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Abstract

Diabetic ulcers (DUs) are characterised by a high incidence and disability rate.

However, its pathogenesis remains elusive. Thus, a deep understanding of the

underlying mechanisms for the pathogenesis of DUs has vital implications. The

weighted gene co-expression network analysis was performed on the main data

from the Gene Expression Omnibus database. Gene Ontology (GO) terms, Kyoto

Encyclopedia of Genes and Genomes (KEGG) analysis were adopted to analyse the

potential biological function of the most relevant module. Furthermore, we utilised

CytoHubba and protein–protein interaction network to identify the hub genes.

Finally, the hub genes were validated by animal experiments in diabetic ulcer mice

models. The expression of genes from the turquoise module was found to be

strongly related to DUs. GO terms, KEGG analysis showed that biological functions

are closely related to immune response. The hub genes included IFI35, IFIT2,

MX2, OASL, RSAD2, and XAF1, which were higher in wounds of DUs mice than

that in normal lesions. Additionally, we also demonstrated that the expression of

hub genes was correlated with the immune response using immune checkpoint,
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immune cell infiltration, and immune scores. These data suggests that IFI35, IFIT2,

MX2, OASL, RSAD2, and XAF1 are crucial for DUs.
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Key Messages
• weighted gene co-expression network analysis was performed on the main

data from the Gene Expression Omnibus database to identify the most
relevant module of diabetic ulcers

• Gene Ontology terms, Kyoto Encyclopedia of Genes and Genomes analysis dem-
onstrated the most relevant module is strongly associated with immune response

• construct the protein–protein interaction network and identify the hub
genes including IFI35, IFIT2, MX2, OASL, RSAD2, and XAF1

• the hub genes had higher expressions in wounds of diabetic ulcers mice

1 | INTRODUCTION

Over the past 40 years, the number of patients with dia-
betes has rapidly increased worldwide.1 Chronic hyper-
glycemia leads to long-term complications of diabetes,
including heart diseases, stroke, retinopathy, nephropa-
thy, and diabetic ulcers (DUs).2-5 19%–34% of diabetes
patients will develop DUs in their lifetime.6 In particular,
21.7% of diabetes patients had an amputation or died,
with a higher proportion among people with a pre-
existing condition of DUs compared to those who have
no pre-existing condition of DUs.7

Compared with healthy people, the wound healing of
diabetes patients is delayed because the healing mecha-
nism is inhibited by several factors, such as neuropathy,
peripheral angiopathy, and impaired immunity.8 Wound
healing is a complex biological process involving a large
number of cell types, cytokines, and growth factors.8

Recently researchers find that DU is characterised by
chronic inflammation and impaired angiogenesis.9,10 The
inflammatory cytokine IL-1β and TNF-α are increased in
chronic human and mice wounds.11 The acute inflamma-
tory reaction is the first process of wound healing. An
array of cytokines and chemokines attract inflammatory
cells including neutrophils and macrophages to the site
of injury and inflammation, which recruits growth fac-
tors.12 In the early stages of wound healing, neutrophils
can defend against invading pathogens. However, pro-
longed inflammation, neutrophil, and neutrophil-derived
proteases are often associated with chronic non-healing
or slow-healing wounds.13-15 It has been suggested that

the peptidylarginine-deiminase 4 (PAD4) protein, which
was enhanced in neutrophils of diabetic patients, is asso-
ciated with a reduction in inflammation and tissue dam-
age.15 And studies have revealed that hyperglycemia and
excessive advanced glycation end products (AGEs) forma-
tion prevent the clearing of neutrophils by macrophages,
thereby continuing a pro-inflammatory state.16,17

Angiogenesis is important for granulation tissue for-
mation during wound healing and can also help other
cells' proliferation and migration. However, because of
the low expression of vascular endothelial growth factor
(VEGF) and hypoxia, this process is inhibited in DU.18

Numerous studies have shown that hyperglycemia leads
to an impairment of nitric oxide (NO) production and
activity in diabetic patients, leading to the development of
endothelial dysfunction and impaired angiogenesis.19

