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ARTICLE INFO ABSTRACT
Keywords: COVID-19 pandemic poses a severe threat to public health. However, so far, there are no effective drugs for
COVID-19 COVID-19. Transcriptomic changes and key genes related to Th2 cells in COVID-19 have not been reported.

Type II helper T cell (Th2)
Key genes
Therapeutic agents

These genes play an important role in host interactions with SARS-COV-2 and may be used as promising target.
We analyzed five COVID-19-associated GEO datasets (GSE157103, GSE152641, GSE171110, GSE152418, and
GSE179627) using the xCell algorithm and weighted gene co-expression network analysis (WGCNA). Results
showed that 5 closely correlated modular genes to COVID-19 and Th2 cell enrichment levels, including purple,
blue, pink, tan and turquoise, were intersected with differentially expressed genes (DEGs) and 648 shared genes
were obtained. GO and KEGG pathway enrichment analyses revealed that they were enriched in cell prolifera-
tion, differentiation, and immune responses after virus infection. The most significantly enriched pathway
involved the regulation of viral life cycle. Three key genes, namely CCNB1, BUB1, and UBE2C, may clarify the
pathogenesis of COVID-19 associated with Th2 cells. 11 drug candidates were identified that could down-
regulate three key genes using the cMAP database and demonstrated strong drugs binding energies aganist
the three keygenes using molecular docking methods. BUB1, CCNB1 and UBE2C were identified key genes for
COVID-19 and could be promising therapeutic targets.

Therefore, it is essential to explore the biology of SARS-CoV-2 infection,
evaluate the host response to infection, identify effective therapeutic
targets at the molecular/immunological level, and develop new thera-
peutic strategies for COVID-19 [9].

Since the outbreak of COVID-19, many studies have been conducted
to understand the molecular mechanisms and host-pathogen in-
teractions associated with COVID-19 by analyzing viral gene expression
in various tissues of COVID-19 patients [10]. For example, functional
genomics were evaluated for bronchoalveolar lavage fluid and periph-
eral blood mononuclear cells (PBMC) based on microarray and RNA
sequencing analysis [11,12]. Meanwhile, bioinformatics tools including
biomarkers, network analysis, and characteristic gene recognition have
been used to identify and establish molecular markers for different
diseases [13-15]. These tools have been widely used for the study of
COVID-19 biomarkers and as well for the identification of potential
targets for treatment [1,16]. Studies have reported some COVID-19 hub
genes including ICAM1, RBX1, PTEN, VPS29, TXN, CANX, PSMC2,
REEPS, ACTR2, TNFSF13B, ARPC3, HSP90AA1, MAPK1, LCN2, STAT1,
UBE2L6, and MX1 [17-28]. However, COVID-19 transcriptomic

1. Introduction

Coronavirus disease 2019 (COVID-19) is a viral pneumonia caused
by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) [1].
The main symptoms of SARS-Cov-2 infection are fever, loss of taste or
smell, cough, shortness of breath, severe pneumonia and acute respira-
tory distress syndrome [2]. At present, several effective SARS-Cov-2
vaccines and antiviral drugs (e.g. Remdesivir and Nirmatrelvir) pro-
vide for some control of the viral infection and associated symptoms
[3-5]. However, due to the variability, mutation and genetic drift of the
virus, SARS-Cov-2 has persisted even with mass immunization and
vaccination. As such, the COVID-19 epidemic continues [6]. Moreover,
adverse reactions have been reported, e.g. vaccine related complications
and drug toxicities [7,8]. Therefore, it is still an urgent need to explore
more effective means by which to fight the virus, reducing incidence and
side effects. Unfortunately, the molecular basis for SARS-CoV-2 infection
and the interaction of the virus with the host have not been fully
elucidated, limiting the development of therapeutic drugs for COVID-19.
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Abbreviations PPI protein-protein interaction
DEGs differentially expressed genes
Th2 type II helper T cell ROC receiver operating characteristic
COVID-19 coronavirus disease 2019 ANOVA Analysis of variance

SARS-Cov-2 severe acute respiratory syndrome coronavirus 2
Thl typelhelper T cell

IL interleukin

WGCNA weighted gene coexpression network analysis

GS gene significance

MM module membership
GO gene ontology
KEGG Kyoto encyclopedia of genes and genomes

UBE2C ubiquitin-conjugating enzyme E2C
CCNB1 cyclin Bl

BUB1 budding uninhibited by benzimidazoles 1
AUC area under curve

FC fold change

BP biological process

CcC cellular composition

MF molecular function

changes during disease and the key genes important to type II helper T
cells (Th2) during infection have not been reported. These genes likely
play an important role in host and SARS-CoV-2 interaction, and as such
may be promising targets for drug treatment.

Weighted gene coexpression network analysis (WGCNA) is a system
biology method, which identifies highly related gene clusters (modules),
candidate biomarkers and therapeutic targets for various diseases,
including viruses [17,29,30]. The combination of high-throughput
technology and WGCNA provide a new opportunity to better under-
stand the molecular basis for COVID-19 and other infectious diseases
[31,32].

Previous studies have shown that the main cause of death from
SARS-CoV-2 infection is a result of excessive inflammation. Proin-
flammatory cytokines such as interleukin (IL)-6, IL-1a/p, tumor necrosis
factor (TNF)-a, IL-8, and monocyte chemoattractant protein (MCP)-1
promote disease severity and tissue damage in patients with COVID-19
[33,34]. The massive release of cytokines and chemokines leads to
excessive inflammation and immune cell mobilization, resulting in the
so-called “cytokine storm” pathological phenomenon [35]. It is worth
noting that SARS-CoV-2 infection can increase the secretion of
Th2-induced cytokines (e.g.IL-13 and IL-4) into plasma [2]. Th1/Th2
imbalance can lead to chronic infection and a poor prognosis for
COVID-19 patients [36,37]. Therefore, identification of potential bio-
markers related to Th2 cell during COVID-19 infection may explain the
course of COVID-19 infection, deepen understanding of the molecular
basis for SARS-CoV-2 infection, and improve diagnosis and treatment for
COVID-19.

