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Acute myeloid leukemia (AML) is one of the most prevalent hematological
malignancies. miRNAs play roles in cancer initiation and progression in various
cancer types by post-transcriptional regulation of gene expression. The aim of
this study is to investigate themechanisms in the development and progression of
acute myeloid leukemia and to identify potential target genes and miRNAs by
bioinformatic analysis. miRNA expression profiles were obtained from the
GSE51908 dataset on the Gene Expression Omnibus (GEO). GEO2R was used
to identify differentially expressed miRNAs. The diagnostic and overall survival
effects of the identified miRNA were determined using ROC analysis and Kaplan-
Meier curve, respectively. Putative miRNA targets were determined based on
miRWalk and miRDB tools. The expression change and overall survival analysis of
the identified target gene were analyzed by Gene Expression Profiling Interactive
Analysis (GEPIA). Protein-protein interaction (PPI) networks of the target gene
were determined using STRING and GeneMANIA. Functional enrichment analysis
was performed using the DAVID program. 24 DE-miRNAs were identified,
including 16 upregulated and 8 downregulated genes. miR-342-5p expression
had significantly shorter survival than those in higher expression control group
(p = 0.0001), and its AUC value to discriminate AML from control groups was
0.795. High expression of MDM4 predicts an unfavorable prognosis in AML
patients. The MDM4 gene was determined to be associated with decreased
survival rates. According to KEGG results, microRNAs, p53 signaling pathway, and
cell cycle are associated with AML development. The current study based on the
GEO database, miR-342-5p/MDM4/p53 axis AML may provide new therapeutic
targets.
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1 Introduction

Acute myeloid leukemia (AML) is characterized by the
accumulation of immature blast cells due to the inhibition of
normal hematopoiesis, and aberrant proliferation and
differentiation of immature myeloid hematopoietic cells in the
bone marrow (BM) (Xin et al., 2022; Cheng et al., 2020). It is the
most prevalent variety of acute leukemia in adults and has a high
morbidity and mortality rate (Cheng et al., 2020; Juliusson et al.,
2012). Tumor formation in AML is highly complex and is associated
with various gene mutations (Cheng et al., 2020). In recent years,
there have been advances in genomic, transcriptomic and
epigenomic studies of AML (Kirtonia et al., 2022). Although
these studies have improved our understanding of AML, its
pathogenesis has not yet been completely elucidated (Liu et al.,
2019). AML affects numerous organs, including the lymph nodes,
liver, spleen, and central nervous system, and has a poor prognosis
(Cheng et al., 2020). AML can be treated with chemotherapy,
hematopoietic stem cell transplantation, cell therapy, biological
immunotherapy, and gene-targeted therapy, although the success

rate of treatment is not that high (Xin et al., 2022). Despite the
evolving treatment options, the ineffectiveness of chemotherapy and
the lack of information on the molecular pathogenesis of AML of the
disease still remain a problem (Kirtonia et al., 2022). The majority of
patients experience a relapse after obtaining complete remission,
and some even dies (Cheng et al., 2020). Accurate diagnosis,
prognosis, and efficient treatment of AML depend on the
identification and development of therapeutic targets (Liu et al.,
2019). It is predicted that studies on the pathogenesis and
therapeutic targets of AML may have important clinical
application value (Cheng et al., 2020). For this purpose, revealing
the potential roles of non-coding RNAs, especially in AML, will be
crucial in terms of understanding the molecular pathways related to
AML development, chemotherapeutic response, and relapse.
Previous studies have shown the role of non-coding RNAs
(ncRNAs) in the pathogenesis of cancers, including AML
(Kirtonia et al., 2022).

