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ABSTRACT

Objective: Acute myeloid leukemia (AML) is a lethal type of cancer associated with dysregulation of progenitor hematopoietic stem cell 
behavior and its incidence is, unfortunately, increasing. Although there are various applications in treatment, since most of them are 
insufficient in early diagnosis, treatment and new prognostic biomarkers should be investigated.

Materials and Methods: In this study, three Gene Expression Omnibus (GEO) datasets Genomic Spatial Event (GSE); GSE94591, GSE116617, 
and GSE163386) were used to investigate dysregulated expressions of circular RNAs (circRNAs), and the GSE142699 and GSE142698 
datasets were analyzed to detect dysregulated expressions of microRNAs (miRNAs) and mRNAs, respectively. Filtering was applied with  p 
value <0.05, log2FC≥0.5 (circRNA), and log2FC≥1 (miRNA and mRNA) from the raw data analyzed using the limma R package (v.3.46.0). We 
investigated circRNA-miRNA-mRNA interactions using special tools including CSCDv2.0, circBank, miRTarBase, miRDB, multiMiR, miRWalk, 
DIANA-microT, TarBase, miRanda, and TargetScan. The pathway analysis was performed using KEGG and GO programs. The STRING 
database and Cytoscape tool were used to construct and view protein interaction. Hub gene analysis was constructed using the MCODE 
tool. We have utilized the GEPIA tool to determine the Overall Survival of the hub genes.

Results: In our study, 4 circRNAs, 3 miRNAs, and 6 genes that may be closely related to AML were detected.

Conclusion: According to our bioinformatics analysis results, hsa_circ_0012152/miR-199a-5p/HOXA9 axis could be more important in 
AML. Therefore, in vitro and in vivo investigations are recommended.
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INTRODUCTION

Acute myeloid leukemia (AML) is a hematological 
cancer that affects mostly adults and has a complicated 
classification and prognosis. There are only a few target 
therapeutic molecules for AML, and the necessary success 
in treatment has yet to be reached (1-3) . There is a need for 
new diagnostic and therapeutic target molecules for AML, 
which has become more complex due to the wide variety of 
genetic and epigenetic changes that occur (4). It has been 
reported that more than 20,000 people are diagnosed with 

AML every year in the United States and approximately 
11,000 people die due to AML (5). Non-coding RNAs 
regulate gene expression during the post-transcriptional 
process (3, 6, 7). Long non-coding circular RNAs (circRNAs), 
which have a wide variety of functions in the cell, control 
gene expression by sponging miRNAs. circRNAs have a 
more stable structure than linear RNAs and are among the 
important research topics of the last 5 years. Dysregulation 
of the expression of circRNAs has been reported in a wide 
variety of cancer types, including lung cancer, prostate 
cancer, gastric cancer, and breast cancer, and also AML (8, 
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9). It has been revealed that circRNAs play crucial roles in the 
pathogenesis of AML through various axes such as circRNA-
DLEU2/miRNA-496/PRKACB and circ_0040823/miR-516b/PTEN 
(10, 11). In our study, a meta-analysis of circRNA, miRNA, and 
mRNA datasets in AML was performed with bioinformatics 
tools and circRNA-miRNA-mRNA axes that may be important in 
AML was determined.

MATERIALS AND METHODS 

circRNA Expression Analysis of AML Datasets
Genomic spatial event (GSE); GSE94591 (4 healthy controls 
and 6 AML patients / bone marrow samples), GSE116617 (4 
healthy controls and 4 AML patients/ bone marrow samples), 
and GSE163386 (4 healthy controls and 5 AML patients / bone 
marrow samples) gene expression omnibus (GEO) datasets 
were used to investigate dysregulated expressions of circRNAs. 
Filtering was applied with p value <0.05 and log2FC≥0.5 from 
the raw data analyzed using the limma R package (v.3.46.0). 
After identifying circRNAs with significant expression changes, 
their relationship with cancer and AML was investigated in the 
literature using “AML, hsa_circ_0012152” and “Acute myeloid 
leukemia, hsa_circ_0012152” parameters in PUBMED and other 
internet networks.

miRNA and mRNA Expression Analysis of AML Datasets
The GSE142698 and GSE142699 datasets were analyzed to 
detect dysregulated expressions of mRNAs and miRNAs, 
respectively. Filtering was applied with p value <0.05 and 
log2FC≥1 from the raw data analyzed using the limma R 
package (v.3.46.0).

