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Abstract

Background

Sarcopenia is characterized by the age-associated loss of skeletal muscle mass and
strength that develops progressively and plays an important role in the disability of the
elderly. It has received growing attention over the last decade and has been implicated as
both a cause and consequence of type 2 diabetes mellitus (T2DM). The existence of T2DM
could increase the risk of developing sarcopenia through multiple mechanisms including
advanced glycation end-product accumulation. Meanwhile, sarcopenia would alter glucose
disposal and may contribute to the development and progression of T2DM due to reduced
muscle mass.

Methods

We implemented transcriptomic analysis of skeletal muscle biopsy specimens in sarcopenia
patients and proliferating myoblasts or differentiated myotubes from individuals with T2DM.
Related microarray data were selected from Gene Expression Omnibus (GEO) to screen
the genes, which were differentially expressed for sarcopenia and T2DM. Multiple combina-
torial statistical methods and bioinformatics tools were used to analyze the common DEGs.
Meanwhile, functional enrichment analysis was also carried out. Furthermore, we con-
structed the protein-protein interaction (PPI), as well as transcription factor (TF)-gene inter-
actions network and TF-miRNA coregulatory network. Finally, based on the common DEGs,
drug compounds were speculated using the Drug Signatures database (DSigDB).

Results

A total of 1765 and 2155 DEGs of sarcopenia and T2DM were screened, respectively. 15
common genes (LXN, CIB2, PEA15, KANK2, FGD1, NMRK1, PLCB1, SEMA4G, ADARBH1,
UPF3A, CSTB, COL3A1, CD99, ETV3, FJX1) correlated with sarcopenia and T2DM simul-
taneously were then identified, and 3 genes (UPF3A, CSTB and PEA15) of them were
regarded as hub genes. Functional enrichment analysis revealed several shared pathways
between two diseases. In addition, according to the TF-gene interactions network and TF-
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miRNA coregulatory network, part of TF and miRNA may be identified as key regulator in
sarcopenia and T2DM at the same time (e.g., CREM and miR-155). Notably, drug com-
pounds for T2DM and sarcopenia were also suggested, such as coenzyme Q10.

Conclusion

This study revealed that sarcopenia and T2DM may share similar pathogenesis and pro-
vided new biological targets and ideas for early diagnosis and effective treatment of sarco-
penia and T2DM.

Introduction

Primarily aging-associated skeletal muscle changes are muscle atrophy, usually accompanied
by sarcopenia. Sarcopenia is characterized by the age-related progressive loss of skeletal muscle
mass and strength which results in muscle weakness, restricted mobility, and increased suscep-
tibility to injury [1]. It is estimated that about 50 million people suffering from sarcopenia in
the world at present, and the number is expected to reach 500 million by the year 2050. Data
show that one-third of people aged 65 and above had sarcopenia (the incidence rate was 14%
to 33%), and the prevalence rate of the elderly aged 80 years and above was as high as 50%-
60% [2]. The concept of ‘Sarcopenia’ was first defined as the age-related loss of muscle mass by
Rosenberg in 1997 [3]. Later, organizations, such as the International Working Group on Sar-
copenia (IWGS) and the European Working Group on Sarcopenia in Older People (EWG-
SOP), expanded the definition of sarcopenia with muscle function, including muscle strength
and physical performance [4,5]. However, it is hard to reach an agreement on the definition of
sarcopenia, since the experts in these organizations propose different thresholds and diagnos-
tic tests for the evaluation of muscle mass, muscle strength, and physical performance. Several
reasons that contribute to sarcopenia include increased inflammation [6], excessive oxidative
stress, mitochondrial dysfunction [7], reduced muscle capillarization [8], and changes in die-
tary intake of protein [9].

T2DM, a common metabolic disease, is usually accompanied by insulin resistance, acti-
vated inflammation, advanced glycation end-product (AGE) accumulation and increased oxi-
dative stress. These mechanisms would result in activated inflammation, mitochondrial and
vascular dysfunction, and impairments in protein metabolism, which cause a problem to mus-
cle health, e.g., muscle mass, muscle strength, muscle quality, and muscle function [10]. Specif-
ically, the anabolic action of insulin in skeletal muscle may be progressively lost in T2DM due
to the impaired insulin sensitivity. Additionally, the impaired insulin action may induce
increased protein degradation and decreased protein synthesis, which leads to reduction in
muscle mass and strength [10]. Moreover, the results from the hind limb muscles of diabetic
mice revealed that the decline in muscle mass, muscle endurance and regenerative capacity
were related to AGEs accumulation [11]. Thus, the risk of sarcopenia is increased in T2DM
patients [10,12]. On the other hand, skeletal muscle is essential for glucose clearance and is in
charge of over 80% of glucose uptake from postprandial glucose load, and consequently, it has
been proved that sarcopenia would alter glucose disposal by lowering muscle mass and also
increase localized inflammation, which may contribute to the development and progression of
T2DM [13].

