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ABSTRACT

Objective: Acute myeloid leukemia (AML) is a deadly type of
leukemia. The expression of AML-related genes may be altered
not only by genetic changes but also by various epigenetic
factors such as microRNAs (miRNAs). The expression levels
of many genes can be altered by miRNAs. The detection of
miRNA's target genes is critical for an understanding of the
disease’s molecular mechanism. In this study possible target
genes of miR-34a-5p in AML were determined and the effect of
the relationship between miR-34a-5p and target genes on the
cancer process was investigated.

Materials and Methods: Leukemia Gene and Literature
Database web tool (http://soft.bioinfo-minzhao.org/lgl/) includes
a useful leukemia gene and literature da. There are more than
600 AML-related genes on this database. In the present study, in
order to define the potential target genes of miR-34a-5p on the
database, we used miRDB tool and then confirmed the findings
using miRWalk, miRTarbase, Tarbase and miRNet tools. Defined
miR-34a-5p AML related genes were verified by the DisGeNET
platform. A Protein-Protein Interaction (PPI) network analysis of
the genes was conducted using several bioinformatics tools.
The effect of miR-34a-5p on cell proliferation was investigated
by transfecting mimic miR-34a-5p into HL60 and NB4 cells. The
mRNA expressions of NOTCH2, IGF1R, SKP2 and CDC25A
genes were investigated in miR-34a-5p transfected NB4 and
HL6&O cells and control groups.

Results: Using bioinformatics tools we determined 44 AML-
related genes that could be targeted by miR-34a-5p. According
to our in vitro study results statistically significant suppression of
proliferation was observed in miR-34a-5p transfected cells (48h
HL&O cells p=0.00011; NB4 cells p=0.0031 and 96h HL&O cells
p=0.00013; NB4 p=0.00018). It was also found that NOTCH2,
IGF1R, SKP2 and CDC25A mRNA expressions were down-

OZET

Amag: Akut miyeloid |6semi (AML) dlimcdl bir 16semi tirddur.
AML iligkili genlerin ekspresyonu sadece genetik degisikliklerle
degil ayni zamanda mikroRNA'lar (miRNA'lar) gibi cesitli epige-
netik faktorlerle de degistirilebili. MiRNAlar birgok genin ifade
seviyesini degistirerek hiicrede oldukga kritik gérevler yapabil-
mektedir. mMiRNA ve hedef genleri arasindaki etkilesimin tespit
edilmesi, hastaligin molekiler mekanizmasinin aydinlatiimasi
acgisindan oldukca énemlidir. Calismamizda AML dahil bircok
kanserde timor baskilayici role sahip miR-34a-5p'nin AML hiicre
proliferasyonu tzerindeki etkisi ve AML iliskili genlerin ifade de-
Jisimindeki roll arastinimistir.

Gereg ve Yéntem: Leukemia Gene and Literature Database web
sitesi (http://soft.bicinfo-minzhao.org/Igl/)'de, 16semi ile iligkili
genleri iceren 600'den fazla AML ile ilgili gen bulunmaktadir.
Bu web sayfasinda yer alan miR-34a-5p'nin potansiyel hedef
genlerini tanimlamak i¢in yaptigimiz bu ¢alismada miRDB veri
tabani kullanilmistir. Sonrasinda miRWalk, miRTarbase, Tarbase
ve miRNet araglaryla dogrulanmistir. PPl etkilesimleri, yolak
analizi, gesitli biyoinformatik araclar kullanilarak tanimlanmistir.
in vitro olarak miR-34a-5p'nin AML hiicreleri Gzerindeki etkisi
belirlenip NOTCH2, IGF1R, SKP2 ve CDC25A genlerinin mimik
miR-34a-5p ile transfekte edilmis NB4 ve HL40 hicrelerinde
ekspresyonu arastirilmistir.