And it has been reported that in wound healing, platelet
dysfunction induced by diabetes may prevent normal
healing processes.20 Platelets are central to haemostasis,
helping to form a hemostatic plug or thrombus without
occluding the vessel. During wound healing, the throm-
bus has to be degraded so that the re-epithelialization can
start. Yet, insulin resistance and abnormal glucose metab-
olism could further increase platelet aggregation.21 In
addition, the inhibitory effect of NO released from vascu-
lar endothelial cells to platelet aggregation is decreased,
which reduces angiogenesis.22

The major treatments for DUs include clearing
necrotic tissue, antibiotics, wet dressing therapy, negative
pressure therapy, and hyperbaric oxygen.23 However,
some patients have a high rate of recurrence with a poor
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TABLE 1 The primers used for quantitative real-time polymerase chain reaction (qPCR)

Name Primer sequence Size (bp)

m IFI35-QPCR-F AACCACAGGGTGCTCGTTAG 202

m IFI35-QPCR-R TGAACTGGCCAATCTGGCAT

m IFIT2-QPCR-F GGGAGTCCCCCAAAGGACTA 225

m IFIT2-QPCR-R GGCCAGAACTTGCTTTTCGG

m MX2-QPCR-F CTGACCGCAGAGCTCATCTT 253

m MX2-QPCR-R ACTCTTTTCGGAGCCTGGTG

m OASL-QPCR-F TTTCTCCAAGGAGGGAGGGG 278

m OASL-QPCR-R TCTCGATTCTCTCCCAGGCA

m RSAD2-QPCR-F AGCAGGTGTGTGCCTATCAC 229

m RSAD2-QPCR-R GCTGAGTGCTGTTCCCATCT

m XAF1-QPCR-F GAAGCTTGACCATGGAGGCT 200

m XAF1-QPCR-R GTGCTGTTGGCTTTCCTTGG

FIGURE 1 Bioinformatic analysis of the differentially expressed genes (DEGs) between healthy volunteers and diabetic ulcer patients.

In (A) Box plot after data standardisation, different colours represent different data sets. (B) Principal component analysis (PCA) results

before batch removal for multiple data sets. Different colours represent different data sets. (C) PCA results after batch removal, showing the

intersection of these two data sets. Different colours represent different data sets. (D) Volcano plots of DEGs were constructed to adjust to

fold-change and P value. The red points represent the over-expressed mRNAs and the blue points indicate the down-expressed mRNAs.

(E) Heatmap of the top 100 DEGs. Different colours represent the different expression trends
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prognosis. Desperately needed work is to gain new
insight into the pathogenesis of DUs.

Systems Bioinformatics is a relatively emerging field
that integrates information including systems biology
and classical bioinformatics.20 Bioinformatics manages
and analyses biological data through computational tech-
nologies. In order to study more associations between
multi-omics (genomics, transcriptomics, proteomics, and
metabolomics) data and diseases, these data sets must be
integrated and analysed as a holistic system by bioinfor-
matics.20 With the gene mapping techniques and bioin-
formatics analysis developing further and refining, we
can identify the variation of gene expression caused by
DUs through bioinformatics analysis, and thereby find
the core biomarkers and molecular mechanisms of DUs.
Although a previous bioinformatics analysis that
included DUs was performed.24 However, owing to the
different objectives they reveal the biomarkers between
acute trauma and chronic wounds, and Rong et al. only
explored the module which was highly related to the

immune score. Thus, the impact of DUs compared with
normal has not been fully assessed.

Therefore, the purpose of comprehensive bioinfor-
matics analysis focusing on DUs is to clarify the core bio-
markers and modules of DUs and to know about
immune correlates. In addition, experimental validation
on DUs was adopted to give significant basic research evi-
dence. The current study will provide new insights into
the underlying mechanisms for the pathogenesis of DUs.

