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ABSTRACT

Objective: Acute myeloid leukemia (AML) is a heterogeneous,
malignant disease, characterized by disruption of differentiation of
hematopoietic stem cells. The effect of microRNAs (miRNA)-210
on the prognosis of AML is a subject of research. BCL-2 is
a protooncogene encoding a protein that inhibits apoptosis.
Overexpression of BCL-2 is seen in AML cells. The presence or
absence of cytogenetic abnormalities is an important prognostic
marker in AML. In our study, we aimed to compare the effect of
miRNA-210 and BCL-2 expressions on the prognosis of AML and
the relationship with the cytogenetic findings.

Methods: Cytogenetic analyzes were performed in bone marrow
and/or peripheral blood samples taken from patients with AML
and healthy individuals. miR-210 and BCL-2 mRNA levels were
determined by quantitative real-time polymerase chain reaction
method.

Results: No abnormality was found in healthy individuals. Clonal
structural and numerical anomalies were detected in some patients
with AML. BCL-2 mRNA expression levels of leukocytes and
bone marrow samples of patients with AML were higher than
that of the leukocytes of healthy individuals. miR-210 levels did
not differ between patients and healthy individuals. The miR-210
level of leukocytes of patients with AML was significantly higher
than that of the bone marrow samples of the patients with AML.
A positive correlation was found between BCL-2 and miR-210 in
bone marrow samples from patients with AML.

0z

Amag: Akut myeloid 16semi (AML), hematopoietik kok hiicrelerin
farklilasmasinin bozulmas: ile karakterize, heterojen, malign bir
hastaliktir. microRNA’lar (miRNA), AMLCnin olusumunda ve
ilerlemesinde etkili olan faktdrlerden biridir. mikroRNA-210’un
AMTnin prognozuna etkisi ve AML gelisimdeki etki ettigi yolaklar
arastirilan bir konudur. BCL-2 bir protoonkogendir ve apoptozu
inhibe eden proteini kodlar. AML hiicrelerinde BCL-2’nin asir1
ckspresyonu goriilmektedir. Sitogenetik anormalliklerin varligi veya
yoklugu, AMLde énemli bir prognostik belirtectir. Bu ¢alismada,
miRNA-210 ve BCL-2 cekspresyonlarinin  AML  prognozu
tizerindeki etkisi ve sitogenetik bulgularla iligkisinin kargilagtirilmas
amaglanmistir.

Yontemler: AML'li hastalardan ve saglikli bireylerden alinan
kemik iligi ve/veya periferal kan &rneklerinde sitogenetik
analizler gerceklestirilmis, RNA izolasyonunu takiben miR-210
ve BCL-2 mRNA seviyeleri kantitatif gercek zamanli polimeraz
zincir reaksiyonu yontemi (QRT-PCR) ile saptanmustir.

Bulgular: Sitogenetik analiz sonucu saglikli bireylerde herhangi
bir anomaliye rastlanmazken, bazt AMLIi hastalarda klonal
yapisal ve sayisal anomaliler tespit edilmisti. AMLIli hastalarin
lskositlerindeki ve kemik iligi orneklerindeki BCL-2 mRNA
ckspresyon  seviyelerinin  saglikli  bireylerin  18kositlerindeki
ekspresyon seviyelerine gore arttig1 saptanirken, miR-210 seviyeleri
acisindan hasta ve saglikli bireyler arasinda bir fark bulunmamustir.
Ancak AMLIi hastalara ait l6kositlerin miR-210 seviyesi yine
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Conclusion: The increase in BCL-2 mRNA and miR-210 levels
may have negative effects on the prognosis of the disease by causing
disruption in the apoptosis mechanisms.

Keywords: AML, miRNA-210, BCL-2, cytogenetics, prognosis

Introduction

Acute myeloid leukemia (AML) is a hematopoietic stem cell
disorder, and this malignant change occurs in hematopoietic
cells, resulting in loss of function in the cells (1). The disease
progresses rapidly when it is untreated and results in death
according to its clinical progression (2). AML was first classified
in 1976 by French-American-British classification (FAB) as M0
to M7 according to its morphological features (3,4).

