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In 2019 coronavirus disease (COVID-19), whose main complication is respiratory involvement, different organs
may also be affected in severe cases. However, COVID-19 associated cardiovascular manifestations are limited at
present. The main purpose of this study was to identify potential candidate genes involved in COVID-19-
associated heart damage by bioinformatics analysis. Differently expressed genes (DEGs) were identified using
transcriptome profiles (GSE150392 and GSE4172) downloaded from the GEO database. After gene and pathway
enrichment analyses, PPI network visualization, module analyses, and hub gene extraction were performed using
Cytoscape software. A total of 228 (136 up and 92 downregulated) overlapping DEGs were identified at these two
microarray datasets. Finally, the top hub genes (FGF2, JUN, TLR4, and VEGFA) were screened out as the critical
genes among the DEGs from the PPI network. Identification of critical genes and mechanisms in any disease can
lead us to better diagnosis and targeted therapy. Our findings identified core genes shared by inflammatory
cardiomyopathy and SARS-CoV-2. The findings of the current study support the idea that these key genes can be

used in understanding and managing the long-term cardiovascular effects of COVID-19.

1. Introduction

Declared as a global epidemic on March 2020, Coronavirus Disease-
2019 (COVID-19) continues to cause hundreds of thousands of
morbidity and mortality worldwide (Organization, 2020). The most
common clinical symptoms of the disease include cough, shortness of
breath, fever, headache, and fatigue. Recent studies have supported the
hypothesis that SARS-CoV-2 also leads to the emergence of many com-
plications as it targets multiple organs and tissues such as the kidneys,
large intestine, and heart, especially (Bradley et al., 2020; Unudurthi
et al., 2020). Ni et al. previously showed that ACE2 (angiotensin-con-
verting enzyme 2), which is used by the virus to enter the cells and
trigger complications, is found in many cell types of the body (Ni et al.,
2020). It was reported that ACE2 is expressed ubiquitously and its
expression highest in the thyroid, heart, testis, kidneys, small intestine,
and adipose tissue (Li et al., 2020). Interestingly it was also found that
ACE2 showed medium expression levels in the lungs. These findings
explain the reason why many other organs especially the heart vulner-
able to the virus in addition to the lungs.

Although the principal clinical complication of COVID-19 is respi-
ratory involvement, recent studies have shown that cardiovascular (CV)
risk factors and pre-existing cardiovascular diseases (CVDs) increase
susceptibility to COVID-19 (Bansal, 2020; Guo et al., 2020). The fact that
the patients with COVID-19 have signs of myocardial involvement and
cardiac injury (with an average 25%) that contribute to 40% of deaths,
supports the view that COVID-19 is primarily a cardiovascular targeted
disease (Akhmerov and Marban, 2020; Siripanthong et al., 2020).
However, information about other COVID-19 associated cardiovascular
manifestations is restricted at present and remains unclear. Myocarditis,
also known as inflammatory cardiomyopathy or inflammation of the
heart muscle, is an uncommon cardiovascular disease primarily mani-
fest as sudden death (Cooper Jr, 2009). The viral infection is one of the
most important causes of myocarditis, and thus many viruses have been
implicated as the most common viruses associated with myocarditis
(Kiihl et al., 2005; Tschope et al., 2020). Developing myocarditis is rare,
but because it affects the heart muscle and the heart's electrical system it
may cause severe long-term cardiovascular consequences such as dilated
cardiomyopathy (DCM) with chronic heart failure, arrhythmia, and

Abbreviations: COVID-19, the coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; DEGs, differentially expressed genes; GEO,
Gene Expression Omnibus; PPI, the protein-protein interaction; STRING, the search tool for the retrieval of interacting genes; GO, Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genome; ACE2, angiotensin-converting enzyme 2.
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sudden cardiac death (Maron et al., 2009; Becker, 2020; Fischer et al.,
2020).

