Am J Transl Res 2023;15(2):710-728
www.ajtr.org /ISSN:1943-8141/AJTR0145700

Original Article

Bioinformatics analysis and verification of key
candidate genes influencing the pathogenesis
of chronic rhinosinusitis with nasal polyps

Gang Chen?’, Hong Hao?", Lin-E Wang?

1Department of Otorhinolaryngology Head and Neck Surgery, Affiliated Beijing Friendship Hospital, Capital
Medical University, Beijing 100050, China; ?Department of Otorhinolaryngology Head and Neck Surgery, The 401
Hospital of The China Nuclear Industry, Beijing 102413, China. "Equal contributors and co-first authors.

Received August 2, 2022; Accepted December 20, 2022; Epub February 15, 2023; Published February 28, 2023

Abstract: Objectives: Chronic rhinosinusitis (CRS) with nasal polyps (CRSWNP) is a prominent public health issue.
Furthermore, the prognosis of eosinophilic CRSWNP is poor, with a high recurrence rate. The underlying molecular
mechanisms of eosinophilic CRSWNP remain unclear. Therefore, in this study, we sought to determine the cru-
cial genes underlying eosinophil infiltration in eosinophilic CRSWNP pathogenesis. Methods: We used the Gene
Expression Omnibus database (GEO) (GSE36830 and GSE23552 datasets) to mine gene expression profiles of
CRSwWNP patients and normal subjects. Differentially expressed genes (DEGs) between normal and CRSwWNP tis-
sues were identified and subjected to the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology
(GO) enrichment analyses. Co-expression networks were established using a weighted gene co-expression network
analysis (WGCNA) and single-sample gene set enrichment analysis (GSEA). Protein-protein interaction networks
were developed to detect functional protein modules. Based on the common DEGs, candidate miRNAs and related
IncRNAs were predicted using the mirTarBase and StarBase databases. Finally, we generated immune cell subtypes
of CRSWNP. Results: A total of 146 DEGs were identified. Of these, 131 genes were upregulated, whereas 15 were
downregulated. GO analysis indicated that DEGs primarily participated in leukocyte chemotaxis and migration as
well as cell chemotaxis. KEGG pathway analysis suggested that DEGs participated in the interactions between cyto-
kines and viral proteins, osteoclast differentiation, and cytokine-cytokine receptor interactions. Real-time quantita-
tive polymerase chain reaction analysis showed that Complement C5a Receptor 1 (C5AR1), C-C Motif Chemokine
Receptor 3 (CCR3), Complement C3a Receptor 1 (C3AR1), and C-C Motif Chemokine Ligand 13 (CCL13) expression
levels were significantly upregulated in nasal polyps, whereas C-C Motif Chemokine Ligand 4 (CCL4) expression
levels were significantly downregulated. Conclusions: The candidate genes identified in this study may influence
the activation and accumulation of eosinophils, cell chemotaxis, and inflammatory responses, thereby potentially
representing molecular targets for future studies of CRSWNP.

Keywords: Eosinophils, biomarkers, chronic rhinosinusitis, bioinformatics, weighted gene co-expression network
analysis

Introduction are all thought to play prominent roles in dis-
ease pathogenesis [1]. CRSWNP shows evident

Chronic rhinosinusitis (CRS) is a prominent pub- eosinophilic infiltration, and the mucosal eosin-

lic health condition that affects patients’ quali-
ty of life and imposes a substantial financial
burden. CRS is presently divided into two major
phenotypes: CRS with nasal polyps (CRSwWNP)
and without nasal polyps (CRSsNP). Defects in
the sinonasal epithelial cell barrier, increased
exposure to pathogenic and colonized bacteria,
and dysregulation of the host immune system

ophilia of CRSWNP is related to severe symp-
toms [2], such as bilateral nasal polyps and
sticky mucus secretion in the affected sinuses.
These symptoms can cause patients to be sus-
ceptible to asthma, dysosmia, and nasal con-
gestion. Patients with eosinophilic CRSwNP
reportedly have a less favorable prognosis and
higher recurrence rate than patients with
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nome U133 Plus 2.0 Array
(accession number: GPL570),
respectively. The GSE23552
dataset contained 28 sam-
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Figure 1. Flow chart of the methodologies used in this study.