Bulgular: Cesitli biyoinformatik araglar kullanilarak miR-34a-5p
tarafindan hedeflenebilecek 44 AML iligkili gen belirlenmistir.
Sonrasinda yapilan in vitro ¢alismada miR-34a-5p ile transfek-
te edilen hicrelerde proliferasyonun istatistiksel olarak an-
lamli sekilde baskilandigi gézlenmistir (48 saat HL60 hicreleri
p=0,00011; NB4 hicreleri p=0,0031 ve 96 saat HL&0 hiicreleri
p=0,00013; NB4 p=0,00018). miR-34a-5p mimik transfekte edilen
NB4 ve HL60 hiicrelerinde NOTCH2, IGF1R, SKP2 ve CDC25A
mRNA ifade seviyelerinin kontrol gruplarina gére anlamli sekilde
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regulated in miR-34a-5p mimic-transfected HL40 cells (p=0.003;
p=0.02; p=0.01; p=0.0009 respectively) and NB4 cells (p=0.02;
p=0.02; p=0.01; p=0.0007 respectively) compared to the control
groups.

Conclusion: miR-34a-5p may inhibit AML cell proliferation by
targeting many genes like NOTCH2, IGF1R, SKP2 and CDC25A.
The results of our study indicate that appropriate bioinformatics
tools and in vitro methods can successfully be used together
when investigating the relationship between miRNAs and target
genes. Further studies are required to determine the detailed
relationship between these genes and miR-34a-5p.

Keywords: miR-34a-5p, AML, NB4, HL60

azaldigi tespit edilmistir (HL60 hiicrelerinde sirasiyla (p=0,003;
p=0,02; p=0,01; p=0,0009) ve NB4 hicrelerinde sirasiyla p=0,02;
p=0,02; p=0,01; p=0,0007).

Sonug: miR-34a-5p; NOTCH2, IGFIR, SKP2 ve CDC25A gibi
bircok geni hedefleyerek AML hiicre proliferasyonunu inhibe
edebilir. Bu genler ile miR-34a-5p arasindaki iliskiyi net bir se-
kilde belirleyebilmek icin daha ileri tekniklerle farkli calismalarin
yapilmasina ihtiya¢ vardir. Calisma sonuglarimiz, miRNA-hedef
gen iliskisi arastinlirken uygun biyoinformatik araclarla in vitro
yontemlerin birlikte basariyla kullanilabilecegini géstermektedir.

Anahtar Kelimeler: miR-34a-5p, AML, NB4, HL40

INTRODUCTION

Acute myeloid leukemia (AML) is the most prevalent
type of leukemia in adults (1). AML develops when
blast cells expand clonally and invade the peripheral
blood and bone marrow. Patients frequently suffer as
a result of immature and ineffective erythropoiesis and
bone marrow failure. Parallel to recent developments,
treatment success rates have increased to 15% in
individuals over 60 years of age and to around 40% in
patients under the age of 60. Despite this, the prognosis
remains very poor, particularly for elderly patients (2).
Therefore, there is an urgent need for new research into
the diagnosis, treatment, and prognosis monitoring of
AML (3). MicroRNAs (miRNAs) are non-protein-coding
small RNAs that are about 20 nucleotides in length (4).
These small RNAs bind to the mRNAs of target genes
and regulate their expression levels in the cell (5). There
are over 2,000 human miRNAs and approximately 20,000
protein-coding genes (6, 7). Furthermore a miRNA may
play a critical role in the regulation of numerous genes
and the expression of a gene can be regulated by
multiple miRNAs (8). To address this major issue various
free and useful online programs based on base pairing
have been developed for the detection of interactions
between miRNAs and genes. Although these programs
are extremely useful in miRNA-target gene research,
the results of various miRNA-target gene web programs
are frequently inconsistent (9, 10). As a result, when
determining miRNA-target genes, it is critical to first
select the genes by combining different bioinformatics
tools, and then validate the findings using in vitro studies
on cell lines. Therefore, we aimed to determine the miR-
34a-5p target genes relationship in AML by combining
the power of biocinformatics applications and in vitro
methods. In the current study several bioinformatics
tools were used to determine and verify the deeper
associations of selected genes with AML and miR-34a-5p.
The effect of miR-34a-5p on cell proliferation in HL60 and
NB4 (AML cancer cell lines) was first evaluated. Then we
attempted to determine the miR-34a-5p related genes
involved in cancer cell proliferation.