Since various bidirectional associations between sarcopenia and T2DM exist, and the fact
that one condition can increase the possibility of developing the other [12], our study is aiming
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Fig 1. Workflow of the whole study. DEGs, differentially expressed genes; GO, Gene Ontology; PPI, protein-protein

interaction; TF, transcription factor.
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to find biological pathways and the relationship between sarcopenia and T2DM and provide a
new idea for the diagnosis and treatment of sarcopenia. Firstly, two datasets, GSE1428 [14]
and GSE166467 [15], were selected for finding DEGs for regulating skeletal muscle in sarcope-
nia and T2DM, respectively. Then, common DEGs were found out, and with these common
DEGs, further pathway enrichment analysis was performed to investigate the biological pro-
cesses of genome-based expression. The network of protein-protein interactions (PPIs) was
built from these common DEGs to select the hub genes. Then, transcription factors and
miRNA were also traced based on the common DEGs in the PPIs network. Finally, potential
drugs were suggested via the DSigDB database. The sequential workflow of our research was

presented in Fig 1.

Material and methods

Data collection

GSE1428 and GSE166467 datasets were assembled from the GEO database [16]. GPL96 (Afty-
metrix Human Genome U133A Array) platform was applied to GSE1428 dataset microarray
analysis [14] and the GPL10558 (Illumina HumanHT-12 V4.0 expression bead chip) platform
was used for GSE166467 [15]. GSE1428 dataset, which illustrates skeletal muscle sarcopenia in
transcriptional responses, was contributed by Giresi et al. GSE166467 for T2DM was presented

by Ling et al. The skeletal muscle sarcopenia dataset (GSE1428) provided microarray data

from vastus lateralis muscle biopsies of young and old people. The T2DM dataset
(GSE166467) contained data from both proliferating myoblasts and differentiated myotubes
from individuals with T2DM and controls. In addition, before the DEGs analysis, the RMA

algorithm was used to normalize the datasets from raw data if necessary.
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Identification of common DEGs between sarcopenia and T2DM

We achieved the identification of DEGs for the GSE1428 and GSE166467 datasets using GEO-
query [17] and limma [18] packages in R. P-value<0.05 was considered as cutoff criteria to
determine significant DEGs. Besides, common DEGs were also acquired and displayed in
venn diagram with R software.

Enrichment analysis of gene ontology and pathways

Gene set enrichment analysis is a comprehensive resource for collected gene sets that accumu-
late biological pathways for biological discoveries [19]. Gene ontology is a kind of functional
enrichment clustered into three subsections of biological process, molecular function and cel-
lular component [20]. In addition, four major databases, including KEGG (Kyoto Encyclope-
dia of Genes and Genomes), WikiPathways [21], Reactome [22] and BioCarta, were used to
specify the shared pathways between sarcopenia and T2DM. GO terms and enriched signaling
pathways were completed through the Enrichr web server (https://amp.pharm.mssm.edu/
Enrichr/) for shared DEGs. The top 10 listed pathways with the smallest P-value are exhibited.

PPI network construction

Finding the functions of protein is the primary step in systems biology and drug discovery
[23]. Protein-protein interaction (PPI) and the obtained network are crucial in the field of bio-
logical processes at many levels of cellular structure and function, including basic metabolism
and cell differentiation [24,25]. Similar DEGs in sarcopenia and T2DM were identified
through the NetworkAnalyst platform (https://www.networkanalyst.ca/) and organized into a
visual PPIs network [26]. Then, the PPIs network was further visualized and integrated with
the Cytoscape platform (https://cytoscape.org/) to analyze the protein interactions and genetic
interactions [27].

Establishment of the topological algorithm and identification of hub nodes

In this work, the highly interconnected hub nodes [28] were determined by cytoHubba, a
plugin of Cytoscape software. Nodes in the network could be ranked by 11 topological algo-
rithms with cytoHubba (https://apps.cytoscape.org/apps/cytohubba) [29]. The prominent
modules are located at the position in the PPI network where the interconnect density of the
hub nodes is highest.

