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Abstract
BACKGROUND 
Diabetic skin ulcers, a significant global healthcare burden, are mainly caused by 
the inhibition of cell proliferation and impaired angiogenesis. XB130 is an adaptor 
protein that regulates cell proliferation and migration. However, the role of XB130 
in the development of diabetic skin ulcers remains unclear.

AIM 
To investigate whether XB130 can regulate the inhibition of proliferation and 
vascular damage induced by high glucose. Additionally, we aim to determine 
whether XB130 is involved in the healing process of diabetic skin ulcers, along 
with its molecular mechanisms.

METHODS 
We conducted RNA-sequencing analysis to identify the key genes involved in 
diabetic skin ulcers. We investigated the effects of XB130 on wound healing using 
histological analyses. In addition, we used reverse transcription-quantitative 
polymerase chain reaction, Western blot, terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling staining, immunofluorescence, wound healing, 
and tubule formation experiments to investigate their effects on cellular processes 
in human umbilical vein endothelial cells (HUVECs) stimulated with high 
glucose. Finally, we performed functional analysis to elucidate the molecular 
mechanisms underlying diabetic skin ulcers.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.4239/wjd.v14.i9.1369
mailto:panweihua9@sina.com
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RNA-sequencing analysis showed that the expression of XB130 was up-regulated in the tissues of diabetic skin 
ulcers. Knockdown of XB130 promoted the healing of skin wounds in mice, leading to an accelerated wound 
healing process and shortened wound healing time. At the cellular level, knockdown of XB130 alleviated high 
glucose-induced inhibition of cell proliferation and angiogenic impairment in HUVECs. Inhibition of the PI3K/Akt 
pathway removed the proliferative effects and endothelial protection mediated by XB130.

CONCLUSION 
The findings of this study indicated that the expression of XB130 is up-regulated in high glucose-stimulated 
diabetic skin ulcers and HUVECs. Knockdown of XB130 promotes cell proliferation and angiogenesis via the 
PI3K/Akt signalling pathway, which accelerates the healing of diabetic skin ulcers.

Key Words: XB130; Diabetes mellitus; Diabetic skin ulcers; PI3K/Akt signalling pathway

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The role of XB130 in the occurrence and development of diabetic skin ulcers healing is unclear. This study showed 
that the expression of XB130 was up-regulated in tissues of diabetic skin ulcers and human umbilical vein endothelial cells 
(HUVECs) stimulated by high glucose. Knockdown of XB130 promote the healing of skin wounds in mice, leading to an 
accelerated wound healing process and shortened wound healing time and alleviated hyperglycemia-induced cell prolif-
eration inhibition and angiogenic impairment in HUVECs.

Citation: Zhu XL, Hu DY, Zeng ZX, Jiang WW, Chen TY, Chen TC, Liao WQ, Lei WZ, Fang WJ, Pan WH. XB130 inhibits healing 
of diabetic skin ulcers through the PI3K/Akt signalling pathway. World J Diabetes 2023; 14(9): 1369-1384
URL: https://www.wjgnet.com/1948-9358/full/v14/i9/1369.htm
DOI: https://dx.doi.org/10.4239/wjd.v14.i9.1369

INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disease in which the body does not produce enough insulin or reacts 
abnormally to the hormone, leading to typically high blood sugar levels. In 2021, more than 37 million Americans have 
diabetes. Of those, 28.7 million have been diagnosed and 8.5 million are undiagnosed[1]. Impaired wound healing often 
results in severe skin ulcers[2]; a high percentage (15%-27%) of diabetic foot skin ulcer cases require lower extremity 
amputation owing to treatment failure[3]. Therefore, developing effective strategies to prevent and treat cutaneous 
wounds in patients with diabetes is crucial.

Impaired healing of diabetic wounds is characterised by significant deficits in cellular proliferation and migration, and 
a notable decrease in protein synthesis[4,5]. These impairments result in delayed re-epithelialisation, angiogenesis, and 
granulation tissue formation[6]. Numerous molecular pathways play crucial roles in cell proliferation and protein 
synthesis during the wound healing process[7]. Laplante et al[8] discovered that mTOR signalling could effectively treat 
diabetic skin damage by promoting cell proliferation, inhibiting skin cell apoptosis, and accelerating epithelial 
regeneration.