Herein, the COVID-19 related gene expression data sets (GSE157103,
GSE152641, GSE171110, GSE152418, and GSE179627) were studied.
The xCell algorithm [38] was employed to enrich Th2 related gene
expression data. WGCNA was used to construct gene co-expression
network modules closely related to disease traits. Then, relevant mod-
ules were screened to obtain important genes closely related to
COVID-19 and Th2 cells. The gene ontology (GO) and Kyoto encyclo-
pedia of genes and genomes (KEGG) databases were used to analyze the
biological function and pathway enrichment of the shared genes after
the intersection of WGCNA related modules and differentially expressed
genes (DEGs). A protein-protein interaction (PPI) network was estab-
lished and cytoHubba was used to identify the hub genes associated with
Th2 cells during COVID-19 infection of patients. Receiver operating
characteristic (ROC) and other validation datasets were used to identify
and validate the identified hub genes. A connectivity map (cMAP)
database was used to identify small molecules or drugs that may affect
key genes of Th2 lymphocytes during COVID-19 infection. Finally, the
molecular docking simulation was implemented to analyze the drugs
binding energies aganist the three keygenes.

2. Materials and methods
2.1. COVID-19 microarray datasets

GSE157103, GSE152641, GSE171110, GSE152418, and GSE179627
microarray data were downloaded from the gene expression omnibus
(GEO) database (http://www.ncbi.nlm.nih.gov/geo/). The information
of the five datasets were summarized in Table 1. We further paired the
GSE157103 and GSE152641 as a discovery cohort for the WGCNA
analysis, and GSE171110, GSE152418, and GSE179627 were used for
validation set. The datasets were eventually batch-normalized using the
R packages “sva” and “limma” [39]. DEGs in the discovery cohort were
identified by “limma” R package [logFC (fold-change) values = 0.5,
p-values = 0.05].

2.2. Estimation of extent of immune cell enumeration in COVID-19

In this study, we applied the xCell algorithm to determine the im-
mune cell subsets in the discovery set (GSE157103 and GSE152641)
[40]. The xCell algorithm is a gene signatures-based method learned
from thousands of pure cell types from various sources and can performs
cell type enumeration analysis from gene expression data for 64 immune
and stroma cell types, which makes it an excellent tool for reliably
portraying the cellular heterogeneity landscape of tissue expression
profiles [38].

2.3. Establishment and identification of Co-expression networks

We used the WGCNA to obtain the COVID-19 and Th2 cell associated
modules. About 15,385 genes that were expressed in 162 COVID-19
samples. About 4488 genes were used to perform WGCNA analysis.
The main parameters were as follows: variance of selected genes >25%,
cutHeight = 85, soft threshold (power) = 0.8, minModuleSize = 60,
MEDissThres = 0.2. Pearson’s test was used to calculate the correlation
between COVID-19 and Th2 cell enrichment levels and modules. The
modules with large correlation coefficient between COVID-19 and Th2
cell subsets and p values < 0.05 were included in the next study.

2.4. Analysis of GO, KEGG and PPI enrichment

The R software package ‘VennDiagram’ was used to intersect the
genes in the meaningful modules obtained from WGCNA analysis with
DEGs. The obtained intersection genes (i.e. shared genes) were analyzed
by PPI, GO and KEGG. The KOBAS-i (version 3.0, http://kobas.cbi.pku.
edu.cn/) was used to carry out KEGG enrichment analysis [41]. Using
David database (https://david.nciferf.gov/tools.jsp) to perform GO
annotation and enrichment analysis, including biological process (BP),
cellular component (CC) and molecular function (MF) [42,43]. Select
the adjusted P value of 0.05 as the standard to determine the enrichment
item. STRING database (https://string-db.org/) was used to performe
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Table 1
Summary of five GEO datasets involving COVID-19 patients.

ID GSE number Platform Samples Source types Disease Group

1 GSE157103 GPL24676 100 patients and 26 controls Leukocytes from whole blood COVID-19 Discovery set

2 GSE152641 GPL24676 62 patients and 24 controls Whole blood COVID-19 Discovery set

3 GSE171110 GPL16791 54 patients and 10 controls Peripheral blood COVID-19 Validation set

4 GSE152418 GPL24676 17 patients and 17 controls PBMC COVID-19 Validation set

5 GSE179627 GPL24676 22 patients and 48 controls PBMC COVID-19 Validation set
PPI network analysis (confidence = 0.990) and explore the interactions 3. Results

among proteins [44].

2.5. Identification of hub genes in PPI networks of shared genes

CytoHubba is a plug-in of Cytoscape software, which can be used to
explore important nodes of biological networks [45]. In this study,
Cytoscape 3.8.2 was adopted to visualize the module network, and
cytoHubba was used to analyze the network [46]. Then, the maximum
clique centrality (MCC) algorithm of cytoHubba was selected to deter-
mine the top 20 genes with the highest scores in important modules as
hub genes.

2.6. Identification and validation of key genes of COVID-19

Key genes were identified by DEGs and ROC analysis. The differences
of gene expression of 20 hub genes were verified in the validation set. At
the same time, the R software package ‘pROC’ was used to assess hub
genes in the discovery and validation set.

2.7. Screening potential therapeutic agents for COVID-19

The cMAP database (Broad Institutes, https://www.broadinstitute.
org/connectivity-map-cmap) [47] was used to predict the possible
small molecules or drugs with high FC value that down-regulate the
gene expression of key genes may be potentially therapeutic for
COVID-19. PubChem (https://pubchem.ncbi.nml.gov) was used to
obtain the detailed information of the potential therapeutic agents.

2.8. Molecular docking analysis

Three key proteins involved in viral infection and replication were
considered as potential drug targets. The molecular docking simulations
were carried out using the method of AutoDock Vina [48]. Protein
crystal structures including CCNB1 (PDB: 6GU2), BUB1 (PDB: 6FTB),
and UBE2C (PDB:1I7K) were obtained from PDB database (https
://www.rcsb.org/pdb) in pdb format. The structures of 11 drugs pre-
dicted to down-regulate 3 key genes from the cMAP database were ob-
tained from the PubChem database (https://pubchem.ncbi.nlm.nih.
gov/) in sdf format. Proteins and drugs were prepared by Auto-
DockTools (v1.5.6). The molecular graphics were prepared by PyMOL
(v2.3) [49]. All hydrogens and gasteriger charges were added to each
molecule. Docking areas and AutoGrid parameters were set based on the
binding pockets of proteins. Ligplot™ v2.2 was used to analyze the
interaction between protein and ligand [50].

2.9. Statistical analysis

All bioinformatics analysis were carried out using R 4.0.3 software or
Perl. GraphPad Prism 5.0 (GraphPad Software Inc., San Diego, CA, USA)
was used to draw ROC curve and merge plots. Statistical analysis was
performed using version 18.0 (SPSS, Chicago, IL, USA). Analysis of
variance (ANOVA) was used to compare the multiple gene expression
among COVID-19 patients with different disease degrees. p < 0.05 was
considered to be statistically significant.