The cardiovascular effects of SARS-CoV-2 infection on the myocar-
ditis axis are still debated. Therefore, filling knowledge gaps by under-
standing fundamental mechanisms underlying SARS-CoV2-associated
cardiac abnormalities is essential for the development of new ap-
proaches. The main purpose of this study is to help scientists and re-
searchers by revealing the finest therapeutic targets and diagnostic
approaches to use in practice. The present study offers a potential basis
to understand the cause and elemental molecular events of COVID-19
related cardiac complications by analyzing mRNA expression datasets
from the GEO database.

2. Methods
2.1. Microarray datasets

Two independent publicly available datasets were selected for this
study. The GEO datasets GSE150392 and GSE4172 were downloaded
from the Gene Expression Omnibus (GEO) database (Barrett et al.,
2012). GSE150392 consists of 3 SARS-CoV-2 infected human car-
diomyocytes (hiPSC-CMs) and 3 non-infected hiPSC-CMs samples
(Sharma et al., 2020). GSE4172 consists of 8 cardiac inflammation
(DCMi) patients samples and 4 healthy control patients samples
(Wittchen et al., 2007). DCMi group members with parvovirus B19
associated cardiac inflammation were on standard heart failure medi-
cation and in New York Heart Association functional class II (NYHA,
1994). Control group members had normal cardiac function and
morphology and were negative for cardiac inflammation or viral
genome. The detailed characteristics of the groups are summarized in
Table 1. The expression profiling arrays were generated using the Illu-
mina NextSeq 500 platform (GPL18573) for GSE150392 and Affymetrix
Human Genome U133 Plus 2.0 Array platform (GPL570) for GSE4172.

2.2. Identification of DEGs

DEGs between SARS-CoV-2 infected hiPSC-CMs and non-infected
hiPSC-CMs were screened by using Genevestigator software (Hruz
et al., 2008) and the GEO2R tool (Barrett et al., 2013). p-Value <0.05
and a |logoFC| > 0.5 were defined as the cut-off criteria. Finally, a Venn
diagram summarizing the overlapping DEGs was generated using The
Multiple List Comparator (http://www.molbiotools.com/listcompare.
html).

Table 1
Characteristics of the study groups.

Sample  Source name Age  Gender EF CI  Inflammation/
% PVB19

1 Healthy 36 Female 68 - Negative
control

2 Healthy 46 Female 61 - Negative
control

3 Healthy 26 Female 74 - Negative
control

4 Healthy 36 Male 64 - Negative
control

5 DCMi 45 Male 34 + Positive

6 DCMi 62 Male 51 + Positive

7 DCMi 31 Male 52 + Positive

8 DCMi 67 Male 43 + Positive

9 DCMi 60 Male 34 + Positive

10 DCMi 69 Male 35 + Positive

11 DCMi 55 Female 31 + Positive

12 DCMi 31 Female 56 + Positive

DCMi; inflammatory cardiomyopathy, EF; ejection fraction, CI; cardiac inflam-
mation, PVB19; parvovirus B19.
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2.3. GO and KEGG enrichment of overlapping DEGs

GO (Gene Ontology) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis of overlapped DEGs were performed via the
DAVID (The Database for Annotation, Visualization, and Integrated
Discovery) online bioinformatics resource (Sherman and Lempicki,
2009) and ToppFun application (Chen et al., 2009). p < 0.05 was chosen
as the significance threshold for both GO enrichment and KEGG pathway
analysis.

2.4. PPI network construction and identification of candidate hub genes

The protein-protein interaction network (PPI) constructed using the
STRING (Search Tool for the Retrieval of Interacting Genes) online tool
(Jensen et al., 2009) under the default settings. Thereafter, Cytoscape
software was used to visualize and analyze the PPI network (Shannon
et al., 2003). The relationships among the DEGs were analyzed by the
NetworkAnalyzer plug-in of Cytoscape. Moreover, MCODE (Molecular
Complex Detection) plug-in was applied to identify significant clusters
in the PPI network. Next, Cytohubba plug-in of Cytoscape was used to
screen the hub genes based on the five calculation algorithms; Maximal
Clique Centrality (MCC), Degree, EcCentricity, Edge Percolated
Component (EPC), and Maximum Neighborhood Component (MNC). To
narrow down the number of hub gene candidates in the PPI network, the
first 10 genes ranked by each centrality index were selected. Finally, a
Venn diagram was drawn for intersections of five algorithms to identify
significant hub genes by using the webtool available at InteractiVenn
(Heberle et al., 2015).

