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ABSTRACT

Objective: Acute Myeloid Leukemia (AML) is distinguished by the differentiation and overgrowth of blast cells. In the current study, we purposed 
to elucidate the effect of miR-7-5p on AML cellular processes and the expression level of potential target genes.

Methods: miR-7-5p mimic was transfected into AML cells by lipofectamine-mediated method and verified by qRT-PCR. The miR-7-5p’s effect 
on proliferation and apoptosis was investigated by WST-8 and Caspase-3 kit (respectively). miRDB, miRTarBase, Targetscan, miRWalk, https://
ongene.bioinfo-minzhao.org/, and http://soft.bioinfo-minzhao.org/lgl/a databases were utilized for in silico identification of possible target 
genes of miR-7-5p. Relative gene expression of potential target genes was investigated via the qRT-PCR technique.

Results: In the group that is transfected with miR-7-5p, proliferation significantly decreased and apoptosis increased as against the control 
group. BCL2, SKP2, OGT, KLF4 and EGFR gene expression levels, which were determined as a result of possible target gene analysis by in silico 
methods and literature search, were investigated in AML cell lines. While the SKP2, KLF4 and OGT expression levels were statistically decreased 
in the group of transfected with mimic miR-7-5p, no statistically significant change was detected in the expressions of BCL2 and EGFR genes.

Conclusion: miR-7-5p may affect the cancer process in AML by targeting SKP2, KLF4, and OGT genes. It is very important to identify and validate 
the miR-7-5p target genes, which has the possibility to be a new biomarker in the early diagnosis and therapy of AML. Therefore, our data 
obtained at mRNA level should be confirmed by further studies.
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MiR-7-5p May Inhibit AML Cell Proliferation Via SKP2, KLF4, 
OGTTarget Genes

1. INTRODUCTION

Acute Myeloid Leukemia (AML) is a heterogeneous malignant 
sickness characterized by unlimited overgrowth and accumulation 
of abnormal blast cells affected by random genetic differentiation in 
hematopoietic stem cells (1). AML is the most prevalent leukemia in 
the adult population, accounting for 80% of all cases (2).

MicroRNAs (miRNAs) have critical roles in cancer pathogenesis 
including AML. They are a subset of non-protein-coding and 
endogenous single-stranded RNAs with approximately 20 
nucleotides (3, 4). They are regulators of gene expression by 
binding to the 3’ end un-translational regions (UTR) of messenger 
RNAs (mRNAs) target (5, 6). Each of the miRNAs, which are known 
as regulator of approximately 60% of all human genes, can regulate 
expression by targeting more than one gene (7, 8).

miR-7 family is highly conserved and is produced by the miRNA 
precursor 1-3 (9). miR-7-5p is the most studied member of this miRNA 
family (10, 11). miR-7-5p has been submitted to be associated with 

many cancers such as colon (12), pancreas (11), melanoma (13), 
lung (14), breast (15), gastric (16), glioblastoma (17), lymphoma 
(18). It has been reported that it is down-regulated in most cancer 
types and mostly acts as a tumor suppressor. It was indicated that 
miR-7-5p plays a tumor suppressor role in the development of AML 
by targeting OSBPL11 (19). However, the relationship between miR-
7-5p and AML has not yet been clearly demonstrated. Therefore, 
more research studies are needed to determine which possible 
targets of miR-7-5p can influence the cancer process.

From this point of view, the impact of miR-7-5p on cell viability and 
apoptosis processes in AML cell lines (HL-60 and NB4 cells) was 
investigated in this study. Then, possible miR-7-5p target genes 
were determined via in silico methods. The qRT-PCR technique 
was used to affirm the expressions of possible target genes which 
were selected as a result of in silico analysis in AML cells. For this 
purpose, gene expressions were compared in AML cells transfected 
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with miR-7-5p mimic and AML cells inoculated with non-targeting 
miRNA mimic (nt control).

2. METHODS

2.1. Identification of Possible miR-7-5p Targets by Bioinformatics 

and In Silico Analysis

In the process of determining the possible miR-7-5p target genes, 
possible target genes were listed through in silico programs such as 
miRDB, miRTarBase, Targetscan, and miRWalk. Then, starting from 
the genes with the highest target score (score ≥ 85, genes that have 
strong evidence “validated via Reporter assay, Western-blot, qRT-
PCR”) was investigated via https://ongene.bioinfo-minzhao.org/ 
and http://soft.bioinfo-minzhao.org/lgl/ sites.

