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Abstract

Although more and more evidence has supported that the interaction between sarcopenia and Corona Virus
Disease 2019(COVID-19) could be bidirectional and may form a vicious circle, the common mechanism of its
occurrence is still not fully elucidated. Our study reveals the common pathogenesis and potential therapeutic targets
of sarcopenia and COVID-19. These common pathways and potential drugs may provide new ideas for further

mechanism research.
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Introduction

Sarcopenia is a clinical syndrome characterized by continuous
loss of skeletal muscle mass, muscle strength or function [1]. It is also
closely associated with metabolic diseases and cognitive dysfunction,
resulting in serious adverse effects on people’s quality of life and
inflicting a heavy socio-economic burden [2]. Corona Virus Disease
2019(COVID-19) caused by the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) is a novel respiratory infectious disease.
Since the outbreak and epidemic, the majority of patients have been
elderly. Fever caused by virus infection, loss of appetite, hypoxemia,
and a long time in bed, lack of exercise, not only not conducive to the
recovery of the disease, but also cause sarcopenia, weakness [3].

It is now clear that survivors of COVID-19 are at increased risk of
acute sarcopenia [4], with worsening muscle dysfunction in many cases
[5]. Similarly, patients with sarcopenia have a higher susceptibility to
COVID-19 [6]and sarcopenia has a potential impact on the severity
of COVID-19 infection [7]. Sarcopenia shares several pathogenic
mechanisms with disease severity of COVID-19 infection, including
intrinsic (systemic inflammation, oxidative stress, tissue hypoxia) and
extrinsic (physical inactivity, malnutrition, comorbidity) factors [8, 9].
This study attempted to identify the biological pathways of sarcopenia
and COVID-19 and their interrelationships. We analyzed two gene
expression datasets (GSE1428 for sarcopenia and GSE154998 for
COVID-19) downloaded from the Gene expression omnibus (GEO)
database. First, we identified differentially expressed genes (DEGs) for
GSE1428 and GSE154998, and the common differentially expressed
genes were the basis of the whole study. Comprehensive bioinformatics
and enrichment analysis were used to determine the common DEGs.
Subsequently, protein interaction networks are formed to identify
HUB genes from DEGs and search for potential therapeutic agents.

Material and Methods

Data source

GEO (http://www.ncbi.nlm.nih.gov/geo) [10] is a public database
containing a large number of high-throughput sequencing and
microarray data sets submitted by research institutes worldwide. We
searched for related gene expression datasets using “sarcopenia” and
“COVID-19 infection” as keywords and the test specimens included
should be from humans. Finally, GSE1428 dataset [11] and GSE154998
dataset [12] were downloaded from it. The GSE1428 dataset, which
contains 12 sarcopenia samples and 10 normal samples, was performed

using the GPL96 (Affymetrix Human Genome U133 Array) platform.
The GSE154998 dataset, which contains 7 COVID-19 positive samples
and 7 COVID-19 negative samples, was performed using the GPL18573
NextSeq 500 platform (Figure 1).

Identification of differentially expressed genes (DEGs)

To assess differential expression, using the “limma” package
of R software [13]. Normalized expression values according to the
“normalizeBetweenArrays” function of the package so that the
expression values have similar distribution. A gene was defined as a
DEG when the P value was < 0.05 and |log2 FC| = 0.5, which were
visualized as Volcano plots. The web tool (http://bioinfogp.cnb.
csic.es/tools/venny/index.html) was used to achieve universal gene
identification between the DEGs of the GSE1428 and GSE154998
datasets (Figure 2).

Functional and pathway enrichment analyses of DEGs

Kyoto Encyclopedia of Genes and Genomes (KEGG) Orthology
Based Annotation System (KOBAS) (http://kobas. cbi.pku.edu.cn) [14]
is a Web server for gene/protein functional annotation and functional
enrichment developed by Peking University, which collects 4325
species functional annotation information. The enrichment analysis
results of Gene Ontology (GO) and KEGG were obtained from the
KOBAS 3.0 database. P value < 0.05 was considered significant (Figure
3).