MicroRNAs (miRNAs) are highly conserved small non-coding
RNA molecules, usually 18–24 nucleotides long, acting as negative
post transcriptional regulation of gene expression (He and Hannon,
2004). The abnormal expression of miRNAs is associated with a
variety of diseases, including cancer, and offers crucial information
on the molecular pathophysiology of the diseases (O’Brien et al.,
2018). miRNAs are dysregulated levels in AML and are crucial for
the development or repression of the disease (Fletcher et al., 2022).
Through alterations in proximity to the oncogenic genomic area,
epigenetic modifications, inappropriate targeting of miRNA
promoter regions by altered transcription factors or oncoproteins,
and processing of deregulated miRNAs, these molecules could be
involved in the pathogenesis of AML (Liu et al., 2019). Depending
on the molecular pathways of the mRNA they target, miRNAs
exhibit either oncogenic or tumor-suppressive properties (Otmani
and Lewalle, 2021). There are many miRNAs involved in the
development of AML, one of which is miR-342 (Fletcher et al.,
2022; Journal et al., 2019; Expression et al., 2022). Abnormal
expression of miR-342 has been observed in various types of
cancer (hepatocellular carcinoma, cervical cancer, lung cancer,
etc.) and has been associated with tumor development and
proliferation (Gao et al., 2017; Li X. et al., 2014; Zhao and
Zhang, 2015). miR-342 functions as a tumor suppressor in AML
(Journal et al., 2019). However, the molecular mechanisms involved
in miR-342 underlying the pathogenesis of AML remain unclear.
Identifying the potential target of miR-342 and the associated
biological pathways may suggest the miR-342 is a new potential
therapeutic target in AML patients.

Murine double minute (MDM) proteins are overexpressed in a
various of cancer types, and they primarily exhibit their oncogenic
properties by inhibiting the p53 tumor suppressor (Li and Lozano,
2013). It also modulates and responds to many signaling networks
(Wade et al., 2013). Both MDM2 (murine double minute 2) and
MDM4 (murine double minute 4, also know as MDMX) form a
heterodimer that closely regulates p53 function (Eskandari et al.,
2021). MDM4 binds p53 to induce transcriptional inactivation and
thus inhibits p53 function. Experimental evidence showed that
p53 is kept inactive in the cytoplasm at high levels by
interactions with MDM4. Further investigation of p53 in AML
cell lines OCI/AML-2 (AML2) is mostly due to cytoplasmic and
MDM4 binding (Tan B. X. et al., 2014). It is crucial to disrupt the

TABLE 1 Identification of DE-miRNAs in the GSE51908.

miRNA_ID logFC P.Value adj.P.Val

hsa-mir-768 −2.5890 1.64e-17 4.62e-15

hsa-mir-92a-1 2.8450 2.96e-17 6.27e-15

hsa-miR-1308 2.5694 6.95e-16 8.41e-14

hsa-miR-26a −2.0854 9.14e-17 1.29e-14

hsa-mir-181a-1/hsa-mir-181a-2 2.4949 8.54e-16 9.05e-14

hsa-miR-150 −5.6101 9.24e-14 7.12e-12

hsa-miR-92b 2.1170 7.59e-13 5.36e-11

hsa-let-7g −3.0661 3.52e-12 1.94e-10

hsa-miR-422a 2.4649 3.67e-12 1.94e-10

hsa-miR-130b 2.64846 2.29e-11 1.14e-09

hsa-mir-25 2.3539 3.32e-11 1.56e-09

hsa-mir-17 2.2244 3.49e-11 1.56e-09

hsa-mir-768 −2.1587 4.48e-11 1.81e-09

hsa-miR-18a 3.7155 1.00e-14 9.46e-13

hsa-miR-500 2.2335 6.60e-11 2.54e-09

hsa-miR-18b 2.1013 7.90e-11 2.91e-09

mir-19b-1/hsa-mir-19b-2 2.3489 8.78e-11 3.10e-09

hsa-miR-378 2.2193 4.34e-10 1.47e-08

hsa-miR-29a −2.2410 1.29e-09 4.22e-08

hsa-mir-342 −2.8041 1.44e-08 4.35e-07

mir-181b-1/hsa-mir-181b-2 2.1025 7.65e-07 1.58e-05

hsa-miR-130a 2.0080 4.44e-06 6.84e-05

hsa-miR-31 −2.3681 4.15e-05 4.88e-04

hsa-miR-126 2.0904 1.25e-04 1.30e-03
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MDM-p53 relationship in order to activate p53 while developing
effective therapeutic approaches for tumor therapy. Therefore,
scientists have focused on the roles of MDM4 as a negative
regulators of the p53 tumor suppressor (Li and Lozano, 2013).

Microarray analysis can be used to identify miRNA changes in
AML (Candia et al., 2015). Based on these data, new and functional
miRNAs can be identified by bioinformatic analysis. In recent years,
bioinformatics analysis has been used in oncology research to
identify genetic alterations and new potential cancer-related
biomarkers (Sheng et al., 2021). Few studies have been conducted
to analyze the prognostic lncRNA-miRNA-mRNA (Wang et al.,
2019) and circRNA-miRNA-mRNA (Lv et al., 2018) ceRNA
network in AML (Cheng et al., 2020).