Determination of circRNA and miRNA Interaction
CSCDv2.0 and circBank databases were used to identify miRNAs 
that could be sponged via selected circRNAs. The relationship 
between AML and these detected miRNAs was investigated in 
the literature using “AML, hsa_circ_0012152, miR-199a-5p” and 
“ Acute myeloid leukemia, hsa_circ_0012152, miR-199a-5p” 
parameters in PUBMED and other internet networks.

Detection of miRNA-mRNA Relation
The GSE142699 dataset was analyzed to detect dysregulated 
mRNAs. Filtering was applied with p value <0.05 and log2FC≥1 
from the raw data analyzed using the limma R package 
(v.3.46.0). miRTarBase, miRDB, multiMiR, miRWalk, DIANA-
microT, TarBase, miRanda, and TargetScan databases were 
used for the prediction of selected miRNAs and possible target 
genes. By evaluating the literature data, genes that may be 
strongly associated with AML were identified.

Enrichment Analyses Via KEGG and GO Programs
The pathways analysis was performed using Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and Gene Ontology (GO) programs. 
The search tool for the retrieval of interacting genes/proteins 
(STRING) database and Cytoscape tool were used to construct and 
view protein interaction. Hub gene analysis for selected miRNAs’ 
possible target genes was investigated using the molecular 
complex detection (MCODE) tool with default parameters (9).

Figure 1.  Dysregulated circRNAs detected in the GSE94591, 
GSE116617 and GSE163386 datasets. a) It was determined 
that 510 circRNA, 495 circRNA, and 401 circRNA were down-
regulated in GSE94591, GSE116617, and GSE163386 datasets 
respectively. 98 circRNAs overlap in the GSE94591 and 
GSE163386 datasets. 42 circRNAs overlap in the GSE116617 
and GSE94591 datasets. 10 circRNAs overlap in the 
GSE163386 and GSE116617 datasets. Eight circRNAs overlap 
in the GSE94591, GSE116617, and GSE163386 datasets. b) 
It was determined that 644 circRNA, 471 circRNA, and 386 
circRNA were up-regulated in GSE116617, GSE94591, and 
GSE163386 datasets respectively. 181 circRNAs overlap in 
the GSE94591 and GSE116617datasets. 40 circRNAs overlap 
in the GSE94591 and GSE163386 datasets. 18 circRNAs 
overlap in the GSE163386 and GSE116617 datasets. 
Nine circRNAs overlap in the GSE163386, GSE94591, and 
GSE116617 datasets.
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Survival Analysis
We utilized the gene expression profiling interactive analysis 
(GEPIA) program to determine the overall survival (OS) of the 
hub genes.

RESULTS

Detected Differentially Expressed circRNAs (DECs)
It was determined that there were 852 downregulated circRNAs 
and 555 upregulated circRNAs in the GSE116617 dataset, 453 
downregulated circRNAs and 517 upregulated circRNAs in the 
GSE163386 dataset, and 701 downregulated circRNAs and 
658 upregulated circRNAs in the GSE94591 dataset. Among 
these circRNAs, 9 downregulated and 8 upregulated circRNAs 
overlapped in 3 datasets (Figure 1). These 17 overlapping 
dysregulated circRNAs expression heatmaps are shown in Figure 2 
for the GSE94591 (a), GSE116617 (b), and GSE163386 (c) datasets. 
As a result of the literature search, 2 downregulated circRNAs 
(hsa_circ_0002089, hsa_circ_0006877) and 2 upregulated 
circRNAs (hsa_circ_0012152, hsa_circ_0005325) were selected, 
which were determined to be closely related to AML and other 
cancers. Among them, hsa_circ_0012152 was considered to be 
more closely related to AML. Wilcoxon test results according to 
tumor and control samples are shown in Figure 3. 