XB130 is a bridging protein that serves as the mediator of multiple tyrosine kinases, playing an important role in 
regulating cell proliferation, survival, migration, and invasion[9,10]. As a tumor suppressor in carcinogen-induced skin 
tumorigenesis, knockout of XB130 significantly up-regulated epidermal tumor cell proliferation[11]. XB130 also found in 
stomach, oesophagus, and thyroid epithelial cells, and has been studied as a signal transduction protein[12-14]. The 
expression of XB130 were up-regulated in cholangiocarcinoma, non-small cell-lung cancer, prostate cancer, esophageal 
squamous cell carcinoma and gastric cancer, regulating XB130 expression may inhibit the development and progression 
of tumors[12,13,15-17]. However, whether XB130 regulate wound healing in patients with diabetes and the underlying 
molecular mechanisms have not been reported.

In this study, we first confirmed that the expression of XB130 was up-regulation in tissues of diabetic skin ulcer mice. 
Knockdown of XB130 can accelerate the healing process and shorten the healing time of skin wound in mice. At the 
cellular level, down-regulation of XB130 alleviated hyperglycaemia-induced inhibition of cell proliferation and 
angiogenic impairment in human umbilical vein endothelial cells (HUVECs). Mechanistically, down-regulation of XB130 
accelerates healing of diabetic skin ulcers by promoting cell proliferation and angiogenesis through the PI3K/Akt 
signalling pathway.

https://www.wjgnet.com/1948-9358/full/v14/i9/1369.htm
https://dx.doi.org/10.4239/wjd.v14.i9.1369
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MATERIALS AND METHODS
Animals
C57BL/6 mice (20-25 g, 6 wk old) were obtained from Beijing Weitong Lihua Experimental Animal Technology, China. 
The mice were provided with free access to food and water; the temperature and relative humidity of the room were 
maintained at 20 °C-24 °C and 40%-60%, respectively. The mice were allowed to acclimatize to their surroundings for 1 
wk prior to the experiment.

Diabetes induction and wound creation
Diabetes was induced in mice by injecting them with streptozotocin (STZ; 40 mg/kg) for 5 consecutive days. The control 
group received an equivalent dose of citrate buffer solution[18]. Diabetic status was determined in mice if their blood 
glucose levels exceeded 250 mg/dL following STZ injection. Both diabetic and normal mice were anaesthetised with 2% 
isoflurane. Full-thickness excisional wounds measuring 8 mm in diameter were created on the dorsal skin of the mice.

Adenovirus
Adenovirus knockdown of XB130 targeting sequence and its corresponding control were constructed by ABM (Nanjing, 
China). Mice were given tail vein injections of adenovirus at the concentration of 5 × 1011 genome-equivalents five days 
before surgery.

Haematoxylin & eosin and Masson staining
On day 14 post-treatment, the mice were euthanised and their wound tissues were fixed in 4% paraformaldehyde and 
embedded in paraffin. Haematoxylin & eosin (HE) and Masson staining were performed using kits from Solarbio (China) 
and Sigma (United States), respectively, following the manufacturer’s protocols. Images were captured using a Ci-L 
microscope (Nikon, Japan) and analysed using the Image J software (version 1.8.0).

Cell culture and transfection
HUVECs were sourced from Guangzhou Saliai Stemcell Co., Ltd. And cultured using EGM-2 BulletKit (Lonza). Subcon-
fluent cells from passages five to seven were used for the experiments. Before cell culture procedures, stock media were 
replaced with phenol red-free low-glucose DMEM (Gibco, United States) supplemented with 1% calf serum (Gibco, CA, 
United States) and left for 12 h. HUVECs were then exposed to EGM-2 supplemented with either normal glucose (NG, 5.5 
mmol/L) or high glucose (HG, 33 mmol/L) for 72 h, while using D-mannitol as an osmotic control for the HG condition. 
The knockdown plasmid of XB130 and its corresponding control plasmid were obtained from Guangdong Ruibo Biotech-
nology Co., Ltd. Transfection efficiency was confirmed by reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and Western blot.

