
Vol.:(0123456789)1 3

Functional & Integrative Genomics (2023) 23:71 
https://doi.org/10.1007/s10142-023-00998-1

ORIGINAL ARTICLE

Bioinformatics analysis based on high‑throughput sequencing data 
to identify hub genes related to different clinical types of COVID‑19

Shengying Liu1 · Jianxiong Long1 · Tian Liang1 · Miao Lv1 · Xiaolan Huang1 · Xueying Liang1 · Li Su1 · Lifang Zhou2

Received: 9 May 2022 / Revised: 20 February 2023 / Accepted: 21 February 2023 / Published online: 1 March 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
This article aims to explore hub genes related to different clinical types of cases with COVID-19 and predict the therapeutic 
drugs related to severe cases. The expression profile of GSE166424 was divided into four data sets according to different 
clinical types of COVID-19 and then calculated the differential expression genes (DEGs). The specific genes of four clinical 
types of COVID-19 were obtained by Venn diagram and conducted enrichment analysis, protein–protein interaction (PPI) 
networks analysis, screening hub genes, and ROC curve analysis. The hub genes related to severe cases were verified in 
GSE171110, their RNA-specific expression tissues were obtained from the HPA database, and potential therapeutic drugs 
were predicted through the DGIdb database. There were 536, 266, 944, and 506 specific genes related to asymptomatic infec-
tions, mild, moderate, and severe cases, respectively. The hub genes of severe specific genes were AURKB, BRCA1, BUB1, 
CCNB1, CCNB2, CDC20, CDC6, KIF11, TOP2A, UBE2C, and RPL11, and also differentially expressed in GSE171110 
(P < 0.05), and their AUC values were greater than 0.955. The RNA tissue specificity of AURKB, CDC6, KIF11, UBE2C, 
CCNB2, CDC20, TOP2A, BUB1, and CCNB1 specifically enhanced on lymphoid tissue; CCNB2, CDC20, TOP2A, and 
BUB1 specifically expressed on the testis. Finally, 55 drugs related to severe COVID-19 were obtained from the DGIdb 
database. Summary, AURKB, BRCA1, BUB1, CCNB1, CCNB2, CDC20, CDC6, KIF11, TOP2A, UBE2C, and RPL11 
may be potential diagnostic biomarkers for severe COVID-19, which may affect immune and male reproductive systems. 55 
drugs may be potential therapeutic drugs for severe COVID-19.
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Introduction

Coronavirus Disease 2019 (COVID-19) is a newly emerged 
infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The SARS-CoV-2 
using spike glycoprotein attaches to the ACE2 receptor 

protein on the surface of human respiratory cells and is 
primed for TMPRSS2, invading the body by binding to it 
and inducing infection (Hoffmann et al. 2020). As of CEST, 
24 April 2022, there have been just over 500 million con-
firmed cases of COVID-19 worldwide and over 6 million 
cumulative deaths (WHO 2022), which seriously threaten 
global public health.

COVID-19 was divided into five types: asymptomatic 
infections, mild, moderate, severe, and critical cases 
(Gao et al. 2021). Asymptomatic infections refer to those 
who test positive for nucleic acid but do not have typical 
clinical symptoms or chest imaging findings, but it could 
spread pathogens, which is a potential source of infec-
tion. A meta-analysis showed that 20% of asymptomatic 
infections included 5829 pediatric patients from 48 stud-
ies as of 30 April 2020 (Cui et al. 2021). By analyzing 
more than 350 studies as of April 2, 2021, Pratha Sah et al. 
(2021) found that the percentage of asymptomatic infec-
tions was 35.1%. Studies have shown that vaccination is 
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effective in reducing the severity of symptoms associated 
with COVID-19 (Dagan et al. 2021; Sadoff et al. 2021; 
Lumley et al. 2022). Therefore, the proportion of asymp-
tomatic infections or mild patients with SARS-CoV-2 
infections will increase with the popularization of vac-
cines. For asymptomatic infections, the most important 
thing is to be able to identify them early and effectively so 
that they can be isolated in time and control the spread of 
COVID-19. As of 19 March 2020, there were 24% severe 
cases of 12,960 cases in Italy (Ortenzi et al. 2020). By 
10 May 2020, about 20% of confirmed patients required 
hospitalization, and 25% of them required intensive care 
(Uddin et  al. 2020). The in-hospital mortality rate of 
28.7% among 326,993 COVID-19 patients from Kaiser 
Permanente Southern California in the year since February 
2021 (Huang et al. 2022). Hence, there is an urgent need to 
find specific biomarkers to identify or predict severe cases, 
which will be beneficial to achieving secondary prevention 
and improving the prognosis, while providing a reference 
for predicting targeted drugs.