According to the classification made by the World Health
Organization based on cytogenetic and molecular properties,
AMLs are divided into 4 groups; AML with certain genetic
abnormalities, AML with myelodysplasia-related changes,
AML related to previous chemotherapy or radiation, AML not
otherwise specified (3,5). AML is more common in patients over
65 years of age, but it can occur at any age (6). Its incidence is
approximately 3.7/100,000 per year, and the incidence of AML
has increased significantly over the past decade (7).

The AML is characterized by the accumulation of over 20%
myeloid blast cells in the bone marrow (8). However, in the
presence of t(15;17), t(8;21), inv(16) or t(16;16) cytogenetic
anomalies, AML can be diagnosed even if the number of blasts is
below 20% (1). Cytogenetic findings are important parameters
in the classification and prognosis of AML and chromosome
anomalies are found in approximately 55% of newly diagnosed
patients (9,10)

MicroRNAs (miRNA) are non-coding RNA molecules that
have 19-25 nucleotides which are binding to target mRNA’s 3’
UTR regions and it regulates gene expression (11). Disorders of
miRNA regulation affect cancer development and progression.
These dysregulations cause different miRNA profiles to appear
between normal and cancer tissues. The different profiles have
shown that there is a relationship between cancer diagnosis and
prognosis and miRNAs (12). In recent years, expressions of some
specific miRNAs have been noticed to be associated with AML.
miRNA-210 is also one of the miRNAs that affect prognosis of
AML. Overexpression of miRNA-210 indicates poor prognosis
in patients with AML (13).

The BCL-2 protein is an inhibitor of apoptosis and is located
in the outer membrane of the mitochondria, endoplasmic
reticulum, and nucleus membrane (14). BCL-2 oncogene is
located on chromosome 18. This BCL-2 locus is translocated
with the immunoglobulin H locus on chromosome 14 and this
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hastalarin kemik iligi 6rneklerindeki miR-210 seviyesinden anlamli
derecede yiiksek olarak saptanmistir. Ek olarak, AMLIi hastalarin
kemik iligi 6rneklerinde BCL-2 ve miR-210 arasinda pozitif bir
korelasyon bulunmustur.

Sonug: BCL-2 mRNA ve miR-210 seviyelerinde goriilen artis
apoptoz mekanizmasinda bozulmaya sebep olarak hastaligin
prognozu tizerinde olumsuz etkiler yaratabilir.

Anahtar Sézciikler: AML, miRNA-210, BCL-2, sitogenetik,

prognoz

translocation results in overexpression of BCL-2 (15). Over-
expression of BCL-2 has been associated with a low complete
remission rate and shorter survival after chemotherapy (16).
Over-expression of BCL-2 is associated with low treatment
response in some hematological cancers such as follicular
lymphoma, chronic lymphocytic leukemia, and AML (17).

In this study, it was aimed to detect chromosomal anomalies in
patients with AML and to associate them with miR-210 and BCL-
2 expression levels. In this way, it would be evaluated whether
miRNA-210 could be used as a biomarker with differences in
treatment and prognosis.

Methods
Study Population

In this study, bone marrow materials were obtained from 7 patients
who were newly diagnosed as having AML in the Cerrahpasa
Medical Faculty Hematology department and peripheral blood
samples were also taken from 5 patients. The mean age of the
patients was 49.4+22.4 years. Peripheral blood samples of 7
healthy volunteers (mean age was 36.8+10.6) as a control group
were studied and the results were compared with the patient
group. This study was approved by the Ethics Committee of
[stanbul University-Cerrahpasa, Cerrahpasa Medical Faculty
(07.09.2016-327301). Written consent form was obtained from
all patients and volunteers before participating in the study.

