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ABSTRACT
AIM: In 95 % of Chronic myeloid leukemia (CML) patients, chromosomal translocation resulting in the
formation of the Philadelphia (Ph) chromosome (t:9;22) is observed, which in turn leads to the formation of
the BCR-ABL fusion gene. MicroRNAs (miRNAs) are a group of small and non-coding RNAs modulating
gene expression via binding to the target mRNAs. We aimed to characterize the expression profiles of
various miRNAs in different stages of Ph(+) CML patients.
METHODS: This case-controlled study was conducted in 75 CML patients and 25 healthy controls. The
subjects were categorized into 4 groups; newly diagnosed patients, treatment-response patients, treatmentfailure patients, and healthy controls. Expressions of miRNAs was analyzed by RT-PCR.
RESULTS: miR-150 expression was downregulated in the treatment failure patients compared to the control
group (p = 0.003212) while miRNA 148b expression up-regulated in the treatment failure patients than the
control group (p = 0.038016). miR-10a expression was up-regulated in newly diagnosed and treatment
response patients compared to control group (p = 0.003934, p = 0.000292, respectively). It was found that
miR-10a expression increased 11.17- fold in newly diagnosed patients and 9.82-fold in treatment response
patients than in the control group.
CONCLUSION: Our data suggest that expression profiles of miR-10a, miR-150, and miRNA 148b were
correlated as biomarker and therapeutic tool in Turkish patients with CML (Tab. 2, Fig. 1, Ref. 30). Text in
PDF www.elis.sk.
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Introduction
Chronic myeloid leukemia (CML) is a clonal hematopoietic
stem cell disease, manifested by an expansion of immature granulocytes (blasts) which amass in the bone marrow and hinder the
normal blood cell production (1). Epidemiologic studies report that
the frequency of CML is approximately 1–2 cases/100,000 people,
and most CML cases are old people (median age on diagnosis: 65
years) (2). In 95 % of the cases, chromosomal translocation leading to the formation of the Philadelphia (Ph) chromosome is seen,
which in turn causes the emergence of the BCR-ABL fusion gene
(3). While the BCR-ABL fusion impels the initial chronic phase of
CML, further genomic changes that render leukemia cells resistant to Tyrosine kinase inhibitors (TKIs) therapy and independent
of BCR-ABL play a role in the progression of the disease.
MicroRNAs (miRNAs) are a class of small noncoding RNAs
of 21–22 in length that play a role in the regulation of gene ex-
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pression at the posttranscriptional level (4).They are evolutionarily
well-conserved and, by binding to their target transcript in the
3′-UTR, can hinder the translation of proteins and destabilize the
target mRNAs (5). Because of the regulation exerted by miRNAs
on numerous biological processes, such as proliferation, apoptosis and differentiation, impairment of the MiRNA regulatory
network may be involved in tumorigenesis. MiRNAs can serve
as both oncogenes and tumor suppressors (6). miRNAs play role
in CML pathogenesis: some miRNAs are up-regulated while
others are down-regulated in the peripheral blood of CML patients
(7). Furthermore, some studies suggest that different expression
levels of miRNAs are seen in CML patients with good and poor
response to TKI therapy.
Given that miRNAs have been implied to play a major role in
leukemogenesis and that expression profiles of miRNAs have been
linked to several cancer types, we aimed to test whether expression
profiles of miR-150, miR-10a, miR-148b, and miR-130b display
in patients at different stages of CML including newly diagnosed,
treatment-response and therapy-failure patients.
Materials and methods
Study population
This study was conducted from April 2017 to January 2018
and included 75 (32 males and 43 females) patients with CML
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recruited from the Hematology Department of Dicle University Research and Education Hospital, Diyarbakir, Turkey. An
age- and gender-matched control group composed of 25 healthy
subjects (11 males and 14 females) without a medical history of
cancer or other chronic diseases. The diagnosis of CML was based
on standard clinical data and confirmed by molecular analyses.
The current CML treatments include hydroxyurea, bone marrow
transplantation or TKIs. We separated all subjects into four groups:
Group 1(n = 25): newly diagnosed patients, Group 2 (n = 25):
treatment response patients, Group 3(n = 25): treatment failure
patients, Group 4 (n = 25): healthy control group. Treatment response is characterized as BCR-ABL < 0.1 %. Therapy failure is
defined here as complete hematological response with failure to
achieve complete cytogenetic remission. All subjects signed a
written consent form after being informed about the details of the
study. Informed consent in accordance with the study protocol
was approved by the Ethics Committee of the Dicle University.
All the procedures were rigorously conducted following the terms
of the Declaration of Helsinki.
Bcr-Abl analysis
Using RBC Lysis Solution and QiAmp RNA Blood Mini Kit
kits, leukocytes from 10 ml whole blood were obtained first, then
RNA was isolated from leukocytes. (Qiagen, Germantown, MD).
Then, the total RNA quality was checked using the spectrophotometric method (Maestrogen, MaestroNano Spectrophotometer,
USA). Then, the cDNAs were synthesized using a Ipsogen RT Kit
(Qiagen Hilden, Germany). This was used for all samples to perform reverse transcription from 1 μg of total RNA in a Labcycler
Thermal Cycler (SenSoquest). Following these procedures, the
cDNA step was completed. Then for this step, the mix was loaded
onto the Real-Time PCR (Rotor-Gene, Qiagen Hilden, Germany)
using the Ipsogen BCR-ABL1 Mbcr IS-MMR Kit. The RT-PCR
step was switched to look at Bcr-Abl levels. According to the
results, groups with newly diagnosed, treatment-responsive and
unresponsive patients were formed.
RT-PCR analysis of plasma samples for miRNA levels
miRNA isolation was performed using miRNeasy Serum/
Plasma Kit. The miRNAs obtained were stored at -80 °C until
the Real-Time PCR (RT-PCR) stage. Then, the total RNA quality
was checked using the spectrophotometric method (Maestrogen,
MaestroNano Spectrophotometer, USA). Then, the cDNAs were
synthesized using QiagenmiScript II Reverse Transcription Kit II
(Qiagen,Sabioscience). This was used for all samples to perform
reverse transcription from 0,5μg of miRNA in a Labcycler Thermal Cycler (SenSoquest). For RT–qPCR analysis, diluted cDNA
was used as a template). The cDNA enrichment step proceeded
then. cDNAs were enriched using the miScriptPreAMP PCR
Kit. RT-PCR was introduced to determine the expression levels
of miRNAs. The cDNA, in combination with a miScript SYBR
Green PCR kit (Qiagen, Germantown, MD), was used for RTqPCR miScriptPrimer Assays. RT–qPCR was run in a Rotor-Disc
72 with reaction volumes that used 25 μl of reaction mixture for
40 cycles of 95 °C for 15 min, 94 °C for 15 s, 55 °C for 30 s in
160