In the study, the expression profile of GSE166424 
was used for differential analysis to identify hub genes 
of four clinical types of COVID-19. And then the hub 
genes of severe specific genes were verified by evaluating 
their diagnostic value for severe cases by the ROC curve 
in GSE171110. Finally, the potential targeted drugs for 
severe cases were predicted based on the hub genes. The 
flow chart of the integrated bioinformatics approach was 
shown in Fig. 1.

Methods

The data source

GSE166424 and GSE171110 were expression profiles by 
high throughput sequencing from Gene Expression Omni-
bus (GEO) database. GSE166424 is based on the GPL20301 
platform and included 38 samples, containing 2 healthy 
controls, 2 mild cases, 2 moderate cases, 2 severe cases, 
and 30 asymptomatic infections of COVID-19. GSE166424 
was divided into four data sets based on the clinical types of 
COVID-19: 2 healthy controls and 2 mild cases, 2 healthy 
controls and 2 moderate cases, 2 healthy controls and 2 
severe cases, 2 healthy controls and 30 asymptomatic infec-
tions. GSE171110 is based on the GPL16791 platform and 
included 54 samples, containing 10 healthy controls and 44 
severe COVID-19. Merged the Asymptomatic sub-dataset 
in GSE166424 with GSE17110, and used the Combat func-
tion of the sva package to remove the batch effect. The RNA 
sequencing data set information was shown in Table 1.

Data standardization and DEGs screening

Based on R (Version 3.6.3), the expression profiling was 
converted to TPM format for standardization, and the limma 
package was used to screen the differentially expressed genes 
(DEGs) between healthy and infected cases. The screening 
conditions were P < 0.05 and |log2FC|> 1. To better display 
the DEGs, the volcano map and heat map were analyzed. The 
heat map was made with a heatmap package. Furthermore, 
the non-overlapping up-regulated DEGs and non-overlapping 
down-regulated DEGs among mild, moderate, severe cases 
and asymptomatic infections (hereinafter referred to as mild, 
moderate, severe, and asymptomatic specific gene) were pro-
duced by the Venn Diagram online tool.

Functional analysis of DEGs

DAVID Bioinformatics Resources 6.8 (https:// david. ncifc 
rf. gov/) was used for Gene Ontology (GO) enrichment and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis of specific genes among mild, moderate, severe cases 
and asymptomatic infections, and then visualization was per-
formed using R. The screening condition was P < 0.05.

Construct the PPI network and screen hub genes

Protein–Protein Interaction (PPI) networks were constructed 
for specific genes through the STRING (v11.5) (https:// 
string- db. org/), and the filtering condition was a comprehen-
sive score > 0.4. Then, the interactive information was down-
loaded and visualized by Cytoscape (v3.8.0). Hub genes were 
screened by CytoHubba in Cytoscape, using five algorithms 
(MCC, DMNC, MNC, Degree, EPC) to calculate the top 15 
hub genes. Finally, the intersection of the results of the five 
algorithms was taken, and the genes that appeared more than 
or equal to three times was selected as the final hub genes.

Construct TF‑gene interactions and TF‑miRNA 
coregulatory network

NetworkAnalyst (https:// www. netwo rkana lyst. ca) is a database 
for comprehensive gene expression profiling & network visual 
analytics. The TF-gene interactions network and TF-miRNA 
coregulatory network of hub genes of severe COVID-19 were 
constructed through the ENCODE database and RegNet-
work repository included in the NetworkAnalyst database, 
respectively.

