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Abstract

Coronavirus Disease 2019 (COVID-19), caused by SARS-CoV-2 infection and a rare autoimmune disorder
Eosinophilic Granulomatosis with Polyangiitis (EGPA) share key immune dysregulation mechanisms despite their
distinct pathologies. This study uncovers the relationship between genes involved in COVID-19 and EGPA by network
analysis approach to identify common potential therapeutic targets for the conditions . By comparing disease-
associated genes retrieved from databases CTD, GeneCards and DisGeNET, 154 common genes expressed in both the
disease conditions were identified. Protein-Protein Interaction network analysis revealed 10 hub proteins, which are
central to immune responses, inflammation, and cytokine signaling pathways. Functional enrichment analyses of these
genes using databases Gene Ontology (GO), KEGG, and Reactome, highlight shared pathways such as IL-6 and TNF
signaling, which are critical in both diseases. Transcription factor network analysis pinpointed NF-«kB as a central
regulator of inflammatory responses. This research underscores the interconnectedness of COVID-19 and EGPA,
emphasizing potential therapeutic targets like NF-kB for managing inflammation and disease progression in both
conditions.

1. Introduction:

The Corona Virus Disease 2019 (COVID-19), caused by coronavirus SARS-CoV-2 infection has led to global health
crisis, that overwhelmed healthcare systems worldwide from 2020 to 2023 (Mallah et al., 2021). The COVID-19
presents a range of symptoms from mild respiratory issues such as cough and fever to severe pneumonia and acute
respiratory distress syndrome (ARDS) (Mallah et al., 2021). Omicron BA.2 , the variant of SARS-CoV-2 has brought
about changes in symptomatology, with a higher prevalence of flu-like symptoms resembling those of common cold
and influenza (Shah & Wunderink, 2017).

Another disease called Eosinophilic Granulomatosis with Polyangiitis (EGPA) also known as Churg-Strauss syndrome
(CSS), is a rare autoimmune disorder characterized by systemic vasculitis and eosinophilic infiltration into various
organs (Nguyen & Guillevin, 2018). This disease progresses through distinctive phases, beginning with allergic
symptoms such as asthma and rhinitis and further followed by vasculitis a systemic inflammation condition and tissue
damage (Santos et al., 2017). Vasculitis manifestations affect various organs which includes the respiratory, nervous
and gastrointestinal systems leading to organ damage. Despite many advancements in understanding and treatment,
EGPA remains a challenging condition to manage. Moreover, relapse and complications are posing significant risk to
patients health and quality of life (Chakraborty & Aeddula, 2024).

On data mining, numerous studies have shown that a significant proportion of patients suffering from COVID-19
experience persistent symptom such as inflammatory cell accumulation and clot formation in blood vessels, skin rashes
and short breath, which resemble manifestations seen in EGPA condition (Daniel et al., 2020). Also, studies show that
persistent symptoms in EGPA shares similarities with COVID symptoms (Fliesler, 2022). In COVID-19, the overactive
infection leads to widespread inflammation and tissue damage, while in EGPA autoimmune process result in systemic
vasculitis and organ dysfunction (Fijolek & Radzikowska, 2023). Recent studies exhibited the formation of clots in the
lungs of COVID patients (Polak et al., 2020), which is also a common symptom in EGPA.

Moreover, COVID-19 and EGPA are said to share similarities in their underlying immune pathological mechanisms
(Ozdemir et al., 2021). Dysregulated immune responses, with notable involvement of TH2-mediated pathways and
recruitment of eosinophils to target tissues were the common conditions that occur in both diseases (Antovic et al.,
2021).

Given the potential overlap of symptoms and immune regulation between COVID and EGPA, and the potential
escalation of EGPA cases after the COVID wave, understanding the underlying interconnectedness between these
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conditions has become necessary as it may offer fruitful insights into their pathogenesis and management, guiding the
development of targeted therapies and interventions to improve patient’s outcomes.

Hence in this study, gene expression in both the disease conditions are compared to get new insights and to identify
potential targets to mitigate the conditions.

