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Abstract
Background: Coronavirus disease 2019 (COVID-19) is a disease that causes fatal disorders including
severe pneumonia. Our study aimed to utilize bioinformatics method to analyze the expression pro�ling
by high throughput sequencing in human bronchial organoids/primary human airway epithelial infected
with SARS-CoV-2 to identify the potentially crucial genes and pathways associated with COVID-19.

Methods: We analyzed microarray datasets GSE153970 and GSE150819 derived from the GEO database.
Firstly, the Differentially expressed genes DEGs  in human bronchial organoids/primary human airway
epithelial infected with SARS-CoV-2. Next, the DEGs were used for GO and KEGG pathway enrichment
analysis. Then, the PPI network was constructed and Cytoscape was used to �nd the key genes.

Results: Gene expression pro�les of GSE153970 and GSE150819, in all 12 samples were analyzed. A
total of 145 DEGs and 5 hub genes were identi�ed in SARS-CoV-2. Meanwhile, we found that the 145
genes are associated with immune responses and the top 5 hub genes including CXCL8, CXCL1, CXCL2,
CCL20, and CSF2 were mainly related to leukocyte migration, endoplasmic reticulum lumen, receptor
ligand activity. In addition, the results also showed that the hub genes were associated with
Cytokine−cytokine receptor interaction, IL−17 signaling pathway, and Rheumatoid arthritis in SARS-CoV-2
infection.

Conclusion: The �ve crucial genes consisting of CXCL8, CXCL1, CXCL2, CCL20, and CSF2 were
considered as hub genes of SARS-CoV-2, which may be used as diagnostic biomarkers or molecular
targets for the treatment of SARS-CoV-2. It is evidenced that bioinformatics analyses in SARS-CoV-2 can
be useful for understanding the underlying molecular mechanism and exploring effective therapeutic
targets.

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as a novel member of coronaviruses, was
�rst reported in December 2019 in Wuhan, China, and rapidly spreads over the world[1, 2]. SARS-CoV-2,
which belongs to the categories of severe acute respiratory syndrome-related coronaviruses, was �rst
identi�ed as an etiological pathogen of Coronavirus Disease 2019(COVID-19). SARS-CoV-2 has similar
homologous sequences and structures with SARS-CoV and MERS-CoV[3]. As reported, the symptoms of
SARS-CoV-2 infected patients are varying. Respiratory distress is the most typical symptom of patients
with COVID-19, and some patients may lead to respiratory failure even death while some patients may be
asymptomatic carrier[4]. In addition, some patients with COVID-19 also show �u symptoms, such as
fever, dry cough, headache, fatigue, nausea, vomiting and diarrhea. So far, there is no speci�c antiviral
treatment is available for COVID-19. Therefore, it is necessary to �nd potential therapeutics or effective
vaccine for COVID-19. In this context, we try to explore molecular mechanisms of COVID-19 by
bioinformatics analysis.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE16088
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14359
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE16088
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Previous studies has revealed that SARS-CoV-2 enters into host cell by binding with the SARS-CoV
receptor angiotensin converting enzyme 2 (ACE2) and viral spike (S) protein priming is essential for viral
entry into cells[5]. According to the results of single-cell RNA sequencing, the activated immune cells and
in�ammatory macrophages expressing, such as
CCL2, CCL3, CCL20, CXCL1, CXCL3, CXCL10, IL8, IL1B and TNF, might contribute to excessive
in�ammation by promoting monocyte recruitment in SARS-CoV-2 infection patients[6, 7]. In addition,
SARS-CoV-2 infection could stimulate the immune response of host, leading to abnormal increase of
cytokines and the decrease of lymphocytes in COVID-19 patients[8]. Therefore, It is convinced that the
immune response is closely associated with the development of lung injury and severe pneumonia in
COVID-19.

Our study aimed to utilize bioinformatics method to analyze the gene expression pro�ling based on high
throughput sequencing in human bronchial organoids/primary human airway epithelial infected with
SARS-CoV-2 to identify the potentially crucial genes and pathways associated with COVID-19. The Gene
Ontology (GO )and Kyoto Encyclopedia of Genes and Genomes (KEGG) function enrichment analysis
were used to analyze the differentially expressed gene (DEGs). PPI network was constructed and
Cytoscape was used to �nd the key genes. Our results suggested that several molecular mechanisms
may be involved in the development of COVID-19.