Predict potential therapeutic drugs for severe cases

Potential therapeutic drugs for severe cases were predicted 
based on the 11 hub genes of severe specific genes by the 

https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
https://string-db.org/
https://string-db.org/
https://www.networkanalyst.ca
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Fig. 1  Flow chart of integrated bioinformatics approach

Table 1  Details of gene 
expression profiling

GEO Tissue Platform Subtype COVID-19 Healthy

GSE166424 whole blood GPL20301 Asymptomatic 30 2
Mild 2 2
Moderate 2 2
Severe 2 2
Total 36 2

GSE171110 whole blood GPL16791 44 10
GSE166424-171110 healthy-asympto-

matic-severe
74 12
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Drug Gene Interaction Database (DGIdb 4.0) (https:// dgidb. 
org/) databases. And the preset filter was approved by the 
Food and Drug Administration (FDA). Finally, we con-
structed a gene-drug network through Cytoscape.

Statistic analysis

The 15 hub genes between asymptomatic infections 
and healthy controls were analyzed for the ROC curve 
in GSE166424-171110. And the 11 hub genes selected 
between severe cases and healthy controls were verified in 
GSE171110. The limma package was used for screening the 
DEGs, and the ggplot2 package was used to draw the violin 
map. Subsequently, the pROC package was used to draw the 
ROC curve for genes. Statistical analysis using t-test and 
P < 0.05 was considered statistically significant.

Results

DEGs

The limma package was used to screen the DEGs between 
healthy controls and four clinical types of COVID-19 in 
GSE166424 based on R (Version 3.6.3), with P < 0.05 and 
|log2FC|> 1. And 799 DEGs were detected in the mild cases, 
of which 344 genes were up-regulated, and 455 genes were 
down-regulated. In the moderate cases, 869 DEGs were 
detected, containing 452 genes up-regulated, and 417 genes 
down-regulated. And 1639 DEGs were detected in the severe 
cases, of which 881 genes were up-regulated and 758 genes 
were down-regulated. The asymptomatic infections revealed 
753 DEGs, of which 671 genes were up-regulated and 82 
genes were down-regulated. These DEGs were visualized 
using volcano maps and heatmaps (Fig. 2A). Afterward, 188 
up-regulated mild specific genes and 318 down-regulated 
mild specific genes, 128 up-regulated moderate specific 
genes and 138 down-regulated moderate specific genes, 499 
up-regulated severe specific genes and 445 down-regulated 
severe specific genes, and 499 up-regulated asymptomatic 
specific genes and 37 down-regulated asymptomatic spe-
cific genes were screened by the Venn Diagram online tool 
(Fig. 2B, C).

GO functional enrichment analysis

In terms of biological processes, the mild specific genes were 
significantly enriched in regulating cell division, mitotic 
nuclear division, and Moderate/M transition of the mitotic 
cell cycle (Fig S1A); And the moderate specific genes were 
mainly enriched in the steroid hormone-mediated signaling 
pathway (Fig S2A); Meanwhile, the severe specific genes 
were mainly enriched in the nuclear-transcribed mRNA 

catabolic process, rRNA processing, and translational ini-
tiation (Fig. 3A); The asymptomatic specific genes were 
significantly enriched in the regulation of cell adhesion, 
extracellular matrix organization, and Moderate/M transition 
of the mitotic cell cycle (Fig S3A). In terms of cell composi-
tion, the mild specific genes mainly mediated nucleoplasm, 
cytosol, intracellular, and membrane (Fig S1B), while the 
moderate specific genes were not mediated cellular com-
ponents; and the severe specific genes mainly mediated 
ribosome, cytosol, and focal adhesion (Fig. 3B), with the 
asymptomatic specific genes, a mediated integral component 
of the plasma membrane, extracellular exosome (Fig S3B). 
In terms of molecular function, the mild specific genes were 
mainly significantly enriched in nucleic acid binding, metal 
ion binding, and epidermal growth factor receptor bind-
ing (Fig S1C); As well, the moderate specific genes were 
mainly enriched in steroid hormone receptor activity (Fig 
S2C). The structural constituent of Ribosome, protein bind-
ing and cytochrome-c oxidase were significantly enriched in 
the severe specific genes (Fig. 3C). And the asymptomatic 
specific genes were mainly enriched in mannosyltransferase 
activity, and carbohydrate binding (Fig S3C).

