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Abstract

Objective
To explore the differentially expressed genes (DEGs) and potential therapeutic targets of skin aging in
GEO database by bioinformatics methods.

Methods
Dermal �broblasts and skin aging related data sets GSE110978 and GSE117763 were downloaded from
GEO database, and epidermal stem cells and skin aging related data sets GSE137176 were downloaded.
GEO2R was used to screen DEGs of candidate samples from the three microarrays, GO function analysis
and KEGG pathway analysis were performed. Protein interaction network was constructed using String
database, and hub gene was obtained by Cytoscape. NetworkAnalys was used to analyze the
coregulatory network of DEGs and MicroRNA (miRNA), interaction with TF, and protein-chemical
interactions of DEGs. Finally, DSigDB was used to determine candidate drugs for DEGs.

Results
Six DEGs were obtained. It mainly involves the cytological processes such as response to iron ion, and is
enriched in mineral absorption and other signal pathways. Ten genes were screened by PPI analysis.
Gene-miRNA coregulatory network found that Peg3 and mmu-miR-1931 in DEGs were related to each
other, and Cybrd1 was related to mmu-miR-290a-5p and mmu-miR-3082-5p. TF-gene interactions found
that the transcription factor UBTF co-regulated two genes, Arhgap24 and Mpzl1. Protein-chemical
Interactionsa analysis and identi�cation of candidate drugs show results for candidate drugs.

Conclusion
Try to explore the mechanism of hub gene action in skin aging progression, and to discover the key
signaling pathways leading to skin aging, which may be a high risk of skin aging.

1. Introduction
Aging is a complex and continuous biological process in the human body and an inevitable trend of
human metabolism. With the increase in the number of aging cells, the skin shows a very obvious
correlation between aging and the passage of time. Skin aging is characterized by reduced thickness [1]
and changes in biomechanical properties [2], and clinical manifestations include dryness, wrinkles,
sagging, blemishes, and all other signs of skin aging observed in the aging process [3]. Skin aging does
not shorten life expectancy, but can signi�cantly reduce skin condition and affect psychosocial status.
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Skin aging is the product of a variety of pathogenic mechanisms and pathways. Although people still
know little about the basic mechanisms and pathways of skin aging, more and more evidence suggests
that one of the most important factors affecting the in vivo aging is the gradual degradation or loss of
functions at the cellular level [4].Epidermal stem cells and dermal �broblasts play a critical role in the
multi-causal process of skin aging.With the increase of age, the decrease in the growth potential of skin
dermal �broblasts has long been observed [5].Dermal �broblasts play an important part in maintaining
the integrity of the dermis structure [6]. During aging, the proliferation and metabolic activity of dermal
�broblasts decreased, and the structure changed characteristically, including thinning of the dermis,
�attening of the dermis-epidermal junction, and loss of normal reticular ridge.This may be because the
relative lack of adult dermal �broblasts during aging is not su�cient to maintain the structural integrity of
the extracellular matrix.Or that is associated with changes in the composition of endodermal �broblast
subtypes with age [7, 8]. At the same time, another notable feature of skin aging is the depletion or
imbalance of epidermal stem cells. Stem cell senescence marks the development of aging and aging
related diseases. Epidermal stem cells are the progenitor cells of various epidermal cells. They derive
from the embryonic ectoderm and have the ability of bidirectional differentiation. On the one hand, it can
migrate down and differentiate into epidermal basal layer, and then generate hair follicles. On the other
hand, they migrate upward and eventually differentiate into various epidermal cells [9]. Epidermal stem
cells constantly renew their surface throughout the life cycle of animals and recapitualtion after wound
injury, suggesting the existence of epidermal stem cells to ensure that these key functions are performed
[10].Skin aging is caused by the impaired mobilization of stem cells or the decrease in the number of
stem cells capable of responding to proliferation signals, which increases skin in�ammation and is
di�cult to maintain homeostasis in vivo, and slows down the repair of skin tissue after external injury
[11].At the same time, miRNAs play an important role in regulating the balance between skin cell
proliferation and replicative senescence. MiRNA mediates the function of dermal �broblasts and is
associated with decreased expression of transmembrane receptors ( such as integrin ) and ECM
components ( such as collagen and elastin ) in aging skin �broblasts [12].However, there is the absence
of reliable research on the role of dermal �broblasts and epidermal stem cell-related genes and miRNAs in
skin aging and anti-aging. Various aspects of these related genes remain to be further studied.