Tab. 1. Mean ages of the subjects.
Groups
Group 1
Group 2
Group 3
Group 4

n (%)
10 (10)
10 (10)
12 (12)
11 (11)

Males
Mean age
61.00±18.42
48.60±18.57
51.25±17.94
53.36±12.64

Females
n (%)
Mean age
15 (15)
41.00±10.21
15 (15)
48.87±11.54
13 (13)
49.00±16.66
14 (14)
47.64±16.64

Group 1: newly diagnosed patients; Group 2: treatment response patients; Group 3:
treatment failure patients; Group 4: healthy controls.

the QiagenRotorgene Q (Qiagen, Hilden). The reaction mixture
contained 10 μL SYBR Green Master, 2 μL miscript primer assay,
2 μL universal primer 1 μL of DNase/RNase-free distilled water
and 5 μL of cDNA template. It is known that Snord61 is the most
stable reference gene under exposure to pesticide, so we selected
this gene in our study. Reference sequence numbers for all primers
were obtained from the set shown in Table 1. (Genes were produced for Human (Homo sapiens) by miScript Primer Assays
(QiagenSABiosciences USA).
Ct values were exported to an Excel file, a table of Ct values
was created, and the table was uploaded to the data analysis web
tool (8). The samples were classified and tagged as the control
and the patient groups. Manually selected reference genes were
used to normalize the obtained Ct values. The online tool uses
the ΔΔCt method to calculate the fold-change/regulation. Briefly,
ΔCt was first calculated between the studied gene of interest
(GOI) and an average of housekeeping genes (HKG), and ΔΔCt
was further determined by subtracting the ΔCt (control) value
from the ΔCt (experiment). Fold-change was assessed using the
formula: 2^(-ΔΔCt). The data analysis report was exported from
QIAGEN web portal (8).
Fold-change
Fold-change (2^(- ΔΔCt)) is the ratio of the normalized gene
expression (2^( -ΔCt)) in the test sample over the normalized
gene expression (2^(-ΔCt)) in the control sample. Fold-regulation,
on the other hand, is a representation of the fold-change results
in a biologically meaningful manner. In brief, fold-regulation is
equal to fold-change in cases of positive- or up-regulation, where
the fold-change value is greater than one. Conversely, when the
fold-change is less than one, which is indicative of a negative- or
down-regulation, fold-regulation equals to (-1/(fold-change)).
Student’s t-test was used to assess the relationship between the
replicate 2^ (-ΔCt) values obtained from each gene in the control
group and those from the patient group, and the p values were
calculated.
Statistical analysis
Real-time PCR data were analyzed using the Gene Globe Data
Analysis Center (Qiagen). The raw data based on the ΔΔCt method
were normalized using the Snord61 housekeeping gene. Foldchange values ≤ 2 were considered to be up- or down-regulated.
Comparison of continuous data was performed using Student’s
t-test, either paired or unpaired, as needed. p values less than 0.05
were deemed statistically significant.
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Tab. 2. Fold change values according to groups.
Genes
Group 1
Snord61
miR-150
miR-10a
miR-148b
miR-130b
Group 2
Snord61
miR-150
miR-10a
miR-148b
miR-130b
Group 3
Snord61
miR-150
miR-10a
miR-148b
miR-130b
Group 4
Snord61
miR-150
miR-10a
miR-148b
miR-130b