KEGG pathway analysis

KEGG pathway analysis showed that the mild specific genes 
were mainly concentrated in the Cell cycle, Progesterone-
mediated oocyte maturation, N-Glycan biosynthesis, and 
Transcriptional misregulation in cancer (Fig S1D); Rheu-
matoid arthritis and Hedgehog signaling pathway were the 
main sources of the moderate specific genes (Fig S2C). And 
the severe specific genes were mainly enriched in Ribosome, 
Oxidative phosphorylation, Parkinson's disease, Antigen 
processing and presentation, Protein processing in the endo-
plasmic reticulum, Progesterone-mediated oocyte matura-
tion, Cardiac muscle contraction, Hematopoietic cell line-
age, Cell cycle, Oocyte meiosis, Influenza A, p53 signaling 
pathway (Fig. 3D); ECM-receptor interaction, Proteoglycans 
in cancer, Focal adhesion, Protein digestion and absorption, 
PI3K-Akt signaling pathway, Bladder cancer and Pathways 
in cancer were mainly enriched in the asymptomatic specific 
genes (Fig S3D).

PPI interactive network and hub genes selection

The PPI interaction network of mild specific genes consisted 
of 444 nodes and 869 edges, with the average local cluster-
ing coefficient being 0.348 (Fig S4A). And the PPI network 
of moderate specific genes was composed of 222 nodes and 
109 edges, and the average local clustering coefficient was 
0.268 (Fig S5A). As well, the PPI network of severe specific 
genes consisted of 3,911 edges and 849 nodes, and the aver-
age local clustering coefficient was 0.381(Fig. 4A). Finally, 

https://dgidb.org/
https://dgidb.org/
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the PPI interaction network of asymptomatic specific genes 
consisted of 421 edges and 419 nodes, and the average local 
clustering coefficient was 0.360(Fig S6A), and then visual-
ized by Cytoscape (V3.8.0). By CytoHubba calculated the 

top 15 hub genes of five algorithms (MCC, DMNC, MNC, 
Degree, EPC), and the genes that appeared more than or 
equal to 3 times were selected as the final hub genes. The 
hub genes of mild specific genes were 17 down-regulated 

Fig. 2  Identification of the specific genes of COVID-19. A Volcano 
map and heat map of DEGs in mild, moderate, severe cases and 
asymptomatic infections. B Venn plot of up-regulated specific genes 

in mild, moderate, severe cases and asymptomatic infections. C Venn 
plot of down-regulated specific genes in mild, moderate, severe cases 
and asymptomatic infections
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genes (FBXO5, KIF20A, MCM6, TPX2, CCNB1, DLGAP5, 
HJURP, KIF11, MELK, PLK1, TRIP13, CDCA8, CHEK1, 
CHEK2, CKS1B, ECT2, H4C3) (Figure  S4B); There 
were 9 up-regulated genes (BRCA2, CXCL5, H2AX, 
RECQL4, ATP5F1D, HBEGF, XIST, RARA, ZBTB16), 
and 6 down-regulated genes (RAD52, ATP6V1D, NDUFS5, 
ATP6V1E2, CCR4, TOP1MT) in the hub genes of moderate 
specific genes(Figure S5B); The hub genes of severe spe-
cific genes were 10 up-regulated genes (AURKB, BRCA1, 
BUB1, CCNB1, CCNB2, CDC20, CDC6, KIF11, TOP2A, 
UBE2C), and 1 down-regulated gene (RPL11) (Fig. 4B, 
Table S1). At the last one, the hub genes of asymptomatic 

specific genes were 14 up-regulated genes (CCL3, CD9, 
IL4, IL7, NCAM1, PDGFRB, TBX21, CDH1, IL10, IL6, 
ITGB3, THBS1, COL6A2, ITGB4), and 1 down-regulated 
gene (CD27) (Fig S6B).