Bioinformatics analysis is to use the computer for high-throughput cell biology technology to produce all
kinds of data searching, sorting, analysis, storage, in nucleic acid and protein level analysis, to explore the
structure and function of skin aging related biological macromolecular information, provide us with
different genes play a role in the process of skin aging progress more information related pathways and
comments. This study based on the GEO database, screening of epidermal stem cells and dermal
�broblasts of gene chip data, using bioinformatics analysis tools of epidermal stem cells and dermal
�broblasts genomics data analysis, screening epidermal stem cells and dermal �broblasts in the DEGs in
the process of aging.

2. Materials And Methods
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2.1 Data acquisition and identi�cation of DEGs
In GEO database (https://www.ncbi.nlm.nih.gov/geo/) [13] in search of skin aging related data
expression spectrum, 3 microarray data set (GSE110978 GSE117763 GSE137176) are included in the
study, The chip dataset contains mice data grouped by age. GSE110978 and GSE117763 are derived
from GPL11180 Affymetrix HT MG-430 PM Array Plate platform, and GSE137176 from GPL6246
Affymetrix Mouse Gene platform. The inclusion criteria for this study were to select dermal �broblasts or
epidermal stem cells isolated from the skin of mice of different ages as samples, and divide the mice into
young and old groups according to their age. The GSE110978 dataset consisted of 8 specimens,
including dermal �broblasts from 4 young (2 months old) and 4 old (18 months old) mice. The
GSE117763 dataset consisted of 8 specimens, including dermal �broblasts from 4 young (2 months old)
and 4 old (18 months old) mice. The GSE137176 dataset included epidermal stem cells from 3 young (1
month old) and 3 old (12 months old) mice.

2.2 Screening of DEGs and correlation analysis
Online analysis tool geo2r using geo database( https://www.nvbi.nlm.nih.gov/geo /Geo2r /) to screen the
differential genes. The limma package [14] of the R language is used to screen DEGs. The screening
criteria are FDR < 0.05 and|log2 (FC) | > 1. In order to intuitively re�ect the gene expression, all genes in the
two data sets are drawn into volcanic maps respectively. To better understand the DEGs, online software
Morpheus (https://software.broadinstitute.org/morpheus/) was used to draw heat maps of the �rst 20
up-regulated and the �rst 20 down-regulated genes in the two datasets, and according to the screening
criteria, The software Draw Venn Diagram (http://bioinformatics.psb.ugent.be/webtools/Venn/) was
used to Draw the Venn Diagram of the two groups of differential genes screened from the two data sets
to obtain the common DEGs.

2.3 Functional enrichment analysis of DEGs
The above common DEGs were subjected to GO functional annotation and KEGG pathway analysis using
DAVID (the Database for Annotation, Visualization and Integrated Discovery) database
(https://david.ncifcrf.gov/) [15]. The DAVID database integrates biological data and analysis tools to
provide researchers with the information annotation function of genes and proteins. GO is a
bioinformatics tool for analyzing and annotating biological processes of genes. GO consists of three
parts: Molecular Function, Biological Process, and Cellular Component. KEGG analysis can help people
analyze signaling pathways from large-scale molecular data sets generated by high-throughput
experimental techniques, and include the process by which multiple proteins interact and co-regulate
cellular function and metabolic activity. Adjusted P < 0.05 for threshold screening, visualized, and plotted
GO and KEGG results as chord diagrams utilizing R language.

2.4. PPI Network Construction and Module analysis
Protein-protein interaction (PPI) refers to the dynamic and complex network of interactions that arise
between two or more proteins. The String Database (http://string-db.org) [16] is a common database for
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PPI analysis, providing experimental and predictive interaction information. To obtain proteins that
interact directly or indirectly with DEGs, DEGs was imported into the String database, the trust value was
set to > 0.4, mice were selected for species selection, protein interaction network was formed, and data
was imported into GeneMANIA (http://genemania.org/), A database that generates gene function
hypotheses, analyzes gene lists, and analyzes gene priorities, and visualizes the results. Cytoscape [17] is
a software platform for visualizing molecular interaction networks. Cytoscape software was utilized to
visualize the results. At the same time, the MCODE plug-in of Cytoscape software was used to determine
the most important modules in the PPI network of the two data sets. The threshold score was set to ≥ 
4.5, and the important modules with the highest score were selected for visualization display.