2 | METHODS

2.1 | Data collection

The Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/), an international public reposi-
tory, can archive and freely distribute high-throughput gene
expression and other functional genomics datasets. Two
databases including GSE37265 (Affymetrix Human Genome

FIGURE 2 Weighted gene co-expression analysis. (A) Gene cluster dendrogram clustered by weighted gene co-expression network in

different colours. (B) 10 co-expression modules. (C) The heatmap of module-trait relationships between healthy volunteers and diabetic

ulcers. Number in and outside the bracket represents P-value and Pearson coefficient, respectively. (D) Correlation analysis between module

membership and gene significance in the turquoise modules
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FIGURE 3 Functional enrichment of ulcer-related genes. (A) Gene Ontology analysis of differentially expressed genes involving the

biological processes, cellular components, and molecular functions. (B) Kyoto Encyclopedia of Genes and Genomes showing the signalling

pathway associated with diabetic ulcers

FIGURE 4 PPI network construction and hub gene identification. (A) Venn Diagram of the hub genes identified using three graph-

theoretic algorithms including Degree, MCC, and MNC. (B) Protein–protein interaction network of the hub genes. (C) Sankey diagram for

the correlation analysis of transcription factors and hub gene in ulcer. Each rectangle represents a gene, and the connection degree of each

gene is displayed based on the size of the rectangle
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U133 Plus 2.0 Array, USA, 25 March 2019) and GSE80178
(Affymetrix Human Gene 2.0 ST Array, USA, 15 March
2019) were obtained from the GEO database for the expres-
sion of mRNA in DUs patients, and the download data for-
mat is MINIML. Inclusion criteria: all subjects of the
included studies were human; samples not based on cell
lines; sample type should be skin tissue; datasets with com-
plete data for analysis; ethical approval was obtained; DUs
or normal samples should be included; the control group
without neither systemic nor autoimmune diseases nor rele-
vant family history.

2.2 | Data processing

Screening for differentially expressed mRNA was per-
formed using the Limma package (version: 3.40.2) of R
software, and significance was indicated by jLog(fold
change)j >1 and a corresponding P-value ≤.05. Further, a
principal component analysis (PCA) was used to cluster
trends with the R software.

2.3 | Weighted gene co-expression
network

The weighted gene co-expression network (WGCNA) pack-
age in R was used to detect co-expressed gene modules, con-
firm the hub genes, and the association between the gene
network and the disease phenotype. This approach is a par-
ticularly powerful means to indicate co-expression among
disease-related genes, which has been reported previ-
ously.25,26 The samples were clustered when the soft-
threshold power was set as 4, height was set as 0.25, and the
minimum module size was set as 30. Then extract the gene
clusters' names and show them as a heatmap. The scatter
plots showed the correlations between the genes and DUs.

2.4 | Functional enrichment analysis

To better understand the function of potential targets,
the key module was analysed using functional enrich-
ment analysis. Gene Ontology (GO) analysis is a major
bioinformatics tool for annotating genes and gene
functions. Kyoto Encyclopedia of Genes and Genomes
(KEGG) is a knowledge database for systematic analy-
sis of gene function, linking genomic information to
higher-order functional information. The GO and
KEGG analysis were performed using the R package
“cluster Profiler.”

2.5 | Network construction

We performed three algorithms (degree, MCC, and
MNC) in cytohubba, and got the Venn diagram by over-
lapping the three results. Protein–protein interaction
(PPI) showed the overlapping hub genes. Sankey diagram
shows the relationship between hub genes and transcrip-
tion factors.

FIGURE 5 The expression

distribution of immune

checkpoints related mRNAs in

case and control groups, where

the horizontal axis represents

different mRNA and the vertical

axis represents the mRNA

expression distribution.

Different colours represent

different groups, and the upper

left corner represents the

significance P-value test

method. ***P < .001

TABLE 2 The differences of immune checkpoints in normal

tissue and diabetic ulcers (DUs)

Immune checkpoint Correlation with DUs P-value

CD274 Negative <.001

CTLA4 Negative <.001

HAVCR2 Negative <.001

LAG3 Negative <.001

PDCD1 Not significant >.1

PDCD1LG2 Not significant >.1

SIGLEC15 Negative <.001

TIGIT Negative <.001
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2.6 | Correlation analysis of gene
expression and immune function

To assess the level of immune cell infiltration and
immune function in a single sample, a single-sample
gene set enrichment analysis (ssGSEA) is performed
according to the expression levels of immune cell-specific
markers. The data of DU patients and healthy volunteers
were imported for the ssGSEA analysis.