Conventional Cytogenetics Analysis

Chromosomal analysis was performed on bone marrow
samples by 24 and 48 hours cultures using standard cytogenetic
technique. Seventy-two hour culture procedure was performed
for peripheral blood samples (18). All samples were stained with
the gas-to-liquids-banding method (19). Chromosome analysis
was performed on each of the patient and control groups. The
analyzes were evaluated according to The International System
for Human Cytogenetic Nomenclature 2016 (20).

miRNA and mRNA Expression Analysis

The RNA was isolated from bone marrow samples of the
patients by using MIRCURY Tissue RNA Isolation Kit (Exiqon,
300110). While RNA isolation from peripheral blood samples of
both patients and healthy subjects was done with Qiagen RNA
Isolation Kit (Qiagen, 52304). Both RNA isolation experiments
were performed according to the manufacturers’ protocols.
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A fixed amount of RNA was fixed to 20 ng/uL for each sample
for cDNA synthesis reaction and a miRCURY LNA™ microRNA
PCR, Polyadenylation, and ¢cDNA synthesis kit II (8-64 rxns)
(product no. 203301, Exiqon, Denmark) were used for cDNA
synthesis. miRNA expression level of miR-210 was detected by
qRT-PCR using miRCURY LNA™ microRNA PCR, ExiLENT
SYBR® Green master mix (Product no: 203421, Exiqon,
Denmark) and LightCycler 480 instrument (Roche). UniSp6
RNA Spike-in control was used as an endogenous reference gene
for normalization.

For mRNA expression analysis, cDNA synthesis was done with
iScript cDNA synthesis kit (Biorad, 170-8891). From blood
samples, 50 ng/pL of RNA was isolated and 150 ng/pL of RNA
was isolated from bone marrow samples was used for cDNA
synthesis. mRNA expression level of BCL-2 was analyzed by

quantitative real-time

polymerase chain (QRT-PCR) using Universal Probe Library
probe (Prob No. 75, Roche, 04688988001), Lightcycler 480
Probe Master Mix kit (Roche, 04707494001) and LightCycler
480 instrument. Actin beta (ACTB Gene Assay, Roche,
05532957001) was used as endogenous reference gene for
normalization.

Statistical Analysis

The computed tomographic (CT) values obtained from qRT-
PCR experiments were put into the formula ACT=2(reference
CT - target gene CT) to determine the expression levels of both

miR-210 and BCL-2. Microsoft Office Excel was utilized for
calculations and graphics.

Raw data of each group were statistically analyzed on GraphPad
InStat DTCG 3.06 software by performing Kruskal-Wallis test
followed by Dunn’s multiple comparisons test. p<0.05 was
considered statistically significant. Data are presented as mean +
standard deviation.

Results
Cytogenetic Findings

The karyotype results of 7 patients with AML constituting the
patient group as a result of conventional cytogenetic methods
performed in bone marrow material are shown in Table 1. Clonal
structural and numerical abnormalities were observed in some of
the patients (Figure 1).

Peripheral blood of the control group consisting of 7 volunteers
was also studied by using the conventional cytogenetic method
and karyotype analysis was performed. Normal karyotype
findings were seen in all volunteers.

miRNA-210 and BCL-2 Expression Levels

The BCL-2 mRNA expression levels in both leukocytes and
bone marrrow of patients with AML were found to be increased
compared to the expression levels of leukocytes of the healthy
individuals (p<0.05 and p<0.05, respectively) (Figure 2).

The miR-210 expression level of leukocytes of patients with AML
was higher than the level of bone marrow of the patients with
AML (p<0.05). Yet, there was no difference between patients
and healthy individuals (p>0.05) (Figure 3). It was important to
note that one patient was not included in statistical analysis given
the low levels of miR-210 expression (cycle threshold was higher
than 35 in qRT-PCR).

A correlation analysis was also performed between BCL-2 and
miR-210 expression levels. A positive correlation between BCL-2
and miR-210 was found in bone marrow samples of patients with
AML (r2=0.89; 95% confidence interval: 0.77-0.99; p<0.0001)
(Figure 4).

Discussion

Dysregulation of miRNA regulation leads to disruption in the
hematopoietic system and can cause leukemia (21). It has been
supported by studies that miRNA-210 plays a role as a tumor
suppressor or oncomir according to cancer type (22). Most
studies have shown that high miR-210 levels in cancerous tissues
are associated with poor prognosis (23-27). However, there are
also studies showing opposite results (23,24,28-30).