Fold-Changes

p

1.00
0.98
11.17
3.78
1.08

Housekeeping gene
0.863306
0.003934
0.125377
0.617569

1.00
1.58
9.82
1.97
1.03

Housekeeping gene
0.237789
0.000292
0.451892
0271973

1.00
0.08
2.85
0.35
0.77

Housekeeping gene
0.003212
0.375747
0.038016
0.105655

1.00
0.05
0.29
0.18
0.75

Housekeeping gene
0.000001
0.006950
0.003557
0.439569

Group 1: newly diagnosed; Group 2: treatment response; Group 3: treatment failure;
Group 4: healthy control.

Results
A total of 100 subjects including 75 CML patients and 25 unrelated healthy subjects were evaluated. There were 43 % females
and 32 % males in patients group. The mean age in the groups is
shown in Table 1. To decipher a potential miRNA expression signature, we have analyzed expression profiles of miRNAs of newly
diagnosed patients, treatment response patients, treatment failure
patients, and compared them with healthy controls. The expression
profiles of the groups are summarized in Table 2.
miR-150 expression was down-regulated in the treatment
failure patients compared to the control group (p = 0.003212) while

Fig. 1. Graphic view of the fold change of expression prophiles of
different miRNAs in groups (Group 1: newly diagnosed; Group 2:
treatment response; Group 3: treatment failure and control group).

