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Background: Allergic asthma is the most common type of asthma and often occurs in early life with increasing comorbidities,
including atopic dermatitis and allergic rhinitis. MicroRNAs (miRNAs) are involved in the pathogenesis of numerous immune and
inflammatory disorders, particularly allergic inflammation. The specific miRNA profiles of children with allergic asthma have not been
fully delineated and still require in-depth study.

Objective: This study aimed to identify the expression profile of miRNAs and constructed a network of the interactions between
differentially expressed miRNAs and target mRNAs to provide novel insights into understanding the pathogenesis of allergic asthma.
Materials and Methods: In this study, we performed high-throughput sequencing of peripheral blood mononuclear cells (PBMCs)
from children in the acute phase of asthma. Bioinformatics approaches, including miRanda, Gene Ontology (GO) and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) databases, were employed to predict novel therapeutic and diagnostic targets for
allergic asthma. Real-time quantitative PCR was conducted to detect the expression of aberrantly expressed miRNAs.

Results: One hundred and sixty-one differentially expressed miRNAs were identified in children with allergic asthma, including 140
conserved miRNAs and 21 novel miRNAs. A total of 8929 targeted mRNAs (44,186 transcripts) associated with differentially
expressed miRNAs were predicted and significantly enriched in the cGMP-PKG signalling pathway, cholinergic synapse, and salivary
secretion. We also found that miRNA-370-3p targeted PKG and MLCP molecules in the cGMP-PKG signalling pathway and was
involved in the pathogenesis of allergic asthma.

Conclusion: We identified the miRNA profile of PBMCs in children with allergic asthma and also found that miRNA-370-3p targeted
PKG and MLCP molecules in the cGMP-PKG signalling pathway, which provides a novel insight into understanding the pathogenesis
of allergic asthma and investigating new targets for the treatment of allergic asthma in children.
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Introduction
Asthma is one of the most common chronic childhood diseases and is characterized by chronic inflammation and airway
hyperreactivity. Up to 4.4% of preschoolers and 6.4% of elementary school children are reported to have asthma.
Elucidating allergic factors for children with asthma is essential.' Exposure to allergens, such as house dust mites
(HDM), cockroaches, pets, and pollen, triggers or even exacerbates bronchial hyperreactivity. In addition, allergic asthma
is usually persistent and typically continues into adulthood as a chronic condition, cooccurring with several diseases, such
as allergic rhinitis and atopic dermatitis.” In recent decades, the mechanisms of allergic asthma have been extensively
studied. Notably, increasing evidence indicates that noncoding RNAs (ncRNAs), including long noncoding RNAs
(IncRNAs), microRNAs (miRNAs), and circular RNAs (circRNAs), among others, play important roles in allergic asthma.?
MicroRNAs (miRNAs), which are small noncoding RNA molecules of 18-24 nucleotides in length, play a fundamental
role in regulating gene expression by degrading mRNAs or inhibiting translation.* Due to their rich biofunctions and stability
in serum, miRNAs show excellent potential to become biomarkers for the diagnosis of allergic asthma. Differentially
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expressed miRNAs are gradually being identified in the sputum, serum, and airway epithelium of patients with asthma and are
closely related to asthma severity, asthma type, and asthma outcomes.’ Despite advances in allergic asthma research, the
accurate diagnosis and individualized treatment of allergic asthma still require in-depth study.

This study aimed to identify the expression profile of miRNAs in children diagnosed with allergic asthma with a clear
etiology (house dust mites) using small RNA sequencing. A specific profile of miRNAs in PBMCs associated with
allergic asthma in children was confirmed. Pathway enrichment analysis of targeted mRNAs of differentially expressed
miRNAs revealed signalling pathways closely related to allergic asthma pathogenesis, such as the cGMP-PKG signalling
pathway, cholinergic synapse, and salivary secretion.

The network analysis of the interactions between differentially expressed miRNAs and targeted mRNAs/pathways
illustrated the pathogenesis of allergic asthma. Our study provides novel insights into understanding the pathogenesis of
allergic asthma and illuminates some potential mechanisms of allergic asthma pathogenesis by analyzing differentially
expressed miRNAs, which may be used to design novel therapeutic strategies and diagnostic biomarkers of allergic asthma.