Detected Differentially Expressed miRNAs (DEMs)
It was detected that there were 46 downregulated miRNAs 
and 45 upregulated miRNAs in the GSE142699 dataset. Among 
these miRNAs, the top 10 downregulated and upregulated 
miRNAs were determined according to the log2FC value 
(Figure 4). After that, 2 downregulated miRNAs (miR-199a-
5p, miR-376c-3p) that overlap with hsa_circ_0012152 and 1 
downregulated miRNA (miR-495-3p), which overlaps with hsa_
circ_0005325, were selected. The expression violin plot data 
of selected miRNAs are shown in Figures 5-a, b, and c and the 
volcano plot of the GSE142699 dataset is shown in Figure 5-d.

Detected Differentially Expressed mRNAs (DEGs) and 
Results of KEGG and GO Analysis
A total of 67 downregulated mRNA and 98 upregulated mRNA 
were detected in the GSE142698 dataset. The potentially 
targeted genes of these selected miRNAs were found by  
in silico tools; 33 genes for miR-199a-5p, 15 genes for miR-376c- 
3p, and 38 genes for miR-495-3p were identified. The circRNA–
miRNA–mRNA regulatory network is shown in Figure 6a. The 
target genes’ protein-protein interaction networks are shown 
in Figure 6b and 6c. According to the hub genes, the KEGG and 
GO pathway analysis results are shown in Figure 7.

Survival Analysis
Survival analysis of 10 possible target genes of miR-199a-5p was 
investigated. It was determined that Homeobox A9 (HOXA9) and 
Mediator of DNA damage checkpoint 1 (MDC1) genes may be 
important in the survival of AML patients (Figure 8).

Figure 2. Heatmap of the overlapped down-regulated 
and up-regulated circRNAs a) GSE94591, b) GSE116617, c) 
GSE163386.
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DISCUSSION

Various microarray and RNAseq studies of circRNAs in AML have 
been performed and it has been determined that thousands of 
circRNAs were expressed differently in tumor tissue compared 
to normal tissue. Because it is difficult to study the complex link 
between these numerous circRNAs, miRNAs, and genes in vitro 
and in vivo, determining the most significant circRNA-miRNA-
gene axis in “in silico” first will be advantageous. One of the most 
important reasons for this issue is that each circRNA has the 
potential to sponge so many miRNAs, and each miRNA has the 
power to change the expression level of hundreds of genes as 
well (12). Because of significant advances in bioinformatics, it is 

now possible to determine circRNA-miRNA-gene relationships 
in silico. Based on the findings of bioinformatics investigations, 
more precise results can be obtained in “in vitro and in vivo” 
studies.

The expression of hsa_circ_0012152, which we detected to 
be up-regulated in all 3 datasets in our bioinformatics study, 
was reported to be up-regulated in AML samples according to 
both microarray and qRT-PCR results in the study performed 
by Guo S et al. Moreover, in the same study, it was emphasized 
that hsa_circ_0012152 may have an expression pattern that 
distinguishes between AML and ALL (13). It has been reported 
that hsa_circ_0005325, another prominent circRNA in our 

Figure 3. The violin and box plots of hsa_circ_0012152 in a) GSE94591 dataset, b) GSE116617 dataset, c) GSE163386 dataset.
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Figure 4. GSE142699 heat map of top 10 selected miRNAs.