ROC curve analysis of hub genes

The expression and diagnostic value evaluation of 15 
hub genes of asymptomatic infection were verified in the 
GSE166424-171110 dataset. The expression of CD27, 
ITGB3, THBS1, IL10, and COL6A2 was statistically 
different between healthy and asymptomatic infections, 

Fig. 3  GO enrichment and KEGG pathway analysis of severe specific genes. A Biological process. B Cell composition. C Molecular function. D 
KEGG pathway
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but the expression trend of COL6A2 was the opposite of 
GSE166424 (Fig S7). The AUC values of CD27, ITGB3, 
THBS1, and IL10 in GSE166424-171110 were greater 
than 0.830 (Fig S8). To verify the expression of 11 hub 
genes of severe specific genes, the expression profile 
of GSE171110 was used to verify. The expression of 
AURKB, BRCA1, BUB1, CCNB1, CCNB2, CDC20, 
CDC6, KIF11, TOP2A, UBE2C, and RPL11 were sta-
tistically significant between severe cases and healthy 
controls (P < 0.05) in GSE171110 (Fig. 5), which were 
the same expression trend of 11 hub genes in GSE166424 
(Table S2). ROC curve analysis was used to predict the 
diagnostic level of 11 hub genes for severe specific genes. 

The AUC values of 11 hub genes of severe specific genes 
in GSE171110 were greater than 0.955 (Fig. 6).

RNA tissue expression of hub genes

The Human Protein Atlas (HPA) database (https:// www. 
prote inatl as. org/) detected the RNA tissue expression of 
hub genes of severe specific genes as shown in Table 2. In 
the HPA database, RNA tissue expression of the 11 hub 
genes was exhibited in Fig S8. The RNA tissue specific-
ity of AURKB, CDC6, KIF11, UBE2C, CCNB2, CDC20, 
TOP2A, BUB1, and CCNB1 specifically enhanced on 
lymphoid tissue; CCNB2, CDC20, TOP2A, and BUB1 

Fig. 4  The PPI interaction network of specific genes and top 15 genes 
of five algorithms in severe COVID-19. A The PPI interaction net-
work of severe specific genes. The red nodes represent up-regulated 

DEGs and the green nodes represent down-regulated DEGs. B The 
top 15 genes of five algorithms in severe cases

https://www.proteinatlas.org/
https://www.proteinatlas.org/
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specifically expressed in testis. AURKB was also specifi-
cally expressed in the bone marrow.

TF‑gene interactions

The TF-gene interactions network was constructed 
through the NetworkAnalyst database. The TF-gene inter-
actions of 11 hub genes of severe COVID-19 contain 213 
nodes and 369 edges. This network contains 203 TF-genes 
and 10 hub genes. Except TOP2A was not found to be 
regulated by TF-genes, these 203 TF-genes regulated 
more than one hub gene (Fig. 7, Table S3). Among them, 
AURKB had the highest degree score and was targeted by 

131 TF- genes. Furthermore, SAP30 (degree score = 6), 
PHF8 (degree score = 6), and KDM5B (degree score = 6) 
were the top three interactive TF-genes regulating the 
most hub genes.

TF‑miRNA coregulatory network

The TF-miRNA coregulatory network was constructed 
using the NetworkAnalyst database. This network consists of 
226 nodes and 271 edges, containing 11 hub genes, and 52 
miRNAs, 163 TF-genes (Fig. 8, Table S4). BRCA1 (degree 
score = 142) was the top interactive gene that was regulated by 
16 miRNAs and 126 TF-genes.

Fig. 5  The violin map of 11 hub genes of severe specific genes in GSE171110. A-K is violin diagram of AURKB, BRCA1, CCNB1, CCNB2, 
CDC20, CDC6, KIF11, RPL11, TOP2A, BUB1, and UBE2C, respectively
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Predict potential therapeutic drugs of hub genes 
of severe specific genes

The DGIdb database was used to predict the drugs related 
to 11 hub genes of severe specific genes, and 55 drugs were 
obtained (Table S5). And the gene-drug interaction network 
was shown in Fig. 9. The BRCA1 (27/55) interacts with most 
potential therapeutic drugs, followed by TOP2A (22/55).

