyzed by One way ANOVA, while Dunn’s multiple
comparison test was used for those analyzed by Kruskal-Wallis test. The
receiver operator curve (ROC) was used to examine the expression of the
level miRNA regards the recognizing failure response cases from optimal
response, and (P 0.05) were considered such statistically significant.

3. Results

Out of 60 CML patients on imatinib therapy, patients were divided
into two groups based on response to therapy, thirty samples were with
optimal response with (mean age 45.97 + 2.23 years, M:F ratio was 12:
18) and thirty samples were with failure response with (mean age 49.87
=+ 2.25 years, M:F ratio was 18: 12)and thirty samples of healthy vol-
unteers were included and evaluated as control with (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/ cm®) for
the response, failure response CML patients and control group was 6.6 x
10® (3.9-15.3), 7.05 x 10% (3.1-12.6), 6.15 x 10° (0.8-18.3), respec-
tively they showed no significant difference between all studied groups
as shown in Fig. 1(A). While the median hemoglobin level g/dl to pL 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 also 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 which demonstrated a reduced hemoglobin levels
than the control, as shown in Fig. 1(B). The median platelets count
x10%/uL for the response, failure response CML patients and control
group was (235 x 10%) (17-391), (210.5 x 10%) (48-1237), (237 x 10%)
(159-450) respectively also showed no significant difference between
all student groups, as shown in Fig. 1 (C).

The results for p210 BCR-ABL transcripts level showed a significant
difference between both CML patients groups (P < 0.0001) 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 relation to BCR-ABL transcript levels as shown in Fig. 2.

The result mean + SE BCR-ABL p-210 transcript level among
different responses of CML patients groups <0.0032, 0.01-0.0032,
0.1-0.01 and > 1 = 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) based on the Table 1.

Assessed of mean miRNA expression level among response group and
failure response group of CML patients, the mean folding miRNA-96
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expression for response and failure response was = 25.72 + 11.69 and
4.442 + 1.482, respectively. Although the results showed an increase in
the expression level in response group against failure response group, it
was found that there is no significant difference between both groups of
CML patients, as shown in Fig. 3(A). Additionally, there was no signif-
icant difference between responders CML patients and the control
studied group. The mean folding miRNA-150 expression was 391.8 +
349.3 and 1.919 + 0.4081 for both response and failure response,
respectively. The result showed high significant difference between both
patients groups (P < 0.0001), as shown in Fig. 3(B).

Assessed of mean miRNA-96 expression level among different re-
sponses groups and failure response group of CML patients showed
significant difference in the mean BCR-ABL1 0.0032, 0.01-0.0032,
0.1-0.01 and > 1, were expression 16.68 + 4114, 2.439 + 228.5, 43.17
+ 1941 and 4.442 + 7.637, respectively as shown in Fig. 4(A).

As for of miRNA- 150 showed significant differences result in the
mean BCR-ABL1 < 0.0032, 0.01-0.0032, 0.1-0.01 and > 1, were
expression 1203 + 1164, 14.17 + 8.502, 59.16 + 24.35 and 1.919 +
0.4081, respectively as shown in Fig. 4(B).

Based on Tables 3 and 4, a receiver operating characteristic (ROC)
curve analysis was used to determine the cut-off value of miRNA-96 and
miRNA-150 with P valuel.691 and 1.784, respectively differentiate
between response and failure response, as shown in Figs. 5 and 6. (See
Figs. 1-3.) (See Table 1.)

4. Discussion

In chronic myeloid leukemia (CML), abnormal expressions of miR-
NAs have been described, the goal is to identify the miRNAs as predic-
tive biomarkers of TKI sensitivity in addition to aid in the investigation
of potential miRNA-mediated TKI resistance mechanisms for therapeutic
use (Ghazaryan et al., 2020). MiRNA levels in the blood were shown
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 monitor TKI
response. These findings showed that there is a great possibility to use
miRNA signatures as biomarkers in CML research, allowing for CML
staging and predicting patient response to TKI therapy (Kotagama et al.,
2015). In this study, 60 patients of CML 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 signifi-
cant statistical differences between both patients groups. This is com-
parable to ELN 2020 review as among Asian population was the median
age at diagnosis was <50 years, which reflects the population’s lower
median age (Hochhaus et al., 2020). The results also showed a signifi-
cant difference of age between different groups of CML patients (P
<0.0001). Chronic myeloid leukemia (CML) affects people of all ages,
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Fig. 2. BCR-ABL P-210 transcript level between response and failure response
of CML patients.

