Asian Pacific Journal of

/ ORIGINAL ARTICLE

Gene expression profiles of mRNA, IncRNA, miRNA,
and circRNA and their clinical implications
in chronic rhinosinusitis with nasal polyps
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Abstract

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) is a chronic inflammatory disease with complex
pathophysiology and therapeutic strategies. Moreover, the molecular mechanisms underlying the pathogenesis of
CRSwNP are incompletely understood.

Objective: This study aimed to investigate the transcriptomic characteristics, ccRNA networks, and whether these
molecular markers play a role in the occurrence and development of CRSWNP.

Methods: Following RNA sequencing, a ceRNA network was predicted and constructed based on the sequencing
results and multiple databases. Gene ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG),
and disease ontology (DO) were applied to analyze the potential mechanisms in relation to the pathogenesis of
CRSwNP. CIBERSORT was used to evaluate the immune cell infiltration levels in CRSWNP. The candidate genes of
differentially expressed (DE) mRNA, DE-IncRNA, DE-miRNA, and DE-circRNA were verified by RT-qPCR, and
the back-splice junction of circRNA was verified using Sanger sequencing. The clinical significance of differentially
expressed genes was analyzed with correlation test and receiver operating characteristic curve.

Results: We identified 716 DE-mRNA, 230 DE-IncRNA, 42 DE-miRNA, and 46 DE-circRNA, and GO and KEGG
enrichment analyses indicated that they were involved in multiple biological pathways, predominantly those associated
with immunity and inflammation. DO analysis revealed CRSWNP is associated with diseases such as gastroesophageal
reflux and allergic reactions. High expression of circ_0021727 was significantly and positively correlated with several
important clinical indicators, and the area under the curve was 0.741.

Conclusions: This study provides transcriptomic characteristics, which are potential biomarkers or therapeutic targets
for the diagnosis and treatment of CRSWNP.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a
chronic inflammatory disease with complex pathogenesis and
the molecular mechanisms underlying the pathogenesis of
CRSwNP are not clear.

Increasing studies have shown that the human
genome can be widely transcribed into noncoding RNAs
(ncRNAs), which are closely related to the occurrence
and development of diseases.! ncRNAs consist of small
ncRNAs (< 200 nucleotides), such as miRNA, large ncRNA
(> 200 nucleotides), such as IncRNA, and ring-shaped
ncRNAs, such as circRNA.>?

miRNA is a highly conservative single-stranded ncRNA
with a length of approximately 21-24 nucleotides, which
inhibits mRNA translation or promotes mRNA degradation
by interacting with the 3’-untranslated region (3'-UTR)
of mRNA* It has been estimated that > 60% of the
protein-encoding  genes are regulated by miRNA,
which plays an important role in the occurrence and
development of inflammatory diseases and the regulation
of the immune system.>® For example, miRNA-126 plays a
key role in the pathogenesis of allergic asthma and airway
hyperresponsiveness and down-regulation of miRNA-126
can effectively inhibit the function of Th2 cells and the
progression of allergic airway disease.” IncRNA is a type
of ncRNA with a length of > 200 nucleotides, which play
an important role in regulating the host immune and
inflammatory responses by activating immune-related cells,
such as dendritic cells, B lymphocytes, and T lymphocytes.®
IncRNA RP11-86H7.1, as a pro-inflammatory factor,
functions through a competing endogenous RNA (ceRNA)
mechanism to promote the expression of NFKB1 and the
activation of NF-kB, thereby promoting the inflammatory
response of the respiratory tract’ circRNA is a closed-loop
RNA formed by covalent bonds and plays an important role
in inflammatory immune response.’® Moreover, circ0061052
promotes epithelial-mesenchymal transition of bronchial
epithelial cells and participates in airway remodeling of
chronic obstructive pulmonary disease (COPD)."

With the rapid development of high-throughput
sequencing technology, researchers can obtain many
potential key genes related to diseases, which provides a
comprehensive and in-depth understanding of the molecular
mechanism of the disease, as well as clues to discover new
diagnostic markers or therapeutic targets.