Materials and Methods

Experimental Design
RNAs were extracted from PBMCs for high-throughput sequencing and a subsequent systematic bioinformatics analysis
to explore differences in the expression profiles between healthy children and children suffering from allergic asthma.

The study flowchart is provided in Figure 1.

Study Population and Ethics Statement

Thirty-six participants aged 3—12 years old were involved in this experiment at Weifang People’s Hospital between
October 2020 and August 2021. Patients with systemic inflammatory diseases or cancers were excluded. In addition, lung
and respiratory-related diseases were not present in healthy subjects.

The inclusion criteria were as follows: (I) clinical history of wheezing symptoms and expiratory wheezing (diagnosed
by a physician); (II) age of 3—12 years; and (III) skin testing and specific IgE tests for a single allergen (house dust mite)
using the ImmunoCAP system (Thermo Fisher-Phadia, Uppsala, Sweden). The following exclusion criteria were used: (I)
mycoplasma or virus-induced asthma; (II) specific IgE tests for multiple allergens or non-house dust mite allergens.
According to GINA guidelines, we established the diagnosis of allergic asthma based on the medical history, clinical
evaluation, and skin testing or specific IgE in serum.

Our experiments are comprised of two parts. The children were initially diagnosed in the acute phase of asthma
(moderate or severe house dust mite allergy) (n=3), and healthy children (n=3) were included in the small RNA
sequencing group. The validation groups consisted of 30 subjects, including 15 children initially diagnosed in the
acute phase of asthma (moderate or severe house dust mite allergy) and 15 healthy children (Table 1). The ethics
committee of Weifang People’s Hospital (KYLL2021120) approved the study, and written informed consent was
obtained from all participants and/or their parents or legal guardians in accordance with the revised version of the

Helsinki Declaration regarding research involving human subjects.

PBMC Collection

We collected peripheral blood mononuclear cells (PBMCs) from fasting subjects in the early morning. Briefly, 6 mL of
peripheral blood was gently collected using a vacuum blood collection tube (anticoagulated with 1.5-2 mg/mL EDTA).
First, equal amounts of peripheral blood and phosphate-buffered saline (PBS) were mixed. Then, the mixture was slowly
added to the top of a centrifuge tube containing the same amount of lymphocyte isolate (TBD Bio. Co., Tianjin, China).
PBMC:s were collected from the white mist layer after centrifugation (room temperature, 400 g, 30 minutes) and washed
thoroughly and uniformly twice with PBS. Finally, we resuspended the PBMCs using TRIzol (Invitrogen, USA) and
stored them in liquid nitrogen until the RNA was extracted.
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Figure | Study flowchart.

Notes: The peripheral blood mononuclear cells (PBMCs) of healthy children and children suffer from allergic asthma were deep sequenced for small RNA expression
profiles, and systematically analyzed using bioinformatics databases for deduction of novel molecular signatures in allergic asthma.

RNA Extraction and Library Construction

According to the manufacturer’s protocol, a mirVana™ miRNA Isolation Kit (Ambion) and Nanodrop 2000 (Thermo Fisher
Scientific Inc., USA) were used to extract and quantify the total RNA from PBMCs, respectively. RNA integrity was assessed by
an Agilent 2100 Bioanalyzer (Agilent Technology, USA). Afterwards, small RNA libraries (1 ng) were constructed using TruSeq
Small RNA Sample Prep Kits (Cat. No. RS-200-0012, Illumina, USA.). Briefly, total RNA was ligated to adapters at each end.
Then, the adapter-ligated RNA was reverse transcribed to cDNA and performed PCR amplification. The PCR products ranging

from 140-160 bp were isolated and purified as small RNA libraries. Then, the quality of the libraries was assessed with an

