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Mesenchymal stem cells senescence: Investigating the role of

ferroptosis using bioinformatics analyses
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Abstract. Ferroptosis is a type of iron-dependent programmed cell death that closely related to aging. The aim of this
study is to investigate the role of ferroptosis in the aging of mesenchymal stem/stromal cells (MSCs). GSE97311
dataset (containing expression data of fetal and adult MSCs) was analyzed and differentially expressed genes (DEGS)
were extracted. Then, among them, ferroptosis-related differentially expressed genes (FRDEGS) were determined. In
the next step, biological functions, protein-protein interactions, hub genes, upstream regulators, and inflammatory
factors related to FRDEGs were analyzed using different bioinformatics methods. According to the analysis, 34 genes
were identified as FRDEGs. Analysis of biological functions showed that these genes are mostly involved in
oxidoreductase activities, fatty acid synthesis and response to iron ion. Also, the analyzes related to the signaling
pathways also showed that these genes are mostly involved in the pathways related to types of cancers as well as fatty
acid biosynthesis. According to the analysis, miR-26b-5p was identified as the most important miRNA and LINC00205
and GASS as the most important IncRNAs. Hub genes including HMOX1, EZH2, NEDDAL, PTGS2, CDKN2A, ATF3,
NOX4, TXNIP, SNCA and MAPK3 were identified as the main genes of ferroptosis related to aging of MSCs. The
results showed the possibility of high involvement of FRDEGs and their upstream regulators in inducing inflammation
and aging phenotype in MSCs. These findings may provide new clues to improve the function of MSCs and reduce age-
related diseases in the future.
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Figure 1. Flowchart diagram. GEO: gene expression omnibus database; DEGs: differentially expressed genes;

FRDEGs, ferroptosis-related differentially expressed genes; PPI: protein-protein interaction; GO: Gene Ontology;
KEGG: Kyoto Encyclopedia of Genes and Genomes; IncRNAs: long non-coding RNAs; miRNAs: microRNAs;

WGCNA: weighted gene co-expression network analysis.
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Figure 2. Differential expression analysis of GSE97311 dataset and obtained FRDEGs. (A-B) Volcanic plot, for the
analysis of differentially expressed genes, where the red and blue points indicate the genes that experienced increased
and decreased expression, respectively. Principal component analysis (PCA), which consists of two principal
components (PC1 and PC2) and explains a certain percentage of the variance of the data. The direction and length of
each arrow indicates the effect of gene expression on the main components. (C-D) Box plot showing the normality of
the data (the distribution of the data was regular) and the Venn diagram showing the overlap between the DEGs of the
data set and the ferroptosis genes. (E) Heatmap to show the expression of 34 FRDEGs in old and young MSCs in
different groups; Red and blue colors indicate the increase and decrease of gene expression, respectively.
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Figure 4. Identification of key module and investigation of biological functions. (A) Cluster dendrogram and color display of co-
expression network modules. (B) Heatmap of the correlation between the genes of each module and the aging of MSCs. Based on
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