Transferase-mediated dUTP nick end labeling assay
Transferase-mediated dUTP nick end labeling (TUNEL) staining was performed according to the instruction of TUNEL 
apoptosis detection kit (Promega, United States). The cells were seeded onto 24-well plates and incubated at 37 °C for 12 
h. After staining, cell apoptosis was counted by photographing. The apoptosis cells were brown considered as the 
TUNEL-positive cells. Apoptotic rate was evaluated.

Tubular formation assay
Upon completion of the experimental protocol, HUVECs were stained with calcein (Corning, United States). The stained 
cells were then replated onto Matrigel-precoated 24-well plates containing growth-factor reduced Matrigel (150 µL/well) 
and incubated at 37 °C for 12 h. To assess capillary-like tubule formation, a computer-assisted microscope was used to 
detect tube-like structures that were at least four times longer than their widths.

Wound healing assay
To evaluate cell migration, a scratch assay was performed as described previously[19]. Following overnight incubation, 
the cells were seeded onto a 3.5-cm-diameter dish and allowed to form a confluent monolayer. Subsequently, a wound 
was created by scratching with a 200-mL pipette tip. The wounded cell monolayers were then imaged using a CoolSNAP 
HQ CCD (Nippon Roper Japan) at 0 h and 24 h post-wounding.

Immunofluorescence staining
Well-grown HUVECs were fixed with 4.0% paraformaldehyde in phosphate-buffered saline for 10 min and permeabilised 
with 0.5% Triton for 15 min. Antibodies against PCNA, Ki67, Bcl2, Bax, and Cleaved caspase-3 obtained from Abcam 
(United States) were then used to incubate the cells overnight, followed by a 1 h incubation with or without Alexa Fluor 
488-conjugated anti-mouse IgG secondary antibody (Abcam, United States) at room temperature. Nuclei were labelled 
with the fluorescent dye DAPI after 5 min of incubation. The cells were then observed under a confocal microscope 
(Leica, Germany) under each experimental condition.

RT-qPCR
Total RNA was extracted from skin tissues or HUVECs using TRIzol reagent (Invitrogen, United States) and reverse-
transcribed into cDNA using a Tiangen Biotechnology (China) kit. RT-qPCR was conducted with β-Actin as an internal 
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Table 1 Primer sequences

Gene Forward (5’→3’) Reverse (5’→3’)

XB130 AAGCAGCAGCTCTGATGAGG GGTCTGGAAGGCTCTTCTGA

β-Actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

Table 2 Antibodies used in this study

Gene Brand Provenance

XB130 Abcam Rabbit

Cleaved-caspase-3 Abcam Rabbit

Bcl2 Abcam Rabbit

Bax Abcam Rabbit

Ki67 Abcam Rabbit

PCNA Abcam Rabbit

AKT Abcam Rabbit

p-AKT Abcam Rabbit

p85α Abcam Rabbit

p-p85α Abcam Rabbit

β-Actin Sigma Mouse

control, using 2 × SYBR Green QPCR Master Mix (Shanghai Dongsheng Biotechnology, China). The relative gene 
expression was determined using the 2-ΔΔCt method, and the primer sequences are provided in Table 1.

Western blot
The protein from cell or tissue was extracted by RIPA and PMSF (Shanghai Life Mode Engineering, Shanghai, China), and 
the concentration of protein was determined by BCA kit (Shanghai Dongsheng Biotechnology, shanghai, China). The 
PVDF membrane (0.22 µm, Millipore ISEQ00010, United States) was then incubated with primary antibodies (Table 2) 
overnight at 4 °C, followed by incubation with HRP-conjugated secondary antibodies (Abcam, United States). Protein 
bands were detected using Prime Western Blot Detection Reagent (Cytiva, United Kingdom). A ChemiDoc MP imaging 
system (Tanon 4800, China) was used to detect chemiluminescence, and the ImageJ software was used to analyse the grey 
values of the bands.

Statistical analysis
Experimental data were analysed using GraphPad Prism 9.0, SPSS 24.0, and R software 4.2.0. Statistical tests were chosen 
based on the distribution and variance homogeneity of the data. For normally distributed and homogeneous variance 
data, t-tests were used to compare two groups. For multiple group comparisons Dunnett’s-T3 test was used based on the 
distribution and variance. Data are presented as mean ± SD, and statistical significance was set at P < 0.05.

