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Objective: Sarcopenia is a universal problem in elderly individuals. The molecular regula-
tory mechanisms in sarcopenia are not well understood. In the present study, we explored 
a possible molecular mechanism involved in the pathogenesis of sarcopenia.
Methods: Differentially expressed genes (DEGs) were identified using the Gene Expression 
Omnibus (GEO) database. Signaling pathways related to these DEGs were identified by gene 
set enrichment analysis (GSEA). Pearson correlation was calculated for all the pairwise 
comparisons of gene expression values between coding genes and DEGs. Interactions 
between the proteins encoded by the DEGs were identified using the STRING database. 
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) biological 
pathway analyses were performed to predict the functions of the DEGs.
Results: Three differentially expressed miRNAs and 5 differentially expressed mRNAs 
were identified in association with DEGs. We found that miRNA-1245a expression in 
patients with sarcopenia was higher than that in healthy controls. The GSEA showed that 
many pathways, such as the JAK-STAT signaling pathway and pathways related to glioma, 
gap junctions, and regulation of the actin cytoskeleton, were enriched in the high-miRNA 
-1245a-expression group. A total of 127 miRNA-1245a-related mRNAs were identified. The 
GO and KEGG analyses revealed that miRNA-1245a had a strong effect on a number of 
fundamental biological processes, such as kinase activity, that are related to the development 
of sarcopenia.
Conclusion: Our analyses indicate that miRNA-1245a may be a potential key molecule in 
the diagnosis and treatment of sarcopenia, which provides a basis for the research of miRNA 
in sarcopenia.
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Introduction
Due to the aging of the global population, age-related diseases, such as sarcopenia, 
are becoming a great concern worldwide. The overall prevalence of sarcopenia is 
10% in the 60–69-year-old population, and as people age, the incidence can exceed 
40% percent in people over 80 years old.1,2 More than 200 million people world-
wide are expected to suffer from sarcopenia by 2050.3 The European Working 
Group on Sarcopenia in Older People (EWGSOP) recommended using the presence 
of low muscle mass and muscle strength or physical performance to develop 
a practical clinical definition. Sarcopenia is an age-related syndrome characterized 
by progressive degeneration of skeletal muscle mass and functional decline, and it 
is a major contributor to the risk of physical disability, poor quality of life and 
premature death.3 As a major cause of frailty, disability and mortality in the elderly, 
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sarcopenia has recently received considerable attention.4,5 

The potential molecular mechanisms of sarcopenia are not 
completely understood but appear to involve multiple 
pathways associated with a decline in skeletal muscle 
mass and function, including inflammation, protein synth-
esis and degradation, autophagy, impaired satellite cell 
activation, and mitochondrial dysfunction.6,7 Patients 
with sarcopenia often have metabolic diseases such as 
diabetes mellitus, hyperlipidemia and hypertension.8 

Considering the increase of life expectancy and the grow-
ing elderly population, a steady increase in sarcopenia in 
the upcoming decades will become a heavy financial bur-
den on families, society and the health care system. Many 
efforts have been suggested to clarify the molecular 
mechanisms of sarcopenia for the purpose of developing 
efficient prevention strategies and appropriate treatment 
measures. Hence, much effort has been focused on identi-
fying and characterizing the many pathways and mechan-
isms underlying sarcopenia. MicroRNAs (miRNAs) are 
critical regulators involved in nearly all cellular processes 
through the post-transcriptional regulation of gene expres-
sion. miRNAs play key roles in satellite cells regulation, 
myogenesis induction, muscle protein homeostasis, 

neurodegeneration, and fat infiltration.9 Notably, their 
expression profiles change with age.10 miRNAs were asso-
ciated with many signaling pathways, such as TGF-β/ 
myostatin/BMP and PI3K/AKT/mTOR, which were 
shown to contribute to sarcopenia development.9

In the present study, RNA expression profile datasets 
were downloaded from the Gene Expression Omnibus 
(GEO) database to identify differentially expressed genes 
(DEGs) in patients with sarcopenia by comprehensively 
applying multiple bioinformatics analysis tools. The 
results of the gene expression analysis provide in-depth 
insights into the cellular and molecular mechanisms 
related to the development of sarcopenia.