Recognition of related transcription factors and miRNAs

TFs and miRNAs constitute two major regulation modes of gene expression, including tran-
scription and post transcription. To choose the TFs and miRNAs, a co-regulatory network has
been visualized by the NetworkAnalyst platform, which has been widely used as a bioinformat-
ics tool [30,31].

Evaluation of candidate drugs

Drug compounds recognition is the vital module of this study. According to the common
DEGs for sarcopenia and T2DM which are determined in the PPIs network, drug molecules
could be predicted based on the DSigDB database [32]. In this work, the access of the DSigDB
database was obtained on the Enrichr platform (https://maayanlab.cloud/Enrichr/), which is
widely used to represent multiple visualization details on gathered functions for the genes [33].
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Results

Identification of DEGs and shared genes between sarcopenia and diabetes

GSE1428 dataset was normalized by the RMA algorithm (S1 Fig) before DEGs were explored
for sarcopenia. A total of 1765 DEGs were obtained with 1055 upregulated and 710 downregu-
lated genes, which satisfied the screening criteria. For T2DM, the mRNA expression level in
either proliferating myoblasts or differentiated myotubes from GSE166467 with T2DM

(n = 13) versus controls (n = 13) was compared. Collected 147 genes for interaction genes of
sarcopenia versus proliferating myoblasts and 54 genes for interaction genes of sarcopenia ver-
sus differentiated myotubes were compared using R, followed by identification of 15 common
DEGs (LXN, CIB2, PEA15, KANK2, FGD1, NMRK1, PLCB1, SEMA4G, ADARBI1, UPF3A,
CSTB, COL3A1, CD99, ETV3 and FJX1) (S1 Table). Venn diagram displayed the overlap of
DEGs from sarcopenia, differentiated myotubes and proliferating myoblasts (Fig 2A). The
heat map for the shared common genes showed paralleled transcriptional signature among
most of these genes according to the log fold change (Fig 2B).

Functional enrichment analysis

The analysis of gene functional enrichment was carried out on the Enrichr platform. The
ongoing study analyzed GO terms and enriched pathways for 15 common DEGs (LXN, CIB2,
PEA15, KANK2, FGD1, NMRK1, PLCB1, SEMA4G, ADARBI1, UPF3A, CSTB, COL3Al,
CD99, ETV3, FJX1). The data justified that the common DEGs are mostly enhanced in the reg-
ulation of G1/S transition of mitotic cell cycle and Rho protein signal transduction for the bio-
logical process subsection. In the molecular function group, the common DEGs are mainly
enriched in endopeptidase inhibitor activity and protease binding factors. Cellular component
study exhibited that common DEGs located significantly in the nucleolus. Analysis result from
KEGG, WikiPathway, Reactome and BioCarta pathway was also obtained. The information
attained showed the AGE-RAGE signaling pathway in T2DM complications significantly
(P<0.01) assembled in the KEGG pathway database. Functional analysis results of GO
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Fig 2. Identification of shared DEGs between sarcopenia and diabetes. (A) Overlap of DEGs represented through a
Venn diagram. 15 genes were found common from 147 genes for interaction genes of sarcopenia versus proliferating
myoblasts and 54 genes for interaction genes of sarcopenia versus differentiated myotubes. (B) Heat map for the
shared DEGs of sarcopenia and T2DM according to the log-fold change.

https://doi.org/10.1371/journal.pone.0265221.9002
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(Fig 3A) and pathway (Fig 3B) were displayed according to -log10(P value) (detailed in S2-S6

Tables).

PPI network to identify hub genes

The InnateDB database on NetworkAnalyst was employed to construct PPI network of the

common DEGs, which was then imported into Cytoscape software for visualization and opti-
mization. The PPIs network contained 126 nodes and 127 edges (Fig 4), and it was constructed
for hub gene identification and drug molecules detection for sarcopenia and diabetes in the

following steps.

