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Abstract
Objective  To elucidate the regulatory mechanism of circRNAs in diabetic retinopathy.
Methods  Next-generation sequencing (NGS) was employed to identify circRNAs that are abnormally expressed in endothe-
lial progenitor cells (EPCs) under hyperglycemia (HG) conditions. The regulatory mechanism and predicted targets of this 
circRNA were also studied via bioinformatics analysis, luciferase reporter assays, angiogenic differentiation experiments, 
flow cytometry, and RT-qPCR.
Results  Circ-astrotactin 1 (circ-Astn1) expression was decreased in EPCs under HG conditions, and circ-Astn1 overexpres-
sion inhibited HG-induced endothelial damage. The miR-138-5p and silencing information regulator 2 related enzyme 1 
(SIRT1) were identified as circ-Astn1 downstream targets, which were further verified through luciferase reporter assays. 
SIRT1 silencing or miR-138-5p overexpression reversed the protective effect of circ-Astn1 on HG-induced endothelial cell 
dysfunction, as evidenced by increased apoptosis, abnormal vascular differentiation, and inflammatory factor secretion. 
SIRT1 overexpression reversed miR-138-5p-induced endothelial cell dysfunction under HG conditions. In vivo experiments 
confirmed that circ-Astn1 overexpression promoted skin wound healing through the regulation of SIRT1.
Conclusions  These findings suggest that circ-Astn1 promotes SIRT1 expression by sponging miR-138-5p. Circ-Astn1 over-
expression suppresses HG-induced endothelial cell damage via miR-138-5p/SIRT1 axis.
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1  Introduction

Diabetes mellitus (DM) continues to become increasingly 
burdensome to the global healthcare system [1, 2]. Diabe-
tes is correlated with impaired wound healing, increasing 
susceptibility to chronic wounds that do not heal [3]. The 
wounds precede 84% of all diabetic lower extremity ampu-
tations, and patients have a 50% 5-year mortality rate after 

amputation [4]. Chronic diabetic wounds display a persis-
tent inflammatory state with elevated protease and proin-
flammatory cytokine levels, as well as vascular endothelial 
cell impairments [5]. Endothelial cells are the first obstacle 
between the blood and the vascular wall. Additionally, the 
endothelial glycocalyx is made of glycosaminoglycans, pro-
teoglycans and glycoproteins, which coat endothelial cell 
surfaces and take part in vascular homeostasis maintenance. 
More evidence indicates that endothelial dysfunction, such 
as decreased nitric oxide (NO) levels and increased endothe-
lial permeability, is induced by hyperglycemia (HG), which 
usually occurs in the blood vessels of diabetic patients [6]. 
However, the precise mechanism of vascular endothelial 
injury in diabetes is unknown.

Noncoding RNAs (ncRNAs) constitute the majority 
of cellular RNAs, accounting for > 90% of human RNAs 
[7–9]. Research has shown that ncRNAs are as pivotal as 
proteins and act as underlying players in multiple cellular 
procedures, such as cell apoptosis, immune response, migra-
tion, angiogenesis and proliferation [10–12]. Circular RNAs 
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(circRNAs) are regarded as critical human disease regulators 
and are used as biological markers in some diseases, includ-
ing diabetes [13, 14]. Competing endogenous RNA (ceRNA) 
function is considered a crucial mechanism by which cir-
cRNAs regulate gene expression, and ceRNAs can also be 
used as disease biomarkers. Theoretically, circRNAs act as 
molecular sponges of microRNAs (miRNAs), which bind 
to miRNA response elements within circRNAs, resulting in 
suppressed expression and all target gene functions related 
to the respective miRNA family [15].

Previous studies have shown that circRNA_0084043 con-
tributes to diabetic retinopathy progression through miR-
140-3p sponging and the induction of transforming growth 
factor alpha (TGFα) gene expression in retinal pigment epi-
thelial cells [16], and silencing circ-ZNF609 ameliorates 
vascular endothelial dysfunction [17]. However, the regula-
tory role of circRNAs in HG-induced endothelial dysfunc-
tion remains largely unknown. In this context, our current 
work aims to illuminate the regulatory mechanism of circR-
NAs in diabetic retinopathy. These results show that circ-
astrotactine 1 (circ-Astn1) promotes silencing information 
regulator 2 related enzyme 1  (SIRT1) expression through 
the sponging of miR-138-5p. Circ-Astn1 overexpression 
suppresses HG-induced endothelial cell damage via miR-
138-5p/SIRT1 axis.