3. Results
3.1. Identification of DEGs

In total, 2157 (1049 upregulated, 1108 downregulated) and 4480
(2720 upregulated, 1760 downregulated) DEGs were extracted from the
GSE150392 and GSE4172 datasets, respectively. The volcano plots are
shown in (Fig. 1a, b). Furthermore, results showed that a total of 228
DEGs (136 upregulated and 92 downregulated) were shared by two GSE
datasets (Fig. 2).

3.2. GO term and pathway enrichment analyses

GO and KEGG pathway enrichment analyses were performed using
the DAVID website. GO analysis classified the DEGs into three cate-
gories: molecular function (MF), biological processes (BP), and cellular
components (CC). According to the BP analysis, the upregulated DEGs
were mainly associated with the positive regulation of transcription
from RNA polymerase II promoter, negative regulation of transcription,
DNA-templated, and response to virus, while the downregulated DEGs
were significantly involved in cardiac processes such as regulation of
cardiac conduction, regulation of cardiac muscle contraction, and ven-
tricular cardiac muscle cell development. For the CC analysis, the
upregulated DEGs were mainly enriched in cytosol, membrane, and
extracellular space, downregulated DEGs were located in mitochon-
drion, mitochondrial inner membrane, and cytoplasmic microtubule. In
the MF, upregulated DEGs were mainly enriched in transcription factor
activity, sequence-specific DNA binding, and RNA polymerase II core
promoter proximal region sequence-specific DNA binding, and down-
regulated DEGs were associated with protein homodimerization activ-
ity, transcription factor binding, and chloride channel activity. The
detailed results are shown in Fig. 3. As shown in Table 2, the upregulated
DEGs were significantly enriched in Epstein-Barr virus infection, Protein
processing in endoplasmic reticulum, and the downregulated DEGs were
significantly enriched in Parkinson's disease, Oxidative phosphoryla-
tion, and Cardiac muscle contraction.
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Fig. 1. Identification of differentially expressed genes (DEGs) in the GSE150392 and GSE4172. a) Volcano plot of DEGs in the GSE150392 dataset (red represents
upregulated genes with fold changes over 1.4 and green represents downregulated genes with fold changes less than 1.4.), b) volcano plot of DEGs in the GSE4172
dataset (red represents upregulated genes with fold changes over 1.4 and blue represents downregulated genes with fold changes less than 1.4.). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Venn diagram showing the overlapping DEGs between datasets.

3.3. Identification and validation of hub genes

A PPI network of 228 DEGs (160 nodes and 336 edges) was con-
structed and visualized (Fig. 4). Subsequently, this network was im-
ported into Cytoscape for further analysis. Based on the degree of
importance, two clusters, which were composed of upregulated and
downregulated genes, were then screened from the PPI network using
the MCODE plug-in (Fig. 5a, b). Modules with an MCODE score >3 and
nodes >10 were considered for additional analysis. KEGG pathway
analysis results of the two most significant modules, performed by
DAVID, are shown in Fig. 6. Next, the top 10 genes evaluated by the five
calculation methods were listed (Table 3) using the cytoHubba plug-in
of Cytoscape. Finally, a total of four genes (FGF2, JUN, TLR4, and
VEGFA) shared by five algorithms were identified as hub genes (Fig. 7).