PPI network construction and selection of hub genes

The Protein-protein interaction (PPI) network was analyzed using
the Search Tool for the Retrieval of Interacting Genes (STRING; http://
string-db.org). Analysis of functional interactions between proteins
was performed in order to elucidate the mechanisms of osteogenesis
and development [15]. An interaction with a combined score > 0.4 was
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Figure 1: Normalized expression values. The results of GSE1428 dataset pre- standardized (A) and post- standardized (B) gene expression levels. The results of
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GSE 154998 dataset pre- standardized (C) and post- standardized (D) gene expression levels.
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Figure 2 . Volcano plot and Venn diagram. (A) The volcano map of GSE1428. (B) The volcano map of GSE154988. Red colour indicates up-regulated genes, and green
indicates down-regulated genes. (C) The two datasets showed an overlap of 9 DEGs.

selected and used to construct a PPI network with Cytoscape software. ~ TF-gene interactions and TF-miRNA coregulatory network
Cytoscape (version 3.9.1) is an open source bioinformatics software
platform for visualizing molecular interaction networks [16, 17]. The
top 10 genes were obtained by Degree algorithm with Cytoscape’s
plug-in cytoHubba.

NetworkAnalyst (https://www.networkanalyst.ca/) is a web-
based platform for performing gene comparisons, quantification,
and differential gene expression analysis for numerous species [18].
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Figure 3. Common DEGs enrichment analysis results. (A, B) The enrichment analysis results of GO and KEGG Pathway. Adjusted P-value < 0.05 was considered

significant.

Interaction of transfer factor (TF) with identified common DEGs as
a result of TF on functional pathways and gene expression levels was
evaluated[19]. Identification of TF gene interactions with common
genes via NetworkAnalyst platform. The TF-gene interaction network
was obtained from the ENCODE (https://www.encodeproject.org/))
database which in the platform. Also, TF-miRNA coregulatory network
was obtained through the analysis of differential genes through the
platform (Figure 4) (Table 1).

PPI network diagram and hub genes. (A)The greater the difference
in expression, the darker the colour. The size of nodes represents the
difference in expression; the larger the size, the more significant the
P value. (B)Ten hub genes were identified in the densest connected
regions with Degree algorithm, using cytoHubba. The score is indicated
in red colour. Darker colour indicates a higher score.

Screening of candidate drugs

The drug-gene interaction database (DGIdb, http://www.dgidb.
org/) is an online resource that presents drug-gene interactions from
different sources such as databases and web resources [20]. Candidates
selected from detected drug-gene interactions were drugs that had
two or more data sources and/or PubMed literature supporting drug-
gene interactions and were approved by the U.S. Food and Drug
Administration (FDA) (Figure 5).

Results
Identification of DEGs

Gene expression levels of GEO series that have been standardized
and the results of pre- and post- standardized were presented in
(Figure 1). A total of 603 DEGs with |log2 FC| = 0.5 in sarcopenia
samples compared with normal samples was identified, including 314
up-regulated genes and 289 down-regulated genes. A total of 289 DEGs
with [log2 FC| = 0.5 in COVID-19 positive samples compared with
COVID-19 negative samples was identified, including 154 up-regulated
genes and 135 down-regulated genes. Volcano plot of DEGs enrolled
in subsequent analyses was showed in Figure 2A,2B. A total of 603
collected sarcopenia genes and 289 COVID-19 genes were compared,
and a total of 9 common genes were identified for expression (LIG1
+ ITGA3. CENPJ. SMC2. L1TD1. PCBD1. TRPM4. FBLN5
+ SLC12A8). The common DEGs between the two datasets were
visually compared by the Venn diagram in Figure 2C.