Table | Summary Characteristics of Allergic Asthma Patients and Controls

Groups Small RNA Sequencing Sample Validation Sample
Control Allergic Asthma (n=3) pValue | Control Allergic Asthma (n=15) pValue
(n=3) (n=15)
Age (yrs) 4.7£2.05 5£2.16 p=0.882 | 5.6+2.24 6.13+2.50 p=0.557
Sex (n %)
Women 1 (33.33) I (33.33) 4 (26.67) 6 (40)
Men 2 (66.67) 2 (66.67) 11 (73.33) 9 (60)
House dust mite | — 1/3 (moderate) 2/3 (Moderately - 1/3 (Moderate) 2/3 (Moderately
severe/ severe) severe/ severe)
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Agilent Bioanalyzer 2100 system using a DNA high-sensitivity microarray. Finally, the library was sequenced using the [llumina
Novaseq 6000 platform, generating 150 bp single-end reads for analysis. OE Biotech Co., Ltd. (Shanghai, China) conducted
small RNA sequencing and the analysis.

Small RNA Sequencing and Comparative Analysis
The basic reads from the Illumina analysis were converted into raw reads in FASTQ format by base calling, and clean
reads from raw reads were used for all downstream analyses. Briefly, clean reads with high quality were obtained from
raw reads by removing the low-quality and specific reads, such as reads with 5’ primer contaminants and poly (A), reads
without 3’ adapters and insert tags, and reads shorter than 15 nt and longer than 41 nt.

For the primary analysis, a distribution of the lengths of the clean sequences in the reference genome was generated. Then, the
clean reads were aligned with the small RNAs from the GenBank database (http://www.ncbi.nlm.nih.gov/genbank/) and Rfam
v.10.1 (http://www.sanger.ac.uk/software/Rfam)° to annotate noncoding RNA sequences using the Basic Local Alignment Search

Tool (BLAST).” Subsequently, the known miRNAs and unannotated small RNAs were analysed by aligning them with the
miRBase v.21.0 database (http:/www.mirbase.org/)® and mirdeep2,” respectively. Meanwhile, RNAfold software'® was used to

predict the secondary structures of the novel miRNAs based on the hairpin structure of a pre-miRNA and the miRbase database.

|dentification and Bioinformatics Analysis of Differentially Expressed miRNAs
Differentially expressed miRNAs were calculated with the DESeq2 R package and identified with a threshold of p value
< 0.05 and |log2FC>1.

Next, miRanda software predicted targeted mRNAs associated with differentially expressed miRNAs using the
following parameters: S > 150, AG < —30 kcal/mol, and strict 5* seed pairing. We performed GO enrichment and
KEGG pathway enrichment analyses of targeted mRNAs with R based on the hypergeometric distribution. The
significant GO terms and pathways were identified by performing multiple Benjamini-Hochberg procedure, and a p
value <0.05 was considered statistically significant. Finally, Cytoscape v3.5.1 software'' was used to visualize the
miRNA-mRNA network in the KEGG pathway.

Validation of miRNA Expression by gqRT-PCR

The expression of miRNAs was estimated by performing a quantitative real-time polymerase chain reaction (QRT-PCR). Briefly,
the TransScript miRNA First-Strand cDNA Synthesis SuperMIX kit was utilized to transcribe the RNA samples (0.5 pg) into
cDNAs. The gRT-PCRs were performed with a LightCycler® 480 II fluorescent gPCR instrument (Roche, Switzerland) using
the PerfectStart™ Green qPCR SuperMix kit with cDNAs as the template in a 10 pL reaction system (2xPerfectStart™ Green
gPCR SuperMix (5 pL), 10 uM Universal primer (0.2 pL), 10 pM microRNA-specific primer (0.2 pL) shown in Table S1,
c¢DNAs (1 pL), and nuclease-free H20 (3.6 pL)). The gRT-PCR program was 94 °C for 30 s, followed by 45 cycles of
denaturation at 94 °C for 5 s and annealing and extension for 30 s at 60 °C.

Statistical Analysis

The relative expression of miRNAs was calculated by applying the comparative cycle threshold method (2 44"

), where
5S rRNA was an internal control. Student’s #-test or the nonparametric Mann—Whitney test was used to calculate the
difference in the expression of a particular miRNA between children with allergic asthma and normal children, with
p<0.05 representing a statistically significant difference. SPSS 22 software (IBM Corp., NY, USA) and Prism 8 software
(GraphPad Software, CA, USA) were employed to analyze the results and visualize the results, respectively. Data from at
least three replicates were analyzed.