MATERIAL AND METHODS

Bioinformatics assessment

Hundreds of AML-associated genes have been reported
in the literature. A search using the Leukemia Gene
and Literature Database web tool (http://soft.bioinfo-
minzhao.org/lgl/) revealed that more than 600 genes
are associated with adult AML. Potential target AML
genes of miR-34a-5p in the database were identified
using the miRDB tool. To verify AML-related genes,
the DisGeNET platform was used. Protein-protein
interaction (PPl) was demonstrated using the String
tool (version 11.5) (https://string-db.org/). KEGG and
GO enrichment analyses were performed using the
Enrichr web server, after which miRTarbase, Tarbase,
miRNet and miRWalk databases were used in order to
define stronger candidate miR-34a-5p related genes.
In this way, Neurogenic Locus Notch Homolog Protein
2 (NOTCH2), Insulin Like Growth Factor 1 Receptor
(IGF1R), S-Phase Kinase Associated Protein 2 (SKP2),
and Cell Division Cycle 25A (CDC25A) genes were
selected. The GEPIA2 tool was used to define survival
analysis. To uncover the relationship between the four
genes and miR-34a-5p in cancers, especially in AML, the
literature was searched using PubMed.

Cell line culture and miRNA mimic transfection

HL&0 and NB4 AML cell lines were seeded into RPMI-1640
medium supplemented with 10% FBS and 1% penicillin
and the cells were incubated (with 37°C-5% CO,). After 24
hours of incubation the cells were transfected with mimic
miR-34a-5p for 48 hours and for 96 hours with assays.
Lipofectamine 2000 reagent (Thermo Fisher Scientific Inc.)
was used to transfect the cells with miR-34a-5p and the
non-targeting control (nt control) with mimics (Ambion
mirVana, Applied Biosystems). Transfection reagent was
prepared by mixing 300 pL Opti-MEM medium with 3
pL from 10 uM stock miRNA mimic reagent and 9 pL of
Lipofectamine 2000 reagent following the manufacturer’s
protocol. In brief, 30 pmol miR-34a-5p mimics were
added to each well, and the same amount of nt control
mimic was added to the control group (11).
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Determination of the HL60 and NB4 cells’ proliferation
Cell proliferation was defined by colorimetric cell
viability (WST-8) assay using a CVDK-8 kit (EcoTech
Biotechnology). In a 96-well plate, HL-60 and NB4 cell
lines were seeded at around 5x10% cells per well and
cultured. To evaluate the effect of miR-34a-5p mimic
transfection on cell proliferation, measurements were
taken at 48 and 96 hours. 10 pL of CVDK-8 reagent was
supplied to each well for measurement and incubated
for three hours. Finally, a microplate reader (Thermo)
capable of measuring absorbance at 450 nm was used to
assess cell viability.

Total RNA isolation from HL60 and NB4 cells and qRT-
PCR

Total RNAs from miRNA mimic transfected HL40 and NB4
cells were isolated with TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). RNA concentration
was evaluated by NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, Madrid, Spain). cDNA synthesis
and gRT-PCR processes were performed using a total of
1000 ng RNA obtained from both the study group and
control group cells. The SCRIPT kit (Jena Bioscience) was
used for cDNA synthesis and SybrMaster (Jena Bioscience)
was used for gRT-PCR processes. All test steps were
performed according to the kit manufacturers’ protocols.
NOTCH2, IGF1R, SKP2, and CDC25A gene expression
levels were determined in miR-34a-5p transfected HL&0
and NB4 cells as well as in the control groups. Table 1
shows the primer sequences for the genes studied.