2.2. Cell Line Culturing Process

HL-60 and NB4 cell lines are known as cell lines derived from human 
mature acute myeloblastic leukemia cells and they are frequently 
used in AML studies. NB4 and HL-60 cells were grown under 37°C, 
5% CO2 conditions, and in RPMI-1640 medium prepared by adding 
1% antibiotic and 10% FBS. When the cells multiplied by seeding in a 
25 cm2 cell culture flask reached 70-80% density (confluency), they 
were transferred to a larger 75 cm2 cell culture flask and passaged. 
Other cells that were increased during passage were placed in a 
freezing medium (RPMI-1640 medium containing 10% DMSO) and 
placed in cryo tubes to be used in further studies. Then, it was 
stored in a nitrogen tank at – 196°C.

2.3. Mimic Transfection into NB4 and HL-60 Cells

The miR-7-5p mimic was transfected into cell lines. The non-
targeting miRNA oligonucleotide sequence, which is known not 
to target any gene, was purchased commercially and used in the 
preparation of control cells (nt control) in the study. Transfection 
procedures were performed according to the Lipofectamine-2000 
protocol.

2.4. Isolation of RNA and cDNA Synthesis for Transfection 

Validation

AML cells, which were transfected with miR-7-5p and nt mimic 24 
hours before, were grown in an oven at the appropriate medium, 
centrifuged at 1500 rpm (5 minutes), and the pellets were dissolved 
in Trizol solution (Ambion) and the manufacturer’s company RNA 
was isolated according to the protocol.

In order to control whether the transfection process has taken place 
and to control the expression level of miR-7-5p in cells transfected 
into HL-60 and NB4 cell lines, first cDNA synthesis followed by 
the qRT-PCR was conducted with the use of TaqMan primers and 
probes. In the transfection validation process, 30 ng RNA was used 
in total for each of the study and control groups. First of all, cDNA 
synthesis was performed with the TaqMan MicroRNA Reverse 
Transcription Kit (ThermoFisher Sci) in accordance with the supplier 
firm’s protocol. Afterward, qRT-PCR processes were performed 

using TaqMan Universal Master Mix II (ThermoFisher Sci.), miR-7-5p 

RT probe (ThermoFisher Sci.), and RNU43 RT probe (ThermoFisher 

Sci.) as to the supplier firm’s protocol. The experiments were run 

in duplicate and the data obtained were evaluated by the 2-ΔΔCt 

method.

2.5. Investigation of the Influence of miR-7-5p on Cellular Processes 

as Viability and Apoptosis

Cells, seeded in 96-well plates with 3 replications and 3x103 cells in 

each well, were incubated at 37°C, 5% CO2. After 24 hours, miR-7-5p 

and nt mimic transfection was performed into cells according to the 

Lipofectamine-2000 protocol. Cell viability was evaluated at the 

48th and 72nd hours to determine the proliferation of transfected 

cells. Using the Multiscan FC microplate (ThermoFisher Sci.) reader 

device, the proliferation of cells was measured with the Cell Viability 

Detection 8 Kit (CVDK8) (Eco-tech Biotechnology NutriCulture) 

according to the supplier firm’s protocol and measured at 450 

nm absorbance. 2x105 NB4 cells were seeded into a 6-well plate 

for the purpose of determining the apoptosis situation. miR-7-5p 

mimic and nt mimic were transfected via Lipofectamine-2000 

Reagent according to the supplier firm’s protocol. 24 hours later 

from the transfection, miR-7-5p and nt mimic transfected cells 

were collected. The Human Caspase 3 Instant ELISA Kit (Invitrogen, 

ThermoFisher Sci.) protocol was applied and the measurement was 

conducted at 450 nm absorbance via the Multiscan FC microplate 

reader (ThermoFisher Sci.).

2.6. cDNA synthesis and the qRT-PCR Procedures to Determine 

Gene Expression Levels

cDNA synthesis was performed with the “RevertAid First Strand 

cDNA synthesis” kit (ThermoFisher Sci.) using a total of 1000 ng RNA 

from RNA samples of HL-60 and NB4 cells transfected with miR-7-5p 

mimic and nt mimic. Relative expression levels of selected genes, 

in mimic-transfected HL-60 and NB4 cells, were analyzed by the 

quantitative RT-PCR method. The qRT-PCR was performed according 

to the “5X HOT FIREPol EvaGreen qPCR Supermix (Solis BioDyne)” 

protocol. The experiments were conducted in duplicate. The βactin 

gene was used for normalization.