RESULTS
Construction of a diabetic mice model
The toxicity of STZ to pancreatic cells makes it a popular choice for inducing diabetes mellitus in mice and rats[20]. After 
administering STZ for 5 consecutive days, the model group showed significantly elevated fasting blood glucose levels 
compared with the control group (Figure 1A). As shown in Figure 1B, the model group exhibited slower wound healing 
time and rate. Tissue samples from the model and control groups were collected on day 14 for HE and Masson staining. 
The wounds of the model mice showed severe tissue damage, disorganised tissue granulation, and reduced collagen 
deposition (Figure 1C and D).

HG inhibited proliferation and tubule formation in HUVECs
To simulate the HG environment during diabetic wound healing, we incubated HUVECs in an HG medium. Immuno-
fluorescence staining for Bax and Cleaved caspase-3 in HG-treated HUVECs was higher than that in the NG group, 
whereas staining for PCNA, Ki67, and Bcl2 was lower (Figure 2A). The results of immunofluorescence analysis were 
confirmed by Western blot analysis (Supplementary Figure 1A and B). Moreover, HG treatment significantly impaired 

http://
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Figure 1 Establishment of diabetic model using streptozotocin. A: The blood glucose level of mice, control (n = 10) and model (n = 10); B: 
Representative skin wound images from control and model mice at day 0 d, 7 d, and 14 d; C and D: HE and Masson staining of skin wound in each group. aP < 
0.0001, compared to the control group.

HUVEC migration and tube-forming activity (Figure 2B and C). We used the TUNEL assay to assess apoptosis in 
different groups and revealed an increased number of TUNEL-positive cells in the HG group (Figure 2D).

HG led to increased expression of XB130 in vivo and in vitro
To investigate the genes involved in diabetic wound healing, RNA sequencing was performed on the ulcer tissues from 
control and model mice group. Prior to differential expression analysis, we conducted background correction, normal-
isation, and gene filtering. Total 1547 differentially expressed genes (DEGs) were yielded (Figure 3A-C). We employed 
the STRING database for protein-protein interaction (PPI) network analysis to better understand the interactions between 
DEGs. Using the CytoHubba plug-in in Cytoscape, we identified hub genes based on their degree, betweenness, and 
closeness centrality, and found XB130 to be the most significant hub gene (Figure 3D).

To confirm the accuracy of the microarray results, we assessed XB130 mRNA and protein levels using RT-qPCR and 
Western blot. Compared with the control group, the mRNA level of XB130 was significantly increased in the model group 
(Figure 4A). HG also resulted in increased mRNA expression of XB130 in HUVECs (Figure 4D). Western blot analysis 
validated the RT-qPCR results (Figure 4B, C, E, and F).

Down-regulation of XB130 promoted wound healing in diabetic mice
Next, we established a mouse model knockdown XB130 (XB130-KD) in diabetic mice by injection of adenovirus vectors 
carrying short hairpin RNA targeting XB130. The XB130-KD group showed a significant decrease in protein expression of 
XB130 compared with the vector group (Figure 5A and B). Subsequently, we evaluated the wound healing process and 
found that knocking down XB130 Led to a shorter wound healing time and a higher wound healing rate (Figure 5C). 
Furthermore, histological analysis revealed that knocking down XB130 resulted in better granulation formation, collagen 
deposition, and denser alignment compared with the model group (Figure 5D).

Down-regulation of XB130 attenuated HG-induced inhibitory effects on proliferation and tubule formation in vitro
We evaluated the potential function of XB130 in HUVECs. After transfection, the expression of XB130 was significantly 
reduced in the XB130-KD group (Figure 6A and B). Immunofluorescence results showed that XB130 down-expression had 
a restraining effect on cell apoptosis and promoted cell proliferation in HUVECs (Figure 6C). These findings were further 
confirmed by Western blot analysis (Supplementary Figure 2A and B). Additionally, the TUNEL assay indicated that 
knocking down of XB130 reduced HG-induced apoptosis in HUVECs (Supplementary Figure 2C). Furthermore, XB130 
down-expression counteracted the negative impact of hyperglycaemia on the migration and tube-forming activity of 
HUVECs (Figure 6D-E).

http://
http://
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Figure 2 High glucose inhibited proliferation and tubule formation of human umbilical vein endothelial cells. A: Immunofluorescence staining of 
Bax, cleaved caspase-3, PCNA, Ki67, and Bcl2 in human umbilical vein endothelial cells (HUVECs); B: Wound healing assay in HUVECs, scale bars = 200 μm; C: 
Capillary-like tubule formation, scale bars = 200 μm; D: Transferase-mediated dUTP nick end labeling assay.