CRSsNP. Current research has suggested that
eosinophils (EOs) likely influence the patho-
physiology of CRS because of their prolonged
survival time in CRS; however, the pathogene-
sis of CRSWNP with infiltration of EOs and other
immune cells in the microenvironment remains
unclear. EOs can secrete various cytotoxic cat-
ionic proteins that seemingly influence the
remodeling of the nasal mucosa and the sever-
ity of mucosal diseases [3]. Moreover, by
secreting chemokines and cytokines, EOs can
attract cells, including dendritic cells, neutro-
phils, Th2 lymphocytes, and macrophages/
monocytes, that participate in the mucosal
inflammatory response [4, 5]. Additional stud-
ies are required to explore EO behavior in
CRSwNP pathophysiology and the functions of
chemokines and cytokines in eosinophilic
CRSwNP are needed.

In the current study, we aimed to identify genes
associated with immunity that may be involv-
ed in the mucosal inflammatory response and
EO accumulation in the pathophysiology of
CRSwNP. These genes may also support the ini-
tiation, growth, and recurrence of polyps using
comprehensive bioinformatics analyses.

Materials and methods

Microarray dataset and differentially ex-
pressed gene (DEG) identification

We used the R Bioconductor package ‘Gene
Expression Omnibus (GEO) query’ [6] and down-
loaded the gene expression datasets Gene
Series (GSE) 23552 [7] and GSE36830 [8]

711

tissues of 6 nasal polyp (NP)
from CRSwWNP and 6 normal
samples. All samples were
used in this study. The data
were classified into CRSwWNP and normal
groups. The raw data of the GSE36830 and
GSE23552 datasets were standardized with
the RMA algorithm implemented in the ‘limma’
R package [9]. The ‘ComBat’ routine from the
‘sva’ package was applied after combining both
datasets. Principal component analysis (PCA),
a statistical method used to determine the
main variables in a multidimensional dataset,
was used to represent differences among
observations [10]. A flow diagram for the pres-
ent analysis is shown in Figure 1.

Immune cell infiltration assessment

The single-sample gene set enrichment analy-
sis (ssGSEA) algorithm was used to quantify the
relative levels of infiltrating immune cells in
CRSwNP [11]. Twenty-eight gene sets of vari-
ous immune cell types were previously report-
ed through ssGSEA [12]. The gene sets con-
tained various immune cell types, including
dendritic cells (DCs), CD8* T cells (cd8), regula-
tory T cells, and macrophages. SsGSEA scores
were calculated by implementing the ‘gsva’
function from the ‘Gene Set Variation Analysis
(GSVA)' R package [13] and were used to repre-
sent the infiltration level of each immune cell
type.

Differentially expressed genes (DEGs)

To analyze the possible biological impact of the
EOs on the occurrence of CRSwWNP, patients
were classified into low and high infiltration
groups in accordance with the median value of
eosinophilic infiltration. The DEGs between the
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high and low infiltration groups were screened
using the R package ‘limma’ [9]. The re-
sults were subsequently filtered using the fol-
lowing parameters: p-value less than 0.05, and
[log,FC| > 0.5. Heatmaps and volcano plots of
DEGs were constructed.

Weighted gene co-expression network analysis
(WGCNA)

WGCNA was performed based on the R pack-
age ‘WGCNA’ [14]. The data were then normal-
ized to construct co-expression networks.
Correlations were performed using the ‘bi-
weight midcorrelation’” function. Then, genes
were clustered into network modules, and net-
works were constructed using the topological
overlap measure. The following parameters of
minModuleSize = 50 and mergeCutHeight =
1000 were used for data analysis. The inter-
section of the genes from the highest module
and the DEGs was recorded, and the character-
istic genes were identified.