Verification of the transfection process

TagMan probes were used in gRT-PCR to detect the
expression level of miR-34a-5p in the transfected cells.
The cDNA of miRNA was constructed using 30 ng of total
RNA and performed using the TagMan miRNA reverse
transcription kit (Applied Bio., Foster City, CA, USA)
and miRNA RT primers according to the manufacturer’s

Table 1: Primers’ List, that target unique sequences

protocol. gRT-PCR was performed using TagMan miR-
34a-5p probes (Thermo Fisher Scientific Inc.), RNU43
(control miRNA) probes (Thermo Fisher Scientific Inc.),
and the TagMan Universal Master Mix (Thermo Fisher
Scientific Inc.) kit. The assay was carried out in duplicate,
and the 2% method was applied for the analysis of
relative quantitation. To normalize the expression of
genes whose expression was investigated in the in
vitro study step, ACTB primers were used as an internal
control. Experiments were performed in duplicate.
Relative quantification analysis was performed using the
28T method.

Statistical analysis

Analyses were performed using Student’s t-test and the
data were presented as meantstandard deviation. The
data were considered statistically significant if the p-value
was less than 0.05. Graphs were created with the GraphPad
Prism 5 program and SPSS software ver.21(IBM Corp.,
Armonk, NY, USA). Overall survival analysis was generated
using the Kaplan-Meier test via the GEPIA 2 tool. Points
to consider when analyzing: Group cutoff: Median, Cutoff-
High(%): 50, Cutoff-Low(%): 50, Hazards Ratio (HR): Yes,
95% Confidence Interval: Yes, Axis Units: Months

RESULTS

Bioinformatics analysis results

Identification of potential AML-related candidate
genes

The miRDB database predicts 899 genes as potential targets
of hsa-miR-34a-5p. We found that 44 genes overlap among
600 AML-related genes in http://soft.bioinfo-minzhao.org/
Igl/ and that 899 genes are possible targets of miR-34a-5p
in miRDB. The relationship between miR-34a-5p and the 44
selected genes was confirmed by miRTarbase, Tarbase, and
miRNet, as presented in figure 1.

Primer Sequence Reference
NOTCH2-F 5'-GGGACCCTGTCATACCCTCT-3'

NOTCHZ2-R 5'-GAGCCATGCTTACGCTTTCG-3' )
IGF1R-F 5-TTTCCCACAGCAGTCCACCTC-3

IGF1R-R 5-AGCATCCTAGCCTTCTCACCC-3 =0
SKP2-F 5-ATGCCCCAATCTTGTCCATCT-3'

SKP2-R 5-CACCGACTGAGTGATAGGTGT-3' 1
CDC25A-F 5-ATGAGGATGATGGCTTCG-3'

CDC25A-R 5-AACACTGACCGAGTGCTG-3 52
ACTB-F 5-GCCTCGCCTTTGCCGATC-3'

ACTB-R 5'-CCCACGATGGAGGGGAAG-3' 9
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Figure 1: Forty-four AML-associated genes that are
possible targets of miR-34a-5p. 5075 genes that may be
targets of miR-34a-5p have been reported in the
miRTarbase V8 and Tarbase V8 databases. The names of
44 genes studied in our study are shown in the figure as a
larger circle. It was constructed using the miRNet tool
(https://www.mirnet.ca/).

Confirmation of the selected potential AML-related
genes

The association of 44 genes with AML and other cancers
is shown in figure 2. Apart from 4 genes (TGM2, ITGB3,
HSPA1AT and PODXL), other genes were also associated
with AML in the DisGeNET database. These 4 genes,
which are not found in DisGeNET, were included in the
study because they were found to be related to AML
after the literature review (12-15). The fact that the vast
majority of the 44 genes chosen from http://soft.bicinfo-
minzhao.org/lgl/ database are also included in the
DisGeNET database indicate that these genes could be
strong AML-associated genes.
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Figure 2: Forty-four genes are associated with other

cancers, including AML. It was constructed via DisGeNET
database (http://www.disgenet.org).