A number of studies have investigated the gene
expression profiles in CRSwNP, unveiled various potential
mechanisms underlying the disease’*’ For example,
Peng et al. reported the expression profile of mRNA in

CRSWNP and proposed that host immunodeficiency,
such as cilia dysfunction and immune dysfunction,
as  well as inflammatory response and abnormal

extracellular matrix metabolism, may be related to the
occurrence and development of CRSwNP.!? In addition,
the analysis of IncRNA and mRNA expression profiles has
elucidated that inflammation, immune response dysfunction,

and the extracellular microenvironment are the key
pathogenic mechanisms of CRSwNP.!  Furthermore,
DE-cicrRNA and DE-miRNA, such as circ_0031593 and
miR-145-5p, may play a crucial role in the pathogenesis of
CRSwNP, as revealed by analysis of circRNA and miRNA
expression profiles.”” However, comprehensive analysis of
mRNA, IncRNA, miRNA, and circRNA expression profiles,
research on the regulatory ceRNA network of cirRNA/
IncRNA-miRNA-mRNA, and the correlation between
circRNA expression and clinical indicators have not been
reported so far in CRSwNP.

In this study, the comprehensive expression profiles of
mRNA, IncRNA, miRNA, and circRNA of CRSwNP were
analyzed on the basis of RNA sequencing. The potential
functions of differentially expressed genes (DEGs) and
ceRNAs (mRNAs regulated by the ncRNAs-miRNAs) were
analyzed using Gene Ontology (GO), Kyoto Encyclopedia of
Genes and Genomes (KEGG), and Disease Ontology (DO).
The immune cell infiltration levels in CRSWNP were evaluated
by CIBERSORT and the DEGs were verified using RT-qPCR,
and their clinical significance was explored by correlation test
and receiver operating characteristic (ROC) curve analysis.
Our results clarify transcriptomic characteristics of CRSWNP
and provide potential biomarkers or therapeutic targets for its
diagnosis and treatment.

Methods
Patients and tissue collection

This study was approved by the ethics committee of
Peking University People’s Hospital, and informed consent
was obtained from all patients. We included 32 subjects with
CRSWNP who underwent endoscopic surgery in the hospital
and 22 patients with septal deviation. CRSWNP was diagnosed
according to the European Position Paper on Rhinosinusitis
and Nasal polyps (EPOS) 2020 guidelines.”® Subjects who
had taken corticosteroids or other immunomodulatory drugs
in the previous 4 weeks and subjects with antrochoanal
polyps, fungal sinusitis, or tumors of the nasal cavity and
paranasal sinus were excluded. Nasal polyps and ipsilateral
non-polypoid inferior turbinate samples from patients with
CRSwNP and inferior turbinate from patients with septal
deviation were collected.

Hematoxylin-eosin staining

Hematoxylin-eosin staining was used to determine
the eosinophil count. Nasal polyp specimens were fixed
in 10% formaldehyde and placed in alcohol at low to high
concentrations to remove water. The specimens were then
embedded in paraffin wax, sliced using a microtome in
sections < 0.5-mm thick, and deparaffinized. After rehydration,
the tissue sections were stained with hematoxylin and eosin.
The eosinophils in the lamina propria of nasal polyps from
five random high-power fields were counted, and the average
value was taken as the eosinophil number.
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RNA extraction, quality control, library construction, and
RNA sequencing