2 � Materials and Methods

2.1 � Diabetic Wound Induction

Diabetes was induced in 18 BALB/c mice via the 
intraperitoneal injection of 60  mg/kg single dose 
streptozotocin (STZ) dissolved in 0.1 mmol/L citrate buffer 
(pH = 4.5). Three days after STZ administration, diabetes 
was confirmed by measurement of fasting blood glucose 
levels after blood was extracted from the tail vein. Mice with 
fasting blood glucose levels > 250 mg/dL were regarded as 
diabetic. We maintained the mice for an additional month, 
at which time they were used for experiments after blood 
glucose was stabilized. Following diabetes validation, the 
mice were anaesthetized via intramuscular injection of 
xylazine cocktail and ketamine hydrochloride at 10 mg/
kg and 80 mg/kg, respectively. The hair in the dorsal leg 
area, which was sterilized with povidone iodine solution, 
was removed by a technician. A sterile biopsy punch was 
employed to make a full-thickness excisional 4 mm wound. 
Each mouse received a 5 mg/kg/day dose of the SIRT1 
inhibitor EX-527 (Selleck, S1541, USA) or a local injection 
at the injury site with a circ-Astn1-overexpressing lentiviral 
vector. After 4 weeks, the mice were euthanized, and skin 
specimens were harvested for histopathological analysis.

C57BL mice were housed under controlled conditions 
(22 ± 2 °C, 60% ± 5% relative humidity and a 12 h light/
dark cycle). Technicians performed the experiments follow-
ing ethical animal research guidelines, which were moni-
tored by the Institutional Animal Care and Use Committee 
in Chengde Central Hospital.

2.2 � Immunohistochemical Analysis

The tissue samples were fixed with 4% paraformaldehyde 
solution and then embedded in paraffin. The sections were 
sectioned and cultured overnight with primary antibodies 
against CD31 overnight at 4 °C and then with secondary 
antibodies (Abcam, UK) for 1 h at 37 °C. The sections were 
stained with 3,3ʹ-diaminobenzidine and counterstained with 
hematoxylin.

2.3 � Cell Culture

The endothelial progenitor cell (EPC) line was purchased 
from ATCC (Rockville, USA). We cultivated the cells in 
DMEM supplemented with 10% FBS (Gibco, USA) with the 
antibiotic streptomycin/penicillin G (Sigma-Aldrich, USA) 
for regular culture. For HG induction, we cultured EPCs in 
HG medium containing 30 mmol/L glucose for 48 h.

Our team obtained HEK293 cells from ATCC, and stored 
them in DMEM containing 10% FBS at 37 °C in an atmos-
phere with 5% CO2.

2.4 � High‑throughput and Strand‑specific RNA‑Seq 
Library

Total RNA was extracted from the serum of diabetic and 
control mice with TRIzol Reagent (Invitrogen, USA). For 
each sample, 3 μg of total RNA was subjected to VAHTS 
Total RNA-seq (H/M/R) Library Prep Kit from Illumina 
(Vazyme Biotech Co., Ltd., China) to eliminate ribosomal 
RNA and retain the remaining RNA, such as mRNAs and 
ncRNAs. Our team treated purified RNA with RNase R (Epi-
center, 40 U, 37 °C for 3 h), followed by TRIzol purification. 
Our laboratory generated an RNA-seq library via a KAPA 
Stranded RNA-Seq Lib Prep Kit (Roche, Switzerland), and 
we subjected to next-generation sequencing (NGS) with an 
Illumina HiSeq 4000 (Aksomics, Inc., China).

2.5 � Enzyme‑linked Immunosorbent Assay (ELISA)

Our laboratory assessed interleukin-6 (IL-6), tumor 
necrosis factor (TNF)-α and IL-1β in EPC supernatant via 
commercially available ELISA kits (BD Biosciences, USA) 
following a standard protocol.



95Current Medical Science (2025) 45:93–103	

2.6 � Flow Cytometric Analysis of Apoptosis

EPC apoptosis was measured via flow cytometry after the 
cells were labelled with propidium iodide (PI) and anti-
annexin V (eBioscience, USA).