In the literature, a single study has been found showing the
expression of miR-210 in patients with AML. In this study, the
level of miR-210 expression in the peripheral blood and bone
marrow material of patients with AML was investigated. In the
findings obtained, overexpression of miR-210 in patients with
AML in both serum and bone marrow was compared with
the healthy control group. There was no relationship between
serum miR-210 level and age, sex, white blood cell amount and
complete remission. It was found to be related to cytogenetic
findings and FAB classification. In addition, it was found that
the overall survival rate was worse and the survival rate without
relapse was worse in patients with high miR-210 levels. The
findings showed that miR-210 might be a prognostic marker for
AML (13).

In our study, the level of miR-210 expression detected from
peripheral blood of patients with AML was found to be
significantly higher than the expression level detected from bone
marrow, yet there was no difference between patients and healthy
individuals. This result is not fully compatible with the literature.
A reason for this may be due to the low number of patients.

The BCL-2 is classified as an oncogene (31). Ongoing studies
show that BCL-2 damage causes cell death. It is also known that
BCL-2 plays a role in developing resistance to chemotherapeutic
agents (32).

In AML, over-expression of BCL-2, resistance to chemotherapy
and low overall survival rates were first investigated in a study
by Téthovd et al. (16). Data from another study conducted in
later years shed some points light on BCL-2’s expression and its
role in disease. In most of the patients studied, BCL-2 expression
was significantly higher and was associated with poor clinical
prognosis and poor response after intense chemotherapy. High
BCL-2 expression level supports the hypothesis that the apoptotic
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Table 1. Patients age, gender, FAB classification, and results of conventional cytogenetic analysis

Patient Age Sex Diagnosis Karyotyping

1 24 M AML M2 46,XY[4] "NCA[2]

2 21 M AML M4 41~44,XY,-18[3],-21[3],-22[3][cp6]/46,XY[5]
40~47,XY,+4[2],-5[3],-9[3],inv(9)(p11q13)[8],add(21)(p11)[3],-22[3],+mar1[3],+mar2[2]

3 62 M AML M4 [cp91/46,XY,inv(9)(p11g13)[10]**

4 52 F AML M5 e

42 F AML 46,XX[2] *"NCA[3]

6 61 M AML 25~27,X,+2[3],+5[2],+9[2],+12[2],+20[2][cp3]/35~44,XY,-6[4],-8[4],-9[3],-21[3]
[cp6]/46,XY[7]
27~34,X,+2[2],+6[2],+13[2],+18[2],+21[2],+22[2][cp2]/39~45,XY,-16[4],-21[3]

! 84 M AML [cp7]/46,XY[16]

*non-clonal abnormalities, **inv(9)(p11q13) finding is polymorphic, ***No quality metaphase to evaluate,

FAB: French-American-British classification, AML: Acute myeloid leukemia

mechanism contributes to tumorigenesis. In addition, anomaly
in BCL-2 protein has been shown to cause longer survival of
cancerous cells, thereby negatively affecting drug resistance and
chemotherapy response with increased white blood cells. And
also, data obtained as a result of experiments suggested that the
functional role of BCL-2was to block apoptosis without affecting
cell proliferation (33-35). In our study, we found that mRNA
expression level of BCL-2 in bone marrow samples of newly
diagnosed patients with AML was found to be significantly higher
than the levels in peripheral blood samples of healthy subjects. In
addition, the level of BCL-2 expression in peripheral blood from
patients was significantly increased compared to the healthy
individuals. The data we obtained are compatible with the data
in the literature. Compared to the level of BCL-2 expression in
bone marrow and peripheral blood, BCL-2 expression in the
bone marrow was found to be higher. This may be due to the
high expression of BCL-2 in tissues with more apoptosis, such as
bone marrow (36). In our patients, higher BCL-2 expression in
the bone marrow is compatible with the literature in this regard.
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Among the target genes of miR-210, when the databases showing
miRNA target genes were examined, BCL-2 could not be found.
In our study, it was investigated whether miR-210 and BCL-
2 levels showed correlation in AML. When the studies on this
subject in the literature were examined, a study supporting the
increase theory was found. Data obtained in the study of neurons
in cell culture and PC12 cell line in mice showed that over-
expression of miR-210 suppressed apoptosis in a correlation with
increased BCL-2 level (37). The data we obtained in our study
showed that BCL-2 expression and miR-210 expression in the
bone marrow of patients with AML were positively correlated.
The increase of miR-210 and hence BCL-2 confirms the theory
that leukemia cells increase by suppressing apoptosis in AML,
and therefore causing disease deterioration. This findings may
indicate that BCL-2 is not a target of miR-210 and miR-210
may regulate apoptosis through other targets, such as HIF-1-a
(38). More comprehensive studies are needed to clarify this
mechanism more clearly.

