
O R I G I N A L  R E S E A R C H

Loss of OTUD6B Stimulates Angiogenesis 
and Promotes Diabetic Atherosclerosis
Zhongqun Wang 1,*, Lili Zhang1,*, Lihua Li2, Mengxue Zhou1

1Department of Cardiology, Affiliated Hospital of Jiangsu University, Zhenjiang, 212001, People’s Republic of China; 2Department of Pathology, 
Affiliated Hospital of Jiangsu University, Zhenjiang, 212001, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Mengxue Zhou, Department of Cardiology, Affiliated Hospital of Jiangsu University, 438 Jiefang Road, Zhenjiang, 212001, People’s 
Republic of China, Tel +86 511 85030586, Email 2249027695@qq.com 

Purpose: Angiogenesis is an essential promoter of atherosclerotic plaque rupture. However, the mechanism of its regulation is not 
understood. OTUD6B regulates cell proliferation, migration, and angiogenesis. We investigated the role of OTUD6B in angiogenesis 
in diabetic atherosclerotic plaques.
Patients and Methods: The expression of OTUD6B was analyzed by single cell RNA sequencing (scRNA-seq) and RNA 
sequencing (RNA-seq) and evaluated by Immunofluorescence in human anterior tibial arteries from diabetic amputees and ApoE−/− 

mice. Furthermore, we constructed a mouce model of diabetic atherosclerosis and used the mice to study the effect of OTUD6B 
downregulation in vivo by injecting them with AAV-shOTUD6B. Mouse brain microvascular endothelial cells (MBVECs) were 
treated with normal glucose and high lipid (NG/HL) or high glucose and high lipid (HG/HL), and siOTUD6B was used to investigate 
the effect of OTUD6B on proliferation, migration, and lumen formation of endothelial cells.
Results: We found that OTUD6B expression was markedly downregulated in human anterior tibial arteries from diabetic amputees 
and ApoE−/− mice. The silencing of OTUD6B resulted in diabetic atherosclerotic mice plaque instability and increased angiogenesis. 
In addition, the silencing of OTUD6B expression enhanced the proliferation, migration, and lumen formation of endothelial cells.
Conclusion: OTUD6B can reduce angiogenesis in atherosclerotic plaques, enhance plaque stability and delay the progression of 
atherosclerosis by regulating the proliferation, migration, and lumen formation of endothelial cells.
Keywords: OTUD6B, angiogenesis, atherosclerosis, diabetes

Introduction
Diabetes mellitus (DM) is one of the most common silent killers threatening human life.1 Currently, China has become the 
country with the highest incidence of diabetes, and the number of people with diabetes has increased exponentially.2 From 
2011 to 2021, the number of people with diabetes in China rose from 90 million to 140 million, and it is estimated that it will 
soar to 174 million by 2045.3 Compared with non-diabetic patients with atherosclerotic cardiovascular disease (ASCVD), 
diabetic patients have atherosclerotic lesions with similar vascular pathological features, but diabetes enhances the progression 
of the necrotic core in atherosclerotic plaques and leads to more advanced lesions, such as vascular calcification.4 Relevant 
data show that ASCVD is the leading cause of death in patients with diabetes.5 Furthermore, the rupture of vulnerable 
atherosclerotic plaques is the primary cause of acute cardiovascular and cerebrovascular events such as myocardial infarction 
and cerebral stroke.6,7 It was initially thought that the prominent features of vulnerable atherosclerotic plaques were thin 
fibrous caps and large necrotic cores.8 However, with in-depth research, it was found that angiogenesis in plaques was closely 
related to the formation of vulnerable atherosclerotic plaques.9,10