PPI of selected AML-related genes

The interaction of 44 genes suggesting there is a complex
relationship between the selected genes except for
the SHMTT1 gene is demonstrated in figure 3. Because
this figure reveals that many of the selected genes
may interact with the TP53 gene, which is known as the
genome’s guardian, unraveling the interaction between
the selected genes and miR-34a-50 may provide
an essential clue in understanding the complicated
molecular process of AML.

Figure 3: Using miR-34a-5p related 44 AML genes as
seed, a total of 207 PPl enrichment was constructed by the
STRING database (p<1.0e-16).(https://string-db.org/.)

Pathway analysis of selected AML genes

According to the results of the pathway analysis, 44
potential target genes of miR-34a-5p appear to be
associated with many biological pathways. The analysis
results show that one of the pathways most associated
with these genes is the IGF1 pathway as seen in figure
4. In addition NOTCHZ2, IGF1R, SKP2, and CDC25A
genes were found to be in the IGF1 pathway as shown
in figure 5. This suggests that developing a potential
therapy strategy based on miR-34a-5p targeting these
IGF1 pathway genes may be effective in the AML cancer
process.

Investigation of the relationship between selected
genes and miR-34a-5p in AML in the literature
According to our research of the literature using PubMed,
we noticed that all of the NOTCH2, IGF1R, SKP2, and
CDC25A genes have critical roles in cancers including
AML. However, it was observed that no study had yet
been conducted showing that these genes are targeted
by miR-34a-5p in AML cells.
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Biological pathway for miR-34a-5p target genes of AML
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Figure 4: The defined 44 genes’ pathway analysis results in AML. It was constructed using

Funrich tool (http://www.funrich.org).
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Figure 5: The SKP2, IGF1R, CDC25A and NOTCHZ2 genes
are related to the IGF1 Pathway. It was constructed via
Funrich tool (http://www.funrich.org).

Identification of priority genes in elucidating AML/
miR-34a-5p/target gene association

According to the TCGA data, it was detected that the
NOTCHZ2 gene expression level was noticeably increased
in AML than in other cancer types as demonstrated in

figure 6. The results of the overall survival (OS) analysis
revealed that IGF1R, SKP2, and CDC25A genes had no
statistically significant effect, but that the NOTCHZ2 gene
showed poor overall survival for AML patients as shown
in figure 7. These findings suggest that NOTCH2Z, one of
the 44 identified genes, is particularly significant in AML
and that further research into the miR-34a-5p/NOTCH2
axis might be beneficial.

In vitro study results

The effects of mimic transfection of miR-34a-5p on
the AML cell proliferation

HL60 and NB4 cells transfected with mimic miR-34a-5p
were found to have significantly higher expression of
miR-34a-5p compared to the nt control group (figure
8). This indicates that mimic miR-34a-5p transfection
into cells has been successfully achieved. It was
determined that miR-34a-5p significantly reduced
proliferation in mimic miR-34a-5p transfected HL60
and NB4 cells compared to the control group (figure 9).
It was demonstrated that the values show a statistically
significant decrease at both 48h measuring (HL40
p=0.00011; NB4 p=0.0031) and 96h measuring (HL60
p=0.00013; NB4 p=0.00018).
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Figure 6: The expression levels of the NOTCHZ2 gene in various cancer types. NOTCHZ2 expression is overexpressed in
many cancers, however, the increase in NOTCH2 expression in AML is striking. LAML: Acute myeloid leukemia. TPM:
Transcripts Per Million. It was constructed via GEPIA2 tool (http://gepia2.cancer-pku.cn/.).