Functional enrichment analysis

Gene Ontology (GO) analysis is a prevalent
method used for enrichment analyses of large-
scale gene sets, including cellular components,
molecular functions, and biological processes.
Kyoto Encyclopedia of Genes and Genomes
(KEGQ) is a database resource utilized to de-
tail the advanced functions and applications of
biological systems, including diseases, drugs,
biological pathways, and genomes. We applied
the ‘clusterProfiler’ R package (v3.0.0) to per-
form GO and KEGG pathway analyses [15]; a
false discovery rate (FDR)-corrected P < 0.05
was considered statistically significant. To
explore the differences in biological processes
between different groups, gene set enrichment
analysis (GSEA) was employed according to dif-
ferential expression patterns between the
GSE23552 and GSE36830 datasets. GSEA
[11] is a calculation method used to assess
whether a group of genes defined a priori
reveals statistically significant consistent differ-
ences. This approach is generally employed to
estimate the changes in biological processes
and pathways in gene expression datasets.
From the Molecular Signatures Database
(MSigDB) database, the c2.cp.kegg. v6.2.-sym-
bols [11] were downloaded and utilized for
GSEA. An adjusted p-value < 0.05 was consid-
ered statistically significant.
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Construction of the PPI network and identifica-
tion of hub genes

The online protein interaction database Search
Tool for the Retrieval of Interacting Genes
(STRING, http://string-db.org) version 11.0 [16]
was employed to predict the interactions
between proteins and establish a protein-pro-
tein interaction (PPI) network for the chosen
DEGs. Using the STRING database, genes with
scores equal to or greater than 0.7 were select-
ed to construct the network model, which was
visualized using Cytoscape (v3.7.2) [17]. In the
cooperative expression nets, the maximal
clique centrality (MCC) algorithm is the most
efficient way to explore the nodes in the node-
set. For each node, the MCC was counted via
CytoHubba [18], which is a plug-in in Cytoscape.
In the present study, genes containing the first
eight values of MCC were regarded as central
genes.

Construction of competing endogenous RNA
(ceRNA) network

Prior to performing statistical analyses, data
on the miRNA-mRNA-target interactions were
downloaded from miRTarBase. Based on the
common differential gene expression, possible
miRNAs and related IncRNAs were predicted
using the mirTarBase and StarBase databases.
Cytoscape software was utilized to perform
ceRNA network analysis (3.7.1) [17].

Construction of immune cell subtypes of
chronic sinusitis with nasal polyps

Immune cell subtypes of chronic sinusitis with
nasal polyps were calculated, and a nonlinear
dimensionality reduction was performed using
the R packages ‘ConsensusClusterPlus’ [19]
and ‘Rtsne’ [20]. Patients were divided into A
and B subtypes. Visualization of the immune
cell subtypes was performed using the R pack-
age ‘ggplot2’. Different immune cell types, a
statistical analysis of hub genes, and correla-
tions between immune cell subtypes were
drawn with R package ‘ggpubr’.

Real-time quantitative polymerase chain reac-
tion (qPCR) analysis confirms candidate genes

To validate the expression of candidate genes

in nasal polyps and the normal mucosa located
in the nasal septum (control groups), total RNA
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Table 1. Primers used for gPCR

Results

Gene  Forward primer

Reverse primer

B-actin CTCGCCTTTGCCGATCC

GAATCCTTCTGACCCATGCC

Data preprocessing and gene
screening

CXCR4 ACTACACCGAGGAAATGGGCT CCCACAATGCCAGTTAAGAAGA

C5AR1 TCCTTCAATTATACCACCCCTGA ACGCAGCGTGTTAGAAGTTTTAT
CCR3  TGGCATGTGTAAGCTCCTCTC  CCTGTCGATTGTCAGCAGGATTA
C3AR1 CCCTACGGCAGGTTCCTATG GACAGCGATCCAGGCTAATGG
CCL13 CTCAACGTCCCATCTACTTGC  TCTTCAGGGTGTGAGCTTTCC
CXCL2 ACCAGAAGGAAGGAGGAAGC CTCTGCAGCTGTGTCTCTCT
CCL4  CTGTGCTGATCCCAGTGAATC  TCAGTTCAGTTCCAGGTCATACA
PPBP  GTAACAGTGCGAGACCACTTC CTTTGCCTTTCGCCAAGTTTC