Angiogenesis refers to the activation, proliferation, differentiation, and migration of endothelial cells to develop a vascular 
network based on the original capillaries or venules to generate new blood vessels and participate in various physiological and 
pathological processes.11–13 Under physiological conditions, neovascularization in atherosclerotic plaques can transport 
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oxygen and nutrients, relieve hypoxia, and compensate for the ischemic vessels, but under pathological conditions, the 
generated pathological neovascularization will continuously transport lipids, inflammatory cells and activated proteases into 
the atherosclerotic lesions, resulting in the increase of apoptotic cells in the plaque, the increase of the necrotic core and the 
thinning of the fibrous cap, thereby accelerating the malignant evolution of atherosclerotic plaque vulnerability.14 Besides, 
neovascularization is composed of only one layer of endothelial cells, which is immature and has structural defects such as 
high permeability and brittleness, eventually leading to atherosclerotic plaque rupture.14,15 Ultrasonography has shown that 
plaque neovascularization is more likely to cause plaque rupture.16,17 Plaque neovascularization is a crucial histological 
feature of unstable plaques, but its molecular mechanism remains unclear.

Deubiquitinating enzymes can inhibit the translation of target protein by removing ubiquitin, thereby maintaining the 
normal function of the cell.18 OTU deubiquitinase 6B (OTUD6B), an essential member of the ovarian tumor domain (OTU)- 
containing subfamily of deubiquitinating enzymes, affects cell proliferation through a binding protein initiation complex.18 In 
addition, overexpression of OTUD6B in Ba/F3 cells led to the decrease of cyclin D2 levels and significantly retarded cell 
growth.19 A previous study revealed that OTUD6B regulates angiogenesis by enhancing the stability of von Hippel-Lindau 
tumor suppressor (pVHL) and inducing the inactivation of the Hypoxia-Inducible Factor (HIF) pathway.20 In addition, 
OTUD6B can promote ubiquitination-mediated degradation of HIF-1α in the tumor, thereby inhibiting tumor angiogenesis.20 

However, there is no research on the role of OTUD6B in diabetic atherosclerotic plaque neovascularization.
In this study, we comprehensively investigated the role of OTUD6B in clinical samples, mouse brain microvascular 

endothelial cells (MBVECs), and a diabetic atherosclerotic mouse model to determine the effect of OTUD6B on diabetic 
atherosclerotic plaque neovascularization. We innovatively confirmed that OTUD6B was associated with the stability of 
diabetic atherosclerotic plaques.

Materials and Methods
Materials
Oil red O was obtained from Solaibao Technology Co. Ltd. (Beijing, China). Fluorescein isothiocyanate (FITC)-lectin was 
obtained from Sigma–Aldrich (Saint Louis, MO, USA). MBVECs were obtained from the cell bank of the Chinese Academy 
of Sciences (Beijing, China). The primary antibodies against OTUD6B were purchased from BIOSS Antibodies (Beijing, 
China). The primary antibodies against CD31, CD34, LYVE-1, and β-actin were purchased from Abcam (Cambridge, UK). 
The immunohistochemistry kit was obtained from Kang Wei Century Biotechnology Co. Ltd. (Beijing, China). AAV- 
shOTUD6B was purchased from Jikai Company (Shanghai, China).

Human Participants
The specimens of the anterior tibial artery were obtained from 3 patients undergoing amputation due to diabetic gangrene at 
the Affiliated Hospital of Jiangsu University (Zhenjiang, China) (Table 1). All patients gave written informed consent, and this 
study was approved by the Ethics Committee of the Affiliated Hospital of Jiangsu University and conducted according to its 
institutional guidelines. Patients with the following criteria were included in the study: patients aged ≥40 years and <70 years 
old; patients diagnosed with diabetes according to the diagnostic criteria of the Guidelines for the Prevention and Treatment of 
Type 2 Diabetes in China (2020); patients undergoing diabetic foot surgery according to the criteria of the Guidelines for the 
Prevention and Treatment of Diabetic Foot in China (2019). Patients with the following criteria were excluded from the study: 
patients with severe immunodeficiency disease or post-organ transplant; severe car accident trauma; history of malignancy.