4. Discussion

It is well known that non-communicable diseases (NCDs) are the
dominant cause of death. According to World Health Organization
(WHO) reports, more than two-thirds of all deaths are caused by NCDs,
principally cancer, diabetes, cardiovascular diseases (CVDs), and
chronic respiratory diseases (Organization, 2010). CVDs are the number
1 cause of death globally (Xing, 2014). Moreover, WHO estimates show
that annual CVD mortality is projected to increase by 6 million. There-
fore, understanding the underlying molecular mechanisms in the path-
ogenesis of cardiovascular disease will open the door for further
research to recommendations for CVD prevention and treatment, and
may spur the development of superb therapeutic strategies. In this study,
the potential molecular mechanisms that drive long-term cardiovascular
ramifications of COVID-19 infection were evaluated by integrated bio-
informatics analysis.

Almost 1.3 million people have died worldwide since COVID-19
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Fig. 3. GO analysis of overlapping DEGs. Red bars demonstrate genes of |
1og2FC| > 0.5, blue bars represent genes of |log2FC| < 0.5. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

emergence at the end of 2019 (Unudurthi et al., 2020). The major
hallmark of COVID-19 is respiratory involvement, however accumu-
lating data suggests that additional organs and tissues, such as the large
intestine (Villapol, 2020), spleen (Pessoa et al., 2020), kidneys (Bene-
detti et al., 2020), brain (Iadecola et al., 2020), and heart (Bhatla et al.,
2020) are severely affected by the SARS-CoV-2 infection. Recent studies
have shown that the mortality rate in COVID-19 patients with CVD is
higher compared to other comorbidities (Hessami et al., 2020; Unu-
durthi et al., 2020). A wide range of cardiovascular complications
including acute-onset heart failure, cardiac arrest, arrhythmias, and
myocarditis for COVID-19 have been reported (Bhatla et al., 2020;
Inciardi et al., 2020). One of the common causes of myocarditis, an in-
flammatory disease of the heart, is viral infections (Blauwet and Cooper,
2010). Myocarditis is rare, however, it is a life-threatening health
problem in almost all age groups (Cooper Jr, 2009). Although
coronavirus-induced myocarditis is known, the long-term effect of
COVID-19 on myocarditis remains unknown (Alhogbani, 2016).
Currently, there is a growing literature examining cardiac involvement
in SARS-CoV-2, and several mechanisms have been offered for the po-
tential underlying drivers of COVID-19 related myocarditis (Bavishi
et al., 2020). Cardiomyopathies are heart muscle diseases associated
with cardiac dysfunction. Myocarditis, when caused by a viral infection,
can lead to chronic inflammatory dilated cardiomyopathy (DCMi),
which is the major long-term residual effects of myocarditis (Tschope
et al., 2019). DCMi is characterized by inflammation of the heart muscle
and is considered one of the most frequent causes of sudden cardiac
death (Basso et al., 2001). Therefore, a clear understanding of the mo-
lecular mechanisms involved in cardiac muscle damages and DCMi
development is crucial to develop appropriate treatment strategies for
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Table 2
The detailed information of the significantly enriched KEGG pathways for the up
and downregulated DEGs.

KEGG pathway Genes in category p-Value
Upregulated DEGs
Epstein-Barr virus infection MAP2K3, CDKN1A, PSMD12, JUN, 5,80E-
DDX58, EIF2AK2, HLA-E 04
Influenza A MAP2K3, DNAJB1, JUN, DDX58, 3,60E-
HSPAG6, EIF2AK2, TLR4 03
Protein processing in DNAJBI1, HSPA6, EIF2AK2, CKAP4, 1,50E-
endoplasmic reticulum UBE2J1, NFE2L2 02
Pathways in cancer CDKNI1A, JUN, CCND1, CXCR4, FGF2, 1,80E-
FOXO1, BIRC3, RUNX1, VEGFA 02
Measles CCND1, DDX58, HSPAG6, EIF2AK2, TLR4 3’270]3_
Proteoglycans in cancer CDKNI1A, CCND1, ITPR2, FGF2, TLR4, 2,80E-
VEGFA 02
- 3,50E-
Hepatitis B CDKNI1A, JUN, CCND1, DDX58, TLR4 02
. - 3,90E-
Rheumatoid arthritis JUN, TLR4, ATP6V1C1, VEGFA 02
4,80E-
Bladder cancer CDKN1A, CCND1, VEGFA 02
Downregulated DEGs
Parkinson's disease COX7B, NDUFA6, ATP5A1, NDUFBI, 1,90E-
PRKACA, SEPT5, COX7C, COX6A2 06
Oxidative phosphorylation COX7B, NDUFA6, ATP5A1, NDUFBI, 1,90E-
COX7C, COX6A2, LHPP 05
Alzheimer's disease COX7B, NDUFA6, ATP5A1, NDUFBI, 7,10E-
COX7C, COX6A2 04
Huntington's disease COX7B, NDUFA6, ATP5A1, NDUFBI, 1,30E-
COX7C, COX6A2 03
Non-alcoholic fatty liver COX7B, NDUFA6, NDUFB1, COX7C, 3,90E-
disease (NAFLD) COX6A2 03
Cardiac muscle contraction COX7B, MYL3, COX7C, COX6A2 3,310E-