Gene expression matrix files for
the GSE23552 and GSE36830
datasets were downloaded and
standardized (Figure 2A, 2B).
Subsequently, these two datasets
were merged and processed in a
single batch. Among these datas-

from the nasal polyps and control groups (three
samples for each group) were extracted using
the Trizol Universal reagent (TIANGEN, Beijing,
China) in accordance with the manufacturer’s
instructions. The studies involving human par-
ticipants were reviewed and approved by the
Ethics Committee of Affiliated Beijing Friend-
ship Hospital, Capital Medical University. The
patients provided their written informed con-
sent to participate in this study (No: 2022-P2-
132-01). The cDNA was synthesized using the
Evo M-MLV Mix Kit with gDNA Clean for gPCR
AG11728 (AG, Hunan, China). gPCR was per-
formed with the ChamQ Universal SYBR qPCR
Master Mix (Vazyme Biotech, Nanjing, China)
using the ABI Quant Studio 7 Flex fast real-time
PCR system. The amplification reaction proto-
col used was as follows: 95°C for 3 min, fol-
lowed by 40 cycles at 95°C for 10 s, and 60°C
for 30 s. B-actin was used as the internal con-
trol. Moreover, its relative mRNA expression
level was used for quantifying the target gene
expression. The relative mRNA expression level
was calculated using the relative quantification
(222€T) method. Primer sequences are listed in
Table 1.

Statistical analysis

The statistical software R (version 3.5.0, R
Foundation for Statistical Computing, http://
www.r-project.org) was employed for all analy-
ses. The Shapiro-Wilk normality test was uti-
lized to explore normally distributed data. Two
groups of continuous variables were compared
using Student’s t-test to estimate the statistical
significance of normally distributed samples or
Mann-Whitney U test for non-normal distribut-
ed samples. All statistical testing was two-sid-
ed, and the statistical significance threshold
was set as a p-value < 0.05.
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ets, the expression profiles before
and after batch effects are pre-
sented as box plots (Figure 2C, 2D). PCA plots
of the two different GEO datasets, before and
after removing the batch effect, are shown in
Figure 3.

Analysis of immune cell infiltration-related
DEGs

The ssGSEA algorithm was applied to evaluate
the changes and impacts of immunologic fea-
tures in CRSWNP pathogenesis. The relative
enrichment scores of 28 different immune cell
subtypes in the control (CON) and CRSwNP
groups were obtained. The differential expres-
sions between different sets of genes were dis-
played using heat maps (Figure 4A). PCA out-
comes indicate differences in immune cell infil-
tration between the CRSwNP and normal
groups (Figure 4B). Furthermore, in the merged
data sets, the immune infiltration levels of vari-
ous immune cells differed between the two
groups (Figure 4C). In addition, the expression
of HLA-DMA, HLA-DMA and HLA-DRA signifi-
cantly differed between the CRSsNP and
CRSwNP groups (Figure 4D).

Analysis and identification of DEGs

In subsequent analysis, we explored whether
EOs exerted a marked effect on CRSwWNP onset.
Through this process, patients could be catego-
rized into ‘high’ and ‘low’ infiltration groups
according to the eosinophilic infiltration level.
PCA revealed that gene expression levels sig-
nificantly differed between the ‘low’ and ‘high’
infiltration groups (Figure 5A). Differential
pooled gene expression analysis was per-
formed using the ‘limma’ package, and 146
DEGs were identified. Of these, 131 genes were
markedly elevated, and 15 were remarkably
attenuated (Figure 5B, 5C). To identify hub

Am J Transl Res 2023;15(2):710-728
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Figure 2. Box plot of unmerged and merged data from the GSE23552 and GSE36830 datasets. A and B. Show box plots of the standardized GSE2411 and

GSE36830 datasets, respectively. C and D. Show box plots before and after eliminating the batch effect, respectively.
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Figure 3. PCA plots of two different GEO datasets before and after removing the batch effect.

genes in the ‘low’” and ‘high’ infiltration groups,
the pooled samples of the CRSWNP group were
investigated using WGCNA. Module character-
istic genes were then correlated with grouping
information. Finally, 13 characteristic modules
were identified. Of these, six modules showed
positive correlations, whereas seven revealed
negative correlations (Figure 6A, 6B), and the
greater the correlation coefficient, the higher
the correlation of modules with high eosinophil-
ic infiltration. We, therefore, selected the ME-
black module with the maximum number of
correlations, which revealed a significant corre-
lation between this module and gene expres-
sion signatures in the ‘high’ infiltration group
(correlation coefficient: 0.32, P < 0.001; Fi-
gure 6C). Next, we considered the intersection
of the genes in a module and DEGs obtained
previously (Figure 6D). Ultimately, 131 charac-
teristic genes were used in the subsequent
analyses.