3.1. Gene expression omnibus (GEO) information

The mRNA expression profiles of 162 pairs of COVID-19 and 50
control samples in the discovery set (GSE157103 and GSE152641) were
merged and batch-normalized for the following analysis (Table 1). We
selected genes with differential analysis (adj. p < 0.05 and [log 2 FC|>
0.5) between control and COVID-19 tissues to serve as DESs. The heat-
map and volcano plot showed the distribution of genes expressed be-
tween COVID-19 and control tissue (Fig. 1). Top 60 up-regulated and
down-regulated genes DEGs included TUBB2A, HBB, SLC25A39, HBA2,
HBA1, PDZK1IP1, SELENBP1, MYL4, VMO1, LYPD2, TPPP3, CDKN1C,
FCER1A, CACNG®6, PRSS33, PTGDR2, CLEC10A, PID1, SHISA4, CRIP2,
SPNS3, PLD4, MAL, CD7, STMN3, RPLP2, CCL3L1, TTC9, ID3, FCER2,
SERPING1, OAS3, IFIT3, IFIT1, IF144, IF144L, CMPK2, PSAD2, OASL,
EPSTI1, LY6E, IFI27, OTOF, USP18, SIGLEC1, SDC1, TNFRSF17,
JCHAIN, TXNDC5, MZB1, TYMS, CDK1, RRM2, OLAA, DEFA3, DEFA4,
LTF, CEACAMS, OLFM4, and MMPS.

3.2. Estimation of the immune-enumeration level in COVID-19

xCell algorithm analyzes the enumeration of the 64 immune and
stroma cell types in 212 samples (Fig. 2,Supplementary Table S1). There
were significant difference in the enrichment fraction of basophils, DC,
endothelial cells, MEP, MSC, macrophages, macrophages M1, mega-
karyocytes, cardiomyocytes, NK cells, NKT, plasma cells, platelets,
smooth muscle, Th1 cells, and Th2 cells between the two groups (p <
0.05-0.001). The enrichment fraction of Th2 cells in COVID-19 group
was significantly higher than that in the control group (p < 0.001).
Therefore, the enrichment level of Th2 cells in COVID-19 samples were
selected as the trait characteristic data of WGCNA.

3.3. Construction of the Co-expression network related to COVID-19 and
Th2 cells using WGCNA

In this study, 212 samples and 4488 genes were analyzed by
WGCNA. Taking COVID-19 and Th2 cell enrichment scores as disease
traits, the module trait relationship heatmap was drawn to evaluate the
relationship between each module and clinical traits.

Genes were selected to construct the gene coexpression network
according to scale-free criteria p = 0.8 ®R? = 0.80)(Fig. 3A). Then, a
hierarchical clustering tree was established, and the gene modules were
identified by dynamic tree cutting method. The minimum number of
genes in each module was set to 60. Similar expression modules were
combined to obtain 12 modules (Fig. 3B). As shown in Fig. 3C, the
correlation of blue, pin, purple, tan, and turquoise modules between
COVID-19 and Th2 cells were greater than that of other modules, which
were statistically significant (p < 0.05). Especially, the highest positive
correlation between COVID-19 and Th2 cells was pink module (cor =
0.82,p < 0.001) (Fig. 3D). Ultimately, these five modules were selected
for further research.

3.4. Identification of shared genes

Five closely correlated and statistically significant module genes
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Fig. 2. The Immune-Enumeration Level in COVID-19 by X-cell algorithm.
*p < 0.05, **p < 0.01,***p < 0.01, Con (control) vs. Treat (COVID-19) group.

were studied as important genes. Among them, the blue module con-
tained 621 genes, the pink module contained 178 genes, the purple
module contained 133 genes, the tan module contained 76 genes, the
turquoise module contained 899 genes, and a total of 1907 genes. They

were intersected with 1275 DEGs, and a total of 648 shared genes are
obtained (Supplementary Fig. S1).
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3.5. GO and KEGG analysis of shared genes

In order to clarify the role of shared genes in biological processes and
signal pathways, we performed GO and KEGG enrichment analysis. GO
function enrichment analysis was carried out with the help of David
database. The GO terms of the first 21 biological processes with FDR
(false discovery rate) < 0.01 were arranged in Fig. 4A according to the
enrichment fraction (-logFDR). The most important BP terms were
closely related to the changes of cell state or activities after virus
infection, such as organelle fission, nuclear division, chromosome
segregation, mitotic nuclear division, sister chromatid segregation, and
other cellular reactions. CC terms were mainly in the areas of cellular
metabolism such as chromosomal region, secretory granule lumen,
condensed chromosome, chromosome, and centromeric region. MF
terms mainly involved carbohydrate binding, peroxidase activity, and

oxidoreductase activity. The virus manipulates the host cell cycle to
maximize its own replication. Most viral infections, including SARS-Cov-
2 infection, induce cell G2/M phase arrest, cause cell cycle disorder and
change cell cycle related factors to promote virus proliferation and
replication [51,52]. In order to meet the needs of rapid cell proliferation,
virus promote cells to carry out a series of metabolic stress reactions,
such as increasing mitochondrial activity, carbohydrate synthesis,
oxidation and peroxidation. SARS-CoV-2 activates mitochondria in im-
mune cells, control mitochondrial activity, and provides favorable
conditions for virus replication in mitochondrial structure [53].
SARS-CoV-2 infection leads to mitochondrial dysfunction and enhanced
oxidative stress response [54].

