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a b s t r a c t

Diabetic wounds are difficult to repair effectively in the clinic. Tissue engineering based on mesenchymal
stem cells (MSCs) showed great therapeutic potential in wound healing. MSCs-derived exosome could
reproduce the effect of MSCs by transferring the bioactive substance to the recipient cells. The biological
function of exosomes was determined by the state of the derived MSCs. In this study, we cultured hUC-
MSCs with EGFL6 and isolated EGFL6-preconditioned exosomes (EGF-Exos), and then investigated the
effect of EGF-Exos on wound healing. The results revealed that EGF-Exos promoted the proliferation and
migration of HUVECs, had the anti-inflammtory function and improved angiogenesis. Moreover, we
fabricated Gelama hydrogel to load EGF-Exos to repair diabetic wounds. In vivo results showed that EGF-
Exos contributed to the repair of diabetic wound and provided valuable data for understanding the role
of EGF-Exos in diabetic wound healing.

© 2024 Japanese Society of Regenerative Medicine. Published by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction recipient cells [16,17]. In particular, the biological function of exo-
Diabetes is a common metabolic disease with a high risk of
severe disability. 15% of diabetics may suffer from foot ulcers,
causing high medical costs and poor quality of life [1,2]. Wound
healing is a complicated and well-orchestrated biological process
such as damaged vascular network, acute inflammation and
impaired extracellular matrix (ECM) deposition [3e5]. Current
treatment strategies for healing chronic wounds should focus on
the phases including inhibiting inflammation, promoting angio-
genesis and preventing infection [6e8].

Mesenchymal stem cells (MSCs)-based tissue engineering
showed great therapeutic potential in wound healing [9e11].
Recent study has shown thatMSCs possess great anti-inflammatory
effect [12]. Human umbilical cord MSCs (hUC-MSCs) exhibit
favorable biological properties including an abundant tissue source,
large expansion capacity and a painless collection process [13].
Exosomes, small extracellular vesicles, ranged in size from 30 to
150 nm, are rich in proteins, mRNAs and miRNAs [14,15]. Previous
studies have shown that MSCs-derived exosome could replicated
the effect of MSCs by transferring the bioactive substance to the
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somes was determined by the state of the derived MSCs. For
example, exosome derived from kartogenin-preconditioned MSCs
can promote chondrogenesis [18].

The ability of proliferation and migration of endothelial cells play
important role in angiogenesis. Previous studies reported that the
epidermal growth factor-like domain protein 6 (EGFL6) is essential
for the regulation of angiogenesis [19]. EGFL6 is a member of the EGF
superfamily of proteins. Previous studies showed that EGFL6
secreted by osteoblast-like cells regulated the migration and angio-
genesis of endothelial cell via the ERK signaling pathway [20].
However, the effect of exosomes derived from EGFL6-preconditioned
hUC-MSCs (EGF-Exos) on wound healing is still unknown.

Hydrogel is the desirable tissue engineering material to encap-
sulate exosomes to enhance vascularization or facilitate tissue
regeneration. In this study, we prepared Gelma hydrogel to entrap
EGF-Exos. Furthermore, we evaluated the feasibility of applying
EGF-Exos as a new biomimetic tool to achieve chronic wound
healing. Our findings could lead to new the novel therapeutic
strategies for chronic skin wounds.

2. Material and methods

2.1. hUCMSCs characterization

hUCMSCs were incubated in chondrogenic differentiation
medium (Cyagen, China), adipogenic (Cyagen, China), osteogenic
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Table 1
The primer sequence of inflammatory genes.

Gene Sequences

IL-6 F-5’-GGCCAGAACTTCCCAACCA-3’
R-5’-ACCCTCCATAATGTCATACCC-3’

TNF-a F-5’-CAGGCGGTGCCTATGTCTC-3’
R-5’- CGATCACCCCGAAGTTCAGTAG-3’

IL-10 F-5’- CTCCAAGCCAAAGTCCTTAGAG-3’
R-5’- TGTAGACCATGTAGTTGAGGTCA-3’

GAPDH F-5’-AGGTCGGTGTGAACGGATTTG-3’
F-5’-TGTAGACCATGTAGTTGAGGTCA-3’
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(Cyagen, China) for 21 days, 21 days and 14 days respectively.
Then, the differentiated MSCs were fixed by 4% paraformaldehyde
(PFA) and stained by Alcian Blue, Oil O Red and Alizarin Red
respectively.