HG inhibited the PI3K/Akt signalling pathway in vivo and in vivo
To investigate the mechanism underlying delayed wound healing in mice patients with diabetes, we conducted a 
functional enrichment analysis of the previously obtained hub genes. Gene Ontology (GO) analysis revealed that the hub 
genes were involved in the of cell proliferation, differentiation, and tube morphogenesis (Figure 7A). Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway analysis indicated that these genes were predominantly associated with the 
PI3K/Akt, Ras, p53, and NF-kappa B signalling pathways. Notably, the PI3K/Akt signalling pathway had the highest 
number of differentially expressed genes (Figure 7B).

To validate this finding, we performed Western blot analysis and confirmed that the ratio of p-AKT to AKT was 
significantly decreased in diabetic mice (Figure 7C and D). Similar to results in vivo, HG levels inherited the PI3K/Akt 
signalling pathway in HUVECs (Figure 7E and F).

Down-regulation of XB130 accelerated wound healing in diabetic mice via the PI3K/Akt signalling pathway
To investigate the effect of XB130 on wound healing via this pathway, diabetic mice with reduced XB130 expression were 
treated with LY294002, an inhibitor of the PI3K/Akt signalling pathway. Western blot analysis revealed that knocking 
down XB130 stimulated the Akt phosphorylation, however, the AKT phosphorylation was suppressed by LY294002 
treatment (Figure 8A and B). Additionally, wound healing time was significantly longer in the LY294002 group than in 
the XB130-KD group (Figure 8C). Histological analysis showed that LY294002 treatment decreased collagen deposition in 
the wound area and angiogenesis in the granulation tissue (Figure 8D).

Down-regulation of XB130 reversed HG-induced inhibitory effects on proliferation and tubule formation via the 
PI3K/Akt signalling pathway
Western blot analysis showed that knocking down XB130 stimulated the PI3K/Akt signalling pathway, which was 
subsequently inhibited by LY294002 in HUVECs (Figure 9A and B). In LY294002-treated HUVECs, the protective effect of 
knocking down XB130 against HG was lost, resulting in increased apoptosis and decreased proliferation (Figure 9C). 
Western blot analysis yielded similar results (Supplementary Figure 3A and B). The TUNEL assay further demonstrated 
that LY294002 reversed the inhibitory effect of knocking down XB130 on HUVEC apoptosis (Supplementary Figure 3C). 
Moreover, in LY294002-treated HUVECs, the effects of knocking down XB130 on the pro-migration and tube-forming 

http://
http://
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Figure 3 Differential expression genes identification and hub genes identification. A: Volcano plot; B: Histogram; C: Heatmap; D: Top 10 hub genes 
obtained from protein-protein interaction network.

Figure 4 High glucose environment increased the expression of XB130. A: Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) 
analysis of XB130 mRNA expression in mice; B: Western blot analysis of XB130 protein expression in mice; C: Quantification of Western blot results; D: RT-qPCR 
analysis of XB130 mRNA expression in human umbilical vein endothelial cells (HUVECs); E: Western blot analysis of XB130 protein expression in HUVECs; F: 
Quantification of Western blot results. cP < 0.05, bP < 0.01, aP < 0.001, compared to the control or NG group.
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Figure 5 Knock-down of XB130 accelerated wound healing in diabetic mice. A: Western blot analysis of XB130 protein expression in each group; B: 
Quantification of Western blot results; C: Representative skin wound images from control and model mice at day 0 d, 7 d, 14 d, control (n = 10), model (n = 10), 
Vector (n = 10), and XB130-KD (n = 10); D: HE and Masson staining of skin wound in each group. aP < 0.001, compared to the Control group; bP < 0.01, compared to 
the Vector group.
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Figure 6 Knockdown of XB130 attenuated hyperglycemia-induced inhibitory effects on proliferation and tubule formation of human 
umbilical vein endothelial cells. A: Western blot analysis of XB130 protein expression in human umbilical vein endothelial cells; B: Quantification of Western 
blot results; C: Immunofluorescence staining of Bax, cleaved caspase-3, PCNA, Ki67, and Bcl2 in each group; D: Wound healing assay in each group, scale bars = 
200 μm; E: Capillary-like tubule formation, scale bars = 200 μm. aP < 0.001, compared to the high glucose group; bP < 0.001, compared to the HG + Vector group.