The aim of this study is to investigate the mechanisms
underlying the development of AML, potential target genes, and
new potential biomarkers for AML prognosis through miRNA-
associated mRNA network in silico analysis. We focus on the
mir342-5p/MDM4/p53 network given these findings because it
may present exciting opportunities for comprehending the
underlying molecular process and for cancer therapy.

2 Materials and methods

2.1 Microarray data

The dataset we used for this study was downloaded from the
National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo)
(Edgar et al., 2002). In the present study miRNAs expression
profile data of GSE51908 based on the platform of GPL8786
(Affymetrix Multispecies miRNA-1 Array) were obtained from
the GEO database, which was deposited by Civin Candia et al.
(2015), Tan Y. S. et al. (2014). GSE51908 dataset includes
190 samples (AML cell lines and patient samples, B ALL cell
lines and Patient samples, T ALL cell lines and patient samples,
normal B cells, granulocytes, normal monocytes, T cells and CD34+

cells). In this study, we selected 42 sample for AML (AML cell lines
and patient sample) and 50 control (normal B cells, normal
granulocytes, normal monocytes, normal T cells and normal
CD34+ cells from human peripheral blood of normal healthy
individuals) from GSE51908 datasets.

FIGURE 1
(A) Volcano plots showing the amount of De-miRNAs that are differentially expressed in AML when compared to normal controls. The blue dots
showmiRNAs that are downregulated, and the red dots show those that are upregulated. (B) The scatter plots of miR-342-5p were shown to distinguish
Control and AML groups was determined using data fromGSE51908. The line indicates themean value of control and AML groups. MannWhitney U-test,
*P-value = 0.0001. (C) Box data normalization plots of the miR-342-5p. x coordinate represents samples; Y coordinate represents gene
expression values.
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2.2 Data processing

GEO2R (www.ncbi.nlm.nih.gov/geo/geo2r) was used to identify
differentially expressed miRNAs (DE-miRNAs) in the microarray
datasets between the AML and control groups (Bao and Jiang, 2019).
A large number of experimental datasets are included in GEO2R,
and false-positive rates are modified using an adjusted P-value (adj.
P). For the purpose of choosing DE-miRNAs, the adjusted p-value
cut-off was set at p < 0.05 and llogFCl>2.

2.3 Prediction of miRNA targets

The miRWalk database (http://mirwalk.umm.uni-
heidelberg.de/search_mirnas Version 3.0) was used to
estimate the targets of the overlapping genes among miRNA
datasets. MiRWalk is an intuitive interface that generates
predicted and verified miRNA binding sites. To improve the
precision of miRNA target prediction, the miRDB and
miRTarBase methods in the miRWalk database were used
(Sticht et al., 2018). Only target genes that were recognized
by both databases were used to choose putative mRNAs.
Additionally, AML cell lines (HL-60 and KG-1 cells) used the
online database miRDB to estimate the targets of miRNA (Chen
and Wang, 2020).

2.4 Differential expression of genes in AML
and healthy tissue

Based on information from the Cancer Genome Atlas (TCGA)
and Genotype-Tissue Expression (GTEx), the interactive web
program Gene Expression Profiling Interactive Analysis (GEPIA)

provides a variety of visualization and analysis capabilities for gene
expression. Using the gene expression profiling database GEPIA
(http://gepia.cancer-pku.cn/), we identified changes in the
expression of identified genes between AML and healthy tissue
(Tang et al., 2017).

2.5 Survival analysis

Using TCGA data from AML, GEPIA’s online tool was used
to carry out a survival analysis of MDM4 (Tang et al., 2017). In
order to assess and compare the survival rates of AML to death,
Kaplan-Meier analysis and the log-rank test were employed to
generate survival curves. To calculate and compare the overall
survival (OS) of AML with control groups, the Cox proportional
hazards regression model was employed. The hazard ratio (HR)
with 95% confidence intervals (CIs) and log rank P-value
were evaluated.

2.6 Construction of protein-protein
interactions (PPI) network

The STRING database is a protein-protein association network
that provides all known and predicted information about the direct
(physical) and indirect (functional) relationships that occur between
different proteins (Szklarczyk et al., 2011). Another online resource,
GeneMANIA is a database consisting of an intuitive interface for
gene function predictions and interactions of genes with each other
(Warde-farley et al., 2010). The PPI network of MDM4-associated
target genes was established by the STRING (http://www.string-db.
org/) (Szklarczyk et al., 2011), and GeneMANIA (http://genemania.
org/) database (Warde-farley et al., 2010).