2.2. Isolation and identification of EGF-Exos

Recombinant EGFL6 proteinwas purchased from R&D Systems.
hUCMSCs were cultured in the Ultra culture medium (Lonza, USA,
12e725F) contained with 10% exosome-free FBS and 200 ng/mL
EGFL6 protein. EGF-Exos were extracted from conditional medium
according to the previous methods [21] by gradient ultracentri-
fugation. In brief, the condition medium was centrifuged at
2000�g for 10 min and then 10,000�g for 30 min (4 �C) to remove
dead cells and cell debris respectively. Subsequently, the medium
was centrifuged at 100,000�g for 90 min (4 �C), washed with PBS,
and centrifuged at 100,000�g for 90 min (4 �C) again to isolate the
Exos.

The size distribution and concentration of sEVs were analyzed
by Nanosight NS300 system (Malvern, UK). Themorphology of sEVs
was identified by Transmission electron microscopy (TEM). The
marker proteins of sEVs were identified through western blotting.

2.3. PKH-26 staining

Fluorescent labeling of EGF-Exos was carried out according to
the manufacturer's protocols. Briefly, PKH-26 solution (Sigma, USA,
SLB6089) was incubated with exosomes in PBS. Excessive dye from
labeled exosomes was removed by ultracentrifugation at
100,000�g for 1 h at 4 �C. Exosome pellets stained by PKH-26 were
resuspended with 200 ml cold PBS. The labeled exosomes were co-
cultured with HUVECs for 24 h, and then the cells were washed
with PBS and fixed in 4% paraformaldehyde. The uptake of PKH-26-
labeled EGF-Exos by HUVECs was then observed by fluorescent
microscopy.

2.4. Cell proliferation assay

HUVECs were cultured in endothelial cell medium supple-
mented with 5% fetal bovine serum, 1% endothelial cell growth
supplement (ECGS) and 1% penicillin-streptomycin (Sciencell,
Carlsbad, CA, USA). HUVECs were co-incubated with EGF-Exos for
24h and 48h in 96-well plates. Cell counting kit-8 (CCK8) were
purchased from Kumamoto (Japan). 10 ml CCK-8 was added into
the medium. After being co-cultured for 3h, the proliferation
ability of HUVECs was measured by 450 nm absorbance values
using an enzyme linked immunosorbent assay plate reader.

2.5. Western blot assay

Western blotting was carried out to assess the expressions of
proteins. Protein lysates were obtained from human umbilical vein
endothelial cells and EGF-Exos using RIPA lysis buffer. The protein
concentrations determination was performed using a BCA Protein
Assay Reagent Kit (Thermo, USA). Equivalent amounts of proteins
(20000 mg) were separated on 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then trans-
ferred to 0.22 mm polyvinylidene fluoride (PVDF) membrane. After
being blocked by 5% non-fat dry milk, the membranes were incu-
bated with primary antibodies overnight at 4 �C. After incubation
with horseradish peroxidase (HRP)-conjugated species-matched
secondary antibodies for 1h at room temperature. ImmunoStar
Western C (LI-COR, USA) was used to observe the proteins band.
Primary antibody included anti-CD63(Abcam, USA), anti-
933
CD81(Abcam, USA), CD9(Abcam, USA), anti-b-actin (CST,
USA,3700, 1:1000).

2.6. Real-time quantitative polymerase chain reaction (qPCR) assay

Total RNA isolation from HUVECs was performed using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions. RNA quality and quantity determination were
carried out using nanodrop (Thermo Scientific). RNA (1000 ng) was
reverse-transcribed into cDNA using the revert first strand cDNA
synthesis kit (Yesen, China). 20 ml reaction volumes (10 ml SYBR,
0.8 ml primers, 2 ml cDNA, 7.2 ml H2O) was completed and then qPCR
was performed. The primer sequence of above gene was listed in
Table 1.

2.7. Immunofluorescence staining

HUVECs were cultured in the medium contained EGF-Exos,
following TNF-a (10 ng/mL) stimulation for 24 h. Then, the cells
were fixed using 4% PFA for 10 min and next washed by PBS for
three times. Then, HUVECs were treated with 0.25% Triton X-100
and then blocked with 5% donkey serum. HUVECs were incubated
with primary anti-body VEGF (Abcam, USA) overnight at 4 �C. After
being washed by PBS, HUVECs were incubated with the secondary
antibody (Invitrogen, USA) and cultured with DAPI for 10 min in
dark environment. Finally, HUVECs were visualized under the
confocal microscope (Carl Zeiss, Germany). The excitation wave-
length of DAPI was 405 nm and that of VEGF was 488 nm.