2.7 � Tubule Formation Assay

Technicians have assayed in vitro neovascularization by 
applying a human fibrin matrix. Following treatment, we 
seeded serum-starved EPCs in endothelial basal medium at 
105 cells per well in 6-well plates, which were coated with 
Matrigel (BD Biosciences, USA) and incubated at 37 °C 
for 0.5 days. Our team observed tubular structures made in 
Matrigel and photographed them via phase-contrast micros-
copy. We measured newly formed tube lengths in 10 ran-
domly generated fields per well.

2.8 � Bioinformatics Analysis

The predicted interactions between circRNAs, miRNAs, and 
mRNAs were identified via the StarBase database (http://​
starb​ase.​sysu.​edu.​cn/).

2.9 � RNA Interference or Overexpression

The miR-138-5p mimics, the circ-Astn1 overexpression vec-
tor (circ-Astn1), the SIRT1 silencing vector (siSIRT1), the 
miR-138-5p suppressor, and the SIRT1 overexpression vec-
tor (SIRT1) were purchased from RiboBio (China). The cells 
were transfected via Lipofectamine 2000 (Thermo Fisher 
Scientific, USA).

2.10 � Quantitative Real‑time Polymerase Chain 
Reaction (qPCR)

Our lab extracted total RNA from wound skin tissue or cells 
via a TRIzol reagent kit (Invitrogen, USA). Our team syn-
thesized cDNA that was amplified via a TaqMan miRNA 
Reverse Transcription Kit. Our team performed qPCR with 
a TaqMan™ MicroRNA Assay Kit (#4,440,885, Applied 
Biosystems, USA), and the 2−ΔΔCT method was used to 
measure relative expression fold changes. The technician 
utilized U6 along with glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) as an internal reference. We employed 
the following primers: circ-Astn1 forward, 5ʹ-CTC​CTG​GAC​
CCT​TGT​GAA​C-3ʹ and reverse, 5ʹ-CAC​CAG​CGC​CTG​CGA​
GTG​TAC-3ʹ; miR-138-5p, 5ʹ-AGC​TGG​TGT​TGT​GAA​TCA​
GGCCG-3ʹ; SIRT1 forward, 5ʹ-TGA​TTG​GCA​CCG​ATC​CTC​
G-3ʹ and reverse, 5ʹ-CCA​CAG​CGT​CAT​ATC​ATC​CAG-3ʹ; 
U6 forward, 5ʹ-CTC​GCT​TCG​GCA​GCACA-3ʹ and reverse, 

5ʹ-AAC​GCT​TCA​TTT​GCGT-3ʹ; and GAPDH forward, 
5ʹ-AAT​CCC​ATC​ACC​ATC​TTC​C-3ʹ and reverse, 5ʹ-CAT​
CAC​GCC​ACA​GTT​TCC​-3ʹ.

2.11 � Cell Apoptosis Assay

Our team added all of flow mix to the binding buffer after 
the harvested cells were washed twice with ice-cold PBS. A 
mixture including 5 μL of Annexin V/FITC and an equiva-
lent volume of PI (BD, USA) was used to stain the cells 
for 0.25 h in the dark. Then, 400 μL of binding buffer was 
added. A FACSCalibur flow cytometer (BD Biosciences, 
USA) was used to analyze cellular apoptosis.

2.12 � Dual‑Luciferase Reporter Assay

Our team cloned the putative miR-138-5p binding site into 
the 3ʹ-UTR of the target gene SIRT1 and circ-Astn1 mutant 
(MUT) or wild-type (WT) into the psi-CHECK vector (Pro-
mega, USA) downstream of the firefly luciferase 3ʹ UTR 
or circ-Astn1 as the primary luciferase signal. The vectors 
used were SIRT1-WT/circ-Astn1-WT and SIRT1-MUT/
circ-Astn1-MUT. Renilla luciferase was used as a normali-
zation signal. The psi-CHECK vector yielded a Renilla lucif-
erase normalization signal to compensate for alternations in 
transfection and harvesting efficiency. Our team transfected 
HEK293 cells with Lipofectamine 2000 (Invitrogen Life 
Technologies, USA). Our team captured Renilla and firefly 
luciferase activities 1 day after transfection with a Dual-
Luciferase Reporter Assay System (Promega, Germany) 
via a luminometer (Molecular Devices, USA). The relative 
Renilla luciferase activity was analyzed following the manu-
facturer’s protocols.