FIGURE 2
(A) Receiver operating characteristic curve analysis of miR-342-5p expression levels in control and AML groups was determined using data from
GSE51908. (B) The Kaplan–Meier survival curve of AML and Control groups. Survival analysis was performed using data from Bullinger et al. (2010).
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2.7 Functional enrichment analysis

The Gene Ontology (GO) resource is a free public resource that
explains how genes move in biological systems and provides
information about cellular location, molecular functions, and
biological processes (Gene et al., 2011). The Kyoto Encyclopedia
of Genes and Genomes (KEGG) contains a wide variety of databases,
including analysis of genome sequences, biological functions,
diseases, drugs, and chemicals (Kanehisa and Goto, 2000). The
Database for Annotation Visualization and Integrated Discovery
(DAVID) (https://david.ncifcrf.gov/ Version 6.8) software was used
to analyze GO and KEGG pathway enrichment analysis of the
potential activities of chosen genes (MDM4, MDMD2, and p53)
(Huang et al., 2007). The cut-off value was set as P < 0.05.

2.8 Statistical analysis

IBM SPSS Statistics for Windows (version 23.0; IBM
Corp. Armonk, NY, United States) was used to conduct the
statistical analyses. The Kolmogorov-Smirnov test was used to
evaluate the distribution of the variables. The examination of two
independent variables with non-normal distributions was
determined using the Mann-Whitney U test. On Medcalc
software version 19.1 (Medcalc software BVBA, Belgium),
receiver operating characteristic (ROC) curves were examined.

In this study, the values for the area under the curve (AUC) was
used to evaluate the diagnostic accuracy of predictors. In comparing
the prognostic accuracy for AML response with miR-342-5p
expression levels, AUC value was calculated from the ROC curve
using the Medcalc program. P values were two-sided, and statistical
significance was defined as ≤0.05.

3 Results

To identify DE-miRNAs, a comparison between AML and
normal control groups were performed by GEO2R, and a total of
250 miRNAs were identified between AML and normal samples.
24 De-miRNAs (16 upregulated and 8 downregulated) (Table 1)
were identified from the GSE51908, using adjusted p < 0.05 and
llogFCl>2 for DE-miRNAs selection. Volcano plot, visually
demonstrating of DE-miRNAs is shown in Figure 1A. Box data
normalization (Figure 1C) and scatter plots of miR-342-5p
(Figure 1B) are shown in Figure 1.

The levels of miR-342-5p were significantly different between
control and AML groups (p = 0.0001). To determine the power of
miR-342-5p expression levels to distinguish patients with AML from
control, the ROC analysis was performed. Values for AUC,
sensitivity, specificity and cut-off points for miR-342-5p shown
in Figure 2A. miR-342-5p showed significantly higher AUC
values (AUC = 0.795, p = 0.0001). The cut-off of miR-342-
5p was 6.85.

To further evaluate the clinical relevance of AML, the overall
survival of AML patients was assessed by the Kaplan-Meier test
using data from the article of Bullinger et al. (2010). Interestingly, as
shown in Figure 2B, AML patients with low miR-342-5p expression
had significantly shorter survival than those in higher expression
control group (p = 0.0001), and its AUC value to discriminate AML
from control groups was 0.795 (Figure 2A).

TABLE 2 Prediction of miRNA targets from mirwallk (miRDB and
miRTarBase algorithms).

SLC66A2 ELP3 ESS2 FBXL18

SEC22C RNPS1 ZFP3 PFN1

MDM4 CABP4 PRRC2B

FIGURE 3
Prediction of miRNA targets from miRDB in HL-60 and KG-1 cells. (A) There are 119 predicted targets for hsa-miR-342-5p with expression level ≥
5 in cell line HL-60. (B) There are 141 predicted targets for hsa-miR-342-5pwith expression level ≥ 5 in cell line KG-1. In addition, thosewith a target score
greater than 50 in all cells were selected. miR-342-5p and putative mRNAs and visualized using by Cytoscape software 3.8.
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miR-342-5p in AML, potential target genes were predicted by the
mirWALK database (miRDB and miRTarBase algorithms) (Table 2).
Furthermore, the target genes of hsa-mir-342-5p at HL-60 and KG-1
cells were determined using miRDB (Figures 3A, B).