Results
Overview of the Small RNA Sequencing Datasets

Small RNA sequencing, which provides extremely large amounts of detailed genomic data, is a powerful tool for
discovering the types and amounts of small RNAs expressed in children with allergic asthma (house dust mites) and
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healthy children. Notably, 26,317,201, 24,303,427, 27,232,340, 34,175,661, 22,946,397, and 25,271,873 raw reads were
obtained from the six RNA libraries, generating 22,742,046, 20,965,855, 24,167,237, 30,657,749, 20,422,852, and
22,712,854 clean reads. In the distribution of small RNA sequences, the most abundant size category was 22 nt, followed
by 21 and 23 nt, consistent with the length of miRNAs (21-23 nt), as shown in Figure 2. Based on these results, small
RNA sequencing provides a detailed description of the length and abundance of small RNAs, suggesting that miRNAs
are an important and major component of small RNAs present in children with allergic asthma. Subsequently, the unique
reads of the six small RNA libraries were described as the following numbers for further analysis: 916,387, 899,099,
859,490, 910,604, 967,065, and 890,647 (Table S2).
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Figure 2 Length distribution and abundance of the small RNA sequences.
Notes: As shown by their frequencies, 21-nt length reads were the most abundant. (A)—(C) Healthy children and (D)—(F) Allergic asthma. Healthy children: Controll,
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We mapped the clean reads to the Rfam database for annotation processing to assess the efficiency of small RNA
sequencing in detecting miRNAs, and this analysis eventually detected several types of small RNAs, including rRNA,
scRNA, Cis-reg, snRNA, tRNA, repeats, unannotated, and others. By annotating the small RNAs according to the
category, unannotated reads were the most represented type of small RNA library, followed by known miRNAs,
indicating the dominance of miRNAs in the pathogenesis of allergic asthma (Figure 3).

Identification of Conserved and Novel miRNAs in Children with Allergic Asthma
We identified conserved miRNAs and novel miRNAs using the miRBase v21.0 database (http://www.mirbase.org/) and

mirdeep2, respectively, to elucidate the role of miRNAs in regulating allergic asthma in children and obtained at least
1076 conserved miRNAs and 593 novel miRNAs in each of the small RNA libraries (Table S3). Similarly, the length of
conserved miRNAs was mainly distributed from 21 to 24 nt (Figure 4A). In addition, no significant difference in the bias
of the bases of conserved miRNAs was observed between children with allergic asthma and healthy children (Figure 4B).

Identification of Differentially Expressed miRNAs

The differential expression of miRNAs suggests that they may play an essential role in the related biological processes.
We explored the important roles of miRNAs in the biological processes associated with allergic asthma and obtained 161
differentially expressed miRNAs by performing small RNA sequencing, of which 52 differentially expressed miRNAs
were significantly upregulated and 109 differentially expressed miRNAs were downregulated (Figure 5 and Table 2).
Notably, 21 novel miRNAs were differentially expressed in children with allergic asthma, including novel771 mature,
novel95 mature, novell56_mature, and novel206 mature, and the secondary structures of the novel miRNAs were
identified using RNAfold software, as shown in Figure 6.

Prediction and Functional Analysis of Targeted mRNAs
Based on accumulating evidence, miRNAs control various biological and pathological processes by silencing target
mRNAs. A total of 8929 targeted mRNAs (44,186 transcripts) associated with differentially expressed miRNAs were
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predicted using miRanda software, and these large amounts of data might provide insights into the mechanism of
childhood allergic asthma. The most highly enriched topological relationships identified in the GO and KEGG functional
analyses of targeted mRNAs are shown in Figure 7.