Discussion

COVID-19 is a newly emerged infectious disease of the 
global pandemic caused by SARS-CoV-2, which is a seri-
ous threat to global public health. In this study, we found 
that AURKB, BRCA1, BUB1, CCNB1, CCNB2, CDC20, 
CDC6, KIF11, TOP2A, UBE2C, and RPL11 were the hub 
genes of severe specific genes and had high diagnostic 
value (AUC > 0.955). In the HPA database, we found the 
hub genes of severe COVID-19 were mainly specifically 
expressed in lymphoid tissue, followed by the testis. Fur-
thermore, we identified 55 potential therapeutic drugs for 
severe cases from the DGIdb database.

In terms of the KEGG pathway, the severe specific 
genes were mainly enriched in ribosomes, Influenza A, 
Parkinson's disease, Cardiac muscle contraction, and 
so on. Thoms, M. et al. (Thoms et al. 2020) discovered 
that nonstructural protein 1 of SARS-Cov-2 binding 

Fig. 6  The ROC curve of 11 hub genes of severe COVID-19 in GSE171110

Table 2  RNA tissue specificity expression of hub genes of severe 
specific genes

Tissue Gene

Lymphoid tissue AURKB, CDC6, KIF11, UBE2C, 
CCNB2, CDC20, TOP2A, BUB1, 
CCNB1

Testis CCNB2, CDC20, TOP2A, BUB1
Bone marrow AURKB
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to 40S ribosomal subunit, prevented the translation of 
mRNA and accelerated degradation of cellular mRNA, 
which resulted in host protein translation shut down. 
Both COVID-19 and influenza are respiratory infec-
tions caused by viral infections with similar symptoms 
(Manzanares-Meza and Medina-Contreras 2020). As 
previously mentioned, regarding SARS-Cov-2 entry to 
the host by ACE2, which was enriched in the heart, and 
central nervous system (Barrantes 2020; Gkogkou et al. 
2020). Pavel A, et al. (Pavel et al. 2020) proposed that 
COVID-19 may be related to Parkinson's susceptibil-
ity, which indicated that clinically, attention should be 
paid to the long-term effects of COVID-19 survivors in 
neurodegenerative diseases such as Parkinson's. Yang J, 

et al. (Yang et al. 2021) discovered that ACE2 prioritize 
enriched in cardiomyocytes, and is mainly enriched in the 
processes of cardiac muscle contraction.

This study found the hub genes of asymptomatic specific 
genes were 14 up-regulated genes (CCL3, CD9, IL4, IL7, 
NCAM1, PDGFRB, TBX21, CDH1, IL10, IL6, ITGB3, 
THBS1, COL6A2, ITGB4), and 1 down-regulated gene 
(CD27). CCL3, CD9, IL4, IL7, IL10, IL6, and CD27 are 
all cytokines that participate in the immune response to 
COVID-19, especially IL6, which is related to the severity of 
COVID-19. Also, the anti-IL6 treatment drug Tocilizumab 
is an effective treatment for severe cases (Ye et al. 2020). 
TBX21, a human homologous gene of the mouse Tbx21/
Tbet gene, encothe ded Tbx21 protein as a Th1 cell-specific 

Fig. 7  The TF-gene interactions network. The green nodes represent hub genes of severe COVID-19. The blue nodes represent TF-genes
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transcription factor, which controls the expression of the 
iconic Th1 cytokine IFNG (Leng et al. 2016).

Meanwhile, the hub genes of severe specific genes 
were verified by GSE171110, and the hub genes were 10 
up-regulated genes (AURKB, BRCA1, BUB1, CCNB1, 
CCNB2, CDC20, CDC6, KIF11, TOP2A, UBE2C), and 

1 down-regulated gene (RPL11). AURKB is a member of 
the aurora kinase, and the abnormal expression of Aurora 
kinase has been confirmed to be related to the occurrence 
and development of various cancers, such as breast can-
cer, Lung cancer (Tang et al. 2017). Wang B, et al. (Wang 
and Huang 2020) identified that lung and colorectal cancer 