Methods
Microarray Data and Data Preprocessing
Gene expression profiles of GSE111006 (with 32 sam-
ples), GSE111010 (with 23 samples), and GSE111016 
(with 40 samples) were obtained from the GEO database. 
All datasets were based on the GPL16791 platform. 
Figure 1 depicted the workflow of this study. Raw data 
on RNA expression were obtained, from which reads 
per million data were extracted. A log2 transformation 

Figure 1 Flowchart diagram for bioinformatics analysis in this study.
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was applied to the data and normalized by the median 
intensity.

Identification of DEGs
The “limma” R package was used to perform DEG analy-
sis by comparing samples obtained from sarcopenia and 
healthy control groups. The Benjamini-Hochberg method 
was used to adjust the raw p-values to the false discovery 
rate (FDR).11 DEGs were identified based on the criteria of 
|log2FC|>1 and FDR < 0.25.

Screening of mRNAs Related to DEGs
The “limma” R package was applied to calculate the 
Pearson correlation between the mRNAs and DEGs. An 
mRNA with a |correlation coefficient| > 0.6 and P < 0.01 
was considered to be a DEG-related mRNA. Interactions 
between the proteins encoded by the DEGs were identified 
using the STRING database (http://string-db.org).

Gene Set Enrichment Analysis (GSEA)
GSEA was used to interpret gene expression data by using 
GSEA software 4.1 from the Broad Institute.12 The nor-
malized enrichment score (NES) was calculated for each 
gene set. Significant KEGG enrichment was determined 
with the criteria set as a normal P-value <0.01 and 
FDR <0.25.

Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes 
(KEGG) Pathway Enrichment Analyses
GO and KEGG enrichment analyses were performed to 
reveal the functions and pathways of DEGs, respectively, 
using the “clusterProfiler” R package.

Statistical Analysis
All statistical analyses were performed using R software 
(version 4.0.2). The Wilcoxon signed-rank test was per-
formed to determine the difference in the expression of 
genes. P < 0.05 was considered to be statistically significant.

Results
Differentially Expressed Genes in 
Sarcopenia
The first step, which was to select and retrieve all appro-
priate datasets, identified the differentially expressed genes 
(DEGs) in skeletal muscle samples obtained from patients 
with sarcopenia and healthy controls. The t test in the 

“limma” package was used to identify the DEGs, and 
volcano plots were generated to visualize the DEGs 
(Figure 2A). In total, 3 differentially expressed miRNAs 
and 5 differentially expressed mRNAs were identified. We 
found that miRNA-1245a expression in the patients with 
sarcopenia was higher than that in the healthy controls. 
A heat map and a violin plot showing the expression levels 
of the DEGs are shown in Figure 2B and C.

GSEA
Patients were divided into groups of high- and low- 
expression miRNA-1245a to elucidate the molecular 
mechanism critical for the development of sarcopenia. 
Finally, the outcome of GSEA showed that the KEGG 
pathways enriched in the high-expression group included 
the JAK-STAT signaling pathway and pathways related to 
glioma, gap junctions, and regulation of the actin cytoske-
leton (Figure 3).

Identification and Enrichment Analysis of 
miRNA-1245a-Related Genes
We also identified miRNA-1245a-related genes by Pearson 
correlation analysis. There were a total of 28 miRNA- 
1245a-related genes that were contained in the PPI net-
work (Figure 4A). The GO analysis showed that these 
genes were enriched in extrinsic components of the mem-
brane, kinase regulator activity, and regulation of MAP 
kinase activity (Figure 4B). The KEGG analysis showed 
that the miRNA-1245a-related genes were mainly related 
to the chemokine signaling pathway and Fc gamma 
R-mediated phagocytosis (Figure 4C).

Discussion
To identify more useful biomarkers in sarcopenia, bioin-
formatics methods were used with three profile datasets 
(GSE111006, GSE111010 and GSE1111016). Thirty-three 
sarcopenia patients and sixty-two healthy controls were 
enrolled in the present research. We found a total of 3 
changed miRNAs, including 2 upregulated and 1 down-
regulated miRNAs in the patients with sarcopenia. Only 
miR-1245a was used to analysis as a target biomarker for 
sarcopenia rather than another miRNA in our study 
because few miRNA-related genes were identified except 
for miRNA-1245a by Pearson correlation analysis (data 
not shown). A large number of miRNAs are important 
regulators of age-related muscle atrophy. A more compre-
hensive understanding of the roles of miRNAs in 
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sarcopenia as a whole will continue to evolve. miR-550a- 
3p can negatively regulate the expression of ERK1 and 
ERK2.13 Upregulation of miR-550a-3p in sarcopenia may 
lead to the downregulation of the ERK1/2 signaling path-
way. A previous study showed that Hachimijiogan pro-
moted the proliferation of C2C12 skeletal muscle cells 
through the ERK1/2 signaling pathway without activation 
of the Akt signaling pathway.14 In addition, a study 
showed that undercarboxylated osteocalcin enhanced myo-
genic differentiation via activation of the GPRC6A-ERK1 
/2 signaling pathway.15 Exercise training was previously 
shown to ameliorate the aging-related muscle changes in 
microstructure, mitochondria, and performance through 
the activation of the ERK1/2 signaling pathway.16 