2.5 Expression level analysis of hub genes identi�cation
and module analysis
CytoHubba plug-in in Cystoscape [18] was used to screen hub genes, and the MCC algorithm in
CytoHubba plug-in was used to screen the top 10 genes with the largest correlation in the current research
network as hub genes. These top 10 genes are the hub genes associated with epidermal stem cells and
dermal �broblasts during skin aging. And then by using ImageG the boxplot tools
(http://www.ehbio.com/ImageGP/), old and young group of GSE137176 data set of differences in gene
expression between the hub for visualization, draw boxplot. GO functional annotation and KEGG pathway
analysis were performed for the above 10 genes using DAVID database.

2.6 Gene - micrornas coregulatory network
The interaction information between GENE and miRNA was retrieved from miRTarBasev8.0 information
base. Data collected from Comprehensive satisfaction validated mirNA-gene interaction data collected
from miRTarBase This database is helpful to detect the association between DEGs gene and miRNA. The
Gene-mirNA coordination network was visualized using NetworkAnalyst. NetworkAnalyst NetworkAnalyst
(https://www.NetworkAnalyst.ca/) is a comprehensive network platform, is used to identify transcription
factor genes and the interaction between DEGs. At the same time, the miRTarBase database in
MiRwalk(http://mirwalk.umm.uni-heidelberg.de/) database was used to input 6 selected DEGs to conduct
prediction analysis of interaction between miRNA and mRNA. The results into the miRNA - mRNA
interaction table.

2.7 TF - gene interaction
NetworkAnalyst is also used to identify the interaction between transcription factors(TF) and DEGs,
interact identi�ed common DEGs with transcription factors, evaluate the results of transcription factors in
functional pathways and gene expression levels, and visualize the results. NetworkAnalyst ENCODE
(https://www.encodeproject.org/) in the database is used to search the TF and gene interaction network.

2.8 Protein - chemical Interactions
The data is based on The Comparative Toxicogenomics Database Interactions (CTD) (Downloaded on
Nov. 2016), Modules regulating protein-chemical Interactions were collected from the Comparative
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Toxicogenomics Database Interactions information bank and visualized using NetworkAnalyst. To
determine the biometrics and functions of genes, leading to valid drug hypotheses.

2.9 Identi�cation of candidate Drugs
The Drug Molecule Identi�cation is used to �nd the key components of a Drug. Using the Drug Signatures
Database (DSigDB) to �nd Drug candidates related to DEGs. The access of the DSigDB database is
acquired through Enrichr (https://amp.pharm.mssm.edu/Enrichr/) platform. Enrichr is mostly used as an
enrichment analysis platform that represents numerous visualization details on collective functions for
the genes that are provided as input [19].

3. Results

3.1. Identi�cation of DEGs and Correlation analysis
After screening the inclusion conditions, GSE110978 and GSE117763 data sets were used for the
identi�cation of DEGs in dermal �broblasts from young and old mice. GSE110978 obtained 532 DEGs
genes, including 153 up-regulated genes and 199 down-regulated genes. Sixty DEGs genes were obtained
from GSE117763, including 33 up-regulated genes and 27 down-regulated genes. The GSE137176
dataset was used to identify epidermal stem cell genes in young and old mice. A total of 1519 DEGs were
identi�ed, of which 1280 genes were up-regulated and 239 genes were down-regulated. All genes in the
three data sets were plotted into volcanic maps (Fig. 1A,1B,1C), with blue representing up-regulation and
red representing down-regulation. In order to better understand the distribution of DEGs, online software
Morpheus was used to draw heat maps of the top 20 up-regulated and top 20 down-regulated genes
screened out from the three data sets, respectively, and the results showed that mice of different age
groups could be well distinguished, as shown in Fig. 1D,1E, and 1F.

3.2. Screening of DEGs
According to the screening criteria, the DEGs screened out from the three sets of data were drawn by the
online software Draw Venn Diagram to obtain the common DEGs, as shown in Fig. 2. A total of 592
dermal �broblast genes collected by GSE110978 and GSE117763 were compared with 1519 epidermal
stem cell genes collected by GSE137176. Six common DEGs (Arhgap24, Peg3, Mpzl1, Col14a1, Cybrd1
and Trf) were identi�ed. Among the 6 genes, Arhgap24, Peg3, Mpzl1, Col14a1 and Cybrd1 were up-
regulated in three data sets, while Trf gene was up-regulated in dermal �broblast gene data sets
(GSE110978 and GSE117763). However, Trf gene was down-regulated in the epidermal stem cell gene
dataset (GSE137176).