2.13 � Statistical Analysis

Our team represented the data as the mean ± SD. A statisti-
cal researcher used GraphPad Prism (GraphPad, USA) to 
calculate differences between groups. P-values ≤ 0.05 were 
considered statistically significant.

3 � Results

3.1 � Circ‑Astn1 Functions Importantly in HG‑induced 
Endothelial Cell Dysfunction

Previous investigations revealed that ncRNAs play pivotal 
roles in diabetes pathogenesis [18]. CircRNAs belong to 
the family of endogenous noncoding RNAs, and abnor-
mal circRNA expression can lead to vascular dysfunction 
in DM [19]. The present study used NGS to character-
ize circRNAs that are expressed in the serum of control 

http://starbase.sysu.edu.cn/
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and diabetic mice. We identified several abnormally 
expressed circRNAs (Fig. 1A). RT-qPCR analysis of 7 
downregulated circRNAs (mmu_circ_0000101, mmu_
circ_0000092, mmu_circ_0000100, mmu_circ_0000012, 
mmu_circ_0000013, mmu_circ_0000014, and mmu_
circ_0000132) from the NGS results. The results revealed 
that only mmu_circ_0000101 was downregulated sig-
nificantly in diabetic mouse serum (Fig. 1B), suggesting 
that mmu_circ_0000101 plays a regulatory role in DM 
development. RT-qPCR analysis revealed that mmu_
circ_0000101 expression decreased in EPCs under HG 
conditions (Fig. 1C). Using bioinformatics analysis (http://​
www.​circb​ase.​org/), we found that mmu_circ_0000101 
was 967 bp in length and located within the Astn1 gene at 
chr1:160,432,178–160441253. Thus, mmu_circ_0000101 
is referred to as circ-Astn1 (Fig. 1D). Next, we constructed 
a circ-Astn1 overexpression vector and transfected it into 
EPCs. RT-qPCR was used to measure circ-Astn1 expres-
sion, and our laboratory revealed that circ-Astn1 expres-
sion increased significantly following transfection with the 
circ-Astn1 overexpression vector compared with the nega-
tive control (NC; Fig. 1E). Angiogenic EPC differentiation 
revealed that, compared with the negative control condi-
tions, HG conditions significantly decreased the amount of 
capillary-like tube structures. However, circ-Astn1 over-
expression resulted in partial restoration of angiogenic 
differentiation ability (Fig. 1F). Flow cytometry was used 
to assess apoptosis. We found that circ-Astn1 overexpres-
sion suppressed HG-induced EPC apoptosis (Fig. 1G and 
H). Inflammatory factor analysis verified that HG pre-
treatment increased the secretion of IL-1β, TNF-α, and 
IL-6, whereas circ-Astn1 overexpression suppressed the 
secretion of IL-1β, TNF-α and IL-6 under HG conditions 
(Fig. 1I–K).

3.2 � miR‑138‑5p and SIRT1 Are Downstream Targets 
of Circ‑Astn1

Recent studies have revealed that circRNAs regulate gene 
expression by sponging miRNAs [20]. Bioinformatics data 
predicted that circ-Astn1 might act with miRNAs such as 
miR-328-3p, miR-138-5p, miR-452-5p, miR-485-3p, miR-
450b-5p, miR-204-5p, miR-211-5p, and miR-136-5p. First, 
we constructed a luciferase reporter vector with the circ-
Astn1 sequence and transfected the vector along with vari-
ous miRNA mimics into HEK293 cells. We found that only 
miR-138-5p led to decreased signal intensity, indicating that 
miR-138-5p is a downstream target of circ-Astn1 (Fig. 2A). 
Luciferase reporter analyses confirmed that miR-138-5p sup-
pressed luciferase activity in WT cells but not in MUT cell 
lines (Fig. 2B and C), suggesting that miR-138-5p is a circ-
Astn1 target. RT-qPCR confirmed that miR-138-5p expres-
sion increased in EPCs under HG conditions (Fig. 2D).

Bioinformatics analysis identified SIRT1 as a downstream 
target of miR-138-5p. To verify the correlation between 
miR-138-5p and SIRT1, the MUT or WT 3ʹUTR-SIRT1 
sequences, such as the miR-138-5p binding sequence, were 
inserted into a luciferase reporter vector (Fig. 2E). Our labo-
ratory transfected a luciferase reporter vector into HEK293T 
cells with or without the miR-138-5p mimic. The luciferase 
reporter results suggested that miR-138-5p suppressed lucif-
erase activity in WT but not MUT cell lines (Fig. 2F), indi-
cating that miR-138-5p is a SIRT1 target. RT-qPCR revealed 
that SIRT1 expression decreased in EPCs under HG condi-
tions (Fig. 2G).