For KEGG pathway enrichment analysis, the top 20 important
pathways with FDR <0.01 were arranged according to enrichment
fraction (-log FDR), as shown in Fig. 4B. The most significant enrichment
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pathway were related to the host’s response to virus infection. Similar to
the key points of GO analysis, most pathways were related to the cell
cycle of virus infection, such as cell proliferation, division, and
apoptosis. It mainly involved human T-cell leukemia virus 1 infection,
progesterone-mediated oocyte matching, p53 signaling pathway, and
oocyte meiosis. In addition, it was also related to the state of immune

response after virus infection, such as Th17 cell differentiation, tuber-
culosis, leishmaniasis, hematopoietic cell lineage, inflammatory bowel
disease, and toxoplasmosis. Such as tuberculosis, leishmaniasis, and
toxoplasmosis are opportunistic infections in human immunodeficiency
virus 1 (HIV-1) patients [55]. Most viral infections, including SARS-CoV
infection, may lead to immunosuppression and cell proliferation
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inhibition [56]. During viral infection, both innate and adaptive im-
mune responses were activated [57]. The IL-6, TNF-a, IFN-f, IL-8,
IL-1a/B, CCL2, MMP9 and MMP2 have been confirmed to be closely
related to the pathogenesis of COVID-19 [58]. The severity of COVID-19
was positively correlated with the level of pro-inflammatory cytokines
associated with Th17 cells [59]. The increase of TP53 expression leads to
the induction of PBMC apoptosis, which reduced the frequency of
apoptosis in COVID-19 patients [60]. In particular, the infection of
SARS-CoV-2 leads to abnormal Thl and Th2 cell differentiation re-
sponses (Supplementary Fig. S2).

In a word, the results of GO and KEGG analysis were related to the
host’s response to viral infection, including cell cycle activity, metabolic
regulation, oxidative stress, cell proliferation and apoptosis, inflamma-
tory process and immune response [61].

3.6. Identification of hub genes and validatetion of key genes

PPI is a reliable tool for assessing protein function in networks and
identifying hub proteins in disease regulation [62]. To investigate the
interaction of shared genes, an initial PPI network was created using
STRING 11.0 [44]. The interaction scoring threshold was set to >0.990
(very high confidence level). Removes unconnected nodes from the
network. The original PPI network consisted of 206 edges and 647 nodes
(Fig. 5).

The cytoHubba plugin in cytoscape was used to perform hub genes
analysis on PPI networks [45]. Based on the MCC algorithm, 20 hub
genes were identified, including BUB1B, CCNB2, ESPL1, CCNAZ2,
DLGAPS, PLK1, CDC20, CDCAS8, TTK, TOP2A, PBK, BUB1, NCAPG,
CDK1, UBE2C, NUSAP1, KIF11, TPX2, and AURKB (Fig. 6A). The
expression of these hub genes increased and were more than twice that
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of the control group (logFC >0.5) (Fig. 6B). The hub genes were
involved in many important cellular biological processes related to the
proliferation and replication of virus infection, such as cell cycle activ-
ity, cell proliferation, cell mitosis, cell differentiation, apoptosis, cell
metabolism, oxidative stress glycolysis and so on.

In order to find and confirm the key genes related to COVID-19 and
Th2 cells, the expression levels of 20 hub genes were detected in dis-
covery set (GSE157103 and GSE152641) and validation set
(GSE171110,GSE152418, and GSE179627). In the validation set, we
found that only the gene expression levels of CCNB1 (cyclin B1), BUB1
(budding uninhibited by benzimidazoles 1), and UBE2C (ubiquitin-
conjugating enzyme E2C) were up-regulated in COVID-19 group, and
there were statistically significant difference compared with the control
group (Fig. 7A-C). The results were consistent with those in the dis-
covery set (Supplementary Figs. S3A-C). Then, we performed ROC
analysis to verify the diagnostic significance of three key genes (Fig. 7D
and Supplementary Fig. S3D). The ROC values were generally between
0.5 and 1.0. The larger the value, the higher the accuracy of the model
judgment, that is, the closer it is to 1, the better. In the discovery set, the
AUC (area under the curve) values of the three key genes were greater
than 0.8, and the AUC values were between 0.877 and 0.917 (Supple-
mentary Fig. S3D). In the validation set, the AUC values of the three key
genes were greater than 0.7, and the AUC values were between 0.708
and 0.998 (Fig. 7D). It can be seen that these three key genes were
predicted with high accuracy in five datasets.

Finally, we also evaluated the correlation between the expression
levels of three key genes and the risk of COVID-19 severity. We found a
significant correlation between the gene expression levels of three key
genes and the severity of COVID-19 (p < 0.01) (Supplementary Fig. S4).

Fig. 5. Protein—protein interaction (PPI) network of shared genes was constructed using the STRING database.
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Fig. 6. Cytoscape analysis (cytoHubb) identified 20 genes are hub nodes in the network.
(A). Twenty hub genes identification by MCC algorithms. (B). Average gene expression (AveExpr) and logFC differential values vs. control group.

3.7. Screening potential therapeutic agents for COVID-19

Screening compounds that likely down-regulate the expression of
three key genes using cMAP database (Supplementary Table S2). As
shown in Table 2, the eleven small molecules or drugs with the highest
absolute FC values (JFC|> 0.4) were chosen, which indicated significant
correlations with COVID-19. Tanespimycin, alvespimycin, geldanamy-
cin, troglitazone, and estradiol can better down-regulate the gene
expression of CCNB1. Trichostatin A showed the effect of down regu-
lating BUB1 gene expression. In addition, digoxigenin, monorden, hel-
veticoside, lanatoside C, tretinoin, troglitazone, geldanamycin,
tanespimycin, and alvespimycin better regulated the expression of
UBE2C gene. Of particular interest was that troglitazone, geldanamycin,
tanespimycin, and alvespimycin down-regulate both CCNB1 and UBE2C
gene expression levels.

3.8. Molecular docking analysis predicts the binding modes between
potential drugs and three key targets

The top 3 vital proteins were chosen as viral proliferation and cell
cycle regulation related proteins for molecular docking analysis,
including CCNB1, BUB1, and UBE2C, all of which have been shown to be
strongly associated with the pathogenesis of COVID-19 and SARS-Cov-
2.11 drug candidates were identified that could down-regulate three
key genes using the cMAP database. Thus, molecular docking was used
to calculate the binding energy and evaluate binding favorability
(Table 3). The docking results showed that the 11 candidate drugs were
promising inhibitors for each of the selected targets with moderate to
strong binding affinities (—6.5 ~ —18.8 kcal/mol). It was shown in the
literature that the free binding energy was greater than —5.5 kcal/mol,
indicating that the compound was in an inactive state [63]. The best
results were obtained for the CCNB1-helveticoside, BUB1-helveticoside,
and UBE2C-helveticoside complexes, with free binding energies of
—16.0 kcal/mol, —18.8 kcal/mol, and —12.5 kcal/mol, respectively. It
can be seen that helveticoside has good interaction with CCNB1,BUB1,
and UBE2C. The optimal binding modes of each studied targets and
drugs complex (bold shown in Table 3) were demonstrated in Fig. 8. For
CCNB1-helveticoside complexes, hydrogen bonds between helveticoside
and LEU83, ILE10, and LYS33 along with hydrophobic contacts between
helveticoside and PHE82, ASP146, PHE80, ALA31, LEU135, and VAL64,
significantly contributed to the stability of the complex (Fig. 8A). For

complex BUB1-helveticoside, the hydrogen bonds between helvetico-
side with GLU795, LYS821, and TYR869, and hydrophobic bonds be-
tween helveticoside with ASP946, GLY796, ILE945, MET850, ILE924,
GLY794, LEU868, VAL819, LEU793, and VAL801 further stabilized the
structure of helveticoside (Fig. 8B). For UBE2C-helveticoside complexes,
hydrogen bonds (ASP108 and CYS102), and hydrophobic contacts
(GLY111, ASN149, PRO101, PHE98, LEU99, THR109, and TYR103)
formed between protein residues and helveticoside contributed to sta-
bility of the complex and were clearly illustrated in Fig. 8C.