Functional enrichment analysis

We implemented a functional enrichment anal-
ysis of the formerly acquired characteristic
genes. The GO enrichment analysis suggested
that the DEGs were principally associated with
cell chemotaxis, especially leukocyte chemo-
taxis and migration (Figure 7A, 7B). The KEGG
pathway outcomes indicated that DEGs signifi-
cantly affected the interactions between cyto-
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kines and viral proteins, osteoclast differentia-
tion, and cytokine-cytokine receptor interac-
tions (Figure 7C, 7D). The enrichment outcomes
of the interactions of cytokines and viral pro-
teins, as well as the interaction between cyto-
kines and their receptors, are shown in Figure
7. Concurrently, based on DEGs grouped by EO
infiltration levels, GSEA results further showed
that enriched pathways included KEGG cyto-
kine-cytokine receptor interactions, a KEGG
hematopoietic cell lineage, and a KEGG JAK-
STAT signaling pathway in CRSWNP groups with
high eosinophilic infiltration. Figure 8 shows
the KEGG pathway enrichment analysis results.

Construction of PPI network diagram and re-
lated regulatory network

STRING was used to develop a PPl network
for DEGs (Figure 9A). The resulting network
between genes was retrieved and imported
into Cytoscape to generate a network visualiza-
tion graph (Figure 9B). Downregulated and
upregulated genes are shown in blue and red,
respectively. Network analysis was performed
using the ‘CytoHubba’ plug-in in Cytoscape.
The localizations within high-density regions
were selected as significant nodes defined as
hub genes, namely C-X-C Motif Chemokine
Ligand 2 (CXCL2), C-X-C Motif Chemokine
Receptor 4 (CXCR4), C-C Motif Chemokine

Am J Transl Res 2023;15(2):710-728
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Figure 4. Analysis of the characteristic immunological effect of patients with CRSWNP. A. Infiltration levels of 28 immune cell types in the pooled datasets. B. PCA
with different immune cell infiltration levels between the CON and the CRSWNP groups. C. Differential expressions of various types of infiltrating immune cells be-
tween the CON and CRSWNP groups. D. Analysis of differential expression of HLA family genes between the CRSWNP and CON groups. Blue-green represents normal
tissue samples, and yellow represents tissue samples from the CRSwWNP group.
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Figure 7. Functional enrichment analysis of feature genes. A, B. GO enrichment analysis suggesting that DEGs are
primarily related to leukocyte migration, leukocyte chemotaxis, and cell chemotaxis. C, D. KEGG pathway analysis
confirming that the differentially expressed genes are significantly related to the interaction between cytokines and
viral proteins, osteoclast differentiation, and cytokine-cytokine receptor interaction. E, F. The two signal pathways
with the highest enrichment fraction represent the interactions between viral proteins and cytokine-cytokine recep-

tor interactions.

Ligand 4 (CCL4), Pro-Platelet Basic Protein
(PPBP), Complement C5a Receptor 1 (C5AR1),
C-C Motif Chemokine Receptor 3 (CCR3),
Complement C3a Receptor 1 (C3AR1), and C-C
Motif Chemokine Ligand 13 (CCL13) (Figure
9C). The miRTarBase database was used to
download miRNA-mRNA-target interactions.
Through constructing a PPl network and identi-
fying hub genes, we obtained eight hub genes.
A ceRNA network was constructed based on
the miRNA-mRNA-IncRNA interactions (Figure
9D).

Identification of CRSwNP-related immune sub-
types

Based on the infiltration levels of immune cells
in CRSWNP, a consensus clustering method
was used to perform a cluster sample analysis.
According to the consistent matrix and graph-
clustering, when k = 2, interference between
two groups was minimal (Figure 10A). There-
fore, patients were classified into subtypes A
and B (Figure 10B). To understand the states
of the two subtypes, we investigated the differ-
ential expression of eight hub genes and differ-
ent immune cell type infiltration levels in sub-
types A and B. The outcomes showed that the
levels of different immune cell infiltrates
between subtypes A and B varied (Figure 10C),
including EOs. C5AR1, CCR3, C3AR1, CCL13
and CCL14 expression levels showed signifi-
cant differences between subtypes A and B
(Figure 10D).