Animal Experiments
All animals in this study were reared, housed, and maintained at the laboratory animal center of Jiangsu university following 
the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication 
No.5–23, revised 1996; NIH Bethesda, MD, USA). Ethics approval for this study was obtained from the Animal Care and Use 
Committee of Jiangsu University. Six-week-old ApoE−/− mice were injected intraperitoneally with 40 mg/kg/d streptozotocin 
(STZ) for five consecutive days and fed with a high-fat diet (HFD). Mice were divided into four groups as followed: Negative 
control (NC) group (HFD) (n = 5), diabetes mellitus (DM) group (HFD + STZ) (n = 5), AAV-shscramble group (HFD + STZ + 
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AAV-shscramble) (n = 5), and AAV-shOTUD6B group (HFD + STZ + AAV-shOTUD6B) (n = 5). After four months, the 
aortas of the mice were harvested and stored for subsequent experiments.

Cell Culture
MBVECs were divided into three groups: Normal glucose and high lipid (NG/HL) group, high glucose and high lipid 
(HG/HL) group, and high glucose and high lipid + siOTUD6B (siOTUD6B) group. Then, the cells were maintained in 
DMEM with 10% fetal bovine serum (FBS) and penicillin and streptomycin in a humidified atmosphere incubator at 37 ° 
C with a 5% CO2.

RNA Sequencing Data Collection and Analysis
The GSE169332 dataset, from the Gene Expression Omnibus (GEO) database, containing single cell RNA sequencing 
(scRNA-seq) data enriched with endothelial cells from the heart and aorta of Ldlr null (Ldlr−/−) mice was selected for the 
analysis of endothelial cells in diabetic atherosclerosis and processed and analyzed by the Seurat R package (version 
4.0.2). The published RNA-sequencing (RNA-seq) data shown in this study include the GSE173669 and GSE193781 
datasets, which were also downloaded from the GEO database and analyzed by BioLadder. The GSE173669 data set 
contained RNA-seq data from HUVEC cells (2 Mannitol+nLDL and 2 HG+oxLDL). The GSE193781 dataset contained 
RNA-seq data from 4 control peripheral blood serums of pigs and 16 diabetic peripheral blood serums of pigs (4 HC 
+STZ, 3 STZ+HC, 4 HL+STZ, and 5 STZ+HL). Then, we defined the normal glucose sample as the control group and 
the high glucose sample as the DM group. Additionally, we combined the GSE173669 and GSE193781 datasets to form 
a single dataset. In addition, the “limma” package in R language was used to perform batch correction and to determine 
the differences in expression levels of OTUD6B between the control group and DM group. This can increase the number 
of samples to ensure the accuracy of diagnostic genes.

Immunofluorescence and Immunohistochemistry
For immunofluorescence analysis, frozen tissue sections were fixed in 4% paraformaldehyde for 20 mins at room 
temperature and washed with PBS. Then, tissue sections were followed incubated with 1% bovine serum albumin and 
0.2% Triton X-100 for 1 h at 37 °C. The tissue sections were then incubated overnight at 4°C with diluted (1:200) 
OTUD6B antibody. Subsequently, the sections were incubated in the dark for 1 h at 37 °C with the appropriate diluted 
(1:200) secondary fluorescent antibodies (Alexa Fluor 594). Images were obtained with an IX51Olympus microscope 
(Olympus Corporation, Tokyo, Japan).

For immunohistochemistry, Paraffin embedded tissue sections were dewaxed, hydrated and antigen retrieved. The 
steps were performed using the SP Rabbit & Mouse Horseradish Peroxidase (HRP) Kit (Kang Wei Century 

Table 1 Characteristics of Patients

Variable Mean SD

Age, yr 68.19 7.89
BMI, kg/m2 21.34 2.67

Diabetes duration, yr 16.78 5.45

FPG (mmol/L) 11.45 5.45
HbA1c, % 12.56 9.67

Cholesterol (mmol/L) 1.56 0.98

Triglycerides (mmol/L) 4.01 1.13
HDL-C(mmol/L) 0.76 0.15

LDL-C(mmol/L) 2.13 0.49
hs-CRP (mg/L) 5.21 2.13

Abbreviations: SD, Standard deviation; BMI, body mass index; FPG, fasting plasma 
glucose; HbA1c, glycated hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive 
protein.
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Biotechnology Co. Ltd.). Ultimately, the stained tissue sections were photographed under an Olympus microscope 
(Olympus Corporation).