4. Discussion

COVID-19 is raging around the world, causing hundreds of millions
of infections and millions of deaths [35]. The SARS-Cov-2 strain
continuously mutates, rapidly increasing infection prevalence. Although
there are several vaccines and anti-viral drugs, the virus continues to
spread [64]. Developing potential therapies requires understanding the
molecular basis for disease as well as the interaction between host and
pathogen [9]. Identification of key disease genes and pathways will
provide a foundation for drug target and biomarker development.

In this study, we used bioinformatics and systems biology methods to
clarify the COVID-19 molecular regulatory mechanism. We used two
COVID-19 data sets from the GEO database (GSE157103 and
GSE152641) as the discovery set with which to analyze DEGs between
COVID-19 and control samples. Then, WGCNA analysis was performed
and a module comprised of genes closely related to COVID-19 and Th2
cell enrichment was constructed. A total of five statistically significant
module genes with high correlation (purple, blue, pink, tan, and tur-
quoise) were intersected with DEGs for a total of 648 shared genes. GO
and KEGG analysis of shared genes showed that they were enriched for
cell proliferation, differentiation, apoptosis, host inflammation, and
immune response after virus infection. One of the most abundant
enrichment pathways was the regulation of virus life cycle. These genes
play a wide range of roles in the life cycle of SARS-CoV-2 infection such
as promoting survival, attachment, entry, and replication of virus par-
ticles [65]. Next, STRING database was used to identify shared genes for
construction of a PPI network. CytoHubba was used to identify the top
20 hub genes. Validation sets (GSE171110, GSE152418, and
GSE179627) were used to verify the expression of these 20 key genes
during COVID-19 infection. Only CCNB1, BUB1, and UBE2C genes were
up-regulated in COVID-19 samples of the discovery and validation set,
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Fig. 7. Identification and validation of the diagnostic values of the key genes in GSE15241(A), GSE171110 (B), and GSE179627 (C)
(A)-(C) Differential expression of three key genes between the Treat (COVID-19) group and Con (control) group. (D) ROC curves for BUB1,CCNB1, and UBE2C gene

in Validation set.

with statistically significant differences from the control group (p <
0.05-0.001). ROC curve analysis showed that the AUCs of the three
genes in the discovery and validation set were greater than 0.70, indi-
cating good diagnostic capability. In addition, the expression levels of
the three genes were significantly correlated with the severity of
COVID-19. Therefore, CCNB1, BUB1, and UBE2C likely play a key role in
the progression of COVID-19 and were identified as key genes that were
potential therapeutic targets for COVID-19. We also found 11 small

molecules that down-regulated the expression of these three key genes,
which may be potential drugs for COVID-19.

The three key genes CCNB1, BUB1, and UBE2C are directly involved
in cell cycle regulation. In eukaryotic cells, cells grow and divide in a
gradual manner, a process known as the cell cycle. It can be divided into
several different stages, GAP 1 (G1), synthesis (S), GAP 2 (G2) and
mitosis (M), followed by cytoplasmic division [66]. Viruses are
specialized intracellular parasites whose survival depends on their
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Table 2

Small molecules or drugs with down-regulation mRNA expression of four key

genes in cMAP database (|[Fold Change| >0.4).

Drug Name

Gene
Name

Molecular
Formula

Fold
Change

Description

Trichostatin A

Tanespimycin

Alvespimycin

Geldanamycin

Troglitazone

Estradiol

BUB1

CCNB1

Ca9H40N20g

C31H43N308

C32H4sN4Og

Ca9H40N209

Ca4H27NOsS

Ci18H2402

—0.476829

—0.983234

—0.525979

—0.759691

—0.592884

—0.422529

A benzoquinone
antineoplastic
antibiotic isolated
from the bacterium
Streptomyces
hygroscopicus. It has a
role as an antiviral
agent, an
antineoplastic agent,
an antimicrobial
agent, a cysteine
protease inhibitor and
a Hsp90 inhibitor.
Tanespimycin is a
benzoquinone
antineoplastic
antibiotic derived from
the antineoplastic
antibiotic
geldanamycin. It is a
potent inhibitor of
heat shock protein 90
(Hsp90)

Alvespimycin is an
analogue of the
antineoplastic
benzoquinone
antibiotic
geldanamycin. It has a
role as a Hsp90
inhibitor.

A benzoquinone
antineoplastic
antibiotic isolated
from the bacterium
Streptomyces
hygroscopicus. It has a
role as an antiviral
agent, an
antineoplastic agent,
an antimicrobial
agent, a cysteine
protease inhibitor and
a Hsp90 inhibitor.
Troglitazone was the
first thiazolidinedione
approved for use in the
United States and was
licensed for use in type
2 diabetes. It has a role
as a hypoglycemic
agent, an antioxidant,
a vasodilator agent, an
anticonvulsant, an
anticoagulant, a
platelet aggregation
inhibitor, an
antineoplastic agent
Therapeutic Estradiol
is a synthetic form of
estradiol, a steroid sex
hormone vital to the
maintenance of
fertility and secondary
sexual characteristics
in females, that may be
used as hormone
replacement therapy.
It may play a role in
immune and
inflammatory
processes.
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Table 2 (continued)