KEGG; Kyoto Encyclopedia of Genes and Genomes.

CVD patients with COVID-19.

Identification of aberrantly expressed hub genes can help us under-
stand how a process is regulated by a stimulus and will provide a
powerful framework for determining accurate therapeutic targets and
prevention measures (Ceylan, 2021). Therefore, in the present study, a
combined approach of microarray data analysis-bioinformatics tools
was used to analyze two different microarray datasets (GSE150392 and
GSE4172) to identify potential drivers. A total of 228 mutual DEGs were
identified in the two datasets. Finally, according to data analysis results,
4 hub genes (FGF2, JUN, TLR4, and VEGFA) were identified based on our
selection criteria.

Recent evidences addressed that hyper-inflammation and cytokine
storm damage to multiple organs including heart (Nile et al., 2020; Xu
et al., 2020). It has also been reported that cytokines and chemokines
levels of patients with laboratory-confirmed COVID-19 infection
significantly upregulated (Huang et al., 2020; Rothan and Byrareddy,
2020). Therefore, it is suggested that treatment strategies to reduce
hyper-inflammation in COVID-19 patients need to be explored (Ge and
He, 2020). Fibroblast growth factors (FGFs) are important mediators
that induce cellular migration, cell differentiation, and proliferation
(Faul, 2017). Previous studies indicated that FGFs have been associated
with pathophysiologic alterations in the heart (Itoh et al., 2016). Among
the FGF family members, FGF2 plays important role in the regulation of
cardiac differentiation and cardiac remodeling by activating the
signaling pathways including PI3K and RAS-MAPK (Ornitz and Itoh,
2015; Yamakawa et al., 2015). Previous studies have reported that
exacerbated hypertrophy in cardiac myocytes stimulates by FGF2
(House et al., 2010; Santiago et al., 2014). This function of FGF2 in-
creases the possibility of causing abnormal cardiac reprogramming
through cardiac fibrosis (Faul, 2017). In addition, Karatolios et al.
(Karatolios et al., 2012) reported that elevated FGF2 levels may also be
associated with inflammatory pericardial disorders. Therefore, FGF2 is
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Fig. 4. The whole protein-protein interaction (PPI) network of DEGs (red nodes represent upregulated DEGs and blue nodes represent downregulated DEGs). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

considered a danger signal molecule in pathological contexts. These
previous findings are consistent with our results. In the present study, it
was found that FGF2 mRNA expression showed a 3.83 and 2.01 fold
increase in SARS-CoV-2 infected and DCMi samples, respectively.