Oil Red O Staining
Frozen tissue sections were fixed in 4% paraformaldehyde for 20 mins at room temperature and washed with PBS, 
followed by dip washing in isopropanol. Then, the tissue sections were placed in the dark and stained with an Oil Red O 
working solution for 30 min at room temperature and subsequently washed with isopropanol. The sections were 
eventually evaluated under an Olympus microscope (Olympus Corporation).

Masson Staining
Paraffin embedded tissue sections were dewaxed, hydrated and antigen retrieved. The procedure was performed using 
Masson trichrome staining Kit. Finally, the sections were photographed under an Olympus microscope (Olympus 
Corporation).

Western Blotting
Protein samples were extracted from aortic tissue by centrifugation in RIPA lysis buffer. The protein samples were 
separated by SDS-polyacrylamide gel and then transferred onto PVDF membranes. Subsequently, membranes were 
incubated with overnight at 4°C in the dark with anti-OTUD6B and anti-β-actin primary antibodies. Afterward, the 
membranes were washed and incubated for 1 h at room temperature with the appropriate HRP-conjugated secondary 
antibodies. Ultmately, the bands were visualized using electrochemiluminescence ECL detection reagents (GE 
Healthcare, Chicago, IL, USA).

Aortic Ring Budding Test
The aorta of mice was collected and digested with type II collagenase in an incubator at 37 °C for 15 minutes. Then, the 
aorta without its adventitia was cut into several arterial rings of about 0.5mm and starved in medium with Opti-MEM 
overnight in an incubator at 37 °C in with a 5%CO2. The n, the aortic rings were incubated with rat tail type I collagen. 
Ultimately, the growth state of arterial rings and the number and branches of new microvascular were observed under an 
inverted microscope.

Cell Counting Kit-8 (CCK-8) Assay
The cell counting kit-8 (CCK-8) assay was used to assess the proliferation of MBVECs cultured with or without HG/HL 
and siOTUD6B. The CCK-8 solution (10 μL) was added to every well in the plate after stimulation for 2–4 h at 37°C. 
The absorbance (OD value) of cells in each well was measured with a microplate reader.

Wound Healing Assay
MBVECs were seeded in 12 well plates and allowed to grow to confluence, then the cell monolayer was scratched using 
a sterile micropipette tip. The cells were observed and images were captured at 0, 24, and 48 h. Then,3 sites on a scratch 
were selected to measure the scratch width and the average value was calculated to minimize the experimental error. The 
ImageJ software (NIH) was used to measure the scratch area of cells and perform statistical analysis.

Lumen Formation Assay
Matrix glue (80 μL) was added to each well of a 96-well plate and the plate was incubated in a humidified incubator for 
30 minutes. Then, 100 μL of MBVECs suspension was added to each well and cultured in a humidified incubator. The 
formation of the lumen was observed under a microscope every hour. The ImageJ software was used to count the number 
of tubes formed and the branches of tiny tubes.
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Statistical Analysis
The SPSS 22.0 software (IBM Corporation, Armonk, NY, USA) was used for statistical analysis. The data conforming to 
the normal distribution are presented as the mean ± S.D. (x ̅ ±s). Unpaired Student’s t-test was used to compare two 
variables. P<0.05 was considered statistically significant.

Results
OUTD6B Expression is Downregulated in Diabetic Atherosclerosis
The framework and workflow of this study are described (Figure 1). To elucidate the expression of OTUD6B in diabetic 
atherosclerosis, we analyzed the scRNA-seq data (GSE169332) and RNA-seq data (GSE173669 and GSE193781) 
comprising the DM and control samples (Table 2). We found that OTUD6B was expressed in endothelial cells in 
diabetic atherosclerosis (Figure 2A–C). Furthermore, OTUD6B expression was significantly downregulated in the DM 
group compared with the control group (Figure 2D). We also determined the OTUD6B expression profile in human 
anterior tibial arteries from diabetic amputees and detected OTUD6B and lectin (a marker of endothelial cells) expression 
(Figure 2E).