Overall Survival

=i —— Low NOTCH2 Group
— High NOTCH2 Group
Logrank p=0.028
| HR(high)=1.8
S p(HR)=0.032
= | R, TR n(high)=53
B | gm0 0 Tasag AIDW)=53
w
2 81
"
e . .
C T T
O =
= e A e
A T < |57 S
o
N
o
Qo
= \ T T T
0 20 40 60 80
Months

Figure 7: The impact of the NOTCH2 gene on overall AML
survival. It was created via GEPIA2 tool (http://gepia2.
cancer-pku.cn/.).
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Figure 9: The effect of miR-34a-5p on cell proliferation in
HL60 and NB4 cells (nt control: Non-targeting control.
**p-value<0.01, ***p-value<0.001).

gRT-PCR results of the selected genes

NOTCH?2, IGF1R, SKP2 and CDC25A expression levels
were detected to be statistically decreased in miR-34a-
5p transfected HL60 cells (respectively p=0.003; p=0.02;
p=0.01; p=0.0009) and NB4 cells (respectively p=0.02;
p=0.02; p=0.01; p=0.0007) compared to the control
groups (figure 10 and 11).

DISCUSSION

Over the last decade, studies have shown that miRNAs
play crucial roles in nearly all biological events associated
with AML, including cellular proliferation, migration, and
metastasis. These findings support the idea that miRNAs
could be used as biomarkers in AML. Although much has
been learned about the roles of miRNAs in the initiation
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and progression of AML, many unanswered questions
about the relationship between AML and miRNAs remain
(16). MiR-34a-5p is a tumor suppressor, and miRNA
(TsmiR) plays a vital role in oncogenesis and is essential
for tumor progression inhibition (17, 18). Many studies
in recent years have revealed that miR-34a-5p has a low
expression level in various cancers due to the loss of its
tumor suppressor effect (19-21). MiR-34a-5p is critical in
the regulation of hematopoiesis. It has been reported,
for instance, that miR-34a-5p can reduce mature B
cells by targeting FOXP1, a B cell oncogene (22). MiR-
34a-5p was shown to be significantly downregulated in
patients with AML and cytogenetically normal-AML, and
low expression of miR-34a-5p was linked with patients
with intermediate/low-risk AML (23). MiR-34a-5p could
influence the phenotype of leukemia cells in a variety of
ways (22, 24, 25). Furthermore, miR-34a-5p is known to
play a critical role in myeloid differentiation. Alteration
of miR-34a-5p expression has been shown to reprogram
granulocytic differentiation of blast cells with CEBPA gene
mutations in AML (26). In the study by Liu X et al., miR-34a-
5p expression was demonstrated to be downregulated in
bone marrow mononuclear cells of AML patients and it
was associated with tumor burden (27).

Our bioinformatics research and in vitro study results
showed that NOTCHZ2, IGF1R, SKP2, and CDC25A genes
may be closely related to miR-34a-5p in AML. These
genes have been implicated as oncogenes in a variety of
cancers (28-31). For example, IGFTR overexpression has
been showntofacilitate the progression of lung metastasis
(31). Zhang et al. showed that overexpression of Skp2 in
breast cancer induces breast cancer cell proliferation (32).
Silencing CDC25A has been demonstrated to suppress
the proliferation of liver cancer cells by downregulating
IL-6 (33).

It has been reported that these genes are also closely
related to AML. NOTCH signaling pathway having four
receptors including NOTCHZ is important in AML cell
survival, which is regulated by bone marrow stromal
cells. This might be the rational evidence for novel
AML eradication approaches that may become useful
for diagnosis. It has been shown that chemosensitivity
can be partially restored by blocking the NOTCHZ2
gene in AML (34). IGF1R, another important gene in
our study that may be associated with miR-34a-5p,
is a tyrosine kinase transmembrane protein receptor.
This gene activates signaling pathways by binding
to insulin-like growth factor ligands and controls cell
proliferation, differentiation and apoptosis in AML (35).
The another crucial gene, SKP2, has been demonstrated
to downregulate C/EBPa (CCAAT/enhancer-binding
protein) expression via ubiquitin-dependent proteasome
degradation, resulting in differentiation block in AML (36).
Due to the increased proportion of FLT3 mutation (25-
30 percent of total of AML) and its association with poor
prognosis, many FLT3 inhibitors have been designed and
tried in various clinical studies, either as a single drug or
in a combination with chemotherapy. CDC25A is an early-
stage target in FLT3-ITD oncogenic signaling and is a key
player in proliferation and differentiation of arrest events
in AML cells (37). Therefore, the relationship between
miR-34a-5p and NOTCHZ2, IGF1R, SKP2, CDC25A may be
of particular importance for AML.