Materials And Methods
Microarray Database Sources

The mRNA expression �le of GSE153970 and GSE150819 were downloaded from the National Centre of
Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo/). The expression pro�ling arrays of GSE150819 were generated using
the GPL18573 platform (Illumina NextSeq 500) and GPL24676 platform (Illumina NextSeq 6000). There
6 samples were choice in GSE150819 dataset, including 3 SARS-CoV-2-infected human bronchial
organoids samples and 3 uninfected human bronchial organoids samples, were analyzed. Meanwhile,
the expression pro�ling arrays of GSE153970 were generated using the GPL24676 platform (Illumina
NextSeq 6000). A total of 6 samples in GSE153970 dataset, including 3 experiment group samples and 3
control group samples, were analyzed.

Identi�cation of DEGs in SARS-CoV-2 infected model.

DEGs between human bronchial organoids/primary human airway epithelial infected with SARS-CoV-2
and control group were identi�ed by using the limma o package in R [9]. The screening criteria of |log2
Fold Change| > 1 and adjusted P < 0.05 was considered as statistically signi�cant. The analysis results
were presented by heatmap and volcano map drawn in the pheatmap R package. In order to explore
signi�cant DEGs in both datasets, Venn map was made with the Venn online tool (http://bioin forma
tics.psb.ugent .be/webto ols/Venn/) and after overlapping of DEGs for following research.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE115574
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE79768
http://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE79768
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL18573
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL24676
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE79768
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE79768
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL18573
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE79768
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Functional Enrichment Analysis of DEGs

The package clusterPro�ler was applied to carry out GO and KEGG pathway analysis for
DEGs[10]. The P value < 0.05 adjusted by the Benjamini and Hochberg method was deemed to be
statistically signi�cant.

PPI Network Analyses and Identi�cation of hub genes
In order to explore the interactions of DEGs, the protein-protein interaction (PPI) network analyse was
constructed using String database (http://www.string-db.org)[11],and a comprehensive score over 0.4
was regarded as statistically signi�cant. Cytoscape (version 3.7.2; https://cytoscape.org/)[12] was used
to visualize biological network and integrate the data .The Cytoscape plugin CytoHubba was used to
conduct module analysis and the top �ve genes were selected as hub genes in the study[13].

Results
Identi�cation of DEGs

In the dataset of GSE150819, 954 genes were identi�ed to be differentially expressed, including 559 up-
regulated genes and 395 down-regulated genes (Fig. 1a, b). In the dataset of GSE153970, 940 genes were
differentially expressed. Of the 940 DEGs, 497 genes were upregulated and 443 genes were
downregulated (Fig. 1c, d). Screening criteria are |log2 FC| > 1, and adjusted P < 0.05. There are 145 DEGs
by overlapping in two datasets (Fig. 1e ).

Functional enrichment analysis of DEGs
To assess the biological roles of these DEGs a, KEGG and GO enrichment analyses were performed. The
GO analysis consists of biological processes (BP), cellular component (CC), and molecular function (MF)
categories. The results of GO analysis indicated that DEGs were mainly enriched in BPs, including
granulocyte migration, neutrophil migration, myeloid leukocyte migration and granulocyte chemotaxis
and so on. CC analysis revealed that the DEGs were signi�cantly enriched in endoplasmic reticulum
lumen, corni�ed envelope and anchored component of membrane. As for the MF, the DEGs were enriched
in receptor ligand activity, cytokine activity, cytokine receptor binding and rchemokine activity and so on
(Fig. 2a). Regarding the results of KEGG pathway analysis as shown in Fig. 2b, the DEGs were enriched in
13 pathways and signi�cantly associated with the Cytokine−cytokine receptor interaction, IL−17 signaling
pathway, Rheumatoid arthritis, Viral protein interaction with cytokine and cytokine receptor, TNF signaling
pathway, and Chemokine signaling pathway.

Construction of protein-protein interaction network and selection of
potential hub Genes.

http://www.string-db.org/
https://cytoscape.org/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE16088
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE16088
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In order to better understand the biological properties of DEGs, we utilized the string database to
construct a PPI network containing 131 nodes and 248 edges (Fig. 3a). Then, Cytoscape was used to
verify a vital module with the network and the most signi�cant modules were selected (Fig. 3b). The
cytoHubba plugin was used to analyze the hub genes, and the following genes with the top 5 grades were
deemed to be hub genes: CXCL8, CXCL1, CXCL2, CCL20, and CSF2.