Gene Ontology (GO) is available for the functional annotation and categorization of targeted mRNAs associated with
differentially expressed miRNAs in three broad categories: biological process (BP), cellular component (CC), and
molecular function (MF). From the results of GO analysis, the mechanisms of differentially expressed miRNAs affect
the initiation and maintenance of allergic asthma in children. The analysis of biological processes (BPs) revealed that
target mRNAs were enriched in transcription (DNA template), transcriptional regulation (DNA template), and signal
transduction. The analysis of cellular components (CCs) implied that targeted mRNAs are localized to the cell
membrane, nucleus, cytoplasm, and plasma membrane to perform their biological functions. The molecular function
(MF) analysis suggested that target mRNAs are involved in metal ion binding, ATP binding, DNA binding, and RNA
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Table 2 Top 50 of Differentially Expressed miRNAs Between Allergic Asthma and Healthy Controls
Number miRNA_id FoldChange log2FoldChange pValue qValue Regulation
| hsa-miR-143-5p 0.051618845 —4.275958321 4.70E-12 5.40E-09 Down
2 hsa-miR-369-3p 0.037134702 —4.751088171 2.90E-10 1.67E-07 Down
3 hsa-miR-487b-3p 0.060847938 —4.038647814 7.12E-10 2.73E-07 Down
4 hsa-miR-539-3p 0.014334259 —6.124388832 1.42E-09 4.07E-07 Down
5 hsa-miR-136-3p 0.052162853 —4.260833407 1.08E-08 1.94E-06 Down
6 hsa-miR-655-3p 0.032835197 —4.928613073 1.15E-08 1.94E-06 Down
7 hsa-miR-329-3p 0.072833871 —3.779246669 2.54E-08 3.33E-06 Down
8 hsa-miR-409-5p 0.083049618 —3.589882659 2.61E-08 3.33E-06 Down
9 hsa-miR-493-5p 0.053192381 —4.232636579 3.44E-08 3.95E-06 Down
10 hsa-miR-758-3p 0.074723148 —3.742300954 5.75E-08 5.91E-06 Down
I hsa-miR-410-3p 0.065796976 —3.92583491 6.62E-08 5.91E-06 Down
12 hsa-miR-656-3p 0.061715206 —4.018230203 6.69E-08 5.91E-06 Down
13 hsa-miR-127-3p 0.136511851 —2.872901893 9.53E-08 7.82E-06 Down
14 hsa-miR-889-3p 0.056425905 —4.147498527 1.04E-07 7.96E-06 Down
15 hsa-miR-134-5p 0.122506393 —3.029071052 1.41E-07 I.01E-05 Down
16 hsa-miR-382-3p 0.068550874 —3.866681133 1.61E-07 1.09E-05 Down
17 hsa-miR-1197 0.037991693 —4.71817218 1.89E-07 1.20E-05 Down
18 hsa-miR-493-3p 0.06919629 —3.853161496 2.39E-07 |.45E-05 Down
19 hsa-miR-431-5p 0.077975386 —3.680837396 3.04E-07 1.69E-05 Down
20 hsa-miR-654-3p 0.082943049 —3.59173511 3.12E-07 1.69E-05 Down
21 hsa-miR-370-3p 0.115519549 —3.113791079 3.24E-07 1.69E-05 Down
22 hsa-miR-485-3p 0.113831648 —3.13502638I 3.66E-07 |.83E-05 Down
23 hsa-miR-409-3p 0.094932135 —3.396959657 4.80E-07 2.30E-05 Down
24 hsa-miR-381-3p 0.091252102 —3.453998401 7.94E-07 3.65E-05 Down
25 hsa-miR-323a-3p 0.098471937 —3.344143559 8.78E-07 3.88E-05 Down
| hsa-miR-708-5p 13.79602275 3.786180508 1.18E-08 1.94E-06 Up
2 novel771_mature 5.423108724 2.439120094 4.35E-06 0.000138831 Up
3 hsa-miR-4482-3p 42.07237771 5.394801449 1.40E-05 0.000413678 Up
4 hsa-miR-6868-3p 87.51513746 6.451460676 1.70E-05 0.000488882 Up
5 hsa-miR-1275 3.117091995 1.640200734 0.000166147 0.004150073 Up
6 hsa-miR-4482-5p 31.99442738 4.999748741 0.000208203 0.004945436 Up
7 hsa-miR-615-3p 5.694680501 2.509614902 0.000478065 0.01056339 Up
8 hsa-miR-150-5p 2.763207533 1.466343921 0.000517914 0.01102005 Up
9 hsa-miR-1248 9.279624324 3.214066401 0.00064 147 0.013161593 Up
10 hsa-miR-642a-5p 2.869757112 1.520928636 0.00091724 0.017277196 Up
I hsa-miR-4685-3p 5.696746252 2.510138146 0.001259055 0.022256223 Up
12 hsa-miR-708-3p 3.144856733 1.652994295 0.001441826 0.025100874 Up
13 hsa-miR-10395-3p 2.740029784 1.454191575 0.001848889 0.029920759 Up
14 hsa-miR-451a 2.484543166 1.312980607 0.001962729 0.031321884 Up
15 hsa-miR-342-5p 2.035752251 1.025561998 0.003791667 0.05445781 1 Up
16 hsa-miR-150-3p 2.152335969 1.105903293 0.004314203 0.059723126 Up
17 hsa-miR-342-3p 2.852794847 1.512376002 0.005455184 0.072046052 Up
18 hsa-miR-2110 2.089113952 1.062891187 0.00572415 0.074664202 Up
19 hsa-miR-132-3p 2.26858702 1.181794001 0.005783389 0.074664202 Up
20 novel23_mature 21.08374851 4.398059483 0.008906226 0.105953496 Up
21 hsa-miR-125a-5p 2.033383427 1.023882284 0.01068444 0.124004255 Up
22 hsa-miR-486-5p 2214627728 1.147064206 0.011191045 0.128270373 Up
23 hsa-miR-129-1-3p 10.96145359 3.454367221 0.01155965 0.130216059 Up
24 hsa-miR-95-3p 2.116066601 1.081385036 0.014080888 0.155379628 Up
25 hsa-miR-181a-2-3p 2.582808272 1.368940553 0.014199183 0.155379628 Up
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Figure 6 Secondary structures of the top 10 novel miRNAs.
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binding (Figure 7A). On the other hand, Kyoto Encyclopedia of Genes and Genomes (KEGG) mapping has been used to
analyze mRNA products and functions during metabolic processes (Table 3). According to KEGG classifications, we
found that targeted mRNAs were significantly enriched in the cGMP-PKG signalling pathway, cholinergic synapse, and
salivary secretion, among which the cGMP-PKG signalling pathway was the most highly enriched pathway (Figure 7B).