Common target genes identified in HL-60 and KG-1 cells, and
the mirWALK database were selected. Target gene expression values
in AML were determined using GEPIA (LAML; Acute Myeloid
Leukemia) (Table 3). And also, Multi-Gene comparison was
performed according to AML and TCGA normal and GTEx data
(Figure 4A). MDM4 expression level is increased in tumor tissue
compared to healthy tissue (Figures 4B, C).

High expression of MDM4 predicts an unfavorable prognosis in
AML patients. This highlights the important prognostic value of
MDM4 in AML. The overall survival analysis of MDM4 is shown
in Figure 5.

The PPI network of MDM4-related target genes was obtained
from the STRING and GeneMANIA database (Figures 6A, B).
STRING database demonstrated that the MDM4 gene primarily
interacts with TP53, MDMD2, CNSK1A1, UBE2S2, UBB, UBC,
USP7, CDKN2A, ATM, and CHEK2. GeneMANIA demonstrated
that mdm4 interacts with MDM2, TP53, TP73,USP2,CBLC, HGF,
ABL1, CD44, CDKN2A, USP7, SMARCD2, SMARCD3,
SMARCD1, BECN1, MAP2K5, PELI1, GLIS2, CDKN2B, CDK4,
and FAM193A. Among the genes, especially MDMD2 and p53,
which are related to cell cycle and apoptosis, were selected.

The Gene Ontology and KEGG pathway analyses were performed
to better understand the pathway and process affected by the identified

genes. GO terms enriched byMDM4,MDM2, and p53 genes are shown
in Table 4. Three terms biological process (BP), cellular component
(CC), and molecular function (MF) are included in the GO ontology.
The biological processes of these differentially expressed genes were
primarily involved in the cellular response to hypoxia, macromolecular
complex assembly, regulation of cell cycle, negative regulation of the
apoptotic process, negative regulation of transcription from RNA
polymerase II promoter, negative regulation of transcription, DNA-
templated, positive regulation of transcription from RNA polymerase II
promoter, and regulation of transcription from RNA polymerase II
promoter. Meanwhile, the genes related to cellular components were
mostly involved in transcriptional repressor complex, nucleoplasm, and
nucleus. In terms of molecular function, these differential genes were
mostly enriched in p53 binding, enzyme binding, zinc ion binding,
metal ion binding, and protein binding.

In addition, the top 20 results of KEGG pathway enrichment
analysis of MDM4, MDM2, and p53 genes are shown in Table 5.
Among these pathways, the PI3K-Akt signaling pathway,
microRNAs in cancer, proteoglycans in cancer, p53 signaling
pathway, cellular senescence, and cell cycle are closely correlated
with the development of AML.

4 Discussion

Acute myeloid leukemia is one of the most prevalent
hematopoietic malignancies in adults (Short et al., 2018).

TABLE 3 Target gene expression values in AML and normal tissues.

Gene symbol Tumor tissue Healthy tissue

RNPS1 148.15 215

MDM4a 91.61 13.72

ELP3 24.9 27.62

PRRC2B 93.48 47.3

PFN1 696.46 639.57

SEC22C 19.7 46.37

ademonstrates a substantially different expression pattern between AML, and normal tissues, and the Spearman correlation analysis demonstrates a significantly stronger association with AML.

FIGURE 4
(A) Target genes according to expression changes in AML. (B)MDM4was dysregulated in human cancers. (C) In AML, MDM4 expression is increased
according to TCGA normal and GTEx data in GEPIA database (P = 0.01). (LAML; Acute Myeloid Leukemia).
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Although significant advancements in the clinical treatment of
AML, including stem cell transplantation and chemotherapies
(Deng et al., 2017), the treatment is not at the desired level
(Wang et al., 2022). The 5-year survival rate for AML patients is
less than 15% (Zhao et al., 2015). Early diagnosis and timely
intervention in patients with AML can improve their chances of
survival. Cytogenetic and molecular analysis are very important in

predicting the remission and survival rates of AML patients (Article
et al., 2017). Understanding the molecular mechanisms underlying
the pathogenesis of AML, identifying new biomarkers for diagnosis
and prognosis, exploring new therapeutic strategies and improving
the clinical outcome of AML is important (Journal et al., 2019;
Article et al., 2017). Therefore, an improved understanding of the
pathogenesis of AML will provide new insights into the diagnosis

FIGURE 5
Overall survival analysis of MDM4 using the AML cohort on GEPIA.