3.3 � SIRT1 Downregulation or miR‑138‑5p 
Overexpression Reversed the Protective Effect 
of Circ‑Astn1 on HG‑Induced EPC Dysfunction

RT-qPCR data revealed that circ-Astn1 expression was 
increased after circ-Astn1 overexpression vector transfec-
tion. However, the miR-138-5p mimic or SIRT1 downregu-
lation had no effect on circ-Astn1 expression (Fig. 3A), indi-
cating that miR-138-5p and SIRT1 are downstream targets 
of circ-Astn1. RT-qPCR analysis revealed that circ-Astn1 
overexpression decreased miR-138-5p expression. How-
ever, SIRT1 silencing did not reverse the inhibitory effect of 
circ-Astn1 on miR-138-5p expression (Fig. 3B), suggesting 
that miR-138-5p is a downstream target of circ-Astn1. Our 
team discovered that circ-Astn1 overexpression increased 
SIRT1 expression, but upregulation of miR-138-5p reversed 
this effect. Following SIRT1 silencing, SIRT1 expression 
decreased significantly (Fig. 3C). Together, these data sug-
gest that circ-Astn1 promotes SIRT1 expression via the 
sponging of miR-138-5p.

Under HG conditions, circ-Astn1 overexpression 
restored the angiogenic differentiation ability of EPCs, 

Fig. 1   The important role of circ-Astn1 in hyperglycemia (HG)-
induced endothelial cell dysfunction. A Heatmap showing serum 
circRNA expression in diabetic mice. B RT-qPCR analysis revealing 
the 8 downregulated circRNAs in serum of diabetic mice and wild-
type (WT) mice. The data are expressed as mean ± SD. *P < 0.05, 
***P < 0.001 vs. WT mice. C RT-qPCR analysis showing circ-Astn1 
expression in endothelial progenitor cells (EPCs) under normal con-
ditions (NC, 5.5  mmol/L glucose) or HG conditions (30  mmol/L 
glucose). The data are expressed as the mean ± SD. ***P < 0.001. D 
Chromosomal localization of mmu_circ_0000101 (circ-Astn1). E 
RT-qPCR analysis of circ-Astn1 expression in EPCs transfected with 
circ-Astn1 overexpression vectors (circ-Astn1) or a negative con-
trol (NC). The data are expressed as the mean ± SD. ***P < 0.001. F 
The tube formation ability of EPCs. The data are expressed as the 
mean ± SD. **P < 0.01, ***P < 0.001 vs. NC; ###P < 0.001 vs. HG. G 
and H The percentage of apoptotic EPCs determined by annexin-
V/PI staining after 1 day under NC or HG conditions. The data are 
expressed as the mean ± SD. ***P < 0.001 vs. NG, ###P < 0.001 vs. 
HG. PI: propidium iodide. I–K The levels of the inflammatory 
cytokines IL-6 (I), IL-1β (J), and TNF-α (K) measured via ELISA. 
The data are expressed as the mean ± SD. ***P < 0.001 vs. NC, 
###P < 0.001 vs. HG

◂

http://www.circbase.org/
http://www.circbase.org/
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as evidenced by increased formation of capillary-like 
tube structures. Nevertheless, miR-138-5p overexpression 
or SIRT1 silencing inhibited angiogenic differentiation 
following circ-Astn1 overexpression (Fig.  3D). Flow 
cytometry analysis of apoptosis revealed that circ-Astn1 
overexpression suppressed HG-induced EPC apoptosis, 
but miR-138-5p overexpression or SIRT1 silencing 
maintained HG-induced EPC apoptosis (Fig.  3E and 
F). Inf lammatory factor analysis revealed that HG 
pretreatment increased the secretion of IL-1β, TNF-α 
and IL-6. However, miR-138-5p overexpression or SIRT1 
silencing maintained TNF-α, IL-1β and IL-6 secretion 
under HG conditions (Fig. 3G–I).