The Network of miRNAs-mRNAs in the cGMP-PKG Signalling Pathway

We constructed a network of the interactions between differentially expressed miRNAs and target mRNAs in the cGMP-
PKG signalling pathway to explore the role of differentially expressed miRNAs in the pathogenesis of allergic asthma
using Cytoscape v3.5.1 software and the KEGG classification results. The results showed that hsa-miR-370-3p targeted
PKG and MLCP in the cGMP-PKG signalling pathway (Figure 8). Accordingly, we hypothesized that hsa-miR-370-3p
may participate in the pathogenesis of allergic asthma. However, more studies are warranted for further elucidation.

gRT—PCR Validation of Differentially Expressed miRNAs

We subsequently verified the expression levels of a set of selected candidate miRNAs to minimize bias, with screening
criteria including transcript per million (TPM), the significance of differential expression, and the predicted function of
the targeted mRNA. Briefly, the expression levels of the five selected miRNAs were examined using qRT-PCR to
validate the sequencing data, among which novel771_ mature, hsa-miR-1275 and hsa-miR-370-3p were in the network of
the interactions between differentially expressed miRNAs and target mRNAs in the cGMP-PKG signalling pathway.
Four of the five miRNAs were differentially expressed in the validation cohort, including hsa-miR-708-5P (P=0.027),
novel771_mature (P=0.002), hsa-miR-1275 (P=0.006), and hsa-miR-134-5p (P=0.024), consistent with the expression
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Table 3 Statistics of KEGG Enrichment Top 20