miRNA 148b expression was up-regulated in the treatment failure
patients compared to the control group (p = 0.038016).
miR-10a expressions were up-regulated (fold change > 1) in
newly diagnosed and treatment response patients compared to
healthy control group (p = 0.003934, p = 0.000292, respectively).
It was found that miR-10a expression increased 11.17-fold in
newly diagnosed patients and 9.82-fold in the treatment response
patients compared to the healthy control group. Although it was not
statistically significant, miR-10a expression was 2.85 fold higher
in the treatment failure patients compared to the healthy control
group (fold change > 1) (p = 0.375747).
miR-130b expression differences were not statistically significant in all groups according to fold changes.
Graphic view of the fold changes of expression prophiles of
different miRNAs in groups is presented in Figure 1.
Discussion
CML is a group of cancers that are manifested by a unique
genetic distortion, the breakpoint cluster region-Abelson murine
leukemia viral oncogene homolog 1 (BCR-ABL1) fusion gene (9).
Owing to the fact that this molecular lesion leads to CML, it was
possible to create an effective targeted therapy that selectively
hinders the tyrosine kinase activity of distorted BCR-ABL protein. Imatinib (IM) is a targeted therapy drug that can recognize
and inactivate tyrosine kinase activity of the BCR-ABL oncoprotein, thus blocking leukemogenesis. Treatment of CML patients
with IM produced very good responses, with regard to symptom
management and hematological parameters. On the other hand,
due to constant IM presence, primary and secondary resistance as
well as molecular evidence of persistent malignancy have been
observed in many CML patients (10). In some cases, point mutations in the BCR-ABL kinase domain have been increased in the
development of IM resistance, secondary resistance particularly,
eventually causing treatment failure. Resistance and intolerance
to treatment remain a major clinical problem.
miRNAs are short, noncoding RNAs that are involved in posttranscriptional modulation of messenger RNAs (mRNAs). The
human genome contains approximately 2 000 distinct miRNAs
(11). The miRNAs play crucial roles in tumorigenesis and cancer
progression via regulation of neoplasia onset, growth, metastasis,
and resistance to treatment (12), in agreement with the role of
miRNAs in several developmental processes, their misregulation
can largely promote the phenotypic features of all cancer subtypes
studied so far. The most common deregulated miRNAs in CML
include miR-10a, miR-17/92, miR-150, miR-203, and miR-328
(13). In CML, enhanced expression of miR-150 and miR-146a,
and decreased expression of miR-142-3p and miR-199b-5p were
seen after 15 days of TKI therapy (14), indicating that this drug
has the capacity to rearrange the miRNA profiles of tumor cells.
In this study, we analyzed 75 BCR-ABL positive patients. Our
goal was to identify distinctive miRNA signatures for CML subgroups. miR-150 has invariably appeared to be down-regulated
across multiple studies suggesting it as a potential candidate for
early CML diagnosis. Multiple reports imply that reduced expres161
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sion of miR-150 represents poor prognosis and a more severe state
of CML, whereas it was reported that reintroduction of miR-150 relieved symptoms in cell lines (15). Down-regulation of miR-150 was
seen in CD34+ cells derived from six chronic phase CML patient
samples (15), indicating that the down-regulation of this miRNA is
involved in disease onset. Moreover, evidence for down-regulation
of miR-150 as a diagnostic biomarker of CML was demonstrated in
a study that used a RT-PCR method in 50 newly diagnosed chronic
phase CML patients, and found important down-regulation of miR150 (16). A study in 2010 conducted a microarray analysis in 10
chronic phase CML patients and validated the potency of miR150 as a biomarker for CML diagnosis (14). miR-150 expression
levels can also be helpful as a biomarker for treatment response.
The down-regulation of miR-150 was found in the BCR-ABL transformed leukemia cell line Mo7e-p210 (megakaryoblast), and could
be reestablished in response to IM treatment (15). In this study, we
found that miR-150 expression was down-regulated in patients
with treatment failure compared to healthy controls (p = 0.003212).
Our results were compatible with those found in other studies.
There is growing evidence suggesting that miR-10a/b may
serve as new oncogene in several types of human cancer, such
as metastatic breast cancer, pancreatic cancer, esophageal cancer, hepatocellular carcinoma, nasopharyngeal carcinoma and
colorectal cancer (17). These findings advocate that miR-10a and
miR-10b are vigorously expressed in highly metastatic cancer
and play significant roles in metastasis. miR-10a is a potential
candidate for CML diagnosis. Using a Q-RT PCR method in 85
newly diagnosed chronic phase CML patients, down-regulation
of miR-10a was seen in 71 % of patients, exhibiting its clinical
pertinence as a biomarker for diagnosis (15). Other studies have
also investigated the pertinence of miR-10a as a biomarker for drug
response. miR-10alevels in the Mo7e-p210 cell line were unaffected by IM treatment (14), nevertheless, a significant increment
of miR-10a was seen in microarray analysis of patient samples
15 days after IM treatment (14). In the present study, we found
that miR-10a expression was up-regulated 11.17- fold in newly
diagnosed and 9.82-fold in treatment response patient groups (p
= 0.003934, p = 0.000292, respectively) (Tab. 2). It was thought
that miR-10a expression was associated with treatment response.
miR-148a, miR-148b, and miR-152 are three members of the
miR-148/152 family. They have similar sequences, configuration,
and the same seed region (18). All of them have been reported to be
down-regulated/up-regulated in numerous distinct types of tumors
(e.g., gastrointestinal, ovarian, hepatocellular carcinoma, and pancreatic cancer) (19). Some studies have shown that members of the
miR-148/152 family are expressed differentially in hematological
malignancies including acute lymphoblastic leukemia (ALL), multiple myeloma (MM), and lymphoma (20–23). Huang et al. found
that six miRNAs such as miR-148a were significantly up-regulated
in the plasma of MM patients and high levels of miR-148a were
associated with shorter relapse-free survival times (22). Wang
et al. found a significantly lower expression of down-regulated
miR-148/152 in AML patients compared to healthy controls (24).
It was reported that low expression of miR-148b was found in a
subset of CML patients with stable complete molecular responses
162

after stopping IM treatment (25). In this study, it was detected that
miR-148b expression was up-regulated in treatment- failure patient
group compared to the control group (p = 0.038016).
miR-130a plays distinct roles as oncogene or tumor suppressor gene to mediate diverse biological processes by modulating
several canonical pathways or target genes in various cancer types.
It has been found that the expression of miR-130a is distorted in
some types of cancer, overexpressed in adult T cell leukemia (ATL)
(26), gastric cancer (27), but down-expressed in bladder cancer
(28), and chronic lymphocytic leukemia (29). Ding et al identified
miR-130a as significantly over-expressed in t(8;21) AML(30). We
found miR-130b expression showed no significant differences in
all groups (p > 0.05).
Conclusion
In summary, our data demonstrated that miR-150, miR-10a,
and miR-148b are deregulated at different stages of CML. The
results of this study summarize the mechanisms by which miRNAs may play a role in CML pathogenesis. However, if they act
in BCR-ABL dependent or independent manner has to be further
investigated.
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