Fig. 8  The TF-miRNA coregulatory network. The green nodes represent hub genes of severe COVID-19. The orange nodes represent miRNA. 
The blue nodes represent TF-genes
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patients had higher susceptibility to SARS-CoV-2 compared 
to other types of cancer. Bertran-Alamillo J, et al. (Bertran-
Alamillo et al. 2019) found that AURKB is a potential thera-
peutic target in NSCLC patients progressing on EGFR TKIs 
and not harboring resistance mutations. Meanwhile, Cheng 
J, et al. (Cheng et al. 2021) discovered that TMPRSS2 was 
expressed at the highest level in the small intestine, followed 
by the prostate, moreover, the TMPRSS2 gene was signifi-
cantly increased in prostate cancer tissue, indicating sus-
ceptibility to SARS-CoV-2 and correlation with the severity 
of COVID-19. In this article, AURKB was an up-regulated 
gene in severe cases of COVID-19, and the result was con-
sistent with those of the above studies. BUB1 (Davidson 
et al. 2014) encodes a serine/threonine protein kinase and is 
strongly associated with AURKA and AURKB mRNA lev-
els. TOP2A (Lee and Berger 2019) plays an important role 
in DNA replication and mitosis. Because the AUC values 
of the 11 hub genes were greater than 0.955 and had higher 
sensitivity and specificity, these genes were potential bio-
markers of severe cases.

Our results showed the RNA tissue specificity expression 
of hub genes of severe cases concentrated on lymphoid tis-
sue, testis tissue, and bone marrow, indicating that severe 
cases of COVID-19 may affect immunity and male repro-
ductive systems. Moderate COVID-19 had lower levels of 
inflammatory markers, enriched tissue repair genes, and 
increased inflammatory markers with disease severity, lead-
ing to cytokine storms (Lucas et al. 2020). The severity of 

COVID-19 in adults is inversely correlated with the number 
of innate lymphoid cells (ILCs) (Silverstein et al. 2022). 
Jana Ihlow et al. (Ihlow et al. 2021) observed massive B cell 
reduction in 64% of 11 COVID-19 decedents. The severity 
of COVID-19 is closely related to immune function, and 
elderly patients with underlying diseases are more likely to 
develop severe diseases or even die (Zhavoronkov 2020).

In this study, CCNB2, CDC20, TOP2A, and BUB1 speci-
ficity expression on the testis. Docherty AB et al. (Docherty 
et al. 2020) discovered that 60% of 20,133 UK COVID-
19 hospitalizations were male. A meta-analysis including 
3,111,714 global COVID-19 cases, found similar numbers 
of male and female infections, however, compared with 
women, men have higher disease severity and mortality 
(Peckham et al. 2020). These results suggest gender dis-
parities in severe COVID-19, and growing evidence suggests 
that expression of ACE2 and TMPRSS2 mediates sex differ-
ences in viral entry mechanisms (Nassau et al. 2022). Zhang, 
J et al. (Zhang et al. 2021)found that ACE2 has a higher 
expression level in the testis compared to other tissues. 
Besides, androgen regulates TMPRSS2 gene expression, 
which was elevated by androgen (Gkogkou et al. 2020). In 
postmortem testicular tissue from 12 patients with COVID-
19, Yang et al. (Yang et al. 2020) found that no SARS-CoV-2 
virus RNA was found in the testes in most (90%) cases, how-
ever, pathological examination revealed damage to testicular 
tissue. Therefore, attention should be paid to the reproduc-
tive prognosis of male COVID-19 patients and should be 

Fig. 9  Genes and drugs interac-
tion network of hub genes of 
severe COVID-19 from DGIdb 
database
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determined to receive timely treatment. At present, there are 
more and more reports on the infection of the new coronavi-
rus and the extrapulmonary organs. Mousavi et al. found that 
the infection of the SARS-CoV-2 changed the gene expres-
sion of the choroid plexus cells, and upregulated of inflam-
mation and immune response-related pathways involved in 
key functions of hepatocytes (Mousavi et al. 2022).