Drug Name

Molecular Fold

Formula

Gene
Name

Change

Description

Digoxigenin

Monorden

Helveticoside

Lanatoside C
Tretinoin

Troglitazone
Geldanamycin
Tanespimycin
Alvespimycin

UBE2C  Cy3H3405

C18H17Cl0g

C29Hz209

CaoH76020
CZOHZBOZ

ditto
ditto
ditto
ditto

—1.14604

—0.566037

—1.00438

—0.879748
—0.609428

—0.407626
—0.736052
—0.534826
—0.712526

Digoxigenin is a
hydroxy steroid that
consists of 5 beta-
cardanolide having a
double bond at the 20
(22)-position as well
as hydroxy groups at
the 3 beta-, 12 beta-
and 14 beta-positions.
It has been isolated
from the plant species
of the genus Digitalis.
Monorden is an
antifungal
macrolactone
antibiotic, obtained
from Diheterospora
chlamydosporia and
Chaetomium chiversii
that inhibits protein
tyrosine kinase and
heat shock protein 90
(Hsp90). It has a role
as a tyrosine kinase
inhibitor, an
antifungal agent and a
metabolite.
Helveticoside is a
cardenolide glycoside.
Cedilanid

Tretinoin is a
naturally-occurring
acid of retinol.
Tretinoin binds to and
activates retinoic acid
receptors (RARs),
thereby inducing
changes in gene
expression that lead to
cell differentiation,
decreased cell
proliferation, and
inhibition of
tumorigenesis.

Ditto

Ditto

Ditto

Ditto

Table 3

Docking score for the binding free energy of the ligand to the targets.

Name of compounds (ligands) ~ PubChem CID  Binding free energy of the targets

(kcalemol 1)

CCNB1 BUB1 UBE2C
Trichostatin A 444,732 -8.2 —8.6 -7.2
Tanespimycin 6505803 -8.2 —6.9 —6.5
Alvespimycin 5288674 -9.2 -8.5 -9.0
Geldanamycin 5288382 —-10.8 —9.6 -8.3
Troglitazone 5591 -9.0 —8.4 -7.2
Estradiol 5757 -9.6 -9.9 -7.7
Digoxigenin 15,478 -11.2 -13.2 —-8.8
Monorden 6323491 -11.8 —-12.6 —-9.5
Helveticoside 441,860 —16.0 —18.8 —-12.5
Lanatoside C 656,630 -12.3 -13.4 —-10.0
Tretinoin 444,795 -11.6 —13.6 —8.5

ability to replicate in living organisms, with the virus interacting with
each phase of the eukaryotic cell cycle [51]. Many viruses promote their
own replication by interacting with host factors that regulate cell cycle
processes [67]. For example, HIV-1, infectious bronchitis virus (IBV),
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and SARS-CoV manipulate the host cell cycle, block cells in the GO/G1
phase and thus provide favorable conditions for virus production
[68-70]. CCNB1 proteins are a family of cell cycle proteins with ser-
ine/threonine kinase activity that are involved in the regulation of the
G2/M cell cycle transition [71]. CCNB1 plays a role in proliferation,
apoptosis, and the transformation of epithelial cells into mesenchymal
cells [72]. CCNBL1 also regulates signal transduction by CD8 + T cells
[73]. BUB1 is a member of the BUB family and the mitotic
arrest-deficient (MAD) protein family, which plays an important role in
chromosome segregation [74]. Aberrant expression of BUB1 affects the
function of the spindle checkpoint, resulting in chromosomal instability
during mitosis. BUB1 also plays an important role in virus entry [75].
UBE2C is a member of the E2 family of ubiquitin-conjugating enzymes
that plays an important role in cellular regulation by specifically binding
to late cell cycle facilitation complexes. UBE2C participates in the
ubiquitin protein degradation pathway [76]. As an important
post-translational protein modification, ubiquitination is involved in cell
cycle regulation, apoptosis, DNA repair, transcriptional regulation,
autophagy, and other important intracellular reactions. Ubiquitination
is important for cell renewal of intracellular proteins, removal of se-
nescent proteins, and maintenance of cellular internal stability [77].
UBE2C is required for the disruption of mitotic cyclins and securin,
which are essential to spindle assembly checkpoint and mitotic exit [78].
Various disruptions of the cell cycle caused by pathogens are attributed
to alterations in cell cycle progression as well as changes in the
expression of cell cycle-related proteins. CCNB1, BUB1, and UBE2C are
highly expressed during COVID-19 infection, suggesting that
SARS-CoV-2 can cause interference of host cell cycle genes, and
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manipulate these genes to accelerate virus replication and progression.
Thus, the identified three hub genes may represent key genes for
COVID-19 and therapeutic candidate targets [65].

In order to prevent the invasion of various pathogens, CD4 + helper
T cells play an important role through cellular and humoral regulation.
Helper T cells can be divided into two categories, Th1 and Th2, based on
cytokine production. Thl cells mainly secrete interferon-y (IFN-y), IL-2,
IL-18, TNF-a, and granulocyte-macrophage colony-stimulating factor
(GM-CSF) and mediate the cellular immune response. Th2 cells secrete
IL-4, IL-5, IL-10, IL-6, and IL-13 and mediate humoral immunity [79].
Both Th1 and Th2 cells produce IL-3, IFN-y, and GM-CSF. Th1 and Th2
cytokines are thought to be regulators of tissue injury and fibrosis [80].
Under normal physiological conditions, Thl and Th2 cells are in a dy-
namic balance, which maintains normal host cellular and humoral im-
munity [81,82]. SARS-CoV-2 infection increases the secretion of Th2
cytokines (e.g. IL-13 and IL-4) into plasma [2]. A Th2/Th1 imbalance
has been associated with COVID-19 progression and inflammatory
mediator levels including GM-CSF, IL-1a/f, TNF-a, IFN-f, IL-8, and IL-6
are significantly increased in response to SARS-CoV-2 [36,83-85].
Increased serum levels of IL-6 and IL-8 predict severity of COVID-19
pneumonia and patient prognosis [86], which indicating that
SARS-Cov-2 induces a massive secretion of cytokines produced by Th2
cells. SARS-CoV-2 replication is dependent upon cell cycle genes that are
related to cellular proliferation. This process simultaneously activates
cell cycle protein-dependent kinase (Cdk)-bound kinase and related
signaling pathways, such as mitogen-activated protein kinase (MAPK),
mTOR, p53, nuclear factor (NF)-kB, and NOD-like receptors (NLR).
These signaling pathways induce an inflammatory response, including
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IL-1B, IL-6, and TNF-a produced by Th2 cells [87-90]. For instance,
CCNBL1 activates the PI3K/Akt signaling pathway and is involved in
regulation of various cellular responses including CD8" T cell-related
signaling [73,91]. BUBL is required for efficient TGF-f signaling [92].
SARS-CoV-2 infection induces apoptosis of dendritic cells and activates
the mTOR signaling pathway to polarize Th1 and Th2 cells by regulating
the secretion of IL-6, IL-8, IL-10, IFN-y, and IL-12 [93]. During the pri-
mary host response to SARS-CoV-2 infection, activation of casein kinase
II (CK2) and p38 MAPK signaling pathways results in significant cellular
effects such as phosphorylation of host and viral proteins,
pro-inflammatory cytokine production, cytoskeletal remodeling, and
the shutdown of mitotic kinases, which results in cell cycle arrest and
promotion of viral replication [94-96]. NLRs are a specific class of
cytoplasmic PRRs that regulate NF-xB signaling, pro-inflammatory
cytokine production (e.g. IL-1p), and cell death [97]. SARS-CoV-2 acti-
vates the NOD-like receptor signaling pathway during proliferation and
replication. This pathway and its members are important targets for
cytokine storm reduction in patients with severe COVID-19 [98-100].
Activation of associated kinases and related signaling pathways results
in the production of large quantities of Th2 cytokines, which support
SARS-CoV-2 replication and inflammatory responses [101-103]. In
brief, SARS-CoV-2 activates key cell cycle regulatory genes CCNBI,
BUB1, and UBE2C in immune cells during infection, providing for
favorable control of cell cycle gene activity and advantageous conditions
for viral replication in immune cells [53]. Therefore, inhibition of these
three cell cycle genes can control SARS-Cov-2 replication and excessive
inflammation [104].