3.4 � SIRT1 Overexpression Reversed 
miR‑138‑5p‑induced Endothelial Cell 
Dysfunction under HG Conditions

RT‒qPCR data verified that miR-138-5p expression pro-
moted miR-138-5p mimic transfection. Furthermore, treat-
ment with the SIRT1 overexpression vector did not influence 
miR-138-5p expression (Fig. 4A), indicating that SIRT1 is 
downstream of miR-138-5p. The RT‒qPCR data suggested 
that miR-138-5p overexpression decreased SIRT1 expres-
sion. Following SIRT1 overexpression vector transfection, 
SIRT1 expression was significantly increased (Fig. 4B), sug-
gesting that miR-138-5p decreased SIRT1 expression.

Fig. 2   miR-138-5p and SIRT1: downstream targets of circ-Astn1. 
A Luciferase activity of circ-Astn1 in HEK293T cells transfected 
with various miRNA mimics that are putative binding sites for the 
circ-Astn1 sequence. Luciferase activity was normalized to Renilla 
luciferase activity. B Binding site predictions for miR-138-5p in 
circ-Astn1. MUT circ-Astn1 is shown. C Relative luciferase activ-
ity 2  days after HEK293T cell transfection with the miR-138-5p 
mimic/NC or circ-Astn1 MUT/WT. The results are expressed as 
the mean ± SD. D RT-qPCR analysis of miR-138-5p expression in 

HUVECs under NC or HG conditions. The results are expressed as 
the mean ± SD. E Binding site predictions for miR-138-5p within the 
SIRT1 3ʹUTR. MUT 3ʹ-UTR-SIRT1 is given. F Relative luciferase 
activity 2 days after HEK293T cell transfection with the miR-138-5p 
mimic/NC or 3ʹUTR-SIRT1 MUT/WT. The results are expressed 
as the mean ± SD. G RT-qPCR analysis of SIRT1 expression in 
EPCs under NC or HG conditions. The results are expressed as the 
mean ± SD. **P < 0.01, ***P < 0.001 vs. NC
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Under HG conditions, miR-138-5p overexpression further 
decreased the angiogenic differentiation ability of EPCs, as 
evidenced by the decrease in the number of capillary-like 
tube structures observed. However, SIRT1 overexpression 
restored angiogenic differentiation ability under HG 
conditions (Fig. 4C). Flow cytometric analysis verified 
that miR-138-5p overexpression increased HG-induced 

EPC apoptosis, but miR-138-5p overexpression suppressed 
HG-induced EPC apoptosis (Fig. 4D and E). Inflammatory 
factor analysis suggested that miR-138-5p overexpression 
enhanced TNF-α, L-1β and IL-6 secretion under HG 
conditions. Nevertheless, SIRT1 overexpression reversed the 
inhibitory effects of miR-138-5p overexpression on IL-6, 
TNF-α and IL-1β secretion (Fig. 4F–H).

Fig. 3   The protective effects of circ-Astn1 on HG-induced endothe-
lial cell dysfunction reversed by SIRT1 overexpression or miR-
138-5p suppression A–C RT-qPCR analysis expression of circ-
Astn1 (A), miR-138-5p (B), and SIRT1 (C) in EPCs. The data 
are expressed as the mean ± SD. D The tube formation ability of 
HUVECs. The data are expressed as the mean ± SD. E and F The 

percentage of apoptotic EPCs determined by annexin-V/PI stain-
ing after 1 day under NC or HG conditions. The data are expressed 
as the mean ± SD. G–I The levels of the inflammatory cytokines 
IL-6 (G), IL-1β (H), and TNF-α (I) measured via ELISA. The data 
are expressed as the mean ± SD. ***P < 0.001 vs. NC, ##P < 0.01, 
###P < 0.001 vs. circ-Astn1
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3.5 � Circ‑Astn1 Overexpression Promoted Skin 
Wound Healing through the Regulation 
of SIRT1

Next, we constructed a skin wound model in db/db mice. 
After a circ-Astn1 overexpression lentiviral vector was 
applied, wound healing was enhanced. However, when the 
circ-Astn1 overexpression vector was applied at 5 mg/kg/day 
in combination with the SIRT1 inhibitor EX-527, the wound 
healing ability was reduced (Fig. 5A and B). Immunohisto-
chemical CD31 staining of the wound tissue revealed that 
circ-Astn1 overexpression accelerated angiogenesis, which 
was not observed after treatment with EX-527 (Fig. 5C and 
D). IL-1β, TNF-α and IL-6 levels in wound tissue were cap-
tured via ELISA, which revealed that circ-Astn1 overexpres-
sion decreased inflammatory cytokine expression, whereas 
SIRT1 inhibitor treatment promoted inflammatory cytokine 

expression (Fig. 5E–G). Together, these data suggest that 
circ-Astn1 overexpression promotes skin wound healing via 
the regulation of SIRT1.

