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ABSTRACT. We examined the relationship between type 2 diabetes 
and skin wound healing. GSE38396 was downloaded from the Gene 
Expression Omnibus database and preprocessed using the RMA func-
tion of the Affy package. Differentially expressed genes (DEGs) were 
identified using the limma package, then DAVID was applied to per-
form Gene Ontology functional annotation and Kyoto Encyclopedia 
of Genes and Genomes pathway enrichment analysis. MicroRNAs and 
their target genes were screened from the miRecords database and sub-
jected to functional analysis. Finally, the STRING online database was 
applied to identify the protein-protein interaction relationships, and a 
combined score > 0.5 was considered to indicate an interaction. A total 
of 421 DEGs (208 upregulated and 213 downregulated genes) were 
identified in the skin lymphatic endothelial cells of patients with type II 
diabetes. Twenty-four microRNAs and 34 target genes were screened, 
including those involved in cell migration, regulation of cell prolifera-
tion, cell death, and cell adhesion regulation, among others. Protein-
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protein interaction network clustering analysis identified a module 
composed of 25 genes, and INTERPRO protein domain enrichment 
analysis showed that the protein domain of the clustering module main-
ly contained the insulin-like growth factor binding proteins IGFBP3 
and CYR61. IGFBP3 and CYR61 may play important roles in skin 
wound healing in diabetes patients. This information may be useful for 
developing methods to treat skin refractory wounds in type II diabetes.
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INTRODUCTION

With the development of world society and economics, changes in diet, a more intense 
pace of life, and many other factors, the global incidence and prevalence of diabetes is rapidly 
increasing. Diabetes is ranked as the third-most common chronic disease threating human 
health after cancer and cardiovascular disease (Sakai and Tagami, 2010; Buerger et al., 2012). 
Diabetic skin is vulnerable to damage; once injured, it is often recurrent, even causing intrac-
table refractory ulcers (Spravchikov et al., 2001). Therefore, improved treatments should be 
developed for the clinical treatment of diabetic ulcers.

Because of recent developments in molecular biology techniques as well as other 
disciplines, studies examining the mechanisms of diabetic wound healing have become 
increasingly in-depth, and the signaling pathway, angiogenesis, neuropeptides, advanced 
glycation end products, apoptosis, and other aspects of matrix metalloproteinases have 
been intensively investigated (Brem and Tomic-Canic, 2007; Liu and Velazquez, 2008). 
Transforming growth factor 2b1 can inhibit the growth of epithelial cells and accelerate 
angiogenesis. This growth factor is released in early wound healing; however, its expres-
sion decreases in diabetic ulcer regions (Goto et al., 1993). The Ras signaling pathway 
and Wnt/b2 catenin signaling pathway have been confirmed to play important roles in the 
mechanisms of diabetic wound healing or delayed healing (Wang et al., 2010; Santarpia 
et al., 2012). Vascular endothelial growth factor, angiogenic factors 21, basic fibroblast 
growth factor, and other cytokines are closely related to wound healing (Rapraeger et 
al., 1991; Chan et al., 2008; Lu and Bergers, 2013). Diabetes may reduce levels of cell 
endothelial growth factors, further decreasing vasodilation capacity and even leading to 
microangiopathy (Brownlee, 2001). These results revealed the mechanism of skin wound 
healing in type II diabetes at the genetic level; however, this mechanism at the microRNA 
(miRNA) and protein levels are unknown. An understanding of these processes may pro-
vide a comprehensive view for the mechanism of wound healing in type II diabetes. To 
examine the mechanism of skin wound healing in type II diabetes patients, we used a 
microarray to analyze the expression profile of GSE38396. First, the limma package of 
R language was used to identify differentially expressed genes (DEGs) for experimental 
samples and control samples. In addition, the Database for Annotation, Visualization, and 
Integrated Discovery (DAVID) was applied to perform Gene Ontology (GO) function an-
notation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment 
analysis and for the DEGs. Finally, Cytoscape was used to construct the protein-protein 
interaction network and perform module analysis to identify key genes.
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MATERIAL AND METHODS

Data resource

The GSE38396 (Haemmerle et al., 2013), an RNA expressional profile, was down-
loaded from the Gene Expression Omnibus database, which included 4 experimental samples 
from skin lymphatic endothelial cells of patients with type II diabetes and 4 control samples 
from skin lymphatic endothelial cells of patients with non-type II diabetes. The platform 
of GSE38396 was Affymetrix Human Genome U133 Plus 2.0 Array [GPL570 (HG-U133_
Plus_2)] (Affymetrix, Santa Clara, CA, USA).