This study also used the cAMP database to identify 11 small mole-
cules or drugs that may be effective against SARS-Cov-2, by targeting the
three key genes. Trichostatin A (TSA) is a histone deacetylase (HDAC)
inhibitor that induces acetylation of cytoplasmic NF-kB p65, which ac-
tivates NF-kB and induces cell cycle arrest at G1, inhibiting cell growth
and the proliferation of virus-infected cells [105]. Inhibition of
Bub1l-H2A interactions by H2A-K119 malonylation reduces
BUB1-dependent H2A-S121 phosphorylation and crosstalk between
lysine malonylation and serine/threonine phosphorylation, which may
fine-tune chromatin function (e.g. chromosome segregation) [106]. TSA
reduces histone acetylation levels and significantly limits respiratory
syncytial virus (RSV) replication by upregulating the IFN-y-related
signaling pathway and inhibits RSV-induced release of
pro-inflammatory cytokines (e.g. IL-6 and IL-8) and the production of
oxidative stress-related molecules (e.g. malondialdehyde and nitric
oxide) [107]. In this study, TSA was found to down-regulate the
expression of BUB1. Therefore, TSA may inhibit SARS-Cov-2 replication
and Th2 cell induced inflammatory factor production through cell cycle
control and inhibition of immune cell-associated kinase signaling
pathways.

Tanespimycin is a heat shock protein 90 (Hsp90) inhibitor. Hsp90 is
a unique cellular chaperone whose primary function is to induce the
post-translational maturation of a proprietary subset of transcription
factors, kinases, and steroid hormone receptors. Some viruses use
cellular Hsp90 for the folding and assembly of viral structural proteins
and the maturation of viral enzymes. Tanespimycin controls latent HIV
reactivation and prevents HIV gene expression by inhibiting NF-xB
activation [108]. Further, tanespimycin interacts with DNA-dependent
protein kinase (DNA-PK), protein kinase CK2, and inducible poly-
peptides (EIPs) [109]. Hsp90 plays an important role in the SARS-CoV-2
life cycle. EIPs (ATP6VOC or vATPase) are essential for viral entry and
are involved in cell proliferation and differentiation [110]. In vitro
studies have shown tanespimycin to efficiently inhibit the proliferation
and replication of SARS-CoV-2 [109,110]. In this study, tanespimycin
was found to down-regulate the cell cycle regulatory genes CCNB1 and
UBE2C, which may inhibit the replication of SARS-CoV-2 and over-
production of cytokines through inhibition of the cell cycle as Hsp90
inhibitor.

Geldanamycin (GA), monorden, and alvespimycin are also Hsp90
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inhibitors [111]. Alvespimycin is also an analogue of GA. GA binds to
the ADP/ATP binding site of Hsp90, blocking the chaperone function of
Hsp90, resulting in the rapid degradation of Hsp90-related client pro-
teins via the ubiquitin-proteasome pathway [112]. Hsp90 is important
for the replication of many viruses including HBV, HCV, HCMV, HSV,
rhinovirus, and Ebola virus [113]. GA interrupts the replication of the
above-mentioned viruses in cell culture systems. In an HSV-1 mouse
encephalitis model, GA significantly reduced mouse mortality and
increased the average number of mouse survival days [114]. Interest-
ingly, studies have suggested that geldanamycin, and its analogues can
be useful in combating the progression of SARS-CoV-2 [115]. Cytokine
storms in viral infections are associated with the activation of
pro-inflammatory =~ mediators, including NF-xB and the
mitogen-activated protein (MAP) kinase. Activation of NF-xB requires
the stability and function of IkB kinase (IKK), which complexes with
Hsp90. Thus, by interacting with Hsp90, GA can inhibit IKK and disrupt
the activation of the NF-kB pathway. A recent study was conducted to
examine the effect of HSP90 inhibitors on SARS-CoV-2 based on in vitro
models and proposed this group as potent antiviral and
anti-inflammatory agents [116]. In this study, GA, monorden, and
alvespimycin were found to regulate the cell cycle genes CCNB1 or
UBE2C. This regulation may inhibit the replication of SARS-Cov-2 and
the overproduction of cytokines through the inhibition of the cell cycle,
as well as cellular proliferation, apoptosis, and related kinase activity
(similar to the principle of Hsp90 inhibitor).

Troglitazone is a peroxisome proliferator-activated receptor gamma
(PPARgamma) agonist. PPARgamma, a member of the nuclear hormone
receptor superfamily, is involved in the regulation of immune and in-
flammatory processes [117]. Troglitazone activate PPARgamma to
inhibit the release of TNF-a from RSV infected A549 cells in a
dose-dependent manner. Troglitazone also inhibits the release of
GM-CSF, IL-la, IL-6, and the chemokines CXCL8 (IL-8) and CCL5
(RANTES) [118]. The SARS-CoV-2 genome contains several
non-structural proteins (NSPs), with NSP9 encoding a replicase essential
for viral replication within the host. Studies have shown that troglita-
zone have a high affinity for NSP9 [119]. Troglitazone also blocks HBV
post-adherence, i.e. the internalization of HBV preS 1 and its receptor
taurocholate co-transporting polypeptide (NTCP) [120]. In this study,
troglitazone was found to down-regulate the cell cycle regulatory genes,
CCNB1 and UBE2C, inhibiting the replication of SARS-CoV-2 in host
cells and overproduction of inflammatory factors.