gPCR validation of candidate genes

To validate these results, we selectively per-
formed a gPCR analysis of eight important
DEGs, namely CXCL2, CXCR4, CCL4, PPBP,
C5AR1, CCR3, C3AR1, and CCL13, in three
patients with EO infiltration and three healthy
controls. The relative mRNA expression levels
of CCL4 were significantly lower in nasal polyps
than in the normal mucosa. The expression lev-
els of C5AR1, CCR3, C3AR1, and CCL13 were
significantly higher in nasal polyps than in the
normal mucosa. However, there were no signifi-
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cant differences in the relative mRNA expres-
sion levels of PPBP, CXCR4, and CXCL2 (Figure
11).

Discussion

CRS refers to chronic inflammation of the nasal
and paranasal sinus mucosa, which affects
approximately 12% of the population world-
wide [21]. The endotype of inflammation has
been determined in recent years. Specifically,
the Caucasian populations exhibit the T help-
er lymphocyte cell type 2 (Th2) inflammatory
pathway (known as T2 inflammation) with EO
deflection, whereas Asian populations display
the Thl7 or Thl inflammatory pathway (T17
and T1 inflammation) [22]. Eosinophilic CRS
(ECRS) is a major subset of CRS. CRSwNP
(65%-90% of cases) is often associated with
the presence of eosinophilic infiltrates in the
nasal mucosa and paranasal sinuses [23].
Therefore, there is an urgent need to detail the
role of EOs in CRS. Genomics, proteomics, and
metabolomics can provide large datasets for
extrapolating the function of EOs in CRSwWNP.
EOs exert several effects on the pathophysiol-
ogy of CRSWNP: chemotaxis, immune regula-
tion, and cytotoxic function. One of the major
functions of EOs is to secrete a variety of known
cytotoxic cationic proteins, with more than 30
growth factors, chemokines, and cytokines
involved in immune regulation [24]. In our study,
eight hub genes (CXCL2, CXCR4, CCL4, PPBP,
C5AR1, CCR3, C3AR1, and CCL13) showed the
highest scores in the PPl network analysis.
Therefore, it is essential to investigate the hub
genes to identify the potential regulatory role of
EOs in CRSWNP pathogenesis.

CCR3 is involved in allergic airway inflamma-
tion; it is highly expressed in basophils and EOs
and is also found in airway epithelial, Th1, and
Th2 cells. This receptor may assist in the acti-
vation and accumulation of EOs together with
other inflammatory cells present in allergic air-
ways. The increased expression of the CCR3
chemokine receptor may be in accordance with
a variety of chemokines, thus promoting the

Am J Transl Res 2023;15(2):710-728
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Figure 9. Construction of a PPl network diagram and the ceRNA network. A. PPl networks generated with differen-
tially expressed genes using STRING. B. Data imported into Cytoscape. Red and blue represent upregulated and
downregulated genes, respectively. Different logFC values are color-coded (shades of color). The circle size was
proportional to the p-value. C. Extraction of high-density regions from the PPI network conducted using CytoHubba.
The top eight ranking genes are selected as hub genes. D. Using Cytoscape, the ceRNA net was established accord-

ing to hub genes.

pathogenesis of nasal polyposis via the migra-
tion and long-term accumulation of inflamma-
tory cells (for instance, EOs); this ultimately
causes inflammatory infiltration of nasal polyps
[25]. In mice, Ccr3 expression downregulation
inhibits histopathological lesions and EO infil-
tration of the nasal cavity; this reduces the pro-
duction of Th2 cytokines in the serum, leading
to the remission of allergic symptoms [26].
The results of our study show that the CCR3
expression was significantly upregulated in
nasal polyps compared with that in normal
nasal septum mucosa. However, further stud-
ies are required to validate the role of CCR3 in
CRSWNP.

The complement system is an important regu-
lator of innate immunity. Once activated, the
complement system can trigger an inflamma-
tory response and immunosuppressive func-
tions. Complement C3a receptor 1 (C3AR1) is
a gene encoding the receptor of the chemotac-
tic and inflammatory peptide anaphylatoxin
C3a. Besides modulating the inflammatory
response, C3AR1 also influences various cru-
cial cellular processes, including cytokine pro-
duction and secretion as well as immune cell
activation [27], proliferation, migration [26],
and differentiation. In some diseased cells,
such as osteosarcoma cells, a C3AR1 overex-
pression has suppressed proliferation, migra-
tion, and invasion and induced apoptosis [28].
However, further studies are needed to deter-
mine whether there is a relationship between
C3AR1 and Eos, additional research is required
to analyze the expression profiles of C3AR1 in
CRSwWNP.