and its prevalence increases with age. Prior to the introduction of ima-
tinib, older age was a risk factor. The outcomes of CML patients have
improved, and older age appears to have lost its risk factor status (Kal-
manti et al., 2014). Early studies reveal that imatinib mesylate has a
high efficacy in CML, the activity of this drug leads in the transcriptional
manipulation of many genes involved in the control of the cell cycle, cell
adhesion, and cytoskeleton organization, resulting to the apoptotic
death of Ph-positive cells via blocking the ATP-binding site of the kinase
domain of ABL(Mojtahedi, Yazdanpanah et al., 2021). For white blood
cells, they showed no significant difference between both patients
group. It is also shown that there was no significant difference between
both patients CML groups and control group. While the median hemo-
globin level g/dl to pL showed no significant difference for both patients
CML groups and showed a significant difference among patients groups
and control group (P <0.0001) that reflect a reduced hemoglobin levels
than the control, reduced hemoglobin levels which might be related to
the long-term use of imatinib treatment (Sabir et al., 2021). Anemia
increase gradually with the prolongation of medication (Liu et al.,
2020). This could lead to anemia due to the related effect of in renal
function because kidney produces a hormone erythropoietin that helps
to make red blood cells (Sakurai et al., 2016). The median platelet count
among all studied groups was within the normal range, but this does not
rule out the presence of various stages of CML in this study. According to
European Leukemia Net recommendations, achieving complete hema-
tological response CHR within 3 months of starting therapy is an optimal
response. Nearly all patients with chronic CML achieve a CHR with TKI
therapy (Cortes et al., 2011). In this study, the expression level of
miRNAs was compared with the degree of response achieved after
treatment for CML patients with failure response. Through assessment
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Fig. 1. Patients characteristics according to complete blood count among both CML groups and control group. (A) white blood cells count (B) hemoglobin level (C)

Platelet count.
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Fig. 3. (A) MiRNA-96 expression with BCR-ABL transcript level through response and failure response of CML patients (B) MiRNA-150 expression with BCR-ABL

transcript level through response and failure response of CML patients.

Table 1
Distribution of mean BCR-ABL p-210 transcript level and frequency among
different responses of CML patients groups.

BCR-ABL p-210 transcript level among BCR-ABL in P value
the responders CML patients failure
response
group
< 0.01-0.0032 0.1-0.01 >1
0.0032
Frequency 14
%) 9 (15) 7 (11.66) (23.33) 30 (50)
Bcnljé:fl'i 1'0019 0.0056 =+ 0.0271 + 7.463 £ <
SE 0.0005 0.0007 0.0036 3.345 0.0001

miRNA-96 expression levels in different responses and failure response
of CML patients, the date showed significant difference result in the
mean BCR-ABL1 < 0.0032, 0.01-0.0032, 0.1-0.01 and > 1, was 16.68
+ 4114, 2.439 + 228.5, 43.17 + 1941 and 4.442 + 7.637, respectively
as shown in Table 2. Among different responses of CML patients there
was a significant difference (P = 0.0201) between (0.01-0.0032) against
(0.1-0.01) only, without significant difference among other studied
patients groups, as shown in Fig. 4(A). MicroRNA-96 is a member of the

Table 2
The mean miRNA expression level and P-value through different responses
groups and failure response group of CML patients.