Estradiol is a steroid sex hormone. The SARS-CoV2 Spike (S) protein
has a potential estrogen binding site [121]. Men develop more severe
COVID-19 than do women [122]. SARS-CoV-2 infected macrophages
express ACE2 and produce elevated levels of IL-6, resulting in inflam-
mation and a cytokine storm with overproduction of IL-1f, IL-2, IL-6,
IL-8, and TNF-a [123,124]. Estradiol regulates the function of immune
cells. Therefore the antiviral state of these cells can be altered by hor-
monal stimulation [125]. Estradiol also inhibits NF-xkB mediated
macrophage activation via miR-125 b and polarizes Th2 through regu-
lation of B lymphocyte function [122,126]. As such, estrogen may be a
potential therapeutic target for promotion of cellular resistance to
SARS-CoV-2 [127]. Estradiol was found to inhibit viral entry by tar-
geting the six-helix (6-HB) fusion core of SARS-CoV-2 S protein [128].
Estradiol also showed a strong improvement regarding fatality in
COVID-19 [129]. Estrogen, interacting with ESR1/2 receptors, is an
essential sex factor that protects COVID-19 patients from death by
inhibiting inflammation and immune response caused by SARS-CoV-2
infection [130]. In this study, estradiol was found to have a
down-regulatory effect on CCNB1, which may inhibit the replication of
SARS-CoV-2 in host cells and overproduction of Th2 cell induced cyto-
kines by control of the cell cycle.

Digoxigenin and lanatoside C are cardiac glycosides that may block
the binding between host ACE2 and the S protein of SARS-CoV-2, pre-
venting viral penetration into target cells [131]. Computer docking sites
for digoxigenin and lanatoside C have been identified for the ACE2
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receptor protein and the major protease, MP™ [132,133]. Digoxigenin
effectively blocks the entry of SARS-CoV-2 Spike pseudotypes into
human lung cells and also blocks the infectivity of natural SARS-CoV-2.
Digoxigenin inhibition of TNF-a induced NF-kB signaling results from
the reduced interaction of the pro-inflammatory TNFa/TNFR1 complex
with the TNFa-associated death domain (TRADD) protein [134-136].
Lanatoside C is an effective inhibitor of the early stages of the dengue
virus replication cycle and has broad-spectrum antiviral activity against
dengue virus, Kunjin flavivirus, Chikungunya A virus and human
enterovirus 71 [137]. Studies showed that cardiac medications (e.g.
digitoxin) can block penetration by SARSCoV- 2 Spike-pseudotyped
virus into human lung cells, and infectivity by native SARS-CoV-2
[131] and have the anti-viral properties [138]. In this study, digox-
igenin and lanatoside C were found to down-regulate UBE2C, which may
early inhibit the replication cycle of SARS-CoV-2 and the release of in-
flammatory cytokines.

Helveticoside is a cardenolide glycoside. Na +/K+ expressing-
ATPase is the cellular receptor for cardenolides. Helveticoside reduces
the expression of infectious gastroenteritis virus (TGEV) nucleocapsid
and stinging protein and blocks TGEV infection-induced apoptosis and
cytopathic effects [139]. Cardenolide exerts antiviral activities by
binding to membrane sodium/potassium pump Na-+/K + -ATPase
[140]. The direct binding of cardenolides to Na+/K + -ATPase induces
endocytosis, reduces Na+/K + -ATPase on the cell surface, disrupts
cytosol homeostasis, and increases intracellular calcium [141-143]. In
this study, helveticoside was found to has a strongly down-regulatory
effect on UBE2C, which may inhibit the proliferation and apoptosis of
SARS-CoV-2 in host cells, exerting an antiviral activity.

Tretinoin is a naturally-occurring acid of retinol. Tretinoin binds to
and activates retinoic acid receptors (RARs), which modulates gene
expression, induces cell differentiation, decreases cell proliferation, and
inhibits tumorigenesis. Coronaviruses encodes an envelope (E) protein
and a viral pore protein with ion channel activity that is essential for
coronavirus assembly and pathophysiology. Tretinoin blocks the chan-
nel and inhibits the function of the viral pore protein, E [144]. Further,
tretinoin is an active metabolite of vitamin A (retinol) that regulates a
number of important processes including development, differentiation,
proliferation, and apoptosis in a classic and non-classic manner and is
dependent on the RAR [145]. In this study, tretinoin was found to
down-regulate UBE2C and to inhibit the proliferation, differentiation,
and apoptosis of SARS-Cov-2 in host cells, which resulted in antiviral
and anti-inflammatory effects.

In silico results indicated these eleven drugs with good potential to
inhibit the function of CCNB1, BUB1, and UBE2C. Eleven drugs tri-
chostatin A, tanespimycin, alvespimycin, geldanamycin, troglitazone,
estradiol, digoxigenin, monorden, helveticoside, lanatoside C, and
tretinoin were found to have highest binding affinities with the CCNB1,
BUB1, and UBE2C. It could be inferred that these eleven drugs indi-
vidually or in combinations may be used as potential inhibitors of
CCNB1, BUBI, and UBE2C of SARS-CoV-2 after exploring their in vivo
antiviral potential.

In conclusion, these 11 compounds mainly act on cell cycle regula-
tory genes and exert antiviral and anti-inflammatory effects by down-
regulating the gene expression of BUB1, CCNB1 and UBE2C, and
inhibiting proliferation, differentiation and apoptosis of virus-infected
cells, kinase activation and inflammatory over-reaction. The three key
genes could be considered as promising therapeutic targets for COVID-
19. Eleven drugs were potential therapeutic agents for COVID-19.
However, the current study has a number of limitations. As our study
involved only retrospective analysis, the exact function of these key
genes and predicted therapeutic agents need to be further investigated
and validated in vivo, in vitro and in clinic studies.

5. Conclusion

BUB1, CCNB1 and UBE2C were identified key genes for COVID-19
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and could be promising therapeutic targets. Eleven drug candidates
that could down-regulate three key genes may be potential therapeutic
agents for COVID-19.
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