2.7. Statistical Analysis

SPSS 28 software was used in the statistical evaluation of the data 

obtained in the study. “Student’s t-test” was used to compare the 

study group and the control group, and the data of the analysis 

results were demonstrated as mean ± standard deviation. The 2-ΔΔCt 

method was used in the relative quantitation analysis of the qRT-

PCR results. Statistically, the data with p < .05 were considered 

significant. GraphPad Prism 9.3 software, Microsoft Excel, and Paint 

programs were used for the construction of graphics, figures, and 

tables. The analysis of overall survival (OS) was performed with the 

“Kaplan-Meier test” using the GEPIA-2 program.
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3. RESULTS

3.1. Possible Interacting Genes of miR-7-5p

About 20 of the genes classified as strong possible interacting 

genes of miR-7-5p in in silico databases were found to be among 

803 oncogenes on https://ongene.bioinfo-minzhao.org/ (Figure 

1a). Among these 20 genes identified as miR-7-5p targets, 5 of them 

were found in the “http://soft.bioinfo-minzhao.org/lgl/” database 

(Figure 1b). The expression levels of these 5 genes [B-Cell CLL/

Lymphoma 2 (BCL2), S-Phase Kinase Associated Protein 2 (SKP2), 

O-Linked N-Acetylglucosamine (GlcNAc) Transferase (OGT), Kruppel 

Like Factor 4 (KLF4) and Epidermal Growth Factor Receptor (EGFR) 

genes] were compared with mimic miR-7-5p and nt transfected 

AML cells.

Figure 1. Bioinformatics analysis results according to searching the 
miRDB, miRTarBase, Targetscan, miRWalk, https://ongene.bioinfo-
minzhao.org/ and http://soft.bioinfo-minzhao.org/lgl/a) databases. 
a) 20 genes identified to be miR-7-5p targets (517 nodes 622 edges). 
b) Among these 20 genes, 5 genes were selected for in vitro study 
(168 miRNAs nodes with 202 edges)

3.2. Validation of miRNA Mimic Transfection

Verification of the miRNA mimic transfection was showed that the 

amount of miR-7-5p and nt control mimics transfected into HL-

60 and NB4 cells by Lipofectamine-mediated methods increased 

statistically in the cells and the transfection was successful (Figure 

2).
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Figure 2. Transfection validation of miRNA mimic-transfected HL-60 and NB4 cells 

 

 

 

Figure 2. Transfection validation of miRNA mimic-transfected HL-

60 and NB4 cells

3.3. Impact of miR-7-5p on Cell Proliferation

As a result of the cell proliferation experiment performed to 

determine the impact of miR-7-5p on the proliferation of cells, the 

miR-7-5p transfected group in HL-60 and NB4 cells compared to the 

nt control group at both 48th hour (p=.04; p=.01), It was determined 

that there was a significant decrease in cell proliferation in both 

(respectively) and 72 hours (p=.028; p=.002, respectively) (Figure 3).

Figure 3. Proliferation changes in HL-60 and NB4 cells at 48. and 

72. Hours

3.4. Impact of miR-7-5p on Apoptosis

Caspase-3 level was evaluated to determine the impact of miR-7-5p 

on the apoptosis process and it was found that the cell death in 

the miR-7-5p transfected group in NB4 cells increased statistically 

significantly compared to the nt control group (p=.003) (Figure 4).
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Figure 4. Effect of miR-7-5p on apoptosis in NB4 cells (** p < .01)

3.5. miR-7-5p Relation With Expression Levels of OGT, SKP2, BCL2, 

KLF4 and EGFR

The expression data obtained as a result of qRT-PCR used to look 

at the expression levels of OGT, SKP2, BCL2, KLF4, and EGFR genes, 

which are determined as possible targets of miR-7-5p, were evaluated 

by the relative quantitation method and analyzed via Student’s t-test 

using βactin gene for normalisation. While the p values obtained 

in the analyzes were less than 0.05 were considered statistically 

important, those greater than 0.05 were not considered statistically 

important. The primer sequences used for qRT-PCR to investigate 

the expressions of the relevant genes were shown in Table 1. In 

conclusion, the relative expression levels of OGT (p=.012; p=.017), 

SKP2 (p=.019; p=.036) and KLF4 (p=.003; p=.027) genes were reduced 

in miR-7-5p transfected cells compared to the control group in HL-

60 and NB4 cell lines. However, no statistically significant change was 

detected in the relative expressions of BCL2 (p=.652; p=.174) and 

EGFR (p=.201; p=.698) genes in miR-7-5p transfected cells compared 

to the control group in both cell lines (Figure 5). All mean and p values 

of the gene expression levels were shown in Table 2.