Therefore, in this study, we inferred that the upregulation 
of miRNA-550a-3p might promote the development of 
sarcopenia by downregulating the ERK1/2 signaling path-
way. To date, no information about the biological role of 
miRNA-1972-1 has been reported.

It was previously shown that the expression level of 
miRNA-1245a was downregulated after chronic resistance 
exercise (RE).17 However, the role of miRNA-1245a in 
muscle adaptation to RE training was not elucidated. Our 
results revealed that KEGG pathways enriched in the group 

with high expression of miRNA-1245a included the JAK- 
STAT signaling pathway and pathways related to glioma, 
gap junctions, and regulation of the actin cytoskeleton, 
which might help explain the underlying role of miRNA- 
1245a. Interestingly, a previous study showed that differen-
tially methylated genes were mainly associated with the 
regulation of the actin cytoskeleton, energy metabolism, 
and muscle function in older women with sarcopenia.18

The activity of muscle satellite cells (SCs) was shown 
to contribute to skeletal muscle regeneration and the main-
tenance of muscle mass.19 Human aging is associated with 
susceptibility to muscle inflammation, which contributes 
to the impaired regenerative capacity of skeletal muscle.20 

Inhibition of JAK-STAT signaling was previously shown 
to result in a marked enhancement of muscle repair.21 

A study showed elevated p38αβ MAPK activity in freshly 
isolated aged SCs compared to that in young SCs.22 Partial 
inhibition of p38αβ MAPK signaling was shown to restore 
the generation of Pax7+ cells and increase the self-renewal 
of aged SCs.22 Activin A was shown to induce skeletal 
muscle catabolism through a p38 MAPK-independent 
mechanism.23 Hyperhomocysteinemia was shown to inhi-
bit the regenerative capacity of SCs through p38 MAPK 
signaling.22

Figure 2 Analysis of differentially expressed genes (DEGs). (A) Volcano plot of the DEGs identified by integrated analysis of the GEO datasets (red dot represents 
upregulated gene, blue dot represents down-regulated gene). A cutoff of a 1-fold change and FDR of <0.25 were used as the threshold values to determine DEG significance. 
(B) The heat map shows the expression of DEGs in sarcopenia patients compared to controls (red bars represent sarcopenia population, blue bars represent healthy 
population). (C) Violin plot analysis was performed to compare the expression of DEGs (red represents sarcopenia population, blue represents healthy population).
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Certain limitations of these studies should be consid-
ered. First, a small number of DEGs were identified in 
our analysis. In addition, a previous study showed eight 
miRs to be upregulated in cancer cachexia, with FDRs 
ranging from 0.21 to 0.22;24 this result may have been 
related to the selection of muscle tissues from elderly 
individuals as a control. If we had chosen to use data 
from the Genotype-Tissue Expression (GETx) database 
as a control, more than 1000 DEGs may have been 
identified. Moreover, more differentially expressed 

miRNAs were found between old and young skeletal 
muscle samples in a study by Zheng et al.25 Second, 
information on characteristics of the patients from 
which samples were obtained, such as insulin resistance, 
obesity, diabetes, high blood pressure, and lipid abnorm-
alities, was not provided, which prevented us from 
further analyzing whether these factors played roles in 
miRNA-1245a expression. Third, the three GEO profile 
datasets were composed of samples with a variety of 
ethnic backgrounds. Forth, “in silico analysis” is within 

Figure 3 GSEA plots of four gene sets that were significantly differentiated between high- and low-miRNA-1245a expression groups. The median expression of miRNA- 
1245a was selected as the cut-off value.
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a matter of speculation. Therefore, more studies are 
warranted to perform further analysis, and further 
in vitro and in vivo studies are required to confirm our 
findings.

With aging, dysregulation of miRNA-1245a in muscle 
is closely associated with sarcopenia, suggesting that 
miRNA-1245a may be a viable diagnostic and treatment 
biomarker for sarcopenia.
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