It has been reported that these four genes are
overexpressedin AML as in other cancers and are involved
in the disease process (38-41). Furthermore, miR-34a-5p
has been shown to directly target these genes in a variety
of cancers and other diseases (42-45). A recent study, for
instance, revealed that miR-34a-5p inhibits cervical tumor
progression and migration by suppressing CDC25A (43).

The identification of genes controlled by miRNAs is
a key difficulty in miRNA studies. Our study findings
indicate that if proper bioinformatics tools and in vitro
applications are utilized and combined, the AML/
miRNA/Target genes link may be identified more
accurately. The current study has filled an important
gap in the literature by determining the possible target
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genes of miR-34a-5p, using various bioinformatics
tools, and then performing validation studies at the
mRNA level in HL40 and NB4 cells. According to the
pathway analysis of the present study, the majority of
the 44 potential target genes of miR-34a-5p are related
to the IGF1 pathway (Figure 4.) NOTCH2, IGF1R, SKP2,
and CDC25A genes, which are among the 44 genes in
our study and whose expression levels decrease after
miR-34a-5p transfection into HL40 and NB4 cells, are
also related to the IGF1 pathway in the cell Figure 5).
IGF1 signaling pathway is known to play a vital role in
many important processes, including development,
homeostasis, and aging. Many diseases, particularly
cancers, are caused by various mutations in the genes
involved in this pathway. AML has also been linked to
irregularities in the IGF1 pathway. For instance, in a
recent study, it was revealed that IGF1 autocrine plays
a critical role in the constitutive PI3K/AKT activation of
primary AML cells, and it was suggested that IGFTR could
be targeted as a potential new treatment option (39).
This demonstrates how important the IGF1 signaling
pathway is in the development of therapeutic strategies.
MiR-34a-5p has been identified in the literature as
one of the miRNAs involved in the IGF1 pathway (46).
Our intriguing and significant findings imply that miR-
34a-5p may contribute to the cancer process in AML,
particularly via the IGF1 pathway. Therefore, we suggest
that the relationship between miR-34a-5p and the IGF1
pathway genes (particularly the NOTCH2, IGF1R, SKP2,
and CDC25A) in AML should be studied further.

In the present study, the overall survival analysis of the
IGF1R, SKP2, and CDC25A genes in AML was not found
to be statistically significant, while it was demonstrated
that the NOTCHZ2 gene was an indicator for AML
patients who had poor overall survival (Figure 7). The
NOTCH pathway is a critical signaling mechanism that
allows nearby cells to communicate and perform their
developmental roles in a pathological environment.
NOTCHZ is one of the key players in this pathway.
The NOTCH?Z2 gene is overexpressed in many cancers,
including AML. It has been demonstrated that NOTCHZ2
expression may be regulated in the cancer process by
different miRNAs. For instance, Wang et al. showed that
miR-181b/NOTCH2 might overcome chemoresistance in
NSCLC by modulating cancer stem cell-like characteristics
(47). Jiang et al. revealed that miR-34c-3p reduced
cell invasion and epithelial-mesenchymal transition in
nasopharyngeal cancer by targeting NOTCHZ2 (48). Our
TCGA data analysis results show that NOTCH2, which
is overexpressed in many malignancies, is much higher
expressed in AML than in other cancer types (Figure
6). Literature data and our study results have revealed
the fact that the miR-34a/NOTCH2 relationship may be
essential in AML.

The study’'sfindings shed lighton the relationship between
miR-34a-5p and its target genes in AML. However, for
more precise results, methods such as western blot and
luciferase reporter assay should be used. Based on our
study results, we suggest that miR-34a-5p and selected
AML-related genes should be studied in more detail.
Thus, the contribution of miR-34a-5p and target genes
to cellular processes such as apoptosis, migration, and
metastasis in AML will be determined.
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