3.3 Enrichment analysis of common DEGs
Using the DAVID online database, the online analysis of the six common DEGs (Arhgap24, Peg3, Mpzl1,
Col14a1, Cybrd1, Trf) obtained from the screening obtained the enrichment information of GO and KEGG.
The "BP" enriched by common DEGs mainly include response to metal ion, tissue homeostasis, and



Page 7/22

response to iron ion (Fig. 3A); in terms of "CC", common DEGs are mainly enriched in collagen-containing
extracellular matrix, interstitial matrix, cell tip region (Fig. 3A). The "MF" aspect suggests that DEGs are
mainly related to the processes of ferrous iron binding, oxidoreductase activity, oxidizing metal ions, and
ferric iron binding (Fig. 3A). In the enrichment analysis of the KEGG signaling pathway, the information
obtained in Fig. 3A shows that the Mineral absorption, Protein digestion and absorption, and Ferroptosis
regions (Fig. 3A) interact with genes in the KEGG signaling pathway database. The results obtained from
the enrichment analysis of the GO and KEGG signaling pathways were plotted as a chord diagram
(Fig. 3B). The distribution of the 12 enriched pathways can be observed. The �gure shows three genes,
Col14a1, Trf, and Cybrd1.

3.4 PPI Network construction and Module analysis
The String tool was used to construct the PPI network of the common DEGs, the species was selected as
mouse, and the obtained results were imported into the Cytoscape software, and the PPI network was
visually analyzed and screened. The PPI network was plotted using GeneMANIA, see Fig. 4A, showing
that the common DEGs contain 26 nodes and 142 edges. Using the MCODE plug-in of Cytoscape
software to analyze the most important clustering modules in the PPI network, the screening method is
the threshold score ≥ 4.5, and the key module results can be obtained. The most important modules with
the highest scores are selected for presentation, and new clustering networks are created, forming Fig. 4B.
The results show that it contains 8 nodes and 29 edges, and the genes of key modules include: Birc3,
Tradd, Birc2, Tnfrsf1b, Tnfrsf1a, Ripk1, Traf2, Map3k5.

3.5 Expression level analysis of hub genes
The Cytohubba plugin was used to sort the hub genes according to the degree value, and the top 10 hub
genes identi�ed were Birc3, Tradd, Map3k5, Birc2, Tnfrsf1b, Tnfrsf1a, Ripk1, Traf2, Ptpn11, and Gab1. In
the PPI network, the interactions of hub proteins with other proteins are shown in Fig. 4C. The network
consists of 53 nodes and 378 edges. By using the ImageGP boxplot tool, the expression differences of 10
genes in the old and young groups in the GSE137176 dataset were visualized. The results are shown in
Fig. 5A. The overall distribution and data of continuous variables, the tightness of the grouping and
whether the data distribution is skewed can be drawn from the boxplot. And the 10 genes were analyzed
by GO and KEGG, and the pathways related to the hub gene were shown. The results are shown in Fig. 5B.

3.6 Gene - micrornas coregulatory network
Gene-miRNA coordination networks were generated using NetworkAnalyst. Through the analysis of the
Gene-miRNA co-regulatory network, a network diagram of the interaction between DEGs and miRNAs was
generated. This interaction may be responsible for regulating the expression of DEGs. Figure 6A shows
the synergistic regulatory network of Gene-miRNA, including 11 nodes and 10 edges. 10 miRNAs interact
with 1 gene (Dmrta1) in common DEGs. At the same time, MiRwalk was used to predict and analyze the
interaction of miRNA-mRNA, and a table of miRNA-mRNA interaction was drawn, which is shown in
Table 1. Table 1 shows that Peg3 and Cybrd1 interact with 3 miRNAs in common DEGs, among which
mmu-miR-1931 interacts with Peg3, Cybrd1 interacts with mmu-miR-290a-5p, mmu-miR-3082-5p connect.
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Table 1
Prediction analysis of mirNA-mrna interactions of common DEGs