A
Biological Process
0.0 1.0 2.0
regulation of G1/S transition of mitotic cell cycle (GO:2000045)
regulation of Rho protein signal transduction (GO:0035023)
regulation of vitamin D receptor signaling pathway (GO:0070562)
glomerular visceral epithelial cell migration (GO:0090521)
T cell extravasation (GO:0072683)
positive regulation of neutrophil extravasation (GO:2000391)
negative regulation of neuron migration (G0:2001223)
of neutrophil (G0:2000389)
negative regulation of cellular extravasation (GO:0002692)
negative regulation of cell migration (GO:0030336)

Molecular Function

0.0 0.5 1.0 15 2.0

endopeptidase inhibitor activity (GO:0004866)

protease binding (GO:0002020)

double-stranded RNA activity (G0:0003726)

tRNA-specific adenosine deaminase activity (GO:0008251)

adenosine deaminase activity (GO:0004000)

platelet-derived growth factor binding (GO:0048407)

metalloendopeptidase inhibitor activity (GO:0008191)

phosphatidylinositol phospholipase C activity (G0:0004435)

semaphorin receptor binding (GO:0030215)

chemorepellent activity (GO:0045499)

Cellular Component

0.0 0.5 1.0 1.5

nucleolus (GO:0005730)

nuclear lumen (GO:0031981)

collagen-containing extracellular matrix (G0O:0062023)

tertiary granule lumen (GO:1904724)

i non. bounded organelle (G0:0043232)

cytoplasmic vesicle lumen (GO:0060205)

ficolin-1-rich granule lumen (GO:1904813)

tertiary granule (GO:0070820)

ficolin-1-rich granule (G0:0101002)

intracellular organelle lumen (GO:0070013)

B
KEGG WikiPathways
0.0 0.5 1.0 1.5 2.0 25 00 0.5 1.0 1.5 2.0
AGE-RAGE signaling pathway in diabetic complications Cell-type Dey ity of CCK2R Signaling WP3679
Amoebiasis GPRA40 Pathway WP3958
Platelet activation Tryptophan catabolism leading to NAD+ production WP4210
Relaxin signaling pathway miR-509-3p alteration of YAP1/ECM axis WP3967
Diabetic cardiomyopathy Airway smooth muscle cell contraction WP4962
Nicotinate and nicotinamide metabolism miRNA targets in ECM and membrane receptors WP2911
African trypanosomiasis PKC-gamma calcium signaling pathway in ataxia WP4760
Carbohydrate digestion and absorption Signal Transduction of S1P Receptor WP26
Endocrine and other factor-regulated calcium reabsorption Inflammatory Response Pathway WP453
Long-term depression Endothelin Pathways WP2197
Reactome BioCarta
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Fatty Acids bound to GPR40 (FFAR1) regulate insulin secretion Homo sapiens R-HSA-434316
Free fatty acids regulate insulin secretion Homo sapiens R-HSA-400451
i 2] insulin Homo sapiens R-HSA-399997
Scavenging by Class A Receptors Homo sapiens R-HSA-3000480
G beta:gamma signalling through PLC beta Homo sapiens R-HSA-418217
Presynaptic function of Kainate receptors Homo sapiens R-HSA-500657
RAF-independent MAPK1/3 activation Homo sapiens R-HSA-112409
Synthesis of IP3 and IP4 in the cytosol Homo sapiens R-HSA-1855204
Activation of Kainate F ptors upon binding Homo sapiens R-HSA-451326
PLC beta mediated events Homo sapiens R-HSA-112043

Phospholipase C Signaling Pathway Homo sapiens h picPathway
Activation of PKC through G-protein coupled receptors Homo sapiens h pkcPathway

Cadmium induces DNA is and proliferation in phages Homo sapiens h cdMacPathway
Aspirin Blocks Signaling Pathway Involved in Platelet Activation Homo sapiens h sppaPathway

METS affect on Macrophage Differentiation Homo sapiens h etsPathway

PKC-catalyzed phosphorylation of inhibitory phosphoprotein of myosin phosphatase Homo sapiens h myosinPathway
Eicosanoid Metabolism Homo sapiens h eicosanoidPathway

CCRa3 signaling in Eosinophils Homo sapiens h CCR3Pathway

Regulation of ck1/cdk5 by type 1 glutamate receptors Homo sapiens h ck1Pathway

Thrombin signaling and protease-activated receptors Homo sapiens h Par1Pathway

Fig 3. Functional enrichment analysis of common genes. (A) Enriched GO terms. (B) Pathway analysis through databases of KEGG, WikiPathway,
Reactome and BioCarta. The results were displayed according to -log10(P value).

https://doi.org/10.1371/journal.pone.0265221.9003
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Fig 4. PPI network for common DEGs shared by two diseases. Nodes in purple color indicated common DEGs.

https://doi.org/10.1371/journal.pone.0265221.9004

Identification of hub genes

Hub genes were screened regarding their degree value from the PPI network in cytohubba,
which was a plugin of Cytoscape software. The top three identified hub genes are UPF3A,
CSTB and PEA15, which were all affiliated to common genes of sarcopenia and proliferating
myoblasts of T2DM. The network consisted of 72 nodes and 73 edges. Interactions between
interrelated proteins (Fig 5) and the topological analysis result were presented (S7 Table).