FIGURE 6
PPI network of potential target genes for MDM4. (A) Protein-Protein interaction results from the STRING (http://www.string-db.org/) database with
mdm4 indicate the relationship of mdm4 to other major signaling pathways. (B) GeneMANIA (http://genemania.org/) database was used to construct a
gene interaction network between MDM4 and other genes.
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and treatment of AML. Recent studies have revealed that miRNAs
are associated with the formation and development of AML, and
play a role in the pathogenesis of AML by regulating their target
genes (Fletcher et al., 2022; Wang et al., 2022). In order to
comprehend the molecular mechanism of AML and develop new
therapeutic targets for AML, it is necessary to identify unregulated
miRNAs or mRNAs.

Microarray and High-throughput RNA sequencing (RNA-Seq)
are widely used in cancer research to understand gene functions,
find target molecules, and identify biomarkers for disease
classification and diagnosis (Tang et al., 2017). Data obtained
through experimental analysis are used in bioinformatics
approaches. In particular, it is seen that bioinformatics data
mining is a new trend in cancer research (Çakmak, 2022).
Information on gene expression variations between normal and
malignant tissues, chemical interactions, and the discovery of novel
potential biomarkers for diagnosis and treatment can be obtained
using bioinformatics tools (Çakmak, 2022).

The goal of the study is to identify potential target genes and
important miRNAs for the diagnosis and therapy of AML by
bioinformatics analysis. To the best of our knowledge, this is the
first study to investigate the relationship between AML and miR-
342-5p and target genes by bioinformatics analysis in the literature.
Microarray data of GSE51908 were obtained from the GEO database
to identify DE-miRNAs between AML and normal control
(healthy). It was determined that several miRNAs were
significantly differentially expressed, especially miR-342-5p′s
expression was decreased in AML (Table 1; Figure 1). miRNA

expression profiles are associated with prognosis, highlighting the
potential significance of miRNAs in this disease (Garzon
et al., 2008).

The Kaplan-Meier general database showed that MDM4 was
significantly associated with the prognosis of AML patients
(Figure 5). In addition, Kaplan-Meier analysis was performed to
determine the survival times of the AML and control groups over
miR-342-5p expression levels. Low miR-342-5p strongly predicted
overall survival in AML patients. Moreover, Cox regression analysis
showed that miR-342-5p expression independently provided
prognostic information. Similarly, studies have shown that some
miRs have a lower mortality rate and a huge effect on survival.
Among the target genes of miR-10a-3p, SLC14A1, ARHGAP5,
PIK3CA, it has been shown to show significant negative
association with it, leading to longer survival in AML (Bullinger
et al., 2010; Thanh et al., 2021). Similar to these studies, it has been
shown that miR-342-5p is associated with the diagnosis and
prognosis of patients with AML and has a positive effect on survival.

The findings of the ROC and overall survival studies show that
miR-342-5p had diagnostic and prognostic significance in AML
(Figure 2). The potential use of miRNAs as disease biomarkers has
been the most common clinical use to far (Wallace and Connell,
2017). ROC analysis was performed to confirm whether the miR-
342-5p can be used as one of the markers for AML. The miR-342-5p
levels exhibited a significantly higher AUC value (AUC = 0.795, p =
0.0001), (Figure 2A). Based on this finding, it is concluded that miR-
342-5p levels can be used as a reliable marker to evaluate AML.
Previous studies revealed that plasma miR-92a, miR-143, and miR-

TABLE 4 GO terms enriched by MDM4, MDM2, and TP53 genes.