miRNA GeneSymbol Binding Site Au Me N Pairings Mirtarbase

mmu-miR-1931 Peg3 57,865,815 0.56 -6.51 19 MIRT596152

mmu-miR-290a-5p Cybrd1 18,611,883 0.52 -9.77 19 MIRT600998

mmu-miR-3082-5p Cybrd1 27,132,726 0.57 -15.56 12 MIRT600993

3.7 TF - gene interactions
Collect transcription factor and gene interaction information using NetworkAnalyst. Tf-gene Interactions
of common DEGs (Arhgap24, Peg3, Mpzl1, Col14a1, Cybrd1, and Trf) were identi�ed, and the results were
shown in Fig. 6B. The network showed links between 12 transcription factors and 2 common DEGs, with
a total of 14 nodes and 13 edges. Arhgap24 is regulated by 8 transcription factors, and Mpzl1 by 5
transcription factors. Transcription factor UBTF co-regulates Arhgap24 and Mpzl1 genes. These 12
transcription factor regulate more than one common DEGs in the network, indicating a high degree of
interaction between common DEGs and transcription factors.

3.8 Protein - chemical Interactions
Use NetworkAnalyst software to generate a network of protein and chemical Interaction. Through the
analysis of the Protein-chemica co-regulatory network, Fig. 6C shows the interaction of Protein and
Chemica among common DEGs. This interaction may provide direction for chemical drugs that modulate
proteins expressed by common DEGs. The network built for Protein-chemical consists of 1 node (Trf) and
36 edges. This shows that epidermal stem cells and dermal �broblasts regulate Trf gene-related
chemicals in genes.

3.9 Identi�cation of candidate Drugs
The Enrichr platform is used to identify the relationship between drug molecules and six common DEGs.
The data was collected from the DSigDB database. According to the P value and adjusted P value, the
results of candidate drugs are generated. Table 2 indicates the DEGs candidate drugs from DSigDB
database. Analysis showed that yohimbic acid PC3 UP was the drug molecule with most gene
interactions, Combined score was 857.29. 4-TERT-Octylphenol CTD 00003436 ranked second. Because
these signature drugs were found in six common DEGs, they represent related drugs that regulate
epidermal stem cell senescence and dermal �broblast senescence.
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Table 2
Candidate drugs of DEGs in DSigDB database

Index Name P-value Adjusted p-
value

Odds
Ratio

Combined
score

1 yohimbic acid PC3 UP 0.007179 0.2346 173.66 857.29

2 4-tert-Octylphenol CTD
00003436

0.01372 0.2346 88.66 380.25

3 4-nonylphenol CTD 00001904 0.02052 0.2346 58.61 227.75

4 adenine CTD 00005317 0.02553 0.2347 46.84 171.83

5 hydroxyurea CTD 00006132 0.02846 0.2347 41.89 149.11

6 rofecoxib CTD 00003631 0.02934 0.2347 40.6 143.29

7 solanine HL60 UP 0.0375 0.2728 31.54 103.54

8 primaquine PC3 DOWN 0.009975 0.2346 18.26 84.12

9 midecamycin HL60 UP 0.05166 0.3009 22.65 67.12

10 IRON CTD 00006166 0.05281 0.3009 22.14 65.12

4. Discussion
The skin is the largest organ of the human body, providing the necessary protective barrier for the internal
organs of the body, protecting the human body from external aggressions such as microorganisms,
chemicals and physical agents, ultraviolet (UV) radiation in sunlight, etc., and contributing to
thermoregulation. Maintaining the self-renewal capacity of the skin is essential for the survival of the
organism [20]. This unique barrier is formed by the epidermis, dermis, subcutaneous tissue, and many
appendages such as hair follicles, sweat glands, and sebaceous glands [21]. The skin of adults is
composed of cells from different embryonic origins and differentiates into three layers in the skin: the
epidermis, the dermis, and the subcutaneous layer. The epidermis, the outermost layer of the skin,
originates from the ectoderm and is closely connected to the dermal ridges. The epidermis includes the
basal layer, spinous layer, granular layer, and stratum corneum, and is composed of keratinocytes,
Langerhans cells, melanocytes, neuroendocrine cells, and in�ammatory cells [22, 23]. The main role of
the outermost epidermis is to act as a protective barrier between the external world and the internal
environment of the body [24]. Epidermal homeostasis depends on the differentiation of epidermal stem
cells present in the basal layer, which provide new cells to replace those lost following tissue renewal or
injury. Epidermal stem cells located in the basal layer of the epidermis have lifelong self-renewal capacity
and function through intermediates called transport-amplifying cells, which can maintain a certain
number through division while continuing to differentiate into different levels of skin tissue. Thus, the
epidermis is in a state of continuous proliferation, differentiation and apoptosis [25], ensuring the
production of a large number of keratinocytes required to maintain epidermal homeostasis. The
microenvironment provided by the complex structure of the extracellular matrix and basement membrane
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helps embryonic stem cells to form a complete stem cell niche [26]. Different skin stem cells help
maintain and repair various epidermal tissues of the skin, including the interfollicular epidermis, hair
follicles, and sebaceous glands. Adult embryonic stem cells can self-renew while their progeny
differentiate, leaving the basal layer and migrating toward the epidermal surface. Different types of
resident stem or progenitor cells present in different layers of the skin maintain the stability of the human
body's internal environment [27].