2.7 | Validation experiments

2.7.1 | Animals

Twenty female C57BL/6 (8 weeks old) obtained from
Shanghai Slac Laboratory Animal Co., Ltd. (scxk
Shanghai 2017-0005) were bred in the Laboratory Ani-
mal Center of Shanghai University of TCM. They had a
high-fat diet (Shanghai Pu Lu Tong Biological Technol-
ogy Co., Ltd) or standard diet and ad libitum access to
water under controlled temperature (23 ± 2�C), in spe-
cific pathogen-free animal (SPF) grade cages. The mice
were equally divided into the normal group and disease
group.

2.7.2 | Diabetic ulcer mice model

A diabetic ulcer mice model was established in the cur-
rent study. The model group mice and healthy group
mice were injected intraperitoneally with 2% streptozo-
tocin dissolved in a mix of citrate buffer. The blood glu-
cose of the disease group was kept over 16.7 mmol/L.
After shaving, full-thickness excisional skin wounds
were created with a sterile biopsy punch in the back of
mice. The mice were executed and skin tissue was
taken on day 9 after punching. And all tissue was
immediately put into liquid nitrogen and stored
at �80�C.

2.7.3 | Quantitative real-time polymerase
chain reaction

The mRNA expressions of hub genes were detected with
quantitative real-time polymerase chain reaction (qPCR).
Firstly, we used TRIzol reagent to extract total RNA. Sec-
ondly, the concentration of total RNA was determined by
an ultraviolet spectrophotometer. Then, we reverse-
transcribed 20 μL of total RNA to a cDNA probe using
Reverse Transcription System First Strand cDNA Synthesis

FIGURE 6 Violin plot of the difference of proportion in 22 immune cells between diabetic ulcers and normal tissue by single-sample

gene set enrichment analysis analysis
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Kit. PCR primers were listed in Table 1. And cDNA was
used for qPCR analysis. After the reaction, the collected
fluorescent quantitative data were analysed.

2.7.4 | Statistical analysis

All the values were expressed as means ± the SD. The one-
way analysis of variance (ANOVA) and student t-test were
applied to compare the differences between the groups.
P-value <.05 was considered a significant statistical differ-
ence. All calculations were performed using SPSS 24.0
statistical software.

3 | RESULTS

3.1 | Identification of differentially
expressed genes related to DUs patients

We retrieved and obtained the relevant data sets of DUs
from GSE37265 and GSE80178 (Figure 1A). PCA was
performed to show the relationship among the different
data sets. As is shown in Figure 1B, before removing the
batch the two data sets were separated without any
intersection. The first principal component (PC1)
accounted for 53.91% of the total variance, and the sec-
ond principal component (PC2) accounted for 14.18%.
However, the two sets intersected together after batch
removal, and this means the two data sets can be ana-
lysed as a batch of data (Figure 1C). PC1 accounted for
28.82%, and PC2 accounted for 14.57% of the total vari-
ance. Figure 1D showed the result of the differential
analysis, 8350 genes in total. The top 50 down�regula-
tion genes and up-regulation genes were shown on the
heatmap (Figure 1E).

3.2 | WGCNA and key module
identification

As is shown in the hierarchical clustering tree of
Figure 2A,B, WGCNA was used to cluster the similar
modules, and we obtained 10 co-expression modules
which were represented with different colours. The
heatmap of module-trait relationships showed that the
turquoise module has the greatest difference in the cor-
relations between healthy volunteers and DUs
(Figure 2C). In the turquoise module, the scatter plots in
Figure 2D illustrated that module membership and gene
significance have a strong correlation (cor = 0.64,
P= 4.5e�69).

3.3 | Functional enrichment analysis of
the turquoise module

To further explore the functions of hub genes and rele-
vant pathways from the turquoise module, GO and
KEGG enrichment was performed. In GO analysis, we
mainly enriched T cell activation and regulation of
immune effector process in the biological process,
external side of the plasma membrane, and secretory
granule membrane in terms of cell component,
receptor-ligand activity, and signalling receptor activa-
tor activity in terms of molecular function
(Figure 3A). KEGG enrichment analysis showed that
the main pathways include cytokine�cytokine recep-
tor interaction, protein interaction with cytokine and
cytokine receptor, Chemokine signalling pathway,
Lipid and atherosclerosis, and TNF signalling pathway
(Figure 3B).