Total RNA from each nasal mucosa was isolated using
TRIzol Reagent (Ambion, USA). In brief, RNA degradation
and contamination were monitored with 1% agarose
gels. RNA purity was measured using a NanoPhotometer
spectrophotometer (IMPLEN, USA). The RNA concentration
and integrity were determined using the Qubit RNA Assay
Kit with the Qubit 2.0 Fluorometer (Life Technologies,
USA) and the RNA Nano 6000 Assay Kit of the Agilent
Bioanalyzer 2100 System (Agilent Technologies, USA),
respectively. ~ Sequencing libraries of miRNA  were
generated using NEBNext’Multiplex Small RNA Library
Prep Set for Illumina®(NEB, USA.) following manufacturer’s
recommendations and index codes were added to attribute
sequences to each sample. The library preparations were
sequenced on an Illumina SE50 platform and 50bp
single-end reads were generated. Sequencing libraries
of mRNAs, IncRNAs and circRNAs were generated
by NEBNext® Ultra™ Directional RNA Library Prep Kit
for Illumina® (NEB, USA) following manufacturer’s
recommendations. The libraries were sequenced on an
[lumina PE150 platform and 150 bp pairedend reads were
generated. After removing adaptor reads and low-quality tags,
clean reads were used for all subsequent analyses. Library
construction and sequencing were performed by Novogene
Bioinformatic Technology (Beijing, China).

Differential expression analysis

Differential expression analysis was determined by
DEseq2.” The p-value < 0.05 and [log, fold change| > 1
were considered the thresholds for screening differential
expressed mRNAs, IncRNAs, miRNAs, and circRNAs
(DE-mRNAs, DE-IncRNAs, DE-miRNAs, and DE-circRNAs).
Heatmaps were generated using the Complexheatmap
R package, and the volcano plots were created using the
ggplot2 R package.

Protein-protein interaction (PPI) network

The STRING database (https://cn.string-db.org/) was used
to analyze interactions between DEG-encoded proteins and
the PPI confidence score was set as 0.4. The PPI network was
built using Cytoscape software (version 3.8.2), and the plugin
CytoHubba was used to screen the top 20 hub genes in the
PPI network, which were ranked by the maximum correlation
criterion (MMC).

ceRNA network construction

The miRNA-mRNA  regulatory relationships  of
DE-miRNA were predicted using the Targetscan database
(http://www.targetscan.org/vert_72/), MicroT-CDS database
(http://diana.imis.athena-innovation.gr/DianaTools/index.
php?r=microT_CDS/index), Mirtarbase database (https://
maayanlab.cloud/Harmonizome/resource/MiRTarBase),
miRDB  database (http://mirdb.org/index.html), and

multiMiR package.miRNA-IncRNA predictive analysis of the
DE-miRNA was performed using the LncSEA database
(http://wwwlicpathway.net/LncSEA/),  starBase  database
(http://starbase.sysu.edu.cn/), and IncBaseV2database (http://
carolina.imis.athena-innovation.gr/diana_tools/web/index.
php?r=Incbasev2/index-predicted). ~The miRNA-circRNA
regulatory relationship of DE-miRNA was predicted using
the Circbank database (http://www.circbank.cn/index.html).
The predicted miRNA--mRNA, miRNA-IncRNA, and
miRNA-circRNA regulatory relationships were integrated
with DE-mRNA, DE-IncRNA, and DE-circRNA, and
the ceRNA networks (circRNA-miRNA-mRNA, and
IncRNA-miRNA-mRNA) were constructed by Cytoscape.
Based on the genes in the ceRNA networks, CytoHubba was
used to screen the top ten hub genes of each molecular type
(miRNA, miRNA, IncRNA, and circRNA).

Enrichment analyses

GO functional annotation analysis is a widely used
method for large-scale functional enrichment research,
including biological process (BP), molecular function (MF),
and cellular component (CC). KEGG is a commonly used
collection of databases dealing with biological pathways. The
R package clusterprofiler was used for the GO and KEGG
functional enrichment analyses.”? Disease Ontology (DO)
is an open-source ontology that annotates genes based on
human disease. DO enrichment analysis was performed using
the R package DOSE.” P.adjust values < 0.05 were considered
to be significantly enriched.

Immune infiltration analysis

CIBERSORT is an algorithm designed to estimate the
abundances of immune cells using transcriptomic data.*
We performed the immune infiltration analysis using the
CIBERSORT algorithm to identify differentially enriched
immune cells in the nasal polyp tissues and controls.