2. MATERIALS AND METHODS

2.1 Retrieval and Identification of Common Genes in EGPA and COVID-19.

Exploiting comprehensive databases such as CTD (http://ctdbase.org/)(Davis et al., 2021), GeneCards
(https://www.genecards.org/) (Safran et al., 2021), and DisGeNET (https://www.disgenet.org/) precisely curated genes
associated with EGPA and COVID-19 were retrieved. Top at most 500 genes were extracted from each database that
are related to the diseases. Further, common genes associated with COVID and those linked to EGPA were identified
and represented in Venn diagram https://bioinformatics.psb.ugent.be/webtools/Venn/).

2.2 Protein-protein interaction (PPI) analysis and network construction

PPI networks can gain deeper understanding of protein functionality. STRING (Szklarczyk et al., 2021) a web based
tool was utilized to construct the PPI networks for the common genes. The resulting PPI network was visualized and
analysed using Cytoscape software (V3.8.2) (Otasek et al., 2019) (Shannon et al., 2003). Leveraging the cytoHubba
(Cline et al., 2007) plugin within Cytoscape, top 10 hub proteins were identified that has highest degree values by
employing the degree topological algorithm.

2.3 Functional enrichment analysis

Functional characterization of the 10 hub proteins was performed utilizing Enrichr(https://maayanlab.cloud/Enricht/),
an extensive gene set enrichment web tool(Kuleshov et al., 2016). This approach gives an insight into the biological
mechanisms and signalling pathways underlying these diseases.

Gene ontology (GO), a publicly available database under Enrichr was examined to investigate the biological process,
cellular component and molecular function of the hub genes to comprehensively delineate their functions (Ashburner et
al., 2000). Additionally, Kyoto Encyclopedia of Genes and Genomes(KEGG) pathway analysis (Kanehisa et al., 2021)
was employed to identify relevant metabolic pathways associated with the hub genes. Furthermore, to ensure a
thorough assessment of relevant pathways, data from WIKIPATHWAYS (Martens et al., 2021), REACTOME (Jassal et
al., 2020), and BIOCARTA (Nishimura, 2001) was explored and relatedness between the identified pathways with the
EGPA and COVID-19 diseases was scrutinized.

2.4 Transcription factor network analysis

Considering how genes are regulated in different physiological and disease conditions involves studying the
interactions between transcription factors(TFs) and genes (Jiang et al., 2022). To explore these interactions,
RegNetwork database and NetworkAnalyst 3.0 tool (Zhou et al., 2019) was used to build a network and visualized the
results using Cytoscape for a clearer understanding. This analysis was carried out to identify a transcription factor as
drug target.

3. RESULTS

3.1 Genes from both COVID and EGPA

Comprehensive search of genes associated with COVID-19 and EGPA were retrieved from databases. Regarding EGPA
related genes, from CTD database first 500 genes were retrieved, which are arranged in decreasing order of Inference
Score, and from GeneCards and DisGeNET all the 20 and 38 genes were retrieved respectively. Subsequently, the gene
sets were merged and duplicates eliminated, resulting in a consolidated list of 540 EGPA-related genes. Similarly, for
COVID-19, total of 1,117 genes was collected from the same databases. The two gene sets were compared and 154
common genes between both disease conditions were identified (Figure.1).

EGPA

COVID

Figure.1 A Venn diagram of common genes. Common 154 genes are identified from 1117 genes of COVID-19
infection and 540 genes of EGPA.
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3.2 String analysis and network construction

Input of the common 154 genes into string tool yielded the network that exhibited the interaction among all proteins of
these genes as shown in the Figure. 2. This network was exported to Cytoscape and using cytoHubba plugin, top 10 hub
proteins were identified based on their degrees, which are JUN, AKT1, TNF, TP53, Alb, IFNG, iL1B, CASP3, STAT3
and IL6. Hub proteins, characterized by numerous interactions with other proteins, also demonstrated interactions
among themselves within the PPI network (Figure. 3), indicating their pivotal role in mediating interactions and

potentially influencing disease mechanism.