Analysis of the Functional Characteristics of DEGs

In order to analyze the biological functions and pathways involved
in the 9 common DEGs, GO and KEGG Pathway enrichment analysis
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Figure 4. PPI network diagram and hub genes. (A) The greater the difference
in expression, the darker the colour. The size of nodes represents the difference
in expression; the larger the size, the more significant the P value. (B) Ten hub
genes were identified in the densest connected regions with Degree algorithm,
using cytoHubba. The score is indicated in red colour. Darker colour indicates a
higher score.

were performed. GO analysis results show that these genes were mainly
enriched in protein binding, nucleoplasm, cytosol (Figure 3A). In terms
of KEGG Pathway, the enrichment pathways are folate biosymthesis
(Figure 2B).
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Figure 5. Network of TF genes interacting with differentially expressed genes, A contains Nodes 126 Edges 150, TRPM4 is regulated by 79 TF genes, CENPJ by 20 TF
genes, SMC2 by 17 TF genes, LIG1 is regulated by 15 TF genes, ITGA3 by 15 TF genes, PCBD1 is regulated by 4 TF genes;B contains

Nodes 3, Edges2, and L1TD1 is regulated by 2 TF genes.

Table 1: 10 HUB genes and their scores.

Name Score
FEN1 19
RFC4 19
SMC4 18
PCNA 17
RFC3 17
RFC2 16
SMC2 16
LIG1 16
NCAPH 15
CDK2 14

PPI network construction and selection of hub genes

The PPI network of DEGs and most dense connected regions
(35nodes, 186 edges) were obtained by Cytoscape (Figure 4A). Through
the Degree algorithms of plug-in cytoHubba, we have calculated the
top 10 hub genes, including FEN1. RFC4. SMC4. PCNA. RFC3,
RFC2. SMC2. LIGl. NCAPH. CDK2 (Figure 4B). The 10 hub
genes score were shown in Table 1 (Figure 6).

TF gene interactions and TF-miRNA coregulatory network

TF-gene interactions and TF-miRNA co-regulatory network were
generated using NetworkAnalyst. Differential genes (LIG1. ITGA3.
CENPJ. SMC2. L1TD1. PCBD1. TRPM4. FBLN5. SLC12A8)
were screened for TF gene identification(Figure 5). TRPM4 is regulated
by 79 TF genes, CENP] by 20 TF genes, SMC2 by 17 TF genes, LIG1 is
regulated by 15 TF genes, ITGA3 by 15 TF genes, PCBDI is regulated
by 4 TF genes, LITD1 is regulated by 2 TF genes, and these TF genes
regulate over one common differential gene in the network, indicating
a high degree of interaction between TF genes and differential genes.

The analysis of the TF-miRNA co-regulatory network provided
the interaction of miRNAs and TF with the common DEG. This
interaction may be responsible for the regulation of DEGS expression.
The network created by TF-miRNA co-regulatory network consists
of 141 Nodes,143 Edges, consisting of 44 TF genes and 89 miRNAs
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Figure 6. The network of TF genes interacting with miRNAs. The highlighted yellow
nodes indicate co-expressed genes, green nodes are TF genes, and other nodes
indicate miRNAs. The network consists of 170 nodes and 182 edges.

interacting with differential genes. Figure 6 shows the TF-miRNA co-
regulatory network.

Candidate drugs screening

In the present study, eleven FDA-approved medications that
possibly target the protein products of the four key genes were
identified using DGIdb. Results show that the promising targets for
potential drugs include the CDK2 (55.6%, 7/11), PCNA(22.2%, 2/11),
FEN1, and LIG1 (11.1%, 1/9) genes (Table 2).
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Table 2: Top drug compounds.
Gene Drug Interaction types Sources Score
LIG1 BLEOMYCIN inhibitor TdgClinicalTrial TEND 9.76
PCNA CAPSAICIN NA NCI 2.75
PCNA PENTOXIFYLLINE NA NCI 1.21
CDK2 ERIBULIN NA ClviC 0.34
CDK2 RALTITREXED NA NCI 0.29
CDK2 LOVASTATIN NA NCI 0.2
CDK2 PACLITAXEL NA NCI 0.09
FEN1 METHOXSALEN NA NCI 0.08
CDK2 ACETAMINOPHEN NA NCI 0.05
CDK2 CARBOPLATIN NA CIViC 0.03
CDK2 DEXAMETHASONE NA NCI 0.02