CMs are both producers and targets of VEGFA (vascular endothelial
growth factor A), which performs several functions in the heart tissue
such as de novo formation of vessels (vasculogenesis) and the formation
of new vessels (angiogenesis) (Chen et al., 2006). Hence, the develop-
ment of a normal cardiovascular system is dependent on normal levels of
VEGFA (Haigh, 2008; Braile et al., 2020). It is well known that the co-
ordinated function of multiple cell types in the heart tissue is required
for a functional heart. VEGFs are widely expressed in all cell types found
in the heart. Therefore, VEGFA expression is tightly managed at a
number of levels (Chiu et al., 2013). It has been demonstrated that
disruption of VEGFA expression can be deleterious to embryonic heart
development, and can also lead to cardiac hypertrophy development
(Miquerol et al., 2000; Gogiraju et al., 2019). It was also observed that,
in VEGFAMP®" mice, an experimental model with elevated VEGFA levels,
an increase in VEGFA was found to cause abnormalities in cardiac
function (Marneros, 2018). These findings indicate that heart abnor-
malities are strongly related to increased VEGFA expression that causing
progressive cardiac hypertrophy. In addition, it has been demonstrated
that ACE2, a critical factor downregulated by SARS-CoV-2 (Verdecchia
et al., 2020), antagonizes VEGFA (Yu et al., 2016). Consequently, SARS-

CoV-2 leads to upregulation of VEGFA expression by canceling the
antagonizing effect of ACE2 on VEGFA. Considering the complexity of
the mechanism, further studies are needed to validate the provided
associations.

Another factor that can lead to hyper-inflammation when over-
stimulated is TLR4 (toll-like receptor 4) (Olejnik et al., 2018). It has
been reported that TLRs are involved in a wide variety of functions in
various pathological conditions including apoptosis, infectious diseases,
neuronal degeneration, and cardiovascular diseases (Gay et al., 2014;
Liu et al., 2015). TLR4 is a member of the toll/toll-like receptor family
and is activated by several endogenous ligands associated with tissue
injury. Previous studies have been shown that TLR4 signaling plays a
role in the triggering and progression of many diseases including I/R
(ischemia-reperfusion) injury, cancer, and hypertension (Roshan et al.,
2016; Biancardi et al., 2017; Patra et al., 2020a). Interestingly, TLR4
level is higher in the heart compared with other TLR members, this can
be shown as the reason why TLR4 is mainly involved in different cardiac
complications including I/R injury, heart failure, hypertension, and
myocarditis (Nishimura and Naito, 2005). Evidence suggests that TLR4
exacerbates the damage to the myocardium through the initiation of the
expression of several pro-inflammatory genes and cell surface molecules
(Liu et al., 2015). Intriguingly, most recent studies revealed interactions
of SARS-CoV-2 and TLRs and also demonstrated that TLR4 may be
associated with inflammatory consequences of COVID-19 (Patra et al.,
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Fig. 5. Module analysis of PPI network. a) Module 1, b) Module 2 (red nodes represent upregulated DEGs and blue nodes represent downregulated DEGs). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. KEGG pathway analysis of two significant modules in PPI.

2020Db). Increased TLR4 signaling through binding of SARS-CoV-2 spike
glycoprotein can be used by the virus to increase ACE2 expression to
enter cells (Choudhury and Mukherjee, 2020). Therefore, it is assumed
that myocarditis caused by SARS-CoV-2 is due to abnormal TLR4
signaling in COVID-19 patients (Aboudounya and Heads, 2021).

These findings suggest that TLR4 targeted strategies appear to be a
promising approach for reducing myocardial inflammation and could
create new ideas to treat COVID-19.

Immediate early genes (IEGs) are rapidly and transiently activated
genes in response to diverse molecular and cellular events (Bahrami and
Drablgs, 2016). Studies have revealed that an increase in IEGs such as c-
fos, c-myc, and c-jun is associated with cardiac myocyte hypertrophy
(Starksen et al., 1986; Clerk et al., 2002). c-Jun is a critical part of the
AP-1(activator protein-1) complex transcription factors responsible for
various cellular responses such as apoptosis and survival (Hsu and Hu,
2013). It is known that the CM responds to the pathological
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Table 3
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Top 10 genes evaluated in the PPI network using five calculation methods and employing CytoHubba in Cytoscape. The overlapping hub genes in the top 10 by five

ranked methods respectively in cytoHubba are highlighted in bold.