TABLE 3 The different immune cell occupancies in normal

tissue and diabetic ulcers (DUs)

Immune fraction
Correlation
with DUs P-value

Naive B cell Not significant >.1

Memory B cell Not significant >.1

Plasma cells Not significant >.1

CD8 T cell Not significant >.1

CD4 naive T cell Not significant >.1

CD4 memory resting T
cell

Not significant >.1

CD4 memory activated T
cell

Not significant >.1

T cells follicular helper Positive <.05

T cells regulatory helper Negative <.1

γδ T cell Not significant >.1

Resting NK cells Positive <.05

Activated NK cells Negative <.001

Monocytes Positive <.05

Macrophages M0 Positive <.001

Macrophages M1 Not significant >.1

Macrophages M2 Negative <.05

Resting dendritic cells Not significant >.1

Activated dendritic cells Positive <.05

Resting mast cells Negative <.001

Activated mast cells Positive <.05

Eosinophils Not significant >.1

Neutrophils Positive <.05
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3.4 | PPI network construction and hub
gene validation

Seven hub genes were identified from the PPI network
and three different graph-theoretic algorithms were
available in Cytohubba, including Degree, MCC, and
MNC. The hub genes include IFI35, IFIT2, MX2, OASL,
RSAD2, XAF1, and ISG15 (Figure 4A,B). Moreover, a
Sankey diagram further demonstrated the correlation
analysis of transcription factors and hub genes in DUs
(Figure 4C).

3.5 | Immune checkpoints, immune cell
infiltration, and immune function score
in DUs

Figure 5 reveals the differences in several immune
checkpoints between normal tissue and DUs. Com-
pared with normal tissue, CD274, CTLA4, HAVCR2,
LAG3, SIGLEC15, and TIGIT were decreased signifi-
cantly in DUs, but PDCD1 and PDCD1LG2 were not
significant (Table 2). To detect the difference in propor-
tion in 22 immune cells between DUs and normal tis-
sue, we performed the ssGSEA analysis (Figure 6). The
violin plots affirmed that 10 types, including T cells

follicular helper, resting NK cells, Monocytes, Macro-
phages M0, activated Dendritic cells, activated Mast
cells, and Neutrophils, markedly elevated in DUs
(P < .05). In contrast, activated NK cells, M2, and rest-
ing Mast cells were negatively correlated with DUs
(Table 3). Then to investigate the difference in immune
function status and performance status score between
normal tissue and DUs, we compared the immune
function score (Figure 7). And we found that the
immune function scores of aDCs, APC co-inhibition, B
cells, Check-point, CCR, Cytolytic activity, Inflamma-
tion�promoting, DCs, Macrophages, Neutrophils,
Parainflammation, pDCs, T cell coinhibition, T cell
costimulation, T helper cells, Th1 cells, Tfh, Treg, TIL,
and Type I IFN Response were significantly higher in
DUs than in normal tissue. However, the iDCs were
lower in DUs. And there were no remarkable differ-
ences in APC costimulation, Mast cells, Th2 cells, Type
II IFN Response (Table 4).

3.6 | Verification of differentially
expressed genes in vivo

To confirm the role of hub genes, we performed the
PCR to compare their mRNA expression between DUs

FIGURE 7 Difference analysis of immune function status and performance status score between ulcer patients and normal subjects in

the Gene Expression Omnibus data set
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mice and healthy mice. As is shown in Figure 8, IFI35,
IFIT2, MX2, OASL, RSAD2, and XAF1 have higher
expression in DUs (P < .05), compared with the
healthy group.