Table 2. Top drug compounds
Discussion

Sarcopenia is an age-limited disease that causes a gradual loss of
skeletal muscle mass and a decline in muscle strength and function
[21]. It is a key risk factor for increasing the vulnerability of older
adults to COVID-19 [22] and, in patients with COVID-19, preexisting
sarcopenia is associated with progression of disease severity,
manifested as multiple drug therapy, multiple organ failure, intensive
care unit (ICU) admissions, increased need for mechanical ventilation,
and mortality [23, 24]. Angiotensin converting enzyme 2(ACE2)
is a receptor for coronavirus 2 and is present in skeletal muscle. It is
hypothesised that long-term immune changes caused by COVID-19
lead to a reduction in the body’s ability to synthesize muscle, with
the long-term sequelae of acute sarcopenia. The main mechanism
of impaired immune function in patients with sarcopenia refers to
abnormal actin proteins, such as interleukin-15, IL-17 and IL-6, which
regulate the proliferation and function of innate and adaptive immune
cells [25]. The inflammatory response to COVID-19, particularly the
cytokine storm of interferon A, interferon G, IL-6, Tumor necrosis
factor-A, C-reactive protein, and monocyte chemotaxis protein-1
observed in severe infections, refers to metabolic stress and increased
muscle catabolic metabolism [26].

In order to further study the molecular mechanism of the
relationship between the two diseases, we performed an in-depth
analysis using bioinformatics methods. First, common DEGs (LIG1
+ ITGA3. CENPJ. SMC2. L1TD1. PCBD1. TRPM4. FBLN5
+ SLC12A8) were identified in GSE1428 and GSE154998 datasets.
After identification, nine common DEGs were identified. In the
following studies, GO analysis, KEGG pathway analysis, PPI, TF-gene
interaction, TF-miRNA co-regulatory network and candidate drug
determination were carried out.

From the results of GO analysis, it can be seen that the biological
composition and function of sarcopenia and COVID-19 are roughly
the same KEGG showed that common DEGs were enriched in
pathway of folate biosymthesis. Folate is an essential water-soluble
micronutrient that plays a key role in the nucleic acid synthesis and
normal cellular function. Several studies have suggested that folate may
have a positive effect on skeletal muscle development [27, 28]. Folate
can increase the differentiation of skeletal muscle myoblasts, especially
affecting the differentiation process and myotube morphology [29].
The activation of Akt is major mechanism that contributes to folic
acid-stimulated myogenesis [29]. In one study of older mice, folate
deficiency was found to have significant impact on muscle health, in
the form of reduced power generation and fatigue resistance, as well as

impaired physical activity [30]. In addition, folate deficiency induces
an increase in plasma homocysteine (Hcy) [31], and an increase in
Hcy leads to skeletal muscle weakness [32]. Meisel et al. found reduced
folate levels in 38 (11.4%) of 333 patients diagnosed with COVID-19
infection [33]. Folate in SARS-COV-2-infected cells is significantly
reduced, raising the possibility that host folate metabolism is hijacked
to meet the viral subgenomic RNA replication needs [34]. Moreover,
SARS-CoV-2 activates folate metabolism at the post-transcriptional
level in newly infected cells to provide substantial requirements for
ribonucleotide synthesis [34]. Collectively, we can hypothesis that the
over-consumption of folate in the COVID-19 patients results in folate
deficiency, which affects the normal physiological function of skeletal
muscle.

We construct a complex interaction network to identify key nodes
by their common DEGs. This comprehensive bioinformatics approach
has been shown to be reliable in a variety of diseases [35]. The analysis
of PPIs also arose from LIGI. ITGA3. CENPJ. SMC2. L1TD1
. PCBD1. TRPM4. FBLN5. SLC12A8 genes as these genes are
common DEGs. According to the PPI network, FEN1. RFC4. SMC4
« PCNA. RFC3. RFC2. SMC2. LIGl. NCAPH. CDK2 genes
were declared as hub genes due to their high interaction rate or degree
values. In order to focus on important regions of PPI network, modular
analysis of hub genes was performed. The reason for concentration in
highly concentrated areas is that more effective drug compounds are
recommended.