Diabetes Decreases the Expression of OUTD6B in ApoE−/− Mice
ApoE−/− mice were injected with STZ and fed a HFD diet for 12 weeks to establish a diabetic atherosclerosis model. 
H&E staining revealed that the atherosclerotic lesion area and the necrotic core area were increased in the DM group 
compared with the NC group (Figure 3A). Additionally, oil red O staining revealed increased lipid accumulation in the 
lesions of the DM group compared to that in the NC group (Figure 3A). Overall, these results indicated that diabetes 
exacerbates atherosclerosis in ApoE−/− mice. Also, further analysis of OTUD6B expression in diabetic atherosclerosis 
ApoE−/− mice by immunofluorescence staining revealed that OTUD6B expression was reduced in the DM group 
(Figure 3B). These findings indicate that OTUD6B is reduced during the development of diabetic atherosclerosis in 
ApoE−/− mice.

Figure 1 Framework and workflow of the present study.
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OUTD6B Deficiency Enhances the Progression of Diabetic Atherosclerosis
To investigate the functional role of OUTD6B in diabetic atherosclerosis, ApoE−/− mice were injected with an AAV- 
shOUTD6B. Then, measurement of the protein level of OUTD6B showed that while the expression of OUTD6B did not 
change significantly after the injection with AAV-shscramble and AAV-shOUTD6B significantly downregulated its 
expression (Figure 4A and B). Moreover, the overall perfusion of ApoE−/− mice showed that the atherosclerotic lesion 
area was increased in the DM+ AAV-shOUTD6B group compared with those from the DM group and NC group 
(Figure 4C). H&E staining revealed that after silencing of OTUD6B, more cholesterol crystals were deposited inside the 
plaque, the intima was rough, and the atherosclerotic lesion area was aggravated (Figure 4D and E). Masson staining 
revealed reduced collagen content in the DM+ AAV-shOUTD6B group compared to that in the DM group and NC group 
(Figure 4F and G). In addition, oil red O staining showed a significant increase in lipid accumulation in the lesions of the 
DM+ AAV-shOUTD6B group compared to that in the DM group and NC group (Figure 4H and I). According to the 
above results, OTUD6B can increase the collagen content in atherosclerotic plaques, reduce the lipid composition, and 
stabilize atherosclerotic plaques.

OUTD6B Deficiency Enhances Diabetic Plaque Angiogenesis
To further investigate the effect of OTUD6B on diabetic plaque angiogenesis, we measured the expression of CD31(a 
specific biomarker of endothelial cells), CD34(a specific marker of microvascular endothelial cells), and LYVE-1(a 
specific marker of lymphatic endothelial cells) by immunohistochemistry analysis. As shown in Figure 5A–C, OTUD6B 

Figure 2 Expression of OUTD6B in diabetic atherosclerosis. (A) t-distributed Stochastic Neighbor Embedding (tSNE) plot of aggregate cells from diabetic atherosclerosis 
with colors denoting different cell clusters in the scRNA-seq data (GSE169332). (B) Violin plots of log-transformed gene expression of OTUD6B. (C) Gene expression 
patterns projected onto t-SNE plots of OTUD6B (scale: log-transformed gene expression). (D) The transcriptional expression of OTUD6B was evaluated in RNA-seq data 
(GSE173669 and GSE193781). (E) Representative images of anterior tibial artery sections from diabetic amputee patients stained with H&E, Masson, and 
immunofluorescence.