Gene MCC Gene MNC Gene Degree Gene EcCentricity Gene EPC

VEGFA 610.0 JUN 25.0 JUN 26.0 JUN 0.17375 VEGFA 28.994
JUN 609.0 VEGFA 24.0 VEGFA 26.0 VEGFA 0.17375 JUN 28.507
FGF2 434.0 CCND1 20.0 TLR4 23.0 TLR4 0.17375 CCND1 27.439
CCND1 382.0 TLR4 20.0 CCND1 22.0 FGF2 0.17375 TLR4 26.957
CDKNI1A 357.0 FGF2 17.0 FGF2 17.0 LGALS3 0.17375 FGF2 26.208
TLR4 285.0 CDKN1A 16.0 CDKN1A 17.0 BIRC3 0.17375 CDKNI1A 26.047
ITGAM 245.0 ITGAM 16.0 ITGAM 17.0 CXCR4 0.17375 ITGAM 24.942
AURKB 216.0 AURKB 13.0 PRKACA 15.0 DDX58 0.17375 LGALS3 22.287
PSMB8 202.0 PSMBS 10.0 AURKB 13.0 HSPB3 0.17375 CXCR4 22.271
PSMD12 198.0 THY1 10.0 PSMBS8 12.0 ABCBI 0.17375 BIRC3 21.898

MCC: Maximal Clique Centrality, MNC: Maximum Neighborhood Component, EPC: Edge Percolated Component.

EcCentricity
(10)

Fig. 7. Venn diagram of the intersecting genes derived using five algorithms. MCC: Maximal Clique Centrality, MNC: Maximum Neighborhood Component, EPC:

Edge Percolated Component.

hypertrophic stimulus by tuning gene expression (Carreno et al., 2006).
Moreover, experimental studies showed that myocardial AP-1 binding
actions are considerably altered in cardiac hypertrophy, however, the
exact role of c-Jun activity on cardiac hypertrophy is largely unknown
since lack of a specific c-Jun inhibitor (Irukayama-Tomobe et al., 2004).
Kim-Mitsuyama et al. (Kim-Mitsuyama et al., 2006) have revealed the
first time that gene expression of cardiac hypertrophic markers sup-
pressed in experimental models with c-Jun inhibition. It has been also
reported that CM hypertrophy was inhibited in the absence of c-Jun's
transactivating domain (DNJun) (Brown et al., 1994; Omura et al.,
2002). Moreover, Battagello et al. recently reported that transcription
factors such as AP-1, ATF-1, and CREB are phosphorylated after virus
infection, which can lead to an increase in inflammatory gene expression
in the host cell, which can prolongs viral permanence (Battagello et al.,
2020). Overall, our results are consistent with those previous studies,

and these findings suggest the c-Jun may be used for targeted therapy in
pathologic cardiac hypertrophy.

As noted previously, a large number of patients with COVID-19 have
been observed to develop new-onset cardiac dysfunctions and sudden
cardiac arrest. However, the current knowledge of the COVID-19 and its
long-term cardiovascular effects is grossly inadequate. In the present
study, several hub genes (FGF2, JUN, TL4, and VEGFA) participating in
the progression of inflammatory cardiomyopathy and cardiac remod-
eling were screened. Although the current study is based on bioinfor-
matics analysis, the results confirm previous findings and contribute
additional evidence that suggests SARS-CoV-2 employs a mechanism of
upregulation of pathophysiological components to promote cardiac
injury and may explain the potential therapeutic targets for late-onset
heart disease and other cardiovascular complications among patients
with COVID-19.
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5. Conclusion

In summary, through GEO data analyses, four hub DEGs were iden-
tified as being significantly associated with major remodeling events
such as hypertrophy, fibrosis, and metabolic alterations which
contribute to new late-onset cardiovascular anomalies in the near future.
Given that our analysis is in silico, additional validation experiments are
needed to enable a better understanding of cardiovascular events
including cardiomyopathy and cardiac remodeling associated with new
coronavirus infection.
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