KEGG_id Term pValue qValue Enrichment_score
path:hsa04022 cGMP-PKG signaling pathway 3.20E-29 1.04E-26 1.42
path:hsa04725 Cholinergic synapse 3.93E-23 6.38E-21 1.43
path:hsa04970 Salivary secretion 2.14E-22 2.31E-20 1.51
path:hsa04972 Pancreatic secretion 4.59E-21 3.73E-19 1.51
path:hsa04974 Protein digestion and absorption 1.40E-20 9.12E-19 1.53
path:hsa04924 Renin secretion 4.39E-20 2.38E-18 1.51
path:hsa04921| Oxytocin signaling pathway 1.43E-19 6.63E-18 1.33
path:hsa04713 Circadian entrainment 5.85E-19 2.38E-17 1.39
path:hsa05414 Dilated cardiomyopathy (DCM) 441E-18 1.59E-16 1.41
path:hsa04270 Vascular smooth muscle contraction 5.24E-18 1.70E-16 1.36
path:hsa05410 Hypertrophic cardiomyopathy (HCM) 1.63E-17 48IE-16 1.42
path:hsa04512 ECM-receptor interaction 6.48E-16 1.75E-14 1.45
path:hsa04724 Glutamatergic synapse 2.82E-14 6.65E-13 1.34
path:hsa04927 Cortisol synthesis and secretion 2.87E-14 6.65E-13 1.42
path:hsa04810 Regulation of actin cytoskeleton I.16E-13 2.51E-12 1.23
path:hsa04020 Calcium signaling pathway 1.73E-13 3.52E-12 1.25
path:hsa04918 Thyroid hormone synthesis 2.85E-13 5.45E-12 1.44
path:hsa0437| Apelin signaling pathway 3.64E-13 6.57E-12 1.30
path:hsa04925 Aldosterone synthesis and secretion 4.16E-12 701E-11 1.31
path:hsa0491 | Insulin secretion 5.77E-12 9.37E-11 1.31

trend obtained using the sequencing data. Although hsa-miR-370-3p (P=0.054) expression was not significantly different
between patients with allergic asthma and healthy controls, similar to the sequencing data, a trend towards down-

regulation of its expression was observed (Figure 9).
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Figure 8 The network of differentially expressed miRNAs-mRNAs in the cGMP-PKG signalling pathway.
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classifications. Orange is differentially expressed miRNAs, green is mRNA with the interactions between 4 or more miRNA, yellow is mRNA with the interactions
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in the cGMP-PKG signalling pathway.
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Discussion

We identified the miRNA profile of PBMCs in children with allergic asthma and identified 161 differentially expressed miRNAs.
Mechanistically, 8929 target mRNAs associated with differentially expressed miRNAs were predicted and significantly enriched
in the cGMP-PKG signalling pathway, cholinergic synapse, and salivary secretion. We also found that miRNA-370-3p targeted
PKG and MLCP molecules in the cGMP-PKG signalling pathway, which provides a novel insight into understanding the
pathogenesis of allergic asthma and investigating new targets for the treatment of allergic asthma in children.

Accumulating evidence has suggested that noncoding RNAs (ncRNAs) play important roles in a variety of
inflammatory diseases, particularly allergic asthma.'? Importantly, ncRNAs, including long noncoding RNAs
(IncRNAs) with sizes larger than 200 nucleotides, microRNAs (miRNAs), and circular RNAs (circRNAs), among
others, are being recognized as important molecules regulating coding genes at the transcriptional or posttranscriptional
level in individuals with allergic asthma.'* Multiple studies have emphasized that the effects of miRNAs on the initiation
and maintenance of asthma are mainly achieved by regulating the expression of mRNAs at the posttranscriptional
level.'* In contrast, IncRNAs and circRNAs employ a similar mechanism by functioning as an miRNA sponge as
a competing endogenous RNA (ceRNA) in individuals with asthma. Numerous researchers have established that ceRNA
is a new transcriptional regulatory model whereby IncRNAs and circRNAs share the same miRNA response element
(MRE) to indirectly inhibit the expression of miRNAs and weaken the interactions of miRNAs and mRNAs.'"
Importantly, these findings highlight the indispensable position and value for basic and translational research of