Table 2 Summary of Data Sets Used in This Research

Dataset Type Platform Sample(Control/DM)

GSE169332 scRNA sequencing GPL2424 Illumina NovaSeq 6000 (Mus musculus) 1/1
GSE173669 RNA sequencing GPL11154 Illumina HiSeq 2000 (Homo sapiens) 2/2

GSE193781 RNA sequencing GPL26351 Illumina NovaSeq 6000 (Sus scrofa) 4/16
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affects microvascular endothelial cells and lymphatic endothelial cells, but it mainly regulates microvascular endothelial 
cells in diabetic plaques, with few positive lymphatic endothelial cells. The sprouting experiments of isolated mouse 
aortic rings showed that the number of sprouting cells and new microvascular were further increased in the aortic rings of 
mice in the DM+ AAV-shOUTD6B group, indicating that OTUD6B could attenuate the sprouting ability of aortic ring 
and new microvascular (Figure 5D). The above results clearly indicate that OTUD6B can inhibit diabetic plaque 
angiogenesis and delay the progression of diabetic atherosclerosis.

OUTD6B Deficiency Enhances Proliferation, Migration, and Lumen Formation in 
Endothelial Cell
To further verify the effect of OTUD6B on angiogenesis, endothelial cells were transfected with siRNA targeting 
OTUD6B. The CCK-8 cell proliferation assay showed increased cell viability, and proliferation ability was more 
pronounced in the siOTUD6B group than in the HG/HL group and NG/HL group (Figure 6A). In addition, wound 
healing assay revealed that the cell migration ability increased significantly in the siOTUD6B group (Figure 6B and C). 
The lumen formation assay found that the length of the lumen and the number of branches were increased in the 
siOTUD6B group compared with those in the HG/HL group and NG/HL group (Figure 6D–F). These findings indicate 

Figure 3 Diabetes decreases the expression of OUTD6B in ApoE−/− mice. (A) Representative images of aortic sections stained with H&E, Oil Red O from ApoE−/− mice. 
(B) Immunofluorescence staining showing the expression of OTUD6B in aortic diabetic atherosclerotic plaques. Blue-stained areas the nuclei; red-stained areas represent 
OTUD6B.
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that OTUD6B inhibits endothelial cell proliferation, migration, and lumen formation, which is consistent with the results 
of the in vivo animal experiments.

Discussion
OTUD6B, the gene encoding a crucial member of the ovarian tumor-domain containing subfamily of functional 
deubiquitinating proteases, is located on chromosome 8q21.3 and consists of 7 exons encoding 323 amino acids.21 In 
this study, we found that OTUD6B was expressed in endothelial cells in diabetic atherosclerosis. Furthermore, OTUD6B 
expression was significantly downregulated in diabetic atherosclerosis, indicating that OTUD6B may be a protective 
factor in diabetic atherosclerosis. Previous studies have suggested that OTUD6B is essential in regulating cell prolifera-
tion, migration, and other cellular processes.22 In a subcutaneous transplanted tumor model in nude mice, the sciencing of 
OTUD6B by lentivirus injection increased the expression of CD31 positive endothelial cells, the number of new blood 

Figure 4 Effect of OUTD6B on atherosclerotic plaque formation and stability. (A) Western blot was used to detect OTUD6B expression in aorta tissue from each group. 
(B) The relative expression of the target protein was measured with the Image J software. (C) Representative images of aortic perfusion. (D) Representative images of H&E 
staining of aortic sections. (E) Quantification of plaque area. (F) Representative images of Masson staining of aortic sections. (G) Quantification of plaque collagen content. 
(H) Representative images of oil red O staining of aortic sections. (I) Quantification of plaque lipid content. #P<0.05 compared with the NC group. *P<0.05 compared with 
the DM group.
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vessels, and the tumor load. In this study, we have demonstrated that OTUD6B and lectin expression in the human 
anterior tibial artery and diabetes decrease the expression of OUTD6B in ApoE−/− mice.