Figure 7 High glucose inhibited PI3K/Akt signalling pathway in vivo and in vitro. A: Barplot of Gene Ontology enrichment analysis; B: Dotplot of 
Kyoto Encyclopedia of Genes and Genomes pathway analysis; C: Western blot analysis of AKT and p-AKT expression in mice; D: Quantification of Western blot 
results; E: Western blot analysis of AKT and p-AKT expression in human umbilical vein endothelial cells (HUVECs); F: Quantification of Western blot results. aP < 
0.01, compared to the control or NG group.
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Figure 8 Knock-down of XB130 accelerated wound healing in diabetic mice via PI3K/Akt signalling pathway. A: Western blot analysis of AKT 
and p-AKT expression in each group; B: Quantification of Western blot results; C: Representative skin wound images from control and model mice at day 0, 7, and 
14, model (n = 10), XB130-KD (n = 10), LY294002 (n = 10), XB130-KD + LY294002 (n = 10); D: HE and Masson staining of skin wound in each group. aP < 0.01, 
compared to the control group; bP < 0.05, compared to the XB130-KD group.
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Figure 9 Knock-down of XB130 attenuated hyperglycemia-induced inhibitory effects on human umbilical vein endothelial cells via 
PI3K/Akt signalling pathway. A: Western blot analysis of AKT and p-AKT expression in human umbilical vein endothelial cells; B: quantification of Western blot 
results; C: Immunofluorescence staining of Bax, cleaved caspase-3, PCNA, Ki67, and Bcl2 in each group; D: Wound healing assay in each group, scale bars = 200 
μm; E: Capillary-like tubule formation, scale bars = 200 μm. aP < 0.01, compared to the high glucose group; bP < 0.05, compared to the HG + XB130-KD group.

activities against HG impairment were removed (Figure 9D and E).

DISCUSSION
Diabetic skin ulcers, resulting from both internal and local pathological changes caused by diabetes, are a serious 
complication that can lead to amputation, despite therapeutic management[21,22]. The process of wound healing is 
complex, dynamic, and orderly, and is characterised by cell proliferation and migration[23,24]. In this study, we chose 
STZ, a well-established method for chemically inducing diabetes, to construct diabetic mice as an experimental model
[18]. HUVECs were cultured in vitro in a high-glucose medium to mimic diabetic conditions. Our findings demonstrated 
that a high-glucose environment prolongs wound healing by inhibiting cell proliferation and tubule formation.

Aberrant gene expression is associated with various pathological conditions, including diabetic skin ulcers[25]. 
However, key driver genes that trigger and exacerbate this condition are not fully understood. We performed RNA 
sequencing the ulcer tissues from control and model mice group and identified 980 upregulated and 567 downregulated 
genes. Moreover, by performing PPI network analysis, we identified ten hub genes associated with diabetic skin ulcers 
(XB130, ITGAM, FCGR3A, PECAM1, CXCR4, CD34, CXCL8, CCL3, VCA11, and CD19). Among them, XB130 had the 
highest score based on topological algorithms. The expression of XB130 was up-regulated in HG induced diabetic skin 
ulcers tissue and HUVECs using RT-qPCR and Western blot.

XB130 is vital for regulating signal transduction and affects the cell cycle, proliferation, survival, and migration[14,16,
17]. Although limited research has explored the relationship between XB130 and diabetic wound healing, our study 
aimed to address this knowledge gap by creating a model of XB130-downexpressed diabetic mice. Our findings indicate 
that knockdown of XB130 can enhance the healing of diabetic wounds, as evidenced by shorter epithelialisation time and 
rapid wound contraction. Moreover, histological analysis revealed that knockdown of XB130 not only improved diabetic 
wound healing, but also significantly promoted angiogenesis. To investigate the mechanism and function of XB130, we 
establish a knockdown of XB130 with HUVCEs. Our results revealed that the expression of PCNA, Ki67 and Bcl2 were 
significantly increased, while decreasing the expression of Bax and Cleaved caspase-3 in XB130-KD HUVECs treated with 
HG. Furthermore, knockdown of XB130 enhanced the migration and tube-forming activities of HUVECs. These findings 
indicate that knockdown of XB130 promotes diabetic wound healing by enhancing cell proliferation and tubule 
formation.