KEGG analysis of hub Genes

The �ve genes were re-analyzed by KEGG pathway enrichment analysis and the results showed that �ve
hub genes were mainly associated with Cytokine−cytokine receptor interaction, IL−17 signaling pathway,
and Rheumatoid arthritis (Fig. 4).

As shown in Fig. 4a, CXCL8, CXCL1, CXCL2, CXCL3 belong to the CXCL Subfamily, CXCL8 and CXCL1 can
combine with CXCR1 and CXCR2 while CXCL2 and CXCL3 mainly bind to CXCR2 to exerts functions in
Cytokine−cytokine receptor interaction signaling pathway. CCL20 belongs to the CC subfamily, and exerts
its function by combining with CCR6. Moreover, CSF2 belonging to IL-4 like, works by binding to CSF2RA
and CSF2RB. In IL−17 signaling pathway, the hub genes of CXCL8, CXCL1, CXCL2, CCL20, and CSF2
mainly play roles in autoimmune pathology, neutrophil recruitment, and immunity to extracellular
pathogens (Fig. 4b). As shown in Fig. 4c, CXCL1 and CCL20 act on blood vessel to induce leukocyte
migration and in�ammatory cell in�ltration in Rheumatoid arthritis.

Discussion
SARS-CoV-2 emerged in December 2019 in Wuhan, China, and rapidly spreads around the world[14].
Symptoms of SARS-CoV-2 patients are similar to acute respiratory syndrome, but little is known about
speci�c molecular mechanism. Currently, there is no particular anti-nCoV treatment or effective vaccine,
and COVID-19 management is mainly supportive[15]. However, the molecular mechanisms of the disease
still remain unclear.

 Identi�cation of the key genes and signal pathways related to SARS-CoV-2 infection is important for
understanding the molecular mechanisms in COVID-19. In our study, we �rst performed bioinformatics
analysis based on two microarray datasets (GSE153970 and GSE150819). A total of 145 genes were
identi�ed as DEGs in SARS-CoV-2 infected model. Furthermore, among these DEGs, 5 hub genes were
selected in the PPI network by cytoHubba, including CXCL8, CXCL1, CXCL2, CCL20, and CSF2. In addition,
we found that the hub genes upregulated were related to Cytokine-cytokine receptor interaction, IL-17
signaling pathway, and Rheumatoid arthritis in SARS-CoV-2 infection.

As far as we know, CXCL8, CXCL1, CXCL2, CCL20, and CSF2 are cytokines, a category of small proteins
that are secreted by cells associated with intercellular signaling, which consist of interferons, interleukins,
chemokines, colony-stimulating factors, tumor necrosis factor. Chemokines are one of the largest family
of cytokines, with over 40 members that combine with one or more of G-protein-coupled receptors[16]. In
1918 virus infected macaques, the cytokines of IL-6, IL-8, CCL2, and CCL5 were up-regulated in the

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7350165/figure/fig6/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7350165/figure/fig7/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE16088
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lungs[17, 18]. The H5N1 virus infection could cause severe in�ammatory and innate immune responses,
such as durable expression of CCL2, CXCL10, and CXCL9[19, 20]. Moreover, persistent expression of
CXCL10, CCL2, IFNAR1, IFNGR1, and CD58 were also found in the lungs of SARS-CoV infected
patients[21]. According to our knowledge, SARS-CoV-2 infection resulted in the storm of in�ammatory
response and proin�ammatory genes, particularly chemokines, was signi�cantly elevated in COVID-
19 patients[22].

In the study, we found the top 5 genes containing CXCL8, CXCL1, CXCL2, CCL20, and CSF2 were up-
regulated in SARS-CoV-2 infection. CXCL1, CXCL2, and CXCL8 belonging to the subfamily of CXC
chemokines, which are involved in in�ammatory response and occurrence of several tumors by binding
with the G protein-coupled receptors. CXCL1/CXCL2 are critical for neutrophil recruitment in immune
response[23]. CXCL8 is a pro-in�ammatory cytokine by binding with the CXCR-1 and CXCR-2 involved in
multiple intracellular signaling pathways[24]. It has been reported that serum CXCL-8 levels were
signi�cantly higher and correlate positively with depth of tumor invasion and CRP concentrations in
oesophageal cancer patients, suggesting CXCL8 might be a tumor marker of oesophageal
cancer[25]. CXCL1 and CXCL8 expression was signi�cantly up-regulated, and through binding to CXCR2
participate in gastric carcinoma proliferation, migration and apoptosis[26]. CC chemokine receptor 6
(CCR6) as the only one known receptor of CC chemokine ligand 20 (CCL20), was involved in the humoral
immunity and T-B cell immunobiology[27]. Colony stimulating factor-2 (CSF2), produced by various cells,
which is considered to mediate in�ammation, autoimmunity and host defense responses[28]. Consistent
with previous �ndings, our study showed that the �ve hub genes induced immune response play
important roles in the pathogenesis of SARS-CoV-2.