TF-gene interactions were obtained with the common DEGs.
From the network, TRPM4 interacts with other TF genes at a high rate.
Among the regulators, the degree of MAZ (Myc-associated zinc finger
protein, MAZ) which interacted significantly in TF-gene interaction
network was 3. The human MAZ gene is located on chromosome
16p11.2, and it’s regulation of transcription based on the interaction
between the GC-rich DNA-binding site and its carboxylterminal zinc
finger motif [36]. As an important transcription factor that is widely
expressed in most tissues of the human body, it has been identified as
a transcriptional regulator of muscle-specific genes in skeletal. Himeda
et al. identified a variety of different MAZ motifs in the promoters
of key muscle regulators such as Myogenin, MEF2C and Six4, and
demonstrated that MAZ can trans-activate MCK promoters in
differentiated skeletal muscle cell cultures [37]. Shoemaker et al. created
a CA04 (influenza A/California/04/2009 [HIN1], referred to as CA04)
differentially regulated host response network through microarrays,
suggesting that MAZ had enhanced viral RNA sensing, immune cell
signaling, and cell cycle arrest in CA04-infected lungs [38].

Regulatory biomolecules can serve as potential biomarkers for a
variety of complex diseases. The activities of miRNAs and TF genes
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for the regulatory analysis of common DEGs were visualized in a
TF-miRNA co-regulatory network. 89 miRNAs and 44 TF-genes are
identified in the research. Among the most interacted TFs, E2F1 has the
higher degree value of 3. E2F1 is an important transcription factor in
normal development of organisms. E2F1 overexpression in myoblasts
promotes myoblast proliferation and inhibits myoblast differentiation
[39]. Blanchet et al. found that E2F1 has transcriptional regulation of
metabolic oxidation reactions in the switch to oxidative muscles fibers
[40]. E2F1 has been reported to be upregulated in NSCLC tissues and
cell lines, as well as in primary cultured lung fibroblasts from hyperoxia
exposed rats [41,42].

According to the DSigDB database, drug molecules are proposed
by hub genes. Of all the drug candidates, the current study highlights
the top 11 important drugs. Bleomycin (BLM) is the best candidate
for COVID-19 and sarcopenia. Seo et al. showed that preconditioning
mice with BLM reduced influenza virus-mediated lung inflammation,
alleviated influenza virus infection mainly by activating type I
interferon (IFN-I) signaling in mice, and stimulated IFN-I secretion
in plasmacytoid dendritic cells (pDCs) to enhance resistance to
influenza virus infection [43]. However, BLM has not been used for
clinical treatment of SARS-COV-2. Since SARS-COV-2 is a new virus,
relatively little research has been done so far. In the future, as more
research is conducted, the current research will be more effective in the
case of a SARS-COV-2 pandemic.

Conclusion

Weidentified the common DEGs of sarcopenia and COVID-19, and
made enrichment and PPI network analysis. We found that sarcopenia
and COVID-19 have many common pathogenic mechanisms, which
may be mediated by specific central genes. In terms of transcriptome
analysis, there are no other studies on sarcopenia and COVID-19 to
date. Analysis of sarcopenia and COVID-19 predicted methods of
detecting various disease infections. Drug target recommendations
are logical because they are made by identifying central genes. These
common pathways and potential drugs may provide new ideas for
further mechanism research. However, the limitations of this study
should be considered. First of all, this is a retrospective study that
requires external verification to verify our findings; Secondly, the
function of the hub gene needs to be further verified in an in vitro
model, which will be the focus of our future work.
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GSE1428 dataset for this study is openly available in Gene
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geo/query/acc.cgi?acc=GSE1428. GSE154998 dataset for this study
is openly available in Gene Expression Omnibus database at https://
www.ncbinlm.nih.gov/geo/query/acc.cgitacc=GSE154998.
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