Data preprocessing

The CEL original format of GSE38396 was downloaded from the database, and 
the RNA data were preprocessed using the Robust Multiarray Average algorithm in the 
Affy package (Irizarry et al., 2003) to obtain the expression matrix. If different probes were 
mapped to the same gene, the mean value of the probes was used as the final expression 
value of this gene.

Identification of DEGs

The limma package of R language (Sanges et al., 2007) was applied to screen the 
DEGs based on the Student t-test, and genes with P value < 0.05 and | logFC | > 0.5 were 
selected as DEGs. 

Gene function annotation

DAVID (Huang et al., 2008a) was applied to perform GO functional annotation and 
KEGG pathway enrichment analysis for DEGs, and then significantly enriched GO terms (P 
value ≤ 0.05) and KEGG pathways (P value ≤ 0.05) were identified to explore the effect of 
type II diabetes on skin wound healing.

Regulatory relationship between miRNA and DEGs

Gene signatures were extracted from the miRecords database (Xiao et al., 2009) as the 
miRNAs of the target genes, followed by functional analysis.

Construction and analysis of the protein-protein interaction network

The Search Tool for the Retrieval of Interacting Genes database (functional protein 
association networks) (Franceschini et al., 2013) was applied to determine protein-protein 
interaction relationships, and a combined score of > 0.5 was selected as the threshold indicat-
ing protein interaction relationships. Next, the Cytoscape software (Shannon et al., 2003) was 
used to construct the protein-protein interaction network.
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Network module analysis

The module with P value < 1.0E-5 was selected as a functional module using the Clus-
terONE plug of Cytoscape (Shannon et al., 2003) with default parameters.

RESULTS

Expression matrix normalization

The value of the cassette matrix before and after normalization is shown in Figure 1   
and the normalized median line was nearly straight, indicating that normalization was success-
ful. After treatment, 19,944 genes remained from the original 54,675 probes.

Figure 1. Expression cassette of samples   before and after the data preprocessing. The left figure is the cassette before 
normalization and the right one is the cassette after normalization. The horizontal axis indicates the name of the 
sample, and the ordinate represents the value of the expression. The black lines in each cassette are the median of data.

Identification and functional annotation of DEGs

After limma package treatment, a total of 421 DEGs were identified. Among the 
DEGs, a total of 208 genes were upregulated in skin lymphatic endothelial cells from patients 
with type II diabetes, while 213 genes were downregulated.

Upregulation of genes can occur in response to trauma, ion balance, and intracel-
lular chemical balance, with biological functions mainly focused on purine nucleotide, 
lipid, and phospholipid binding, and the metabolic pathways involved lysosomes and 
complement systems (Table 1). The biological processes involved in downregulation of 
genes included cell adhesion, regulation of cell proliferation, and metabolism of phos-
phate, with biological functions mainly focused on GTP, nucleotide, and GTP enzyme 
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Table 1. Gene ontology terms and significant pathways of upregulated genes.

Category Term Count P value

GOTERM_BP_FAT GO:0009611~response to wounding 14   0.002305
GOTERM_BP_FAT GO:0050801~ion homeostasis 10   0.020484
GOTERM_BP_FAT GO:0055082~cellular chemical homeostasis   9 0.03529
GOTERM_BP_FAT GO:0006873~cellular ion homeostasis   9   0.032576
GOTERM_BP_FAT GO:0055080~cation homeostasis   8 0.02372
GOTERM_CC_FAT GO:0005773~vacuole   7 0.03606
GOTERM_CC_FAT GO:0031091~platelet alpha granule   4   0.017005
GOTERM_CC_FAT GO:0031594~neuromuscular junction   3   0.018998
GOTERM_MF_FAT GO:0017076~purine nucleotide binding 27   0.038385
GOTERM_MF_FAT GO:0030554~adenyl nucleotide binding 23   0.042868
GOTERM_MF_FAT GO:0001883~purine nucleoside binding 23   0.049317
GOTERM_MF_FAT GO:0008289~lipid binding 11   0.010976
GOTERM_MF_FAT GO:0005543~phospholipid binding   7   0.007004
KEGG_PATHWAY hsa04142:Lysosome   5   0.036926
KEGG_PATHWAY hsa04610:Complement and coagulation cascades   4   0.037989

Table 2. Gene ontology terms and significant pathways of downregulated genes.