Figure. 3 10 hub proteins from PPI network

3.3 Enrichment Analyses

Insights on GO and pathway enrichment analysis was carried out with Enrichr tool. The GO was used to conduct

analysis of common genes, with findings classified into three categories: Biological process, cellular component, and

molecular function. The most substantially altered pathway’s related with common genes in EGPA and COVID were
discovered using the databases: KEGG, WikiPathways, Reactome, and BioCart (Table. 1,2,3,4,5,6,7). These findings

are visually represented in bar graphs (Figure.5)

Table. 1 GO — Biological process and the corresponding P-values

GO Biological process

Index | Name P-value

1 Positive Regulation Of Macromolecule Metabolic Process (GO:0010604) 7.150e-11
2 Positive Regulation Of Interleukin-6 Production (GO:0032755) 1.721e-10
3 Positive Regulation Of Monooxygenase Activity (GO:0032770) 4.685e-10
4 Positive Regulation Of Gene Expression (GO:0010628) 4.951e-10
5 Positive Regulation Of Nitric Oxide Biosynthetic Process (GO:0045429) 5.498e-10
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6 Positive Regulation Of Programmed Cell Death (GO:0043068) 6.406e-10
7 Positive Regulation Of Nitric Oxide Metabolic Process (GO:1904407) 6.413e-10
8 Cytokine-Mediated Signaling Pathway (GO:0019221) 8.542e-10
9 Regulation Of Calcidiol 1-Monooxygenase Activity (GO:0060558) 8.995e-10
10 Regulation Of Interleukin-6 Production (GO:0032675) 1.356¢-9
Table. 2 GO- Cellular components and the corresponding P-values
GO Cellular component
Index Name P-value
1 Endoplasmic Reticulum Lumen (GO:0005788) 0.008387
2 Nucleus (GO:0005634) 0.01146
3 Euchromatin (GO:0000791) 0.02179
4 Intracellular Membrane-Bounded Organelle (GO:0043231) | 0.02333
5 Platelet Alpha Granule Lumen (GO:0031093) 0.03252
6 Platelet Alpha Granule (GO:0031091) 0.04363
7 Nuclear Chromosome (GO:0000228) 0.04651
8 Nuclear Lumen (GO:0031981) 0.05554
9 Intracellular Organelle Lumen (GO:0070013) 0.06555
10 Recycling Endosome (GO:0055037) 0.07673
Table. 3 GO -Molecular function and the corresponding P-values
GO Molecular function
Index Name P-value
1 Cytokine Activity (GO:0005125) 0.000001222
2 Transcription Regulatory Region Nucleic Acid Binding (GO:0001067) 0.000003051
3 Receptor Ligand Activity (GO:0048018) 0.00001236
4 Transcription Cis-Regulatory Region Binding (GO:0000976) 0.00005840
5 General Transcription Initiation Factor Binding (GO:0140296) 0.00009715
RNA Polymerase II-specific DNA-binding Transcription Factor Binding 0.0001654
6 (GO:0061629)
7 Copper Ion Binding (GO:0005507) 0.0002202
8 Sequence-Specific Double-Stranded DNA Binding (GO:1990837) 0.0002863
9 DNA-binding Transcription Factor Binding (GO:0140297) 0.0003093
10 DNA Binding (GO:0003677) 0.0005441
Table. 4 REACTOME and the corresponding P-values
REACTOME
Index Name P-value
1 Signaling By Interleukins R-HSA-449147 1.421e-14
2 Cytokine Signaling In Immune System R-HSA-1280215 7.452e-13
3 Interleukin-4 And Interleukin-13 Signaling R-HSA-6785807 4.198e-12
4 Interleukin-10 Signaling R-HSA-6783783 4.648e-9
5 Immune System R-HSA-168256 6.919¢-9
6 Intrinsic Pathway For Apoptosis R-HSA-109606 1.061e-8
7 Programmed Cell Death R-HSA-5357801 2.801e-8
8 Pyroptosis R-HSA-5620971 2.326e-7
9 Cellular Responses To Stress R-HSA-2262752 4.022¢-7
10 Cellular Responses To Stimuli R-HSA-8953897 4.503e-7
Table. 5 BIOPLANT and the corresponding P-values
BIOPLANT
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Index Name P-value
1 Folate metabolism 1.590e-13
2 Interleukin-27-mediated signaling events 6.190e-13
3 Chagas disease 3.526e-12
4 Interleukin-23-mediated signaling events 4.093e-12
5 Interleukin-5 signaling pathway 1.786e-11
6 Vitamin B12 metabolism 2.433e-11
7 Selenium pathway 5.103e-11
8 TGF-beta signaling pathway 1.176e-10
9 Regular glucocorticoid receptor pathway 2.538e-10
10 Interleukin-2 signaling pathway 4.180e-10
Table. 6 WikiPathway 2023 Human and the corresponding p-values