To investigate how HG environment affects wound healing, functional analysis of hub genes was performed. GO 
analysis revealed that the hub genes were enriched in cell proliferation, differentiation, migration, apoptosis, and tube 
morphogenesis. These results confirmed that HG levels hindered wound healing by affecting these cellular processes. 
Meanwhile, KEGG pathway analysis showed that these genes were involved in PI3K/Akt, Ras, p53, and NF-kappa B 
signalling pathways, and in apoptosis. Among these, the PI3K/Akt signalling pathway was the most important, with 
seven enriched genes. Our findings further prove that HG conditions reduce the ratio of p-AKT/AKT, leading to 
inhibition of the PI3K/Akt pathway.

The PI3K/AKT pathway plays a pivotal role in regulating cell proliferation and metabolism and is involved in the 
progression of various diseases[26-29]. When RTKs and GPCRs are activated, PI3K phosphorylates phosphatidylinositol 
3,4-diphosphate, resulting in the production of PIP3. PIP3 activates AKT, which in turn phosphorylates and activates the 
mTORC complexes. In turn, activated mTORC complexes promote cell proliferation by phosphorylating and activating 
matrix metalloproteinase[30-32]. Our results indicate that knockdown of XB130 increases the levels of phosphorylated 
AKT. LY294002 and Wortmannin are commonly used inhibitors of the PI3K/Akt pathway. Our findings indicate that 
LY294002 delays wound healing in diabetic mice. Furthermore, inhibition of the PI3K/Akt signalling pathway reverses 
the negative effects of XB130 on proliferation and tubule formation in HUVECs.
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CONCLUSION
This study shows that knockdown of XB130 can prevent high glucose-induced inhibition of proliferation and angiogenic 
impairment through the PI3K/Akt pathway. Based on our results, decreasing the expression of XB130 could serve as a 
promising therapeutic approach to accelerate the healing of diabetic skin ulcers.

ARTICLE HIGHLIGHTS
Research background
Diabetic skin ulcers are mainly caused by the inhibition of cell proliferation and impaired angiogenesis, a high percentage 
(15%-27%) of diabetic foot skin ulcer cases require lower extremity amputation owing to treatment failure. XB130 is an 
adaptor protein that regulates cell proliferation and migration.

Research motivation
To explore the role of XB130 in the development of diabetic skin ulcers.

Research objectives
To investigate whether XB130 can regulate the inhibition of proliferation and vascular damage induced by high glucose. 
Additionally, we aim to determine whether XB130 is involved in the healing process of diabetic skin ulcers, along with its 
molecular mechanisms.

Research methods
We conducted RNA-sequencing analysis to identify the key genes. The RT-qPCR, Western blot, TUNEL staining, 
immunofluorescence, wound healing, and tubule formation experiments were used to investigate their effects on cellular 
processes in human umbilical vein endothelial cells (HUVECs) stimulated with high glucose. Finally, we performed 
functional analysis to elucidate the molecular mechanisms underlying diabetic skin ulcers.

Research results
RNA-sequencing analysis showed that the expression of XB130 was up-regulated in the tissues of diabetic skin ulcers. 
Knockdown of XB130 promoted the healing of skin wounds in mice, leading to an accelerated wound healing process and 
shortened wound healing time. At the cellular level, knockdown of XB130 alleviated high glucose-induced inhibition of 
cell proliferation and angiogenic impairment in HUVECs. Inhibition of the PI3K/Akt pathway removed the proliferative 
effects and endothelial protection mediated by XB130.

Research conclusions
The expression of XB130 is up-regulated in high glucose-stimulated diabetic skin ulcers and HUVECs. Knockdown of 
XB130 promotes cell proliferation and angiogenesis via the PI3K/Akt signalling pathway, which accelerates the healing of 
diabetic skin ulcers.

Research perspectives
Decreasing the expression of XB130 could serve as a promising therapeutic approach to accelerate the healing of diabetic 
skin ulcers.
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