Table 1. Primer sequences

Genes Sequences Base Reference
BCL2-F 5’-GATGTGATGCCTCTGCGAAG-3’ 20 (43)
BCL2-R 5’-CATGCTGATGTCTCTGGAATCT-3’ 22
SKP2-F 5′-ATGCCCCAATCTTGTCCATCT-3′ 21 (44)
SKP2-R 5′-CACCGACTGAGTGATAGGTGT-3′ 21
OGT-F 5′-TGTCACCCTTGACCCAAACTT-3′ 21 (45)
OGT-R 5′-GGCACGAAGATAAGCTGCCA-3′ 20
KLF4-F 5′-CCCAATTACCCATCCTTCCTG-3′ 21 (46)
KLF4-R 5′-GTCTTCCCCTCTTTGGCTTG-3′ 20
EGFR-F 5′-ATGGTCAAGTGCTGGATG-3′ 18 (47)
EGFR-R 5′-GAGGAAGGTGTCGTCTATG-3′ 19
βactin-F 5’-GCCTCGCCTTTGCCGATC-3’ 18 (46)
βactin-R 5’-CCCACGATGGAGGGGAAG-3’ 18

Table 2. Mean and p values ​​of gene expression levels 

Genes Expression levels in HL-60 cell 
line

Expression levels in NB4 
cell line

mean                     p-value mean                   p-value
OGT 0,248 .012 0,356 .017
SKP2 0,094 .019 0,534 .036
KLF4 0,386 .003 0,229 .027
BCL2 1,096 .652 1,207 .174
EGFR 0,287 .201 1,325 .698

*significant (p < .05)

Figure 5. Comparison of the expression levels of OGT, SKP2, KLF4, 
BCL2, and EGFR genes in miR-7-5p mimic and non-targeting miRNA 
mimic transfected AML cells a) HL-60 cell line b) NB4 cell line

2.6. Overal Survival (OS) Analysis

The overall survival analysis result showed that the OGT gene had 
an indicative role in poor OS in AML patients (Figure 6).

Figure 6. OGT gene influence on overall AML survival in TCGA. 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
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4. DISCUSSION

AML is a heterogeneous form of malignant leukemia mostly seen 
in adults, characterized by excessive accumulation of immature 
myeloblast cells in the bone marrow/blood (20). One of the factors 
that play an active role in the formation processes of various cancers, 
incorporating leukemias, is miRNA deregulation. miRNAs function as 
both oncogenic and tumor suppressors in the formation processes 
of various diseases, including cancers (21, 22). Rearrangement 
of expression levels in target genes of miRNAs offers potential 
treatment alternatives for various diseases. It is thought that it will 
make a great contribution to the development of new treatment 
strategies in addition to the treatments used today, especially 
with the rearrangement of the expressions of miRNAs in cancer 
types (23, 24). In the studies, oncogenic genes are silenced with 
the rearrangement of miRNA expressions or it is aimed to have a 
stopping effect in the cancer development process by providing the 
re-expression of tumor suppressor genes with reduced expression.

miR-7-5p is the most well-known member of the highly conserved 
miR-7 family (9). It is known that this miRNA behaves as a tumor 
repressor in many cancers and plays a reduced role in cancer 
pathogenesis. In the literature, it has been shown in lung cancer 
(25) and cholangiocarcinoma (26) studies that miR-7-5p plays a role 
in inhibiting diverse cellular procedures such as cell proliferation, 
growth, migration, and metastasis, promoting apoptosis and 
maintaining cell cycle control.

In this project, a substantial decrease in cell proliferation was 
detected in HL-60 and NB4 cell lines transfected with miR-7-5p 
mimic in comparison to the control group. Similarly, as a result of the 
apoptosis experiment, it was determined that miR-7-5p increased the 
amount of Caspase-3 and drove cells to apoptosis in NB4 cells. Only 
NB4 cells were used in the apoptosis assay because of the limitation 
of the project budget., therefore, it could not be compared with the 
apoptosis process in HL-60 cells. Therefore, apoptosis changes in HL-
60 cells should be controlled in further studies so that the effect of 
miR-7-5p on genes can be better understood by comparing them 
with the changes in NB4 cells. The expression levels of BCL2, SKP2, 
OGT, KLF4, and EGFR genes which were selected as possible targets 
of miR-7-5p via the bioinformatics approach and in silico analysis, 
were investigated. SKP2, KLF4, and OGT gene expression levels in 
the miR-7-5p mimic transfected group were found to be statistically 
significantly decreased compared to the nt control mimic transfected 
group. But then, it was concluded that there was no substantially 
significant change in BCL2 and EGFR gene expression levels.