WikiPathway 2023 Human

Index Name P-value

1 IL 26 Signaling Pathways WP5347 3.462e-17

2 Network Map Of SARS CoV 2 Signaling Pathway WP5115 7.735¢e-15

3 IL 24 Signaling Pathway WP5413 1.281¢-14

4 Hepatitis C And Hepatocellular Carcinoma WP3646 3.280e-14

5 Folate Metabolism WP176 2.559¢-13

6 Urotensin I Mediated Signaling Pathway WP5158 2.803e-13

7 Burn Wound Healing WP5055 4.327e-13

8 Acute Viral Myocarditis WP4298 9.479¢-13

9 Inflammatory Bowel Disease Signaling WP5198 7.979¢-12

10 Spinal Cord Injury WP2431 8.044e-12

Table. 7 KEGG 2021 Human and the corresponding p-values

KEGG 2021 Human

Index | Name P-value

1 Lipid and atherosclerosis 6.912e-15
2 AGE-RAGE signaling pathway in diabetic complications 7.476e-15
3 Measles 7.927e-14
4 Inflammatory bowel disease 1.932¢-13
5 Hepatitis B 2.360e-13
6 Epstein-Barr virus infection 1.130e-12
7 IL-17 signaling pathway 1.895e-12
8 Human cytomegalovirus infection 2.422e-12
9 Chagas disease 3.130e-12
10 TNF signaling pathway 5.552e-12
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Fig. 4 Gene ontologies of the common genes

3.4 Transcription Factor (TF) -Gene interactions

The interaction between ten common genes and TF genes was analysed using Network Analyst. The TF-gene
interaction network consists of 75 nodes and 109 edges. In was detected that TNF has highest degree of 51 degrees and
TP53 has a degree of 13 and INF has 10 degree (Figure 6), indicating that they are regulated by many transcription

factors.

TFs Foxcl, NFKB1, GATA2,YY1,TFAP2A were selected based on the highest degree values (Table.8) .
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Figure.5 Transcription Factor-Gene interaction

Table.8 Top Transcription Factors and their Degree

SNO TRANSCRIPTION DEGREE
FACTOR
1 Foxcl 6
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2 NFKBI1 4
3 GATA2 4
4 YY1 4
5 TFAP2A 4

4. Discussion

This research aimed to uncover genetic relationship between COVID and EGPA using bioinformatics analysis, centered
on 154 shared genes that are expressed in both the conditions.

Out of 154 genes, with Protein-Protein Interaction (PPI) network analysis JUN, AKT1, TNF, TP53, ALB, IFNG, IL1B,
CASP3, STAT3, IL-6 emerged as central hub proteins due to their elevated degrees of connectivity within the network.
Through enrichment analysis it was predicted that hub genes are responsible for pro inflammatory responses, cell
proliferation, cell differentiation and immune cell metabolism. Through literature mining it is identified that in both
EGPA and COVID-19, interleukin-6 (IL-6) plays a crucial role in immune system activation and inflammation (Tanaka
et al., 2014). Role of IL-6 is to increase EGPA condition (Imai et al., 2022) and in severe COVID-19 it fuels the
cytokine storm, leading to systemic inflammation and organ dysfunction. The recognition of viral components by
pattern-recognition receptors (PRRs) triggers 1L-6 release during SARS-CoV-2 infection, exacerbating inflammation.
Moreover, IL-6's involvement in initiating adaptive immunity underscores its significance in infection-induced
inflammation. Understanding IL-6's complex role in both diseases emphasizes its potential as a therapeutic target for
mitigating severity of these disease manifestations (Wang et al., 2022).

The ten hub genes were employed to elucidate Gene Ontology (GO) terms. Regarding the GO biological process,
notable terms include Positive regulation of interleukin-6 production, Cytokine-mediated signaling pathway, Positive
regulation of programmed cell death. These terms shed light on the intricate immune and inflammatory processes. They
signify the dysregulation of immune responses and inflammatory pathways characteristic of EGPA pathology (Gioffredi
et al.,, 2014). In GO molecular function Cytokine a ctivity is seen. The complex cytokine activity observed in both
COVID-19 (Tanveer et al., 2022) and EGPA(Isozaki et al., 2020) underlines the critical role of cytokines in disease
progression, organ dysfunction, and inflammation, emphasizing the need for understanding their dynamics to develop
effective treatment strategies and control viral replication in COVID-19 (Rabaan et al., 2021), as well as to manage
eosinophil infiltration, vascular damage, and granuloma formation in EGPA (Fijolek & Radzikowska, 2023).