Real-time quantitative PCR (RT-qPCR) and Sanger sequencing

c¢DNA (for mRNA, IncRNA, and circRNA) was synthesized
using a PrimeScript RT reagent kit (Takara, Japan), and
cDNA (for miRNA) was synthesized using an Mir-X miRNA
FirstStrand Synthesis (Takara Bio, USA). Primers were
synthesized by Sangon Biotech (Shanghai, China). GAPDH
(for mRNA, IncRNA, and circRNA) and U6 (for miRNA)
were used as endogenous controls. The RT-qPCR reactions
(for mRNA, IncRNA, and circRNA) were conducted using
the Universal SYBR Green Supermix (BIO-RAD, USA), and
the RT-qPCR reactions (for miRNA) were conducted using
TB Green Advantage Premix (Takara Bio, USA). The reaction
conditions were 95°C for 30 s, followed by 40 cycles at
95°C for 5 s and 60°C for 30 s. Sanger sequencing was
performed by Sangon Biotech (Shanghai, China) to confirm
the back-splicing junctions of circRNAs.

41



/‘ Asian Pac J Allergy Immunol 2026;44:39-50 DOI 10.12932/AP-140123-1529

APJAI
Correlation tests Results
We also investigated the impact of DEGs (DE-mRNA, Differential expression analysis
DE-IncRNA, DE-miRNA, and DE-circRNA) on laboratory We performed whole-transcriptome RNA sequencing
and clinicopathological parameters. The expression of DEGs on 15 nasal mucosa samples, including six nasal polyps

was correlated with the percentage of peripheral blood (as CRSWNP group), with six ipsilateral non-polypoid
eosinophils (PPBE), peripheral blood absolute eosinophil inferior turbinate (as CRSWIT group) samples from patients
value (PBAEV), tissue eosinophil count (TEC), and cytokines with CRSWNP and three inferior turbinate tissues (as control
in serum, including interleukin-2 (IL-2), IL-4, IL-17, tumor group) from patients with nasal septal deviation. Differentially
necrosis factor-a (TNF-a), and interferon-y (IFN-y). For these expressed mRNA (DE-mRNA) and ncRNA (DE-ncRNA),
analyses, correlation tests were used, and only patients with including DE-IncRNA, DE-miRNA, and DE-circRNA, in

CRSwWNP were considered. CRSWNP vs CRSWIT and CRSWNP vs control were analyzed.
DE-mRNA and DE-ncRNAs are shown using heatmaps and
Statistical analysis volcano plots (Figure 1). The heatmaps showed that the

For continuous variables, comparisons between two CRSwWNP samples could be significantly separated from the
groups were performed using the independent sample t-test CRSwIT/control samples, indicating that the results of the
or Mann-Whitney U test according to the normality status. differential expression analysis were reliable.

For categorical variables, the chi-square test was used To reduce the individual differences caused by genetic
or Fisher’s exact test when the chi-squared did not meet or environmental factors, intersection of DEGs in CRSwNP
the conditions. For the correlation, Pearson’s correlation vs CRSWIT and in CRSWNP vs control was taken. A total
was used when the data met the normality test; otherwise, of 716 DE-mRNA, 230 DE-IncRNA, 42 DE-miRNA, and 46
Spearman’s correlation was used. Statistical analyses were DE-circRNA were obtained.

performed using SPSS software (version 24.0) and R software
(version 3.6.3), and a two-sided p-value < 0.05 was considered
statistically significant.
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Figure 1. Heatmaps and volcano plots of DEGs. Heatmaps (A, C, E, G, I, K, M, O): red represents highly expressed genes and
blue represents lowly expressed genes. Volcano plots (B, D, E H, J, L, N, P): the x-axis represents the log, (fold change), while
the y-axis represents the significance degree by -logl0 (p value). Red nodes represent upregulated genes and blue nodes indicate
downregulated genes; grey nodes represent genes with no significant difference in the expression level.
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Figure 2. Top ten hub genes in the ceRNA networks. Heatmap of mRNA (A), IncRNA (B), miRNA (C), and circRNA (D). Red

indicates upregulated genes and blue represents downregulated genes.
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Figure 2. (Continued)