The TF-gene interactions network contained 203 TF-
genes and 10 hub genes, and SAP30, PHF8, and KDM5B 
were the top three interactive TF-genes. SAP30 is a mem-
ber of the msin3-histone deacetylase (HDAC) co-repressor 
complex and is the binding protein of the human herpesvi-
rus 8 (HHV-8) latency-associated nuclear antigen (LANA) 
(Krithivas et al. 2000). The interaction between Rift Val-
ley fever virus non-institutional protein NSs and SAP30 
is necessary for the establishment of interaction between 
NSs and host DNA (Mansuroglu et al. 2010). PHF8 is a 
histone demethylase involved in tumor development and 
malignant progression in multiple types of cancer (Li et al. 
2017). KDM5B is an epigenetic regulator of chromatin that 
exerts demethylation (Zhao et al. 2022). Regulates ACE2 
expression by modulating KDM5B demethylation activity 
to influence SARS-CoV-2 virus entry into host cells in an 
epigenetically altered manner (Jit et al. 2021).

The TF-miRNA coregulatory network contained 11 hub 
genes, 52 miRNAs, and 163 TF-genes. We found that has-
miR-16 and has-miR-24 have a higher degree value of 2. 
Using data from single-cell RNA sequencing, Li, C et al. 
(Li et al. 2022) identified potential SARS-CoV-2 virus-
targeting miRNAs, has-miR-302c-5p and has-miR-16-5p. 
Wicik, Z et al. (2020) has-miR-16-5p regulate the ACE2 
network and SARS-CoV-2 virus-associated proteins. Wang, 
Y et al. (Wang et al. 2021) found that exosome circulat-
ing miR-24-3p reduced SARS-CoV-2 replication and spike 
glycoprotein expression, moreover, long-term exercise can 
increase the antiviral function of miR-24-3p.

This study obtained 55 drugs related to severe 
COVID-19 hub genes from the DGIdb database. Acri-
flavine (ACF) is a specific inhibitor of SARS-CoV-2 
papain-like protease. It has been confirmed by in vitro 
and in vivo experiments that ACF has the activity of 
inhibiting the replication of SARS-CoV-2 (Napolitano 
et  al. 2022). Everolimus, an FDA-approved mTOR 
inhibitor, has been developed for the treatment of 
cancer (Hua et al. 2019), however, everolimus exerts 
immunostimulatory effects at low doses. Everolimus 
is currently considered a geriatric protector, which can 
improve antiviral immunity in the elderly, although evi-
dence from large clinical studies is still lacking. As we 
all know, the elderly are susceptible to SARS-CoV-2, 
so the efficacy of the elderly protective agent in the 
treatment of elderly patients with a new crown can be 
further studied (Zhavoronkov 2020). About 20% of 

COVID-19 patients develop acute respiratory distress 
syndrome (ARDS), and about 90% of non-survivors have 
ARDS. The study found that a combination of doxoru-
bicin (DOX) and BSA nanoparticles can significantly 
reduce sepsis-related lung damage in mice (Qiao et al. 
2021). COVID-19 patients may trigger blood clots by 
triggering the production of autoantibodies (Hampton 
2021). Dipyridamole is an antiplatelet drug that inhib-
ited the replication of SARS-CoV-2 (Hampton 2021). 
Moreover, an observational study found that antiplatelet 
drugs significantly reduce COVID-19 in-hospital mor-
tality (Chow et al. 2021). Tamoxifen (TAM) is an anti-
estrogen drug, and in vitro and in vivo experiments have 
shown that TAM can inhibit SARS-CoV-2 infection and 
have anti-inflammatory effects (Zu et al. 2021). Most 
drugs are anti-tumor drugs, the main mechanism is to 
inhibit virus entry, virus replication, and inhibition of 
viral enzyme activity.

The limitations of this study are the lack of data to verify 
the hub genes of other subtypes except for severe COVID-
19, and further verification is needed; furthermore, further 
experiments are needed to verify the diagnostic value of the 
hub genes of severe COVID-19.

In conclusion, AURKB, BRCA1, BUB1, CCNB1, 
CCNB2, CDC20, CDC6, KIF11, TOP2A, UBE2C, and 
RPL11 may be potential diagnostic biomarkers for severe 
cases with COVID-19. Severe COVID-19 may affect the 
immune and male reproductive systems. 55 drugs targeted to 
AURKB, BRCA1, or TOP2A, may be potential therapeutic 
drugs for severe COVID-19.
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