TF-gene interaction network

TF-gene interaction network was generated using the NetworkAnalyst web tool. For the 15
common DEGs (LXN, CIB2, PEA15, KANK2, FGD1, NMRK1, PLCB1, SEMA4G, ADARBI,
UPF3A, CSTB, COL3A1, CD99, ETV3, FJX1), the TF-genes were identified (Fig 6). The net-
work contained 161 nodes and 230 edges. CSTB, SEMA4G and ADARBI1 were regulated by
62, 38 and 31 TF-genes, respectively.

TF-miRNA coregulatory network

The main TF-miRNA coregulatory network based on the 15 common DEGs was produced via
NetworkAnalyst. The network created comprised 289 nodes and 409 edges including 15 com-
mon DEGs (S2 Fig). Details were displayed in S8 Table. This interaction can be used to analyze
the regulation factor for sarcopenia combined with T2DM. Moreover, the subnetwork, which
specifically include only hub genes (UPF3A, CSTB and PEA15) and their associated miRNA
and TF (Fig 7), was extracted from the main TF-miRNA coregulatory network.
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Fig 6. TF-gene interaction network based on common DEGs. Nodes in green color indicated common DEGs, and
nodes in yellow color indicated TF genes.

https://doi.org/10.1371/journal.pone.0265221.g006
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Fig 7. TF-miRNA coregulatory network including hub genes. The nodes with yellow diamonds are hub genes, red round
nodes represent miRNA and green round nodes indicate TF.

https://doi.org/10.1371/journal.pone.0265221.g007

Identification of candidate drugs

Drug molecules were detected for 15 common DEGs from the DSigDB database on Enrichr
platform. Results from the candidate drugs were generated, and these drugs represented possi-
ble common drugs for sarcopenia and diabetes. The analysis depicted that Coenzyme Q10
CTD 00001167 and dihydroergocristine HL60 UP were the two drug molecules with the high-
est combined score (Table 1).

Discussion

Sarcopenia-related muscle dysfunction has a great impact on the life quality of elderly people.
Changes in skeletal muscle development, homeostasis and metabolism during aging are
reflected in gene expression regulation [34]. Sarcopenia has been discovered as a new diabetes
complication among the elderly population, which makes it a major public health event [10].
The study was implemented to analyze microarray data of sarcopenia and T2DM. 15 common
DEGs were identified (including LXN, CIB2, PEA15, KANK2, FGD1, NMRK]1, PLCBI,

Table 1. Suggested top drug compounds for sarcopenia.

Term P-value Adjusted P-value Combined Score Genes

Coenzyme Q10 CTD 00001167 0.008965 0.141336 611.4626003 ETV3

dihydroergocristine HL60 UP 0.001684 0.085573 244.4667349 LXN; PLCB1

(-)-isoprenaline HL60 UP 3.11E-04 0.031049 223.3772771 LXN; ADARBI; PLCB1

Prestwick-983 HL60 UP 3.48E-04 0.031049 211.9492283 LXN; ADARBI; PLCB1

colforsin MCF7 DOWN 0.022273 0.199012 186.9959577 KANK2

etacrynic acid HL60 UP 0.023741 0.205246 171.9789874 LXN

2,2’,5,5-TETRACHLOROBIPHENYL CTD 00000481 0.027403 0.21128 142.3784815 PLCB1

OZONE CTD 00006460 0.028134 0.21128 137.5099228 COL3A1

TERT-BUTYL HYDROPEROXIDE CTD 00007349 2.39E-05 0.006409 130.1775809 KANK2;COL3A1; NMRK1;
UPF3A; ETV3; FJX1; CD99

spironolactone CTD 00006774 0.029594 0.21128 128.5967412 COL3A1

https://doi.org/10.1371/journal.pone.0265221.t001
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SEMAA4G, ADARBI, UPF3A, CSTB, COL3A1, CD99, ETV3 and FJX1) to establish PPI net-
work, as well as TF-gene interactions network and TF-miRNA coregulatory network. In addi-
tion, predicted drug compounds of sarcopenia and T2DM were suggested.