Protein-protein interaction (PPI) network

The PPI network based on DE-mRNA consisted of 2959
interaction pairs. Using the Cytoscape plug-in Cytohubba,
the top 20 hub genes were screened, in which GNG4
interacted with 46 DE-mRNAs, and PMCH interacted with
40 DE-mRNAs.

ceRNA network construction

In the ceRNA hypothesis, the members of ceRNA
(circRNAs, IncRNAs, and mRNAs) interact with miRNAs
through microRNA response elements (MREs). We constructed
IncRNA-miRNA-mRNA  and  circRNA-miRNA-mRNA
networks that integrated the expression profiles and regulatory
relationships of DE-circRNA, DE-IncRNA, DE-miRNAs, and
DE-mRNAs from our RNA-seq results. The networks consisted
of 555 mRNA, 41 miRNA, 26 IncRNA, and 11 circRNA.
Using the Cytoscape plug-in Cytohubba, the top 10 hub genes
in the networks were identified (Figure 2).

Functional enrichment analysis

GO and KEGG pathway analyses were performed on
the DE-mRNAs and ceRNAs (mRNAs regulated by the
ncRNAs-miRNAs), respectively. The results of GO showed
similarities, which were mainly enriched in GO-biological
processes (BP) such as neutrophil activation, neutrophil
degranulation, eosinophil migration, eosinophil chemotaxis,
and IL-5 production (Figure 3A); in GO-cellular components
(CC), such as collagen-containing extracellular matrix,
secretory granule membrane, and ion channel complex
(Figure 3B); and in GO-molecular functions (MF), such as
receptor ligand activities, cytokine activity, and channel

circ_0012906

. . circ_0057098

L circ_0038484

activity (Figure 3C). The results of KEGG also displayed
similarities, which were mainly enriched in cytokine-cytokine
receptor interaction, chemokine signaling pathway, and
viral protein interaction with cytokine and cytokine receptors
(Figure 3D). In brief, the circRNA- or IncRNA-associated
ceRNA network may participate in the pathological and
physiological processes of CRSWNP from different aspects.
The results of DO enrichment analysis mainly covered
diseases such as gastroesophageal reflux disease, allergic
reaction, recurrent bacterial, fungus, and viral infections.

l—l
-2

circ_0021727

Analysis of immune infiltration

The fraction of infiltrating immune cells between the
CRSwNP and control groups was evaluated by CIBERSORT.
There were differences in 18 out of 22 immune cell types, with
significant differences observed in Plasma cells, CD8 T cells,
M2 macrophages, and resting mast cells.

Confirmation of RT-qPCR and Sanger sequencing

RT-qPCR was performed to confirm the RNA-seq data.
Twelve differentially expressed transcripts were selected:
three mRNA, three IncRNA, three miRNA, and three circRNA
(Figure 4), including a potential ceRNA (circ_0021727-
miR145-5p-PCDH10). Most selected transcripts exhibited
significant differential expression and similar expression
between RNA-seq and RT-qPCR. Only miR-450-5p was not
differentially expressed, and circ_0038484 was expressed
in opposing directions in RNA-seq and RT-qPCR (high
expression in RNA-seq and low expression in RT-qPCR).
We also demonstrated the back-splice junction of circRNAs
via Sanger sequencing.
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Figure 3. GO and KEGG pathway analyses of DE-mRNA. A. BP enrichment analysis. B. CC enrichment analysis. C. MF
enrichment analysis. D. KEGG enrichment analysis. The abscissa indicates the gene ratio, and the ordinate represents the
enriched term or pathway. The size and color of the nodes indicate the number of genes in the corresponding term or pathway

and the p-value, respectively.