4 | DISCUSSION

The incidence of DUs is rising every year in countries
around the world.27 DUs usually lead to limb loss or dis-
ability, bringing about tremendous pressure on the mind
and economy for families and society.27 The abnormal
expression of various chemokines and growth factors in
the skin of DUs results in slow healing of wounds.28 In
patients with type 2 diabetes, M1 macrophage (pro-
inflammatory cells) is hard to transfer to M2 macrophage
(anti-inflammatory cells), which causes chronic inflam-
mation.29 Pro-inflammatory cytokines including IL-1,

IL-6, and TNF-α also increase remarkably.30 Besides,
wound non-healing is directly related to abnormal angio-
genesis, and the deficiency of VEGF is an important fac-
tor.31 However, the present therapeutic effects might not
be satisfactory. So, finding the novel biomarkers and
molecular mechanisms of DUs is a better way to find
good therapeutics.

In this study, we performed the WGCNA to identify
the key genes from 8350 genes obtained from two data-
bases. PCA was performed to identify the two databases
that can be analysed together. We got 10 modules. Corre-
lation between genes in modules and clinical features
may contribute to the understanding of the pathogenesis
of DUs. The turquoise module was the most correlated co-
expression module for DUs. The GO and KEGG analysis
indicated the potential functions of the turquoise module
were intensively enriched for immune response and
inflammatory response such as T cell activation, regula-
tion of immune effector process, cytokine-cytokine recep-
tor interaction, and chemokine signalling pathway.

The combination of WGCNA, cytoHubba, and PPI
network identified IFI35, IFIT2, OASL, RSAD2, MX2,
and XAF1 as the hub genes. Interestingly, IFI35, IFIT2,
OASL, RSAD2, and MX2 all belong to interferon-
stimulated genes (ISG). ISG plays a crucial role in the cel-
lular antiviral response and innate immune signalling. It
was also strongly associated with inflammatory dis-
eases.32 They were verified to be significant genes by
WGCNA, cytoHubba PPI network, and PCR. IFI35
(Interferon Induced Protein 35, IFP35) was not only acti-
vated multiple antiviral pathways in promoting antiviral
activities, which has been widely reported in SARS-
CoV-2 virus, vesicular stomatitis virus, and H5N1
virus,33-35 but involved in chronic inflammatory diseases
of the skin, kidney, and central nervous system (CNS).32

IFI35 is considered as the pro-inflammatory factor and
damage-associated molecular patterns (DAMPs) in vivo,
driving the activation of the natural immune.36 More-
over, IFI35 was up-regulated by TNF-α and IL-1β in
endothelial cells.37 And IFI35 suppressed the prolifera-
tion and migration of human umbilical vein endothelial
cells (HUVEC), which was detrimental to wound heal-
ing.38 Interferon Induced Protein With Tetratricopeptide
Repeats 2 (IFIT2) is a Protein Coding gene. Although
IFIT2 exhibited antiviral activity, increasing neurotropic
coronavirus replication dramatically in the absence of
IFIT2,39 it has been reported that IFIT2 is instead repur-
posed by influenza virus to promote viral gene expres-
sion.40 In addition, IFIT2 functions as tumour suppressor
in multiple tumours.41,42 It is reported that LPS increased
IFIT2 in macrophages, and increased more when M1
macrophage polarisation.43 Meanwhile, IFIT2 helped the
LPS induce the expression of IL-6 and TNF-α.44,45 OASL

TABLE 4 The differences of immune scores in normal tissue

and diabetic ulcers (DUs)

Imunne score
Correlation
with DUs

P-
value

aDCs Positive <.001

APC co-inhibition Positive <.001

APC co-stimulation Not significant >.1

B cells Positive <.001

CCR Positive <.001

Check-point Positive <.001

Cytolytic activity Positive <.001

DCs Positive <.001

iDCs Negative <.05

Inflammation�promoting Positive <.001

Macrophages Positive <.001

Mast cells Not significant >.1

Neutrophils Positive <.001

Parainflammation Positive <.001

pDCs Positive <.001

T cell coinhibition Positive <.001

T cell costimulation Positive <.001

T helper cells Positive <.05

Tfh Positive <.001

Th1 cells Positive <.001

Th2 cells Not significant >.1

TIL Positive <.001

Treg Positive <.001

Type I IFN response Positive <.001

Type II IFN response Not significant >.1

538 ZHANG ET AL.



(20-50-Oligoadenylate Synthetase Like) was shown high
expression in psoriasis. And 5 hub genes including OASL
were overexpressed in TNF-α stimulated HaCaT cells.46