miRNAs in allergic asthma.
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Undeniably, the exploration of miRNAs associated with the frequent occurrence of allergic asthma in children is still in its
infancy. Although the great potential of miRNAs to serve as biomarkers of airway-related has been revealed, the underlying
mechanisms leading to airway hyperreactivity and the value of miRNAs as biomarkers of clinical outcomes and diagnostic
biomarkers of allergic asthma, particularly in children, are enigmatic. Considerable evidence has confirmed the differential
expression of miRNAs in the serum, sputum, bronchial biopsies, and bronchial epithelium of patients with asthma,'®'® but
most of these studies focused on the general definition of asthma. Similar to our findings, the expression of miRNAs was
differentially altered in asthmatic mice and seasonal asthmatic mice. For example, Weidner et al'® found that miRNAs,
including miR-146a, miR-223, and miR-155, had the ability to distinguish between allergic asthma and nonallergic asthma in
murine models, providing experimental evidence for miRNA involvement in allergic asthma. Additionally, the phenomenon
of differential expression of miRNAs in the sera of children with seasonal allergic asthma was reported by Tiwari et al. They
suggested correlations between miRNA expression and seasonal asthma symptoms: reduced let-7d-3p expression and
increased asthma symptoms in the spring, and increased miR-328-3p expression and increased asthma symptoms in the
autumn.”® The indispensable position of an miRNA in the development and progression of allergic asthma was established
based on theoretical and experimental evidence. However, more in-depth investigations of whether differentially expressed
miRNAs are drivers or outcomes of allergic asthma are needed.

Here, we documented the diagnostic and therapeutic values of our selected differentially expressed miRNAs in children with
allergic asthma by performing a literature review. A number of the top 50 differentially expressed miRNAs attracted our
attention, including hsa-miR-487b-3p, hsa-miR-136-3p, hsa-miR-708-5p, hsa-miR-150-5p, hsa-miR-124, and hsa-miR-370-3p.
According to previous reports, miR-487b-3p directly inhibits the expression of interleukin-33 (IL-33), a critical proinflammatory
cytokine known to mediate allergic airway inflammation, but the finding that the expression levels of miR-487b-3p are similar
between control mice and OVA-challenged wild-type mice is difficult to understand.* Our study may provide evidence that miR-
487b-3p expression is reduced in the serum of patients with allergic asthma. In addition, the interest in the importance of miR-

1?2 reported that miR-1248 expression is increased

1248 in the pathogenesis of allergic asthma has been renewed. Panganiban et a
within PBMC:s of patients with asthma, suggesting that miR-1248 is a positive regulator of [L-5 expression to exacerbate asthma
by increasing Th2 cytokine levels. Similarly, miR-1248 has again attracted attention for its role in allergic asthma due to its
significantly altered expression in our study. Notably, miR-370 was identified as a significantly upregulated miRNA in murine or
cellular models of asthma, which alleviates asthma progression by inhibiting the FGF1/MAPK/STAT1 axis,” and the same
expression trend was observed in our study. Meanwhile, miRNAs such as miR-150,% hsa—miR-381-3p,25 and hsa-miR-708-5p26
were also detected in studies of asthma or allergic asthma.

However, the value of differentially expressed miRNAs as biomarkers for diagnosing allergic asthma in children must
be validated by conducting a large-sample study due to the limited number of subjects participating in the present study.
Importantly, ceRNA is an important direction for studying the regulation of differentially expressed miRNAs.
Undeniably, the mechanisms by which IncRNAs or circRNAs functioning as ceRNAs drive differentially expressed
miRNAs to regulate chronic inflammation and airway hyperreactivity and whether DEM blockade might be of
therapeutic value remain unclear, particularly in individuals with allergic asthma. Thus, more research is warranted to
elucidate the precise molecular mechanisms of differentially expressed miRNAs and ceRNAs associated with allergic
asthma in children. In addition, our results also suggested that miRNA-370-3p and the cGMP-PKG signalling

pathway” ">

should be the priority of our subsequent studies.
Conclusively, this study confirms the specific microRNA profile and functional networks in children with allergic
asthma. This study provides novel insights into understanding the pathogenesis of allergic asthma and investigating new

targets for the treatment of allergic asthma in children.

Data Sharing Statement

The molecular sequences presented in this study was successfully deposited the data with BioSample accessions:
SAMN28187458, SAMN28187459, SAMN28187460, SAMN28187461, SAMN28187462, SAMN28187463. The tem-
porary Submission ID is SUB11457029 in the BioProject database. The project information will be accessible with the
link (http://www.ncbi.nih.gov/bioprojrct/837058).
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