Identified 15 common DEGs were selected for exploring GO terms. GO terms were selected
according to the P-values. For biological process, regulation of G1/S transition of the mitotic
cell cycle, regulation of Rho protein signal transduction, regulation of vitamin D receptor sig-
naling pathway were among the top GO term. Evidence revealed that the G1-to-S-phase tran-
sition is critical for cell proliferation [35]. Rho is also called Rho GTPases, which plays an
important role in the regulation of cytoskeletal recombination and takes part in many physio-
logical activities including cell migration, adhesion, cytokinesis, proliferation, differentiation
and apoptosis [36]. Vitamin D receptor (VDR), which might be expressed in muscle fibers
through vitamin D signaling, acts a crucial role in regulating myoblast proliferation, differenti-
ation and moderate sarcopenia [37,38]. GO terms in terms of molecular function endopepti-
dase inhibitor activity, protease binding and double-stranded RNA adenosine deaminase
activity were considered to be at the top of the list. Top GO terms based on the cellular compo-
nent were nucleolus, nuclear lumen, collagen-containing extracellular matrix.

The determination of the KEGG pathway was acquired from the 15 common DEGs to find
similar pathways for both sarcopenia and T2DM. Top 10 KEGG pathways included AGE-R-
AGE signaling pathway in diabetic complications, Amoebiasis, Platelet activation, Relaxin sig-
naling pathway, Diabetic cardiomyopathy, Nicotinate and nicotinamide metabolism, African
trypanosomiasis, Carbohydrate digestion and absorption, Endocrine and other factor-regu-
lated calcium reabsorption, Long-term depression. The AGE-RAGE axis enhances the genera-
tion of ROS and a good deal of cytokines and chemokines, which lead to local tissue insulin
resistance [39]. Therefore, this signaling pathway acts a crucial role in the pathogenesis of dia-
betic complications [40]. AGE, known as an aging product, also leads to sarcopenia through
increasing reactive oxygen species generation [39]. At the same time, data from WikiPathways
showed that the most interacted gene pathways were Cell-type Dependent Selectivity of
CCK2R Signaling WP3679, GPR40 Pathway WP3958 and Tryptophan catabolism leading to
NAD+ production WP4210. Results from the Reactome pathway produced Fatty Acids bound
to GPR40 (FFAR1) regulate insulin secretion Homo sapiens R-HAS-434316 and Free fatty
acids regulate insulin secretion Homo sapiens R-HAS-400451. BioCarta database hinted that
these common genes were enriched in Phospholipase C Signaling Pathway Homo sapiens h
plcPathway.

PPI network analysis was the vital section, which helped us detect potential hub genes
involved in the shared mechanisms of sarcopenia and T2DM. Analysis for PPI also came into
being for 15 common DEGs and results revealed that owing to possessing a high interaction
rate and high degree value, UPF3A, CSTB and PEA15 genes were selected as hub genes,
respectively. PEA15 encodes a death effector domain-containing protein, which acts as a nega-
tive regulator for apoptosis. This encoded protein may contribute to insulin resistance in glu-
cose uptake, since it is an endogenous substrate for protein kinase C and overexpressed in
T2DM [41].

TFs are proteins that control the transcription of DNA into RNA by attaching to a particu-
lar DNA sequence, hence it is essential for regulatory biomolecules [42]. Furthermore, miR-
NAs participate in the regulation of protein expression mainly through binding to target sites
on an mRNA transcript and inhibiting its translation [43]. TF-genes and miRNAs play key
roles in the ratio of transcription and RNA silencing on the post-transcription, respectively.
Thus, they are significant regulatory biomolecules and even potential biological markers [44].
TF-gene interaction network was acquired from the common DEGs. According to the net-
work, CSTB has a high interaction rate with other TF-genes, displaying a degree value of 62 in
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the network. Among the regulators, CREM had significant interaction with degree value of 4.
Mechanistically, oxidative stress activation in T2DM enhanced CREM expression [45]. In
experimental mouse models, CREM expression was associated with preventing inflammation
and myofibrillar protein degradation that affect sarcopenia [46]. Besides, TF-miRNA coregula-
tory network analysis indicated relationships among the common DEGs, TFs and miRNAs
through visualized TF-miRNA coregulatory network. As a result, 206 miRNAs and 68 TF-
genes were revealed in this study. Among the most interacted TFs, EGR1 has a high degree
value of 4. The expression of EGR1 is rapidly changed by mechanical stimulation. The induc-
tion of Sirtl by EGR1 is necessary for moving away from the superfluous reactive oxygen spe-
cies, which is produced by the mechanical stimulus. This activation is lost in aged animals due
to the loss of EGR1. Therefore, the decreased expression of EGRI in the elderly may contribute
to reduced muscle function in sarcopenia [47]. The change of miRNA expression in T2DM
patients has been established by many researchers, and their results revealed that miR-155 is
crucial for insulin sensitivity regulation of liver, adipose tissue, and skeletal muscle. Moreover,
a series of clinical researches have also found low miR-155 levels in the serum of patients with
T2DM, which may lead to insulin resistance [48]. Meanwhile, increasing evidence has revealed
that miRNAs are differentially expressed in sarcopenia of the elderly, plasma miR-155 level in
the sarcopenia group was significantly reduced compared to the non-sarcopenia group [49].