3 4 5

N

Figure 1. Karyotype analysis of patient 3 including numerical and structural chromosomal abnormalities.

Karyotype: 47,XY,+4,inv(9)(p11q13),add(21)(p11)
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Figure 2. BCL-2 mRNA expression levels of patients with AML and healthy individuals
AML: Acute myeloid leukemia
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Figure 3. mir-210 expression level of patients with AML and healthy individuals
AML: Acute myeloid leukemia
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Cytogenetic findings play an important role in the prognosis
of AML. In a study of patients with AML, the presence of
only trisomy 21 (+21) or the presence of +21 with additional
anomalies was found to be associated with poor prognosis. A
poor prognosis is predicted especially in patients with AML over
60 years old with only +21 (39). In our study, clonal +21 findings
were found in one patient. Also, other numerical chromosomal
anomalies were seen in this patient. Although our findings were
consistent with the literature, the age of our patient was 84,
which supported the prediction of poor prognosis in patients
over 60 years of age.

In the bone marrow material of 3 patients examined in our study,
monosomy 21 (-21) was found clonally. However, the finding
of -21 was accompanied by several numerical chromosomal
anomalies. In the literature, there were patients in whom only
-21 was seen in AML and other hematological diseases (such
as multiple myeloma and myelodysplastic syndrome (MDS)
(40). In an article, it was predicted that the loss or increase of
chromosome 21 in MDS would cause a moderate prognosis
(41). MDS is a hematological disease that has the potential to
transform into AML. Therefore, the -21 anomaly seen in the
patients examined in our study may be significant in terms of
prognosis.

According to the data obtained from the literature, patients with
monosomal karyotype and complex karyotype are associated
with poor prognosis. Patients who have a poor prognosis or
complex karyotype have a worse prognosis than patients who
have a monosomy karyotype. According to the data obtained
from previous studies, -5, -7, -8, -17, -21, -22 are the most
commonly seen monosomies (42). In our study, monosomies
of chromosomes -5, -8, -21 and -22 were observed in some
patients. In these patients, both the monosomal karyotype and
complex karyotype were detected. Especially in one patient,
the disease progressed very shortly after diagnosis, resulting in
hospitalization and death. In patient 6, the monosomal karyotype
(monosomy 8 was also present) and complex karyotype findings,
which were indicative of poor prognosis, were seen together. At
the same time, because our patient was over 60 years old, it was
compatible with the thesis that poor prognosis in patients with
AML over 60 years old.

Study Limitations

We encountered some limitations during our study. One of them
was to find a patient with de novo AML who had not yet received
treatment. For this reason, we could not reach the target number
of patients. Another limitation was the lack of sufficient financial
resources to perform apoptotic tests. Therefore, additional studies
are needed to support our apoptosis theory. The last limitation
was that healthy bone marrow samples could not be part of our
study due to the ethical reasons. For this reason, BCL-2 and miR-
210 expression levels in bone marrow samples of patients with
AML were compared with the leukocytes of healthy volunteers
instead of bone marrow samples.

Conclusion

As a result, in our study, increased expression levels of miR-
210 and BCL-2 were observed in the bone marrow material in
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AML, and findings indicating that this increase occurred in a
correlation were obtained. It was concluded that this increase
might cause disruption in the apoptosis mechanism and might
have negative effects on prognosis. In addition, as a result of the
data we obtained, we believe that the expression of miR-210
and BCL-2 can be useful as a biomarker for AML disease. In
addition, we think that the cytogenetic findings obtained will
be beneficial in terms of prognosis evaluation. We believe that
the effects of miR-210 and BCL-2 on the apoptosis pathway,
especially in AML, should be investigated and a larger number
of samples and comprehensive tests are needed to clarify this
mechanism and obtain precise results.
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