Figure 5. Expression violin plot data of selected miRNAs a) miR-199a-5p, b) miR-376c-3p, c) miR-495-3p, d) GSE142699 volcano plot.
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Figure 6. circRNA–miRNA–mRNA regulatory network and protein-protein interaction network of the target genes. a) The 
network consisting of three cricRNAs (hsa_circ_0012152, hsa_circ_0005325, and hsa_circ_0032742), three miRNAs (miR-376c-
3p, miR-495-3p, and miR-199a-5p), and 62 genes was generated by Cytoscape 3.9.0. b) PPI network of the 60 target genes that 
exert momentous roles in AML. c) The hub genes were identified by the MCODE tool.
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Figure 7. KEGG and GO pathway analysis results. a) The significantly enriched KEGG pathways with a FDR < 0.05. Cohort 
plot shows that the sixteen hub genes are correlated via ribbons with their assigned KEGG terms. b) Top five GO enrichment 
annotations of the sixteen hub genes (biological process, cellular component, molecular function). FDR is calculated using the 
Benjamini-Hochberg method to adjust the multiple hypothesis testing. KEGG: Kyoto encyclopedia of hub-genes and genomes; 
GO: Gene ontology; DEGs: Differentially expressed genes; FDR: False discovery rate.
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study, is also upregulated in lung adenocarcinoma cells (14) and 
hepatic fibrosis (15). It has been shown that hsa_circ_0002089, 
which was detected to be significantly down-regulated in 
our AML datasets, is also among the top 10 down-regulated 
circRNAs in gastric cancer (16). hsa_circ_0006877 (circLDLR), 
which was found to be decreased in AML in our study data, has 
also been shown in the literature to be associated with various 
cancers such as papillary thyroid carcinoma and hepatocellular 
carcinoma (17, 18). In addition, it has been demonstrated that the 
hsa_circ_0006877 expression level decreases in some diseases 
other than cancer, such as polycystic ovary syndrome(19). Of 
these 4 circRNAs with significant expression changes in all 3 
datasets, hsa_circ_0012152 and hsa_circ_0005325 were also 
found to interact with the miRNAs detected by the analysis of 
the GSE142699 dataset in our study. We also determined that 
hsa_circ_0005325 could be the sponge for miR-495-3p. In the 
literature, the LGMN pseudogene has been reported to promote 
tumor progression by acting as a sponge for miR-495-3p in 
glioblastoma cancer (20). In AML, it has been reported that miR-
495-3p may have a pivotal role in patients with cytogenetically 
normal (21). It has been reported that miR-376c-3p, one of the 
two miRNAs determined to interact with hsa_circ_0012152, 
may affect the cell cycle in neuroblastoma cells via cyclin D1 
(22). It has been shown that miR-199a- 5p may have a crucial 
role in many cancer types, including AML. For example, miR-
199a-5p was sponged by Linc00662 in bladder cancer and its 
role in tumor development has been reported (23). In another 

study, it was shown that this miRNA is involved in the regulation 
of cancer stemness via the HOTAIR/Sp1 axis in cutaneous-
squamous cell carcinoma (24). It has been shown that miR-199a-
5p is effective in the sensitivity of AML cells to Adriamycin via the 
DRAM1 gene (25). It has been stated that miR-199a-5p plays a 
role in the regulation of the chemoresistance process, and it 
has been emphasized that it may be an important therapeutic 
target miRNA in drug-resistant AML (26). Many of the 33 genes 
in the GSE142699 dataset identified as targets of miR-199a-5p 
have been reported to be associated with cancer and AML. For 
example, the MDC1 gene, which was determined as the hub 
gene among these genes, was found to be closely related to 
many cancers (27, 28). In the study by Ruff et al., it was suggested 
that MDC1 may be an important biomarker in carcinogenesis 
(29). Another hub gene, HOXA9, which is among the important 
targets of the miR-199a-5p, has been reported as a director of 
the prognosis of the disease by playing a role in the increase of 
blood cells in AML (30).

CONCLUSION

In this study, a meta-analysis of circRNA, miRNA, and mRNA 
datasets in AML was performed with bioinformatics tools 
and circRNA-miRNA-mRNA axes that may be important in 
AML were determined. As a result of all in silico evaluations 
and a detailed literature review, it was understood that hsa_
circ_0012152, miR-199a-5p and HOXA9 may be important 
for AML. In summary, it was thought that the role of the 
hsa_circ_0012152/miR-199a-5p/HOXA9 axis in AML should be 
investigated with further studies in vitro and in vivo.
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