4 � Discussions

Previous investigations have shown that chronic nonhealing 
wounds are a quite common diabetes complication. These 
wounds require integrative treatment strategies [21]. 
Disparate attempts have aimed to improve the diabetic 
wound healing process; however, ideal therapeutic strategies 
are limited. The present study revealed that circ-Astn1 
expression decreased in both diabetic mice and EPCs 
under HG conditions. circ-Astn1 overexpression reversed 
HG-induced endothelial cell dysfunction, suggesting that 
circ-Astn1 plays a regulatory role in the pathogenesis of 
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DM. Previous studies reported that circRNAs may function 
in DM development [22]. The circRNA hsa_circ_0084443 
modulates keratinocyte proliferation and migration and was 
found to be upregulated in diabetic foot ulcers [23]. Serum 
and exosome hsa_circ_0057362 and hsa_circ_0000907 
serve as new markers for early diabetic foot ulcer diagnosis 
[24]. Hsa_circ_0041795 contributes to HG-induced injury in 

the human retinal pigment epithelial cell line ARPE-19 via 
miR-646 sponging and activation of VEGFC [25]. However, 
the regulatory mechanism of circ-Astn1 in diabetic vascular 
dysfunction is still unclear.

To further identify downstream miRNAs that might 
interact with circ-Astn1, bioinformatics analysis was 
employed, and 16 candidate miRNAs were found to 
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potentially be targeted by circ-Astn1. Luciferase reporter 
experiments confirmed that circ-Astn1 interacted with 
miR-138-5p and that circ-Astn1 upregulation reduced 
miR-138-5p expression. Our team verified that miR-
138-5p expression increased in HG-induced EPCs, which 
is concordant with prior results [26]. A previous study 
reported that miR-138-5p significantly suppressed tropho-
blast migration and proliferation [27], and another study 
revealed that astragaloside-IV alleviates HG-induced fer-
roptosis in retinal pigment epithelial cells by disrupting the 
expression of miR-138-5p/Sirt1/Nrf2 [28]. Furthermore, 
miR-138 is utilized to distinguish diabetic patients from 
obese diabetic patients [29]. These findings suggest that 
miR-138-5p overexpression contributes to HG-induced 
endothelial cell dysfunction. In this context, our team 
hypothesized that circ-Astn1 expression would improve 
endothelial cell function through miR-138-5p sponging.

More results revealed that miR-138-5p interacted with 
the 3ʹUTR of SIRT1, which was verified with a luciferase 
reporter assay. Our team discovered that miR-138-5p 
expression was increased in HG-induced EPCs and 
decreased in HG-induced EPCs. The overexpression of 
circ-Astn1 promoted SIRT1 expression, but the overex-
pression of miR-138-5p reduced SIRT1 expression. SIRT1 
silencing reversed the protective effect of circ-Astn1 on 
HG-induced endothelial cell function. SIRT1 overexpres-
sion restored endothelial cell function under HG condi-
tions, as did miR-138-5p overexpression. Previous inves-
tigations revealed that SIRT1 activation leads to NF-κB 
downregulation as well as the suppression of inflammatory 
factors [30]. SIRT1 is elevated by naturally occurring anti-
oxidants and anti-inflammatory compounds such as res-
veratrol, trans-δ-viniferin, and vitamin D [31]. Poly-ADP 
ribose polymerase (PARP)-1 inhibition protects diabetic 
hearts via activation of the SIRT1-PGC-1α axis [32]. Our 
study revealed that SIRT1 activation increased survival 
and maintained function through decreasing apoptosis and 
the expression of HG-induced inflammatory cytokines.

In conclusion, our data show that circ-Astn1 expression 
promotes survival and enhances endothelial cell function 
in EPCs, likely through miR-138-5p/SIRT1 signaling. 
Together, our findings suggest that circ-Astn1 is a promis-
ing diabetes diagnostic biomarker. Furthermore, our find-
ings may facilitate expanded drug applications targeting 
circ-Astn1 and highlight a potential role for circ-Astn1 in 
diabetes treatment.
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