The SKP2 gene is included in the modulation of the cell cycle and is 
known to act as a proto-oncogene in tumor pathogenesis in various 
cancer types known to be overexpressed (27). By directly targeting 
the expression of the SKP2 gene, which has a high expression level 
in breast cancer, miR-7-5p could reduce drug-resistant cancer cell 
proliferation and epithelial-mesenchymal transition (28). Studies 
have shown that SKP2 is a highly oncogenic protein and is strongly 
associated with AML prognosis (29, 30, 31). On the other hand, 
there is also a study in the literature reporting that SKP2 has a 
weak relationship with AML and that this gene does not play an 
active role in AML prognosis (32). In our study, we found that SKP2 
was up-regulated in AML cells and its expression was significantly 
decreased following miR-7-5p transfection. Our findings support 

the previous studies showing a high association between SKP2 and 
AML pathogenesis. Furthermore, it was determined that miR-7-5p 
and SKP2 showed a negative correlation in AML cells, as in many 
other types of cancer, and miR-7-5p played a role in reducing cancer 
cell proliferation.

The KLF4 gene is involved in cell cycle control, differentiation, 
and many developmental processes. In a study on colon cancer in 
which KLF4 was reported to play an oncogenic role, the connection 
between miR-7-5p and KLF4 was confirmed and it was shown that 
this miRNA partially reduced the invasion and migration of cancerous 
cells (33). A study in the literature on AML showed that KLF4 has 
high expression levels and promotes monocytic differentiation 
(34). According to our current study, miR-7-5p and KLF4 showed a 
negative correlation in AML cells same as in these literature data.

Disruption in the expression of the OGT gene, which is identified 
to be included in the coordinating of cellular response pathways to 
stress and cell cycle regulation, has been associated with diabetes, 
cancer, and cardiac complications (35, 36, 37). Inhibition of O-linked-
N-acetylglucosaminylation has been indicated to increase apoptosis 
tendency in AML cells. Therefore, it is thought that OGT may have the 
potential to be an important target for the formation of a potential 
therapy for AML patients (38). A study conducted on AML showed 
that OGT expression level was high in AML cells and cell proliferation 
decreased and apoptosis increased with the inhibition of OGT (39). 
The relevancy between OGT and miR-7-5p was also examined on AML 
cells in our study and it was found a correlation with the literature. 
Also our current study’s overall survival (OS) analysis showed that the 
OGT gene had an indicative role in poor OS in AML patients (Figure 6).

A miRNA can have more than one target gene, and a gene can be 
targeted by more than one miRNA (40). According to studies in the 
literature, EGFR and BCL-2 genes are overexpressed in several cancer 
types including AML and these genes are highly effective for cancer 
progress. In addition to this, they have potential biomarker properties 
for cancers (41,42). They can be targeted by miRNAs, mRNAs, or 
signaling pathways and their expression levels can change with the 
targeting. Therefore, the roles of these genes in cancer development 
can be knocked out or knocked down with several procedures. In this 
case, direct targeting of genes and changing their expression is very 
important. If there is no direct or indirect relationship between those 
targeting the gene and the target genes, it is not possible to silence 
the gene. As in our study, the miR-7-5p directly targeted the SKP2, 
KLF4, and OGT genes, causing their downregulation. The fact that no 
statistically significant changes were detected in BCL2 and EGFR genes 
whose expression levels were examined may suggest that these genes 
may be under the control of miRNAs other than miR-7-5p in AML cells.

5. CONCLUSION

In conclusion, in our study in which the relevancy of miR-7-5p and AML 
was examined by cell proliferation, gene expression, and Caspase-3 
experiments in HL-60 and NB4 cells, it was determined that the 
expressions of SKP2, KLF4, and OGT genes were modulated via miR-
7-5p at the mRNA level. It is important to confirm these findings with 
further studies. The limitations of our study include the absence of 
tissue confirmation. Our results need confirmation of the mRNA and 
protein levels in patient tissue samples. There are several possible 
targets of miR-7-5p identified via in silico methods. It is very crucial 
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to conclude the definitive interacting genes of miR-7-5p, which may 
have important potential as a biomarker in processes such as early 
diagnosis, prognosis follow-up, and discovery of novel treatment 
approaches for AML.
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