In reactome analysis, the hub genes were predicted to be involved in common interleukin signaling pathways, including
Interleukin-4 and Interleukin-13 signaling, Interleukin-10 signaling, and Cytokine signaling immune pathways and
these are observed in both COVID-19 and EGPA, highlighting their significance in regulating immune responses and
potentially serving as therapeutic targets for managing inflammation and disease progression in these conditions
(Fijolek & Radzikowska, 2023, Jiang et al., 2022).

When considering pathways from both WikiPathways Human and BIOPLANT databases, several overlapping themes
emerge. These include pathways related to inflammation, immune response modulation, and metabolic processes. Some
common pathways include Folate metabolism, TGF-beta signaling pathway, Interleukin-23-mediated signaling events
s;Interleukin-5 signaling pathway, and Interleukin-2 signaling pathway which causes inflamation in covid19(Jiang et al.,
2022).

KEGG pathway enrichment analysis was conducted and the top 10 KEGG Human pathways included Lipid and
atherosclerosis, AGE-RAGE signaling pathway in diabetic complications, and inflammation-related pathways such as
TNF signaling pathway, IL-17 signaling pathway, lipid and atherosclerosis, inflammatory bowel disease, and
Leishmaniasis. Interestingly, IL-17, a significant regulator of upstream inflammatory pathways, plays a pivotal role in
inducing the production of IL-6 (Hwang et al., 2004) (Lee et al., 2008). Elevated peripheral levels of IL-6 have been
implicated in initiating EGPA (Rodriguez-Pla et al., 2020).

In the network of interactions between transcription factors and genes, TNF, TP53 and INFG stand out due to their
extensive connections with transcription factors. Specifically, TNF is regulated by/ regulates 51 transcription factor
genes, while INFG is influenced by 10 transcription factor genes. Elevated levels of TNF in both EGPA (Isozaki et al.,
2020) and COVID-19(Mohd Zawawi et al., 2023) are linked with disease progression, contributing to immune
dysfunction and addressing long-term complications. As TP53 is a key regulator of cell cycle and apoptosis, there
credential as target is questionable (Kastenhuber & Lowe, 2017). Additionally, immunomodulatory factors IFNG plays
crucial role in both conditions, influencing immune responses by modulating cytokine patterns, immune balance, and
tissue repair processes in both COVID (Todorovi¢-Rakovi¢ & Whitfield, 2021) and EGPA (Do et al., 2022).

Based on transcription factor network analysis, NFKB is recognized for its essential role in orchestrating the expression
of inflammatory proteins, thus serving as a central mediator of inflammation (Liu et al., 2017). It also has high degree
of interaction with the hub genes predicted in the study. This strategic selection is underpinned by its critical role in
modulating the inflammatory cascade, thereby presenting a compelling target for therapeutic intervention.

5.Conclusion

Our study successfully identified and elucidated the genetic relationships between COVID-19 and EGPA through an
extensive bioinformatics analysis of 154 shared genes expressed during both the conditions. By constructing a PPI
network, ten hub genes were identified, which are critical in regulating immune response, inflammation, and cell
proliferation. These genes highlight the interconnected nature of inflammatory processes in both diseases.
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Enrichment and pathway analyses further solidified the role of cytokine signaling, particularly IL-6, which is critical in
driving inflammation and immune dysregulation in both COVID-19 and EGPA. IL-6’s involvement in the cytokine
storm in severe COVID-19 and its exacerbation of EGPA underscores its potential as a therapeutic target in managing
both diseases. The presence of overlapping pathways, such as IL-17 and TNF signaling, strengthens the idea that these
immune-modulating pathways are pivotal in the pathophysiology of both conditions.

Transcription factor—gene network analysis highlighted TFs Foxcl, NFKB1, GATA2, YY land TFAP2A to form highly
connected nodes, linking them to broad regulatory networks involved in inflammation, immune modulation, and cell
death. Based on their functional analysis, NFKB was identified as a promising intervention point for both th disease
condition due to its orchestration of inflammatory cascades.

This research contributes to a deeper understanding of the shared molecular mechanisms underlying COVID-19 and
EGPA, emphasizing inflammation's central role and offering potential therapeutic targets for managing both conditions.
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