In contrast, the dermis is composed of a complex extracellular matrix (ECM) and dermal �broblasts that
provide the skin with strength and elasticity. The dermal �broblast population includes papillary
�broblasts, reticular �broblasts, and dermal papillary cells [6]. Dermal �broblasts maintain skin
homeostasis through interactions with the epidermis and extracellular matrix. Dermal �broblasts provide
structural support to the skin by producing collagen and elastin and other structures under the epidermis.
Due to the production of these basic structural substances, dermal �broblasts play an important role in
maintaining tissue structure and preventing skin aging. The synthesis and degradation of dermal matrix
molecules undergo profound changes with age [1, 28]. Aging of dermal �broblasts leads to skin-related
functional defects, resulting in reduced synthesis of structural substances such as collagen, elastin,
hyaluronic acid, and chondroitin, the density of dermal collagen, as well as the density of various types of
skin cells were continuously lower [29].

The self-renewal of dermal and epidermal cells of the skin is accomplished through gene regulation in
time and space. Skin as the main barrier between self and environment, natural aging and photoaging
may occur in parallel or overlapping, which may cause adverse effects on skin and cause skin aging, and
their leading mechanism is those genes involved in skin aging [30]. There are several speci�c genes and
signaling pathways involved in the regulation of epidermal stem cells and dermal �broblasts, which are
the result of complex interactions of multiple genes and signaling pathways that synergistically regulate
the characteristics of dermal �broblasts and the function of epidermal stem cells. In this study, based on
the analysis of GEO database, dermal �broblasts and epidermal stem cells samples isolated from the
skin of mice of different ages in GEO database were selected, and they were divided into young group
and old group according to the age of mice. Data sets GSE110978 and GSE117763 included DEGs of
dermal �broblasts in different age groups. The GSE137176 dataset included the identi�cation of
epidermal stem cell genes DEGs in mice of different age groups. By comparing 592 dermal �broblast
genes collected by GSE110978 and GSE117763 with 1519 epidermal stem cell genes collected by
GSE137176, We identi�ed six common DEGs (Arhgap24, Peg3, Mpzl1, Col14a1, Cybrd1, and Trf). The
comprehensive comparison and analysis of these 6 skin aging related genes can �nd the regulation rules
of skin aging related genes. Extensive recombination of hair follicle stem cells occurs in the aging
process, which is manifested as weakened self-renewal ability and delayed response to activation
signals, due to the combined effect of internal microenvironment and external macro-environmental
regulatory factors [31]. Embryonic stem cells fail with age and no longer stabilize the internal
environment of epidermal tissue or repair damaged tissue [12, 32].
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Arhgap24, this gene encodes a Rho-GTPase activating protein, Arhgap24 is speci�c for the small GTPase
family member Rac. Arhgap24 belongs to Rho GTPase activating protein (RhoGAP), which is a kind of
protein containing 748 amino acids. It is involved in cell cycle, apoptosis and invasion [33]. Peg3 may
play a role in skin cell proliferation and p53-mediated apoptosis. One study showed that peG3-mutated
mice had excess fat in the abdomen, subcutaneous and scapular area, even with low food intake [34].
This suggests that lipid metabolism is in�uenced by Peg3 mutant model [35], and Peg3 may be
responsible for the regulation of lipid metabolism. As a highly conserved protein, Mpzl1 is expressed in a
wide variety of cells, suggesting that it may play an important role in the basic functions of skin cells.
Previous studies have shown that Mpzl1 may promote �ber-connexin-dependent cell migration by
recruiting and activating SHP2 [36]. Recent studies have also suggested that Mpzl1 may promote
�bronectin dependent migration of mouse embryonic �broblasts [37]. Col14a1, this gene encodes the
alpha chain of type XIV collagen, a member of the FACIT (�bril-associated collagens with interrupted
triple helices) collagen family. Type XIV collagen interacts with the �bril surface and is involved in the
regulation of �brillogenesis [38]. Cybrd1 is an iron reductase that regulates iron, The iron-regulated
signaling pathway mediated by catalytic conversion of iron into ferrous ions during iron absorption is
believed to play a physiological role in dietary iron absorption [39]. Trf is the main plasma siderophore,
which delivers iron to tissues through binding to its receptor (TrfR) and receptor-mediated endocytosis
[40]. It is generally accepted that iron transport is the main function of Trf. Expression of highly conserved
ontogenetic and phylogenetic patterns suggests that Trf/ TRFR-mediated iron delivery pathways are
required for normal development [41]. Iron is known to be essential for cell division, and this is re�ected in
the aging process of the skin.