mean + SE BCR-ABL BCR-ABL BCR-ABL BCR- P
miRNA (< (0.01-0.0032) (0.1-0.01) ABL value
folding 0.0032) 1
miRNA-96
folding
over 16.68 + 43.17 + 4.442
control 4114 2439 £ 2285 1941 + 7.637 0.0134
(mean +
SE)
miRNA-150
folding 1.919
over 1203+ 141718502 016 + 0.0002
control 1164 24.35
0.4081
(mean +
SE)

miR-183-96-182 family, which governs cell motility and tumor pro-
gression by targeting numerous genes as an oncogene or tumor sup-
pressor (Rahimi et al., 2022). MiR-96 suppressed protein translation,
phosphorylation, and downstream signaling pathway activity of BCR-
ABL1 by directly binding to its 3’UTR, according to the mechanism
and function of miR-96 in the blastic transformation of CML when
compared to CML chronic phase patients and cell lines, miR-96 is
downregulated in CML blast crisis (CML-BC) patients and cell lines
(CML-CP) miR-96 expression was shown to be low in CML-BC cells,
which promoted cell proliferation and hampered cell differentiation. By
targeting the fusion oncogene BCR-ABL1, miR-96 serves as a tumor
suppressor against CML blast crisis, potentially providing a new therapy
option for CML blast crisis (Huang et al., 2019). MiR-96 can restore TKI
sensitivity in resistant CML cell lines by inhibition of BCR-ABL and re-
sults in reduced leukemic cell (Gao and Wang, 2015). As for miRNA-150
expression levels in different responses and failure response of CML
patients, the results of date showed significant difference in the mean
BCR-ABL1 < 0.0032, 0.01-0.0032, 0.1-0.01 and > 1, was 1203 + 1164,
14.17 + 8.502, 59.16 + 24.35 and 1.919 + 0.4081, respectively as
shown in Fig. 4 (B). The results between (< 0.0032 against >1) and
(0.1-0.01 against >1), showed significant differences (P = 0.0471) and
(P = 0.0001), respectively.MYB 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 on-
cogenes, preventing CML cells from proliferating (Hu et al., 2021). MYB
expression was dramatically enhanced at Dg in AP/BC, with a significant
negative association of MYB with miR150 expression and a significant
positive correlation between MYB expression and BCR-ABL transcript
level (Polakova et al., 2011). BCR-ABL suppresses miR-150 expression,
which leads to the overexpression of its target MYB, and hence plays an
important role in the pathogenesis of CML (He et al., 2014). At the
molecular level, BCR-ABL and miR-150 had a positive connection, this
means that once patients on imatinib have achieved molecular remission
from chronic myeloid leukemia, miR-150 can be used to predict remis-
sion outcome (Ezeanosike and Afonne, 2017).According to several
studies, decreased miR-150 expression indicates a poor prognosis and a
more advanced stage of CML, in cell lines, however, restoration of miR-
150 alleviates symptoms (Kotagama et al., 2015). MiR-150 levels in BC
have dropped dramatically but have returned to normal in patients
taking imatinib, for diagnosis and advanced stages of CML, significant
down-regulation of the miRNA in contrast to healthy controls was
confirmed. In 67% of hematological relapses, the level of MiR-150
dropped by more than twofold (Srutova et al., 2018).
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Table 3
The ROC analysis for miRNA-96 expression.

Comparison AUC 95% CI of P- Optimum SN SP
groups AUC value cut off (%) (%)
value
Control vs. 0567 0.389-0.744 0375 1.4 56.7 100
Response
Response vs.
Failure 0.602 0.456-0.748 0.174 1.691 70 56.7
response

ROC: Receiver operating characteristic AUC: area under curve SN: sensitivity SP:
specificity.

Table 4
The ROC analysis for miRNA-150 expression.

Comparison AUC 95% CI of P-value Optimum SN SP
groups AUC cut off (%) (%)
value
Control
against 0.833 0.7-0.967 <0.0001 1.197 83.3 100
Response
Response
against 0.819 07150922 <0.0001 1.784 70 733
Failure
response

ROC: Receiver operating characteristic AUC: area under curve SN: sensitivity SP:
specificity.

5. Conclusion

Currently impossible to predict whether a patient will develop
resistance to imatinib mesylate, this makes identification of predictors of
resistance to imatinib an important goal in management of patients with
chronic myeloid leukemia (CML). In chronic myeloid leukemia (CML),
abnormal expressions of miRNAs have been described, miRNA expres-
sion patterns can be used to predict outcome which can be remission or
relapse. Regular monitoring is required to detect inadequate TKI
response or resistance in a timely manner.
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