Category Term Count P value

GOTERM_BP_FAT GO:0007155~cell adhesion 21   1.21E-04
GOTERM_BP_FAT GO:0022610~biological adhesion 21   1.24E-04
GOTERM_BP_FAT GO:0042127~regulation of cell proliferation 20   0.001421
GOTERM_BP_FAT GO:0006793~phosphorus metabolic process 18   0.048379
GOTERM_BP_FAT GO:0006796~phosphate metabolic process 18   0.048379
GOTERM_CC_FAT GO:0044459~plasma membrane part 37   0.002536
GOTERM_CC_FAT GO:0044421~extracellular region part 23   3.18E-04
GOTERM_CC_FAT GO:0005615~extracellular space 14   0.024689
GOTERM_CC_FAT GO:0031982~vesicle 13   0.044238
GOTERM_CC_FAT GO:0031012~extracellular matrix 12   8.90E-04
GOTERM_MF_FAT GO:0042802~identical protein binding 13   0.036255
GOTERM_MF_FAT GO:0005525~GTP binding   9   0.041886
GOTERM_MF_FAT GO:0019001~guanyl nucleotide binding   9 0.04765
GOTERM_MF_FAT GO:0032561~guanyl ribonucleotide binding   9 0.04765
GOTERM_MF_FAT GO:0003924~GTPase activity   8 0.00677
KEGG_PATHWAY hsa05200:Pathways in cancer   9   0.025853
KEGG_PATHWAY hsa04640:Hematopoietic cell lineage   6   0.002388

binding, and the involved metabolic pathways included cancer pathways and hematopoi-
etic cell lineages (Table 2).

Relationship between miRNA and DEGs

A total of 24 miRNAs were extracted from the miRecords database, and a total of 34 
target genes were involved. As shown in Figure 2, hsa-miR-124 (PMID: 24247359), hsa-miR-1 
(PMID: 24394957), and has-miR-373 (PMID: 21704010) regulated 9, 6, and 5 of the target 
genes, respectively, and the gene cell-surface glycoprotein 44 (CD44) (PMID: 22499789) was 
regulated by 4 miRNAs.

These results indicate that the biological process involved in these genes included 
cell migration, regulation of cell proliferation, cell death, and cell adhesion regulation, among 
others (Table 3).
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Figure 2. Network between miRNAs and their target genes. The triangles represent miRNAs, the circles represent 
target genes, and the arrow lines represent regulation relationships.

Table 3. Biological processes involved in target genes affected by miRNA directly.

Category Term Count P value

GOTERM_BP_FAT GO:0006928~cell motion 8   6.35E-05
GOTERM_BP_FAT GO:0042127~regulation of cell proliferation 8   0.001376
GOTERM_BP_FAT GO:0043067~regulation of programmed cell death 8   0.001649
GOTERM_BP_FAT GO:0010941~regulation of cell death 8   0.001685
GOTERM_BP_FAT GO:0007155~cell adhesion 7 0.00384

Construction and analysis of protein-protein interaction network

As shown in Figure 3, the protein-protein interaction networks were constituted by 
135 nodes and 166 edges. 

Figure 3. Protein-protein interaction network corresponding to differentially expressed genes. The red circles 
represent the upregulated proteins and the green circles represent the downregulated proteins.
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After cluster analysis for the protein-protein interaction network, a module was select-
ed (density = 0.133, quality = 0.741, P value = 1.541E-6). As shown in Figure 4, the module 
was composed of 25 nodes and 40 edges.

Figure 4. Module in protein-protein interaction network. The red circles represent the upregulated proteins and the 
green circles represent the downregulated proteins.

DAVID online tools were applied to perform INTERPRO protein domain enrichment 
analysis for 25 genes in this module (Table 4). The protein domain of the clustering module 
was mainly concentrated in the insulin-like growth factor-binding protein. Two proteins in-
volved in enrichment were insulin-like growth factor-binding protein 3 (IGFBP3) (PMID: 
22884472) and cysteine-rich angiogenic inducer 61 (CYR61) (PMID: 22160564).

Table 4. Protein enrichment of the genes in module network.