Based on the DSigDB database, drug compounds were put forward. Among all the pre-
dicted drugs, our study highlighted the top 10 significant drugs. Coenzyme Q10 CTD
00001167, dihydroergocristine HL60 UP, (-)-isoprenaline HL60 UP, Prestwick-983 HL60 UP,
colforsin MCF7 DOWN, etacrynic acid HL60 UP, 2,2’,5,5-TETRACHLOROBIPHENYL
CTD 00000481, OZONE CTD 00006460, TERT-BUTYL HYDROPEROXIDE CTD 00007349
and spironolactone CTD 00006774 were the peak drug candidates for sarcopenia and T2DM.
A series of studies have shown that coenzyme Q10 (CoQ10) could prevent oxidative damage,
optimize mitochondrial functionality and anti-inflammatory effect [50]. These mechanisms
are related to the physiology and biochemistry of aging muscle and also the potential function
in preventing sarcopenia [51]. The previous study has proven that combining CoQ10 with
metformin can improve glycemic control by reducing oxidative stress and improving the
mitochondria morphology [52]. Furthermore, it was found in the mouse skeletal muscle trans-
plants that isoprenaline increased the volume of regenerated muscle due to the hypertrophic
effect [53]. Insulin-stimulated glucose transport activity in rat adipocytes was inhibited by iso-
prenaline [54]. Therefore, isoproterenol may alleviate sarcopenia by improving muscle metab-
olism and muscle function.

The current study used a lot of bioinformatics methodologies with GSE1428, which com-
pared biopsy samples of skeletal muscle between the elderly and young people, and
GSE166467 which indicated mRNA expression in either proliferating myoblasts or differenti-
ated myotubes from individuals with T2DM. We have implemented DEGs analysis between
two databases and tried to find the mechanisms by which two diseases interact. Indeed, differ-
ent reasons (e.g., impaired insulin sensitivity, AGEs, subclinical inflammation and mitochon-
drial dysfunction) may be related to this association. Therefore, this work is expected to
provide guidance for healthcare professionals to diagnose sarcopenia at an early stage for
elderly patients with T2DM. Furthermore, the drug targets are suggested through the identifi-
cation of hub genes. For example, CoQ10 has been shown to be effective in the animal models
of both T2DM and sarcopenia treatment [50,51]. Biguanides, a first-line hypoglycemic agent,
may protect the development of sarcopenia, which is revealed by observational cross-sectional
research [55]. It is expected that more mature T2DM treatment may inspire the treatment of
sarcopenia and these drugs should be considered for further verification by clinical trials. In
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the future, it is hoped that specific drugs will be developed to treat sarcopenia in addition to
protein supplementation and exercise.

Conclusion

This is the first study to explore the relationship between sarcopenia and T2DM using tran-
scriptome analysis. We have recognized the common genes between sarcopenia and T2DM to
explore the association of these two diseases. Analysis revealed that sarcopenia and T2DM
have similar pathogenesis including increased inflammation, excessive oxidative stress, mito-
chondrial dysfunction. Moreover, the existence of one disease may increase the risk of devel-
oping the other. Besides, some drug targets, which are identified based on the hub genes, are
logically selected since they are probably candidate for drugs that already sanctioned. In con-
clusion, our research provides new biological targets and ideas for early diagnosis and effective
treatment of sarcopenia combined with T2DM.
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