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ABSTRACT 

Objective  Asthma is a common inflammatory disease of the airway, and its underlying mechanism is 

complex. The role of microRNAs (miRNAs) in asthma is unclear. The present study aimed to investigate 

miRNA-mRNA regulatory networks underlying asthma. 

Methods  One microarray dataset was downloaded from the Gene Expression Omnibus (GEO) database. 

Differential expression of miRNAs (DEMs) was identified in bronchial epithelial cells (BECs) isolated from 

healthy donors and patients with asthma. MiRTarBase, mirDIP, and miRDB were used to predict target genes, 

followed by protein-protein interaction (PPI) network analysis, Kyoto Encyclopedia of Genes and Genomes 

(KEGG) analysis, and Gene Ontology (GO) analysis; cytoHubba was used to predict the important nodes in 

the network. The miRNA-hub genes sub-network of interest was determined. 

Results  This study constructed an asthma-associated miRNA-mRNA network, in which seven key miRNAs 

and 10 hub genes were identified.  

Conclusions  The novel miRNAs and hub genes identified in the present study could be potential diagnostic 

and treatment biomarkers for asthma. 
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INTRODUCTION 

Asthma is a chronic disorder of the airway, and airway inflammation plays a critical role in asthma 

pathogenesis. Better understanding of the pathogenesis of asthma has enabled great progress in treating 

patients with asthma. It has been estimated that 339 million people worldwide are affected by asthma 

annually, resulting in huge spending on health services [1]. The various roles of microRNAs (miRNAs) in the 

regulation of human diseases are receiving increasing attention, and a better understanding of these roles 
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may enable to identify new targets for asthma treatment [2]. 

miRNAs are a class of small nonprotein-coding RNAs that are 20-30 nucleotides in length [3]. In recent 

years, miRNAs have received wide attention, as they are involved in many biological processes, including 

tissue and organ development, biochemical pathways, cell signaling, and several other mechanisms [4]. There 

are a large number of miRNAs, some of which are considered to be useful diagnostic and prognostic tools in 

cancer and other diseases [3]. miRNAs are present in airway biopsy cells, epithelial brushing cells, 

sera/plasma, sputum, bronchoalveolar lavage (BAL), and exosomes [5]. Deregulation of some miRNAs is 

thought to play a role in the pathogenesis of asthma. Jimenez et al found that miRNAs are expressed 

differently in human monocyte-derived macrophages (MDMs) under different conditions; miRNA-155, 

miRNA-339, and miRNA-200a were downregulated, while miRNA-21, miRNA-146b-5p, miRNA-27a, and 

miRNA-22 were upregulated in M2c phenotype. miRNA-181a/b and miRNA-147b were downregulated, 

while miRNA-500a, miRNA-511, and miRNA-502 were upregulated in M2a phenotype [6]. Compared to the 

control group, miRNA-18A was downregulated in nasal mucosal biopsies of patients with asthma [7]. An in 

vitro study showed that miRNA-20a-5p levels were downregulated in the bronchial epithelial brushing cells 

in patients with severe asthma compared to cells from healthy donors [8]. 

In the present study, we aimed to identify differential expression of miRNAs (DEMs) by using the Gene 

Expression Omnibus (GEO) database, predicted mRNAs were recorded, followed by protein-protein 

interaction (PPI) network analysis to detect potential genes. We performed Kyoto Encyclopedia of Genes and 

Genomes (KEGG) enrichment analysis and Gene Ontology (GO) annotation for further understanding of the 

mRNAs. Finally, an miRNA-mRNA network for asthma was successfully established. 

MATERIALS AND METHODS 

Source of the microarray data 

The dataset GSE25230 was downloaded from the public GEO database, which is a functional genomic 

database. This dataset included seven healthy and seven asthmatic donors from whom bronchial epithelial 

cells (BECs) were isolated. The samples were tested by the GPL8786 [miRNA-1] Affymetrix Multispecies 

miRNA-1 Array. 

Identification of DEMs 

Differential analyses of GSE25230 was performed to identify DEMs between healthy and asthmatic 

donors using the online tool GEO2R [9].  The criterion for DEMs was P < 0.05 and |logFC| ≥ 3. A volcano 

plot of the DECs was constructed using the Sangerbox.  

Identification of target genes and construction of the miRNA-mRNA network 

The target genes were predicted using the following three databases: mirTarBase 

(http://mirtarbase.cuhk.edu.cn), mirDIP (http://ophid.utoronto.ca/mirDIP/index.jsp), and miRDB 

(http://mirdb.org/index.html). The target genes were screened according to the overlapping results of the 

three databases. An miRNA-mRNA network was constructed. The network of miRNA-mRNA interactions 

was visualized by Cytoscape.  
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KEGG pathway enrichment and GO analyses 

KEGG pathway enrichment analysis and GO annotation of the target genes were performed. GO 

annotation included three aspects: biological process (BP), cellular component (CC), and molecular function 

(MF) [10]. Annotation, visualization, and integrated discovery were based on the online DAVID database 

(http://mirdb.org/index.html). P value of <0.05 was considered to be significant. 

PPI network and validation of the hub genes 

The STRING database (https://string-db.org) was used for the PPI network. The top 10 genes were 

considered as hub genes in Cytoscape software by the CytoHubba app. The miRNA-hub genes sub-network 

of interest was determined. 

RESULT 

Identification of potential DEMs 

To find the potential miRNAs underlying asthma development, the miRNA dataset GSE25230 was 

selected. The GEO2R tool was used to perform differential expression analysis provided by the GEO 

Database. As shown in Table 1, eight upregulated DEMs were screened out on the basis of the selection 

criterion of |log2FC| ≥ 3 and P < 0.05. The volcano plot of DEMs is shown in Figure 1. 