Other related genes and signaling pathways have also been implicated in skin aging. In terms of
epidermal stem cells, comprehensive analysis of genes related to aging and skin diseases showed that
aqp5 regulates the proliferation and differentiation of epidermal stem cells during skin aging, and may
play an important role in maintaining the growth potential of keratinocytes and balancing the
proliferation and differentiation of skin [42, 43]. Wnt1 induces excessive proliferation of hair follicle cells
and rapid depletion of stem cells [44]. The expressions of pro-in�ammatory genes IRF4 and Cxcl12 are
up-regulated in aging skin cells, which may lead to age-related skin diseases with increased susceptibility
[45]. Ecm1, an extracellular interstitial molecule, maintains differentiation and maturation of epidermis,
keratinocyte adhesion and signal transduction, and plays a role in angiogenesis and dermis through ECM
formation [46]. In terms of dermal �broblasts, factors secreted by dermal �broblasts affect the growth
and differentiation of keratinocytes, and keratinocyte proliferation depends on the expression of PTN and
SDF-1 in �broblasts, indicating cell-cell interaction [47]. A feature of dermal �broblasts in aging includes a
decrease in papillary �broblasts and an increase in reticular �broblasts in the skin [48]. YAP signal has
been shown to adjust ECM strength by adjusting Hippo pathway to adapt and respond to mechanical
stress [49]. In addition, the FAK signaling pathway plays a role in the response of wound repair to
mechanical stress [50]. FAK signaling is triggered by skin injury, and monocyte chemoattractor protein-1
(McP-1) expression is induced by ERK signaling. Fibroblasts also produce IGF-1, which binds to igF-1
receptors (IGF-1Rs) on keratinocytes to activate signaling pathways that regulate cell proliferation and
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cell response to genotoxic stress such as ULTRAVIOLET radiation to avoid skin aging [51]. Signaling
pathways involved in regulating skin aging also include the Notch pathway, which plays a role in
regulating in�ammation and hair follicle morphogenesis [52, 53]. TGF-β signaling also plays an important
role in wound healing and scar formation. BMP signaling is involved in the regulation of hair follicle
morphogenesis [54, 55]. In addition, BMP signaling is a necessary differentiation transfer for
myo�broblast to adipocyte transformation in wound healing [56].

We also performed GO and KEGG analysis on the top 10 hub genes analyzed by the Cytohubba plugin,
and found that the enriched "BP" mainly included protein heterooligomerization, necrotic cell death,
programmed necrotic cell death; in terms of "CC", hub The genes were mainly enriched in the membrane
region, the membrane microdomain, and the membrane raft region. The "MF" aspect suggested that the
hub gene was mainly related to the processes of tumor necrosis factor receptor superfamily binding, MAP
kinase activity, and death domain binding. KEGG showed that hub gene was related to TNF signaling
pathway. Apoptosis and NF-kappa B signaling pathway. We can speculate from this that senescence may
be linked to the suppression of the expression of epidermal stem cells and dermal �broblasts.