BP: Biological process, CC: Cellular component, MF: Molecular function.
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Figure 4. (Continued)

Correlation between selected DEGs and clinical indicators
We further explored the correlation between the
above-described verified DEGs and clinical indicators. We
found that the expression of circ_0021727 had a significant
positive correlation with PPBE, PBAEV, TNF-a, INF-y,
and TEC (Figure 5), while circ_0002617 had a significant
negative association with PPEB (r = —0.365, p < 0.05) and TEC
(r = =0.379, p < 0.05). In addition, there was a significant
negative correlation between MIR503HG and TNF-a
(r = -0.396, p < 0.05) and between GNG4 and IFN-y
(r = —0.442, p < 0.05). Other correlations were not significant.

ROC curve analysis of selected DEGs

ROC curve analysis was performed to evaluate the
functional values of the above-described verified DEGs in
the occurrence and development of CRSWNP. As shown in
Figure 6, the largest area under the curve (AUC) for mRNAs,
IncRNAs, miRNAs, and circRNAs was GNG4, PARTI,
miR-145-5p, and circ_0002617, with values of 0.673, 0.926,
0.980, and 0.926, respectively.
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Figure 5. Correlation between circ_0021727 expression and clinical indicators in a sample from CRSwWNP (n = 32).

The correlation between circ_0021727 and PPBE (A), PBAEV (B), TNF-a (C), IFN-y (D), IL-2 (E), IL-4 (F), IL-17 (G), and TEC

(H).
PPBE: Percentage of peripheral blood eosinophils, PBAEV: Peripheral blood absolute eosinophil value, TEC: Tissue eosinophil count.
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Discussion

Recently, in addition to mRNA, increasing studies have
shown that ncRNA, such as IncRNA, miRNA, and circRNA,
is widely involved in various diseases. A new regulatory
mechanism between mRNA and ncRNA, called ceRNA, was
proposed by Salmena et al.”® The ceRNA regulatory network
is complex and intertwined, in which members, including
circRNA, IncRNA, mRNA, and pseudogenes, compete for the
same miRNA response elements to regulate each other.

In this study, we comprehensively analyzed the
expression profiles of mRNA, IncRNA, miRNA, and circRNA
in CRSWNP and constructed a ceRNA network. In total,

716 DE-mRNA, 230 DE-IncRNA, 42 DE-miRNA, and
46 DE-circRNA were identified. GO and KEGG were
performed to explore the potential functions of DE-mRNA
and ceRNA (mRNA regulated by circRNA/IncRNA-miRNA).
The results showed that these genes were involved in various
biological processes and signaling pathways, demonstrating
the complexity of CRSwNP pathogenesis. The similarity
of results from enrichment analysis of DEGs and ceRNA
also suggested that complex ceRNA was involved in the
pathogenesis of CRSwWNP, which helps us to understand
the interaction between encoding and non-encoding RNA
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in the pathogenesis of CRSWNP. We also performed DO
analysis and found that these genes could be enriched in
allergic reaction, gastroesophageal reflux, ciliary movement
disorder, and repeated bacterial, viral, and fungal infections,
which were closely related to the pathogenesis of CRSWNP.
The analysis of immune cells infiltration revealed that the
proportion of eosinophils and neutrophils in CRSWNP was
higher than in the control group, although not significantly
different. This may be attributed to the relatively small sample
size used for sequencing.

In addition, we verified the DEGs using RT-qPCR and
explored the clinical significance of the verified DEGs.
Sequencing and RT-qPCR results indicated that PMCH
was highly expressed in CRSwNP. Sandig et al. considered
that Th2 cells, the core of allergic disease pathogenesis, can
highly selectively express PMCH.* Therefore, the expression
of PMCH by activated Th2 cells in vivo may directly connect
allergic inflammation with energy homeostasis and may lead
to asthma. Whether PMCH participates in the pathogenesis
of CRSwWNP has not yet been reported, which needs to
be explored in subsequent experiments. GNG4 encodes
genes involved in G-protein coupled receptor signaling and
mediates the production of anti-inflammatory cytokines.
It has been identified as a critical gene in rhinosinusitis
and pediatric asthma through bioinformatic analysis.?”?
However, functional studies of GNG4 in rhinosinusitis have
not been reported.