Table 1. The DEMs screen from GEO datasets 

miRNA_ID adj.P.Val t B logFC 

hsa-mir-487b 0.00958 5.47828 2.43 3.318917 

hsa-mir-129-2 // hsa-mir-129-1 0.00958 5.365634 2.211 3.411713 

hsa-mir-374a 0.00958 5.199347 1.884 3.135287 

hsa-mir-335 0.00958 5.161434 1.809 3.492887 

hsa-mir-181a-1 // hsa-mir-181a-2 0.00958 5.119879 1.726 3.355209 

hsa-mir-576 0.00958 5.119417 1.725 3.528878 

 

Figure 1. Volcano plot of differentially expressed miRNAs in GSE25230. 
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Identification of mRNAs and construction of the miRNA-mRNA network 

Target genes that might bind to the DEMs were predicted using the miRTarBase, mirDIP, and miRDB 

databases. Because there were no target genes of hsa-miR-374a-3p, the DEM hsa-miR-374a-3p was 

excluded, and the remaining seven DEMs were used to predict target genes (Table 2). An overlap of 391 

target genes from seven DEMs was observed among the three databases. The network of miRNA-mRNA 

interactions was visualized by Cytoscape (Figure 2). 

Table 2. Seven DEMs used to predict target genes 

number miRNAs 

1 hsa-miR-129-1-3p 

2 hsa-miR-129-2-3p 

3 hsa-miR-181a-5p 

4 hsa-miR-335-5p 

5 hsa-miR-374a-5p 

6 hsa-miR-487b-3p 

7 hsa-miR-576-5p 

 

Figure 2. Interaction networks of miRNA-mRNA. The red dot represents miRNAs and the yellow dot represents 

target genes. 

KEGG pathway enrichment and GO analyses 

GO annotation and KEGG pathway enrichment analyses were performed for the target genes (Figure 3). 

In the MF category, the main enriched category was “transcription factor binding.” In the BP category, the 

main enriched category was “positive regulation of transcription from RNA polymerase II promoter.” In the 

CC category, the main enriched category was “nucleus”(Figure 3B). In the KEGG pathway analysis, the 

main enriched pathway was “MAPK signaling pathway” (Figure 3A). 
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Figure 3. GO and KEGG analysis. BP: biological process; CC: cellular component; MF: molecular function. 

PPI network and validation of the hub genes 

The 391 target genes were used to construct the PPI network by using the STRING database (Figure 4). 

To identify the key module in the PPI Network, the top 10 hub genes were selected using CytoHubba based 

on the STRING database (Figure 5). Finally, the miRNA-hub genes sub-network of interest was determined 

(Figure 6). 

 

Figure 5. The interaction of 10 hub genes. 
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Figure 4. The PPI network. 

 

Figure 6. Interaction networks of miRNA-hub genes. The red dot represents miRNAs and the yellow dot 

represents target mRNAs. 

DISCUSSION 

Asthma is one of the most common chronic diseases and has become an economic burden worldwide [11]. 

In recent years, a better understanding of the pathogenesis of asthma has enabled great progress in the 

treatment of patients [12]. Asthma significantly reduces the respiratory function and activity of patients. The 
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diagnosis of asthma largely depends on clinical examination. Moreover, pathological tests do not appear to 

be useful in diagnosing asthma. Airway BECs are increasingly being considered as important components in 

the pathophysiology of asthma [5]. It has been demonstrated that providing molecular markers for early 

screening would be a convenient diagnostic method, and BECs could be a convenient source of biomarkers 

for asthma. The easy detection of miRNA makes it a suitable molecular marker for the early diagnosis and 

prognosis of various diseases.  

miRNAs as a biomarker for the clinical diagnosis of lung diseases are receiving increasing attention 

[13-14]. The role of miRNA signaling pathways in asthma has been explained in detail [15]. The level of 

miR-744 was reduced in BECs from patients with severe asthma as compared to that in BECs from control 

subjects, and miR-744 downregulated the protein levels of TGF-B1 [16-18]. In an asthma mouse model, 

miR-943-3p was found to regulate the level of SFRP4 [19]. Several miRNAs are associated with the regulation 

of proliferation and function of smooth muscle cells, including miR-140 [20], miR-206 [21], miR-26 [22], 

miR-133a [23], and miR-221 [24]. Chen et al reported that miR-620 increased TGF-β1-mediated proliferation 

and inhibited apoptosis of airway smooth muscle cells by regulating the expression of PTEN and AKT [25]. A 

study reported that the expression of miR-19a was upregulated and the proliferation of BECs was enhanced 

by targeting TGF-β receptor 2, while the inhibition of miR-19a expression increased SMAD3 and decreased 

the proliferation of BECs [26]. The imbalance of miR-142-5P and miR-130a-3P is an important factor in 

regulating macrophage polarization and related asthma airway remodeling in ovalbumin-sensitized mice [27]. 

In the present study, we identified DEMs according to the GEO data, confirmed seven miRNAs, 

predicted the mRNAs of miRNAs, and used the PPI network to identify the top 10 hub genes. We 

constructed an miRNA-mRNA network for asthma by using bioinformatics tools, and finally identified seven 

potential miRNAs and extracted 10 hub genes. Currently, there are few studies on miRNAs and hub genes in 

asthma, except for PARK2. PARK2 expression is upregulated in asthmatic airway epithelium and mediates 

mtDNA-induced airway inflammation [28]. However, further experimental confirmation is required. 

In conclusion, based on bioinformatic analysis, we identified seven DEMs in asthma, and detected 10 

hub genes that may serve as potential biomarkers of asthma. Our findings might provide biomarkers for the 

diagnosis and treatment of asthma. 
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