In the past decade, miRNAs have been tried and found widely involved in the regulation of almost all
processes in an organism, including skin aging. In addition, most miRNAs associated with proteins in
aging skin were down-regulated. In our study, two genes, Peg3 and Cybrd1, were shown to interact with
three miRNAs, among which mmu-miR-1931 interacted with Peg3, Cybrd1 interacted with mmu-miR-290a-
5p, mmu-miR-3082-5p there is a link, and it also appears to be down-regulated. At the same time, other
studies have further shown that other related miRNAs are also responsible for regulating skin aging-
related processes. For example, Mancini et al. found that mir-152 and miR-181a induce senescence in
proliferating human skin �broblasts and play a multifaceted role in dermal extracellular matrix
remodeling in aged skin [57]. Further studies have con�rmed that the expression of dnmt1 and mir-217 is
negatively correlated in skin tissue and �broblasts of different ages. Showed that mir-217 promotes
�broblast senescence by targeting dnmt13′-UTR to inhibit dnmt1-mediated methylation of p16 and pRb
[58]. In addition, mir-1299 inhibits the senescence of �broblasts by inhibiting the expression of arg2, and
the miR-1299/ARG2/arl1 axis is a novel pathway by which arg2 participates in the inhibition of cellular
senescence by inhibiting autophagy [59]. Rivetti et al. found that keratinocyte miR-138, miR-181a, miR-
181b and miR-130b were up-regulated during replicative senescence. They showed that these four
miRNAs regulate cell proliferation pathways by targeting p63 and Sirtuin 1 (SIRT1) mRNAs [60]. In
addition, we have also done two analyses of drugs related to gene regulation, Protein-chemical
Interactions and Identi�cation of candidate drugs. Including the Trf gene-related chemical drugs in the
regulatory genes of epidermal stem cells and dermal �broblasts provided by NetworkAnalyst, and the
drug molecules identi�ed by the Enrichr platform that are related to 6 common DEGs. These drug
candidates also provide inspiration for the research and development of skin care ingredients related to
skin aging.

5. Conclusion Summary
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This article analyzes the age-dependent expression of epidermal stem cell genes and dermal �broblast
genes associated with skin aging by means of bioinformatics analysis, which is based on the analysis of
epidermal stem cell and dermal �broblast cell samples from young and old mice., based on these three
datasets identi�ed cell-type-speci�c DEGs, emphasizing molecular changes during skin aging. Six genes
related to skin aging, as well as related gene-mediated signaling pathways and apoptosis signaling
pathways, as well as genes related to increased in�ammation were up-regulated with age, and genes
related to epithelial cell proliferation and epithelial maintenance were identi�ed by analysis. Expression is
down-regulated with age. Speci�cally, skin aging reduces the self-renewal capacity of epidermal stem
cells and dermal �broblasts and promotes aging phenotypes, including increased in�ammatory
responses, which may be key factors driving epithelial wear and skin atrophy and skin aging.
Comprehensive analysis of the expression characteristics and signi�cance of these six common DEGs
(Arhgap24, Peg3, Mpzl1, Col14a1, Cybrd1, Trf) in skin aging can provide theoretical support and guidance
for further research on skin aging-related functions.
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Figure 1

Identi�cation and analysis of DEGs A: Volcano map of DEGs in the GSE137176 dataset. B: Volcano map
of DEGs in the GSE110978 dataset. C: Volcano map of DEGs in the GSE117763 dataset. D: Heat map of
DEGs in GSE137176 dataset. E: Heat map of DEGs in the GSE110978 dataset. F: Heat map of DEGs in
the GSE117763 dataset. In all images of Figure 1, red represents up-regulated genes and blue represents
down-regulated genes.
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Figure 2

Venn diagram Venn plots of DEGs in GSE137176, GSE110978, and GSE117763 data sets, and the
overlapped part represents the common DEGs in the three data sets, 6 in total.
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Figure 3

GO and KEGG analysis results of genes A:GO biological, GO cell, GO molecular function enrichment
results, and KEGG pathway enrichment results.B:GO and KEGG analysis of string.

Figure 4

PPI network: A: Common gene PPI network. B: Key protein expression module C: PPI networks encoded by
key gene interactions
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Figure 5

Analysis of hub genes A: Box diagram of the distribution of 10 hub genes in the GSE137176 dataset; B:
GO and KEGG analysis of 10 hub genes
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Figure 6

NetworkAnalyst analysis of common DEGs A: Gene-mirNA coregulatory network, pink represents genes
and green represents mirnas.B: Gene identi�cation of TF-Gene Interactions. Pink represents genes and
green represents transcription factors.C: Protein-chemical Interactions of common DEGs. Pink represents
genes and green represents drugs.