The protein encoded by the C-C motif chemo-
kine ligand 4 (CCL4) gene is secreted and pos-
sesses inflammatory and chemokinetic proper-
ties. There is a positive association between
plasmatic CCL4 and the formerly studied
inflammatory mediators (vascular endothelial
growth factor and tumor necrosis factor-«),
which is related to poor prognoses in patients.
CCL4 is mainly located in nasal polyp epithelial
cells [29]. CCL4 levels were more strongly cor-
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related with eosinophil count and expression of
eosinophil granule proteins [30], which high-
light the important role of CCL4 in the mecha-
nisms underlying eosinophil recruitment into
the airway and may provide a novel insight into
this potential therapeutic target [31]. However,
in our study, CCL4 was downregulated in nasal
polyps compared with that in normal nasal
septum mucosa. Whether CCL4 is involved in
eosinophil recruitment and the occurrence and
development of nasal polyps is currently fur-
ther under investigation.

CCL13/Monocyte Chemotactic Protein 4
(MCP-4) is a chemokine of the CC family, and it
exerts chemotactic effects on monocytes,
basophils, EOs, T cells, immature dendritic
cells, and macrophages. This chemokine can
cause major immune-regulatory responses via
its actions on endothelial, muscle, and epithe-
lial cells. Nasal CCL13 may aggravate nasal
mucosal allergies [32]. Numerous studies have
suggested that CCL13 participates in various
chronic inflammatory diseases. In these dis-
eases, CCL13 acts as a key molecule, partici-
pating in the selective recruitment and subse-
quent activation of inflammatory tissue cell
lines [33]. In this study, compared with the
results in normal tissues, the CCL13 expres-
sion in nasal polyps was significantly upregu-
lated. However, the biological functions and the
effect of CCL13 remain poorly studied in
CRSWNP, especially CRSWNP with infiltrations
of EOs.

Our study has a few limitations. First, we
obtained data from the GEO database, and the
microarray data used in the study were gener-
ated from a limited number of samples; thus, it
is unclear whether the sample size was appro-
priate for in-depth external validation. Second,
our results are based on bioinformatics analy-
ses, and only preliminary experiments were
conducted to confirm our results. gPCR analy-
sis showed that the relative expression levels
of C5AR1, CCR3, C3AR1, and CCL13 were sig-
nificantly upregulated in nasal polyps, whereas
those of CCL4 and PPBP were significantly

Am J Transl Res 2023;15(2):710-728
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Figure 10. Construction of immune subtype with CRSWNP. A. CDF plot with different K values and a graph for clustering (K
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downregulated. However, a small sample size
was used for these experiments. Hence, the
findings from our study should be validated
using larger sample sizes and in-depth experi-
mental validation; for example, immunohisto-
chemical and western blot analyses are need-
ed to systematically clarify the effect of the hub
gene and its potential involvement in the pa-
thophysiology of CRSwWNP. Third, in the valida-
tion experiment, we used nasal polyps with
‘high” and ‘low’ infiltration groups according to
the eosinophilic infiltration level. However, con-
sidering that the data in our study came from
the GEO database of CRSWNP and normal sam-
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ples, our preliminary validation utilizing the
nasal polyps with EO infiltration and the normal
mucosa tissues as groups merely comprised a
simple grouping of high/low eosinophil infiltra-
tion. In follow-up studies, we could remedy this
limitation by performing a second-generation
sequencing analysis and using all transcrip-
tome data for ssGSEA scores to study the
expression of eight hub genes in high/low
eosinophil states.

Nonetheless, in this work, we determined that
eight hub genes may influence cell chemota-
xis, immune cell infiltration, and inflammatory
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responses using bioinformatics analyses, and
confirmed the role of these hub genes via gPCR
analysis. However, more experiments are need-
ed to verify how the key genes regulate eosino-
phil infiltration and cytokine release, thus
explaining the role of eosinophils in the occur-
rence and development of CRSwWNP.
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