Category Term P value Genes

INTERPRO IPR017891:Insulin-like growth factor binding protein, N-terminal 0.017157 IGFBP3, CYR61
INTERPRO IPR000538:Link 0.019989 LYVE1, CD44
INTERPRO IPR000867:Insulin-like growth factor-binding protein, IGFBP 0.028438 IGFBP3, CYR61

DISCUSSION

Type II diabetes mellitus is characterized by insulin resistance, which may be com-
bined with relatively reduced insulin secretion, and has become 1 of the 3 major diseases af-
fecting human health (Khot and Dhongade, 2014). Diabetes can be accompanied by numerous 
complications, and skin wound healing in diabetic patients is a major challenge to clinicians 
(Brownlee, 2005). In our study, a total of 421 DEGs were identified in the skin lymphatic 
endothelial cells of patients with type II diabetes. The biological processes involved in these 
upregulated genes (208) included response to trauma, ion balance, and intracellular chemical 
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balance, while the biological processes involved in downregulated genes (213) included cell 
adhesion, regulation of cell proliferation, and phosphate metabolism. Twenty-four miRNAs 
and 34 target genes were extracted from the miRecords database, and the biological processes 
related to these genes included cell migration, regulation of cell proliferation, cell death, and 
cell adhesion regulation, among others.

The hsa-miR-124 miRNA is a small non-coding RNA molecule that has been iden-
tified in epithelial cells. In our study, hsa-miR-124 regulated 9 target genes, in which cell 
division cycle associated 7 and CCAAT/responsive binding protein were related to cell pro-
liferation. Visvanathan et al. (2007) showed that hsa-miR-124 targeted the mRNA of the pro-
tein cell division cycle-associated protein 7, which can enhance transcription factor function 
in epithelial cells. Makeyev et al. (2007) showed that hsa-miR-124 interacted directly with 
CEBPA to accelerate cell differentiation foreskin wound healing. The interaction between hsa-
miR-1 and CD44 was found to be related to skin wound healing in type II diabetes patients. 
Huang et al. (2008b) found that human miR-373 stimulated cancer cell migration and invasion 
in vitro and in vivo, and the migration phenotype of miR-373 can be explained by suppression 
of CD44. CD44 can interact with matrix metalloproteinases (MMPs), which are involved in 
cell-cell interactions, cell adhesion, and migration (Yu et al., 2002). The expression of MMPs 
in refractory wounds in diabetes patients was upregulated, resulting in an imbalance of MMPs/
tissue inhibitors of MMPs. miR-1 plays key roles in the development and differentiation of 
smooth and skeletal muscles, which may induce the expression of apoptotic factors (Yang et 
al., 2007). The detailed molecular mechanism for serpin peptidase inhibitor, clade B (ovalal-
bumin), member 5 (SERPINB5) function has been examined in cell proliferation. In the late 
stage of healing, this hsa-miR-1-related gene in epithelial cells is involved in extracellular 
matrix (ECM) degradation, which is an important process required for cell invasion and mi-
gration (Cervigne et al., 2009). These results indicate that the interactions between miRNAs 
and target genes are focused on cell migration, regulation of cell proliferation, cell death, and 
cell adhesion regulation, among others.

After protein-protein interaction network clustering analysis, a module including 25 
genes was identified, and INTERPRO protein domain enrichment analysis showed that this 
clustering module was mainly concentrated in IGFBP3 and CYR61. IGFBP3 is a member of 
the IGFBP family (Renehan et al., 2004). IGFBP3 protein level was shown to increase during 
skin wound healing in type II diabetes patients (Saygun et al., 2008). In our study, IGFBP3 was 
enriched in the protein-protein interaction network. Thus, we speculated that by combining with 
insulin-like growth factor-1, IGFBP3 can inhibit the activity of this protein to inhibit cell prolif-
eration and further regulate cell mitosis, inhibiting the anti-apoptotic effect of IGF-1. Finally, the 
apoptotic cells on the wound surface showed increased difficulty in wound healing.

CYR61 is a secreted, ECM-associated signaling protein of the CCN intercellular sig-
naling protein family (Brigstock, 2002). In skin wound healing, CYR61 is highly expressed in 
the granulation tissue, which may promote the synthesis of the ECM to maintain tissue integ-
rity; however, excessive ECM deposition or degradation can cause abnormal wound healing 
(Grzeszkiewicz et al., 2002). In our study, CYR61was enriched in the protein-protein interac-
tion network. The abnormal expression of CYR61 in skin wound healing of diabetic patients 
may induce an imbalance in the ECM, which is an important mechanism for delayed wound 
healing in diabetes.

In conclusion, our results show that CD44 and SERPINB5 are the latest miRNA traget 
genes related to delayed wound healing in diabetes, providing a potential link between these 
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molecules and skin wound healing in type II diabetes. The proteins IGFBP3 and CYR61 are 
important in skin wound healing in patients with diabetes, providing a basis for developing 
methods that can be used to treat skin refractory wounds of type II diabetes.
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