The protease family of ovarian tumor-domain containing deubiquitinating enzymes plays an essential role in the 
progression of atherosclerosis. Accordingly, OUTD6B may be related to diabetic atherosclerosis. In this study, using a 
diabetic atherosclerosis model, we confirmed that OUTD6B inhibits plaque formation. The internal structure of plaques 
containing lipid, collagen, neovascularization, and other components, is diverse and complex, which leads to unstable 
plaques. As an essential component of the extracellular matrix, collagen is mainly involved in the formation of the 
fibrous cap of plaque to prevent plaque rupture. Thus, it can be said that the higher than collagen content, the stronger the 
stability of the plaque,23 which is consistent with our results of this study suggesting that OUTD6B increases plaque 
stability. In addition, the accumulation of lipids in the plaque reduces the hardness of the plaque, and the larger lipid core 
damages the strength of the plaque and makes it easier to rupture.24,25 We also found that OUTD6B inhibits lipid 
accumulation. In general, OUTD6B promotes the stability of diabetic atherosclerotic plaque.

Current studies have shown that angiogenesis is closely related to the stability of atherosclerotic plaque. Consistent 
with this finding, we observed that OTUD6B promotes angiogenesis in diabetic atherosclerosis. Endothelial cell 

Figure 5 Effect of OUTD6B on diabetic plaque angiogenesis. (A) Representative images of aortic sections stained by Immunohistochemistry (left) and quantification of 
CD31 expression (right). pale brown: CD31. (B) Representative images of aortic sections stained with Immunohistochemistry (left) and quantification of CD34 expression 
(right). pale brown: CD34. (C) Representative images of aortic sections stained by Immunohistochemistry (left) and quantification of LYVE-1 expression (right). pale brown: 
LYVE-1. (D) Representative images of the aortic ring sprouting assay (left) and quantification of the number of microvessels in the aortic rings (right). #P<0.05 compared with 
the NC group. *P<0.05 compared with the DM group.
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proliferation, migration, and tubulation are vital signs of angiogenesis. In vitro study found that OTUD6B promotes 
endothelial cell proliferation, migration, and lumen formation, which is consistent with the animal study.

The amount of neovascularization in atherosclerotic plaques is stimulated by hypoxia, reactive oxygen species and 
HIF signaling, which increases with atherisclerotic progression.26 Studies have shown that SIRT6 promotes the expres-
sion of HIF-1α by inhibiting the deubiquitination of HIF-1α at K37 and K532, thereby promoting the invasion, migration, 

Figure 7 Summary of the roles of OTUD6B deficiency in diabetic plaque angiogenesis and plaque stability. The loss of OTUD6B may promotes angiogenesis in diabetic 
atherosclerosis and eventually lead to plaque rupture.

Figure 6 OUTD6B deficiency enhances proliferation, migration, and lumen formation ability in endothelial cells. (A) Cell proliferation was determined by the CCK-8 assay. 
(B) Wound healing assay was performed to evaluate the cell migration ability. (C) Quantification of the migration rate (D) Representative images of lumen formation ability 
assay. (E) Quantification of branch points. (F) Quantification of tube length. #P<0.05 compared with the NG/HL group. *P<0.05 compared with the HG/HL group.
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proliferation and tubulation of HUVECs.27 Furthermore, loss of endogenous OTUD stabilizes HIF-1α, while ectopic 
overexpression of OTUD promotes ubiquitination of HIF-1α.28 In summary, it is hypothesized that OTUD6B may 
participate in the progression of diabetic atherosclerosis and angiogenesis by regulating the ubiquitination of HIF-1α.

The limitations of this study are as follows: 1) Besides the inhibition of OTUD6B by the adeno-associated virus, 
overexpression of OTUD6B can be used to investigate its effect. 2) The specific mechanism by which OTUD6B 
regulates angiogenesis in plaques needs to be further explored. 3) The role of OTUD6B in non-diabetic atherosclerotic 
plaques and angiogenesis need further confirmation in vivo and in vitro.

Conclusion
In conclusion, our study demonstrated that OTUD6B inhibited angiogenesis in diabetic atherosclerotic plaques as well as 
the proliferation, migration, and lumen formation of endothelial cells (Figure 7). All the effects of OTUD6B ultimately 
promoted the stability of diabetic atherosclerotic plaques.
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