Category Term Count P-value

GOTERM_CC_DIRECT GO:0017053-transcriptional repressor complex 3 9.50E-06

GOTERM_MF_DIRECT GO:0002039-p53 binding 3 1.50E-05

GOTERM_BP_DIRECT GO:0071456-cellular response to hypoxia 3 5.40E-05

GOTERM_BP_DIRECT GO:0065003-macromolecular complex assembly 3 6.10E-05

GOTERM_BP_DIRECT GO:0051726-regulation of cell cycle 3 2.80E-04

GOTERM_MF_DIRECT GO:0019899-enzyme binding 3 4.20E-04

GOTERM_BP_DIRECT GO:0043066-negative regulation of apoptotic process 3 7.50E-04

GOTERM_BP_DIRECT GO:0045892-negative regulation of transcription, DNA-templated 3 9.30E-04

GOTERM_MF_DIRECT GO:0008270-zinc ion binding 3 2.10E-03

GOTERM_BP_DIRECT GO:0000122-negative regulation of transcription from RNA polymerase
II promoter

3 2.50E-03

GOTERM_BP_DIRECT GO:0045944-positive regulation of transcription from RNA polymerase
II promoter

3 3.90E-03

GOTERM_BP_DIRECT GO:0006357-regulation of transcription from RNA polymerase II
promoter

3 7.90E-03

GOTERM_MF_DIRECT GO:0046872-metal ion binding 3 2.00E-02

GOTERM_CC_DIRECT GO:0005654-nucleoplasm 3 3.70E-02

GOTERM_CC_DIRECT GO:0005634-nucleus 3 8.50E-02

GOTERM_MF_DIRECT GO:0005515-protein binding 3 4.50E-01

Count: enriched gene number in the category.

Frontiers in Cell Death frontiersin.org08

Misir et al. 10.3389/fceld.2024.1503241

https://www.frontiersin.org/journals/cell-death
https://www.frontiersin.org
https://doi.org/10.3389/fceld.2024.1503241


342 could be promising biomarkers for AML (Article et al., 2017). In
AML, miRNAs act as tumor suppressors or oncomiRs to affect a
wide variety of leukemic processes, such as self-renewal,
differentiation, proliferation, and epigenetic regulation. These
molecules influence leukemic development and progression by
targeting directly at the mRNA level or promoting malignancy
(Wallace and Connell, 2017).

In addition to being a promising biomarker of miR-342-5p, it
provides information about the molecular pathways involved in
AML pathology. For this purpose, the target genes of miR-342-5p
were determined using the miRwalk database. In addition, target
genes identified in HL-60 and KG-1 cells and genes that are match as
a result of mirwalk data were selected. Using the GEPIA database,
expression analyses of these genes in AML were performed. In the
GEPIA analysis, TCGA normal and database based on GTEx data in
173 AML patients and 70 healthy subjects, MDM4 expression level
was higher in AML patients (Table 3; Figure 4). In addition, high
expression levels of MDM4 were associated with poor overall
survival (Figure 5).

Mouse Double Minute 4, which is among the target genes of
miR-342-5p, has been reported to increase its expression in glioma,
soft tissue sarcoma, melanoma, retinoblastoma, breast cancers and
hematological malignancies (Li L. et al., 2014; Touqan et al., 2013;
Furgason et al., 2015; Haupt et al., 2015; Carvajal et al., 2018). It has

been stated that patients with AML have very high
MDM4 expression and exhibit oncogenic activity compared to
many other tumor types (Carvajal et al., 2018).

Functional enrichment analysis and PPI network were
performed to identify the proteins that MDM4 is associated with
in the development of AML and to reveal how these proteins
function. According to the match data of the STRING, and
GeneMANIA database, p53 and MDMD2 proteins were
determined, especially in relation to apoptosis and cell cyle
(Figures 6A, B). According to the literature, MDM4 inhibit
p53 transcriptional activity by interacting with the
p53 transactivation domain through its N-terminal domain (Tan
B. X. et al., 2014). The tumor suppressor p53 protein, which guards
the genome, triggers cell DNA repair, cell cycle arrest, senescence,
and/or apoptosis pathways (Vousden and Lane, 2007).
Downregulate p53, MDM2 and MDM4 are mutually dependent
on one another (Badciong and Haas, 2002). MDM4 forms
heterodimers with MDM2 via its RING domains and enhances
the degradation of p53 by stimulating MDM2 E3 ubiquitin ligase
activity (Wang et al., 2011). Loss of p53 function in stem and
myeloid progenitor cells promotes the onset of leukemia (Zhao et al.,
2010). In AML, TP53 mutations occur in less than 10% of patients
(Kadia et al., 2016). Despite the TP53 mutations found in some
subtypes of AML, MDM4 or MDM2 overexpression is the primary
cause of p53 inactivation. Given the critical roles of MDM4 or
MDM2, disruption of MDM4/MDM2/p53 interactions may offer a
new way to restore p53 activity. Despite recent efforts to develop
MDM4/MDM2 inhibitors, the desired success has not been achieved
as a result of lack of affinity and dose-limiting toxicity (Carvajal
et al., 2018). Therefore, targeting MDM4 with miRNA replacement
therapy may be an attractive therapeutic strategy in AML.

Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis revealed that MDM4, MDM2, and p53 genes
are associated with PI3K-Akt signaling pathway in cancer,
MicroRNAs in cancer, Proteoglycans in cancer, p53 signaling
pathway, cellular senescence and cell cycle. Previous studies have
reported the involvement of PI3K-Akt signaling pathway
(Bertacchini et al., 2015), p53 signaling (Chen and Sun, 2022),
cellular senescence (Mao et al., 2022), cell cycle (Zhou et al.,
2021), microRNAs in cancer (Trino et al., 2018), and
proteoglycans in AML (Wu et al., 2020).

When the studies with miR-342 in the literature are examined; It
has been suggested that dysregulation of the miR-342 Naa10p axis
may be involved in the aggressive progression of pediatric AML.
Naa10p-siRNA was reported to significantly suppress cell
proliferation and increase cell apoptosis (Journal et al., 2019).
Wu et al. showed that miR-342-5p is downregulated and has a
significant inhibitory effect on cell proliferation in CML. miR-342-
5p was shown to target the 3′-UTR domain of CCND1 and reduce
its expression, and overexpression of miR-342-5p increased
imatinib-induced DNA double-strand breaks and apoptosis (Wu
et al., 2021). In another study, it was determined that miR-342-3p
expression was decreased in the plasma of AML patients. Further
studies have shown that miR-342-3p targets SOX12 and thus its
mimics suppress AML cell growth, accelerate apoptosis and induce
G0/G1 cell cycle arrest (Wang et al., 2022).

Given all these data, miR-342-5p is thought to act as a tumor
suppressor. Given that the expression of miR-342-5p is reduced in

TABLE 5 KEGG pathway enrichment analysis of MDM4, MDM2, and
TP53 genes.

Term Count % P-value

p53 signaling pahtway 3 100 7.80E-05

MiRNAs in cancer 3 100 1.40E-03

Bladder cancer 2 66.7 1.0E-02

Melanoma 2 66.7 1.70E-02

Platinum drug resistance 2 66.7 1.80E-02

Glioma 2 66.7 1.80E-02

Chronic myeloid leukemia 2 66.7 1.80E-02

Prostate cancer 2 66.7 2.40E-02

Endocrine resistance 2 66.7 2.40E-02

Thyroid hormone signaling pahtway 2 66.7 2.90E-02

Cell cycle 2 66.7 3.10E-02

Cellular senescence 2 66.7 3.80E-02

Transcriptional misregulation in cancer 2 66.7 4.60E-02

Epstein-bar virüs infection 2 66.7 4.90E-02

Viral carcinogenesis 2 66.7 4.90E-02

Proteoglycans in cancer 2 66.7 4.90E-02

Human cytomegalovirus infection 2 66.7 5.40E-02

Shigellosis 2 66.7 5.90E-02

Human papillomavirus infection 2 66.7 7.90E-02

PI3K-Akt signaling pahtway 2 66.7 8.40E-02

Count: enriched gene number in the KEGG, term.
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AML, miRNA replacement therapy may provide an opportunity to
restore the previously lost contribution of miR-342-5p. MiR-342-5p
mimics can suppress cell proliferation in AML. miR-342-5p
negatively regulates MDM4 expression, modulates DNA
replication signaling pathways by contributing to the hsa-mir342-
5p/MDM4/p53 network and may promote apoptosis. miR-342-5p
and MDM4 are thought to be targets for the treatment of AML.

This study has a few limitations; only one microarray profile was
analyzed as the database of miRNA profiles is rare. Experimental
validation was not performed for the biological functions and targets
of the identified miRNA. Further studies are needed for the
mechanism of miR-342-5p and its potential targets in the
development of AML. We believe that it can be a potential
biomarker for the early diagnosis of AML patients and that
cohort studies should be conducted on this topic.

miRNA and candidate genes associated with the pathogenesis
and therapeutic targets of AML were identified using integrated
bioinformatics approaches. A new miRNA-mRNA regulatory was
axis identified that could improve understanding of the molecular
mechanisms underlying the development of AML. These target
molecules can serve as prognostic biomarkers and therapeutic
targets. However, further studies are needed to confirm these
predictive results.
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