Cytokine−cytokine receptor interaction has been proved to play roles in multiple viral infections, such as
megalocytivirus, HBV, HCV, and EBV[29-31]. The IL-17 family consists of six members, IL-17A, IL-17B, IL-
17C, IL-17D, IL-17E, and IL-17F, which is produced by activated T cells and involves in in�ammatory
response. IL-17 family of cytokines by combining with IL-17 receptor family activate extracellular signal-
regulated protein kinase, c-jun N-terminal kinase, and p38 mitogen-activated protein kinases pathway,
leading to the up-regulated expression of IL-1, IL-6, and NF-κB[32, 33]. IL-17A is contribute to clear
extracellular pathogens, however, IL-17 signaling pathway may cause lung injury and respiratory failure in
SARS-CoV-2 Infections[34]. Rheumatoid arthritis is a systemic autoimmune disease affecting multiple
organs and tissues, which primary characteristics are systemic in�ammation, synovitis[35]. Previous
study has showed that CXCL8 is related to in�ammation responses in Rheumatoid arthritis[34, 36]. It is
worth noting that modifying anti-rheumatic drugs (bDMARDs) and target synthetic DMARDs (tsDMARDs),
known to be small molecule inhibitors, are not only potential drugs to treat Rheumatoid arthritis, but also
block the viral entry, inhibit the hyperimmune activation and reduce cytokine storm[37], suggesting that
small molecule inhibitors might be potential drugs for SARS-CoV-2 treatment. Based on the above
�ndings, it is convinced that the hub genes were associated with Cytokine−cytokine receptor interaction,
IL−17 signaling pathway, and Rheumatoid arthritis in SARS-CoV-2 infection.

https://www.sciencedirect.com/topics/medicine-and-dentistry/chemokine-receptor
https://www.cusabio.com/target/IL6.html
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There are some limitations in our study. First, the microarray datasets was downloaded from the GEO
database, and not made by the authors. Furthermore, more experimental and clinical studies should be
performed to verify the function of hub genes in development of disease and clinical treatment of CIVID-
19. However, our �ndings also provided some valuable clues in the CIVID-19.

Conclusion
In summary, we identi�ed DEGs by bioinformatic analysis to �nd useful genes associated with SARS-
CoV-2, which might serve as candidate diagnostic molecular and therapeutic targets of COVID-19. Our
research predicted �ve hub genes and the results should be con�rmed by further studies in COVID-19. Our
results provided new insights of the molecular mechanisms with SARS-CoV-2.
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Figures

Figure 1
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Identi�cation of DEGs from 2 GEO datasets. Heatmap results of DEGs in dataset of GSE150819 (a) and
GSE153970; (c) The red and blue represent up-regulation and down-regulation, respectively. Volcano plots
for expression of DEGs in dataset GSE150819 (b) and GSE153970; (d) Red points represent up-regulated
DEGs, green points represent down-regulated DEGs, and black points represent non-differentially
expressed genes; (e) The Venn diagram of the overlapping DEGs among the two datasets.

Figure 2

GO classi�cation and KEGG pathway analysis of DEGs. (a) Integration of GO terms for DEGs in the
biological process, cellular component, and molecular function terms; (b) KEGG pathway analysis of
DEGs. The size of the circle represents the number of genes enriched in the entry, and the colour indicates
the signi�cance of the p value. The horizontal axis represents the ratio of genes and the vertical axis
represents different terms in functional enrichment analysis.

Figure 3
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Protein-protein interaction (PPI) networks. (a) The PPI network was constructed by String on the
interactions of DEGs. Red nodes represent the up-regulated DEGs; blue nodes represent the down-
regulated DEGs; Green represents the opposite genes expressed in the 2 data sets; (b) The most
signi�cant modules were visualized by the cytoHubba plug-in in Cytoscape.

Figure 4

The relationship between �ve key genes and three major signaling pathways. Red represents up-regulated
key genes, green represents down-regulated key genes, and gray represents the differential genes other
than the �ve key genes. (a) Cytokine−cytokine receptor interaction; (b) IL−17 signaling pathway; (c)
Rheumatoid arthritis.