Moreover, OASL was up-regulated in a variety of host
cell types after infection of multiple gram-positive, gram-
negative, and acid-resistant bacteria.47 40%–80% of DUs
are co-infected, and the pathogens of infection are mainly
gram-positive and gram-negative bacteria.48 Radical S-
Adenosyl Methionine Domain Containing 2 (RSAD2)
inhibits the replication of a variety of viruses including
Influenza Virus, Hepatitis C Virus, and chikungunya
virus.49-51 It plays a role in CD4+ T-cells activation and
differentiation and facilitates T-cell receptor-mediated
GATA3 activation and optimal Th2 cytokine production
by regulating NFκB1 and JUNB activities.52 The defi-
ciency of RSAD2 promotes polarisation of macrophages
and secretion of M1 and M2 cytokines, suggesting that
the expression of RSAD2 may play a critical regulatory
role during macrophage polarisation.53 Moreover, RSAD2
was up-regulated in M1-type macrophages.54 MX2
(MX Dynamin Like GTPase 2) acts on antiviral defence,
immunity, innate immunity, mRNA transport, and pro-
tein transport.55 A study by Melissa et al. investigating
MX2 potency to inhibit HIV-1 suggested that MX2
inhibits HIV-1 infection by inhibiting capsid-dependent
nuclear import of subviral complexes.56 And MX2
have important antihepatitis B virus (HBV) effector

functions.57 There is a report that the expression of MX2
increased in LPS-induced uveitis mice and was sup-
pressed by dexamethasone (DEX).58

Similarly, XIAP Associated Factor 1 (XAF1) seems to
function as a negative regulator of members of the inhibi-
tor of apoptosis protein (IAP) family. It was noted as the
hub genes identified by PCR. Some researcher has
reported that XAF1 down-regulation may contribute to
prostate cancer and gastric cancer development.59,60 And
it was confirmed as a key regulatory gene in skin devel-
opment, and cutaneous wound healing.61 The immune
checkpoints, immune cell infiltration, and immune score
demonstrated that immune response plays an important
role in DUs. Our findings demonstrate that the expres-
sion level of M2 in DUs was much lower than in healthy
tissue. Nevertheless, little difference was found in the M1
expression of the two groups. Recently, it has been shown
that macrophage polarisation plays an important role in
the diabetic wound healing process, mainly including
two broad categories: classically activated macrophages
(M1) and alternatively macrophages (M2).62,63 M1 macro-
phages are associated with pro-inflammation, whereas
M2 macrophages are associated with the production and
secretion of anti-inflammatory cytokines, thereby allevi-
ating the inflammatory response.64,65 Typically, the cur-
rent study indicates that the impaired M2 polarisation of
macrophages in diabetic wounds is associated with

FIGURE 8 Experimental validation

of the hub genes. mRNA expression

levels of the hub differentially expressed

genes detected by quantitative real-time

polymerase chain reaction.

**P < .01, ***P < .001
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impaired wound closure, poor angiogenesis, and
decreased collagen deposition.66

Taken together, our results suggest that IFI35, IFIT2,
OASL, RSAD2, MX2, and XAF1 as DUs-associated hub
genes that can help to explain the mechanism of DUs.
There are still some limitations in the study. First, we
only compared the mRNA expression of hub genes
between DUs and healthy samples in mice. However, the
intricate mechanisms and functions of the hub genes and
immune cells need to be further validated in vitro. Sec-
ond, achieving practical strategies for translating DUs
risk-associated genetic variants into functional annota-
tions and clinical applications remains further research.

5 | CONCLUSION

In summary, we got the key genes by WGCNA, PPI, and
PCR after obtaining the diabetic ulcer gene sets from the
datasets GSE37265 and GSE80178. GO terms, KEGG
analysis and immune cell infiltration, and immune scores
showed that biological functions are closely related to
immune response. Moreover, the hub genes include
IFI35, IFIT2, MX2, OASL, RSAD2, and XAF1. And they
were highly expressed in DUs mice. Further experiments
plan to prove the functions of these genes and the exact
mechanism in DUs.
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