According to the research conducted by Yu et al,”
the expression of miR-145-5p is significantly lower in
CRSWNP, with an AUC of 0.8690, which is consistent with
our study (miR-145-5p is lowly expressed; AUC = 0.980).
It has been suggested that the expression of miR-145-5p
is low in chronic obstructive pulmonary disease, and that
overexpression of miR-145 can significantly reduce the
apoptosis and inflammatory response of bronchial epithelial
cells.? circ_0021727, which was highly expressed in CRSWNP
in our study, has a significantly positive correlation with
PPBE, PEAEV, TNF-a, IFN-y, and TEC. In addition, the
AUC of circ_0021727 was > 0.7. These results indicate
that circ_0021727 can serve as a marker for the diagnosis
and prognosis of CRSWNP and may also participate in the
pathogenesis of CRSwNP. The host gene of circ_0021727
is CD44, which can encode a cell-surface glycoprotein
involved in cell-cell interaction, cell adhesion, and
migration, and participates in various cell functions,
including T-lymphocyte activation, inflammatory response,
and response to bacterial infection.*® Studies have shown
that anti-CD44 antibodies can reduce inflammation and
hyper-reactivity of the airway. CD44 may be a target
for treating Th2-mediated airway inflammation, including
allergic asthma.**? These studies have demonstrated the
important role of CD44 in airway inflammation. However,
the coverage of circCD44 is rare, and it has been reported
in breast cancer and glioblastoma in the past 2 years.>*
Whether c¢irc0021727 (circCD44) could play an important
role in the pathogenesis of CRSwWNP remains to be
investigated by subsequent cell and animal experiments.

This study has several limitations. First, the small sample
size of sequencing may produce spurious results, but most
of the screened hub genes in this study were validated by
RT-qPCR. Second, there is no subtype classification of
CRSwNP. Studies conducted by Bu et al, Okada et al, and
Wang et al. suggested that the gene expression profiles of
eosinophilic CRSWNP and non-eosinophilic CRSWNP were
inconsistent,''® while data from Yu et al. and Peng et al
indicated that the gene expression profiles of eosinophilic
and non-eosinophilic CRSwWNP were similar.'*"* These
controversial issues may be related to several factors, such
as the type of gene expression profile, site of sampling,
sample size, definition of eosinophilic and non-eosinophilic
CRSWNP, and the definition of DEGs. Third, the validation
of ceRNA is insufficient. Luciferase experiment, RNA
immunoprecipitation, and RNA pull-down assay are needed
to verify the mutual binding relationship and mutual binding
sites among the molecules in the ceRNA networks. Fourth,
there is a lack of prognostic analysis regarding circ_0021727
as a potential diagnostic or therapeutic target. Therefore,
in our future functional studies on circ_0021727, we plan
to conduct a long-term follow-up study and perform
prognostic analysis in patients with CRSWNP. Last but not the
least, further studies are required to explore the functional
properties of DEGs and ceRNA in vivo and in vitro.

Conclusion

In this study, we clarified the mRNA, IncRNA, miRNA,
and circRNA expression profiles of CRSwNP, with the
ceRNA regulatory networks of cirRNA-miRNA-mRNA and
IncRNA-miRNA-mRNA. We also investigated the functional
characteristics of the DEGs and ceRNA networks and
explored the molecular mechanisms underlying the immune
cell infiltration in CRSWNP. Our results will help us to gain
an in-depth understanding of the pathogenesis of CRSWNP,
leading the way for subsequent functional studies and
providing potential biomarkers and therapeutic targets for
the diagnosis and treatment of CRSWNP.
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