2.8. Wound healing assay

The effect of EGF-Exos on HUVECs migration was evaluated by
“wound healing” assay. Briefly, a sterile pipette was used to created
“wound” after HUVECs growing in full density in 24 well plates.
Then, cell debris were removed by PBS. HUVECs were incubated in
the fresh medium contained EGF-Exos for 8 h. Subsequently, the
medium was removed and then the cells were fixed by PFA for
15min. The cells were stained with 0.2% crystal violet hydrate so-
lution and then observed using microscope.

2.9. Swelling ratio and degradation behaviors assay

Gelma hydrogel was purchased from Engineering for life com-
pany. The samples were incubated with PBS for 24 h [22]. After
removing the surface water, the swelling samples wereweighted at
different time points. The formula below was used to calculate the
swelling ratios of the hydrogels:

Swelling ratio¼Wt �Wd
Wd

� 100%

Wd was the dry weight of the hydrogel, and Wt was the swollen
weight of the hydrogel.
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The specimen were soaked in PBS at 37 �C to evaluate the
degradation behaviors of hydrogels. At given time points, the sur-
face supernatant was removed and then the weight of hydrogels
was weighted. The following formula was used to calculate the
degradation ratios of hydrogels:

Degradation ratio¼Wt

W0
� 100%

where W0 was the initial weight of the sample, and Wt was the
weight of the sample at a specific time point.
Fig. 1. Identification of hUC-MSCs and EGF-Exos. (A) hUC-MSCs represented spindle-like m
chondrogenesis, osteogenesis and adipogenesis. Scale bar: 100 mm. (C) The surface marker o
size distribution of EGF-Exos was measured by nanoparticle tracking analysis. (E) The morp

Fig. 2. EGF-Exos promote the proliferation, migration of HUVECs. (A) Representative image
Scale bar:20 mm. (B) CCK-8 assay of HUVECs incubated with EFG-Exos for 24 h and 48 h. Ctrl
group means that HUVECs cultured in medium with exosomes (10 mg/mL), following TNF-a (
exosomes (20 mg/mL), following TNF-a (10 ng/mL) stimulation. *P < 0.05, ***P < 0.001. (C) P
(D) Quantitative analysis of the relative migrated percentage of HUVECs in different group
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2.10. Animal experiments

All surgical procedures required the agreement of the ethical
review committee of The First Affiliated Hospital of Zhengzhou
University. Diabetic mice model was fabricated as previously
described [2]. Briefly, female C57BL/6 mice were divided into four
groups. The mice were anaesthetized by injecting avertin and then
the dorsal hair of diabetic mice was shaved. A standardized full
thickness wound (8 mm diameters) was built. Gelma hydrogel
loading EGF-Exos was implanted into the wound. To avoid anti-
bacterial interference, mouse was caged individually in Specific
orphology. Scale bar: 150 mm. (B) hUC-MSCs showed muti-lineage differentiation of
f EGF-Exos including CD81, CD9, CD63 were characterized by Western blot. (D) Particle
hology of EGF-Exos was visualized by TEM. Scale bar: 50 nm.

of PKH-26 labeled EGF-Exos. HUVECs were cultured with the PKH-26 labeled for 24 h.
group means that HUVECs cultured in medium contained TNF-a (10 ng/mL). EGF-Exos1
10 ng/mL) stimulation. EGF-Exos2 group means that HUVECs cultured in medium with
hotographs of ‘‘wound healing” assay of HUVECs after 8 h incubated with EGF-Exos and
s.



Fig. 3. EGF-Exos promote angiogenesis of HUVECs in vitro. (A) Immunofluorescence of vascular endothelial growth factor (VEGF) visualized using confocal fluorescence microscope.
Scale bar:50 mm. (B) The number of VEGF positive cells. **P < 0.01, ***P < 0.001. (C) Matrigel-based assay for HUVECs cultured with EGF-Exos. Scale bar:100 mm. (D) The number of
junction and nodes about tube formation assay were analyzed by Image J. **P < 0.01, ***P < 0.001.

Fig. 4. EGF-Exos have anti-inflammatory effect in vitro. (A) The inflammatory gene including IL-6, (B) TNF-ameasured by qPCR. **P < 0.01. (C) The anti-inflammatory gene IL-10 was
estimated via qPCR. ***P < 0.001. (D) The proteins of iNOS and IL-10 were evaluated using Western blot. Ctrl group means that HUVECs were cultured in the medium contained TNF-
a (10 ng/mL) for 24 h. EGF-Exo group means that HUVECs were cultured in the medium contained EGF-Exo, following TNF-a (10 ng/mL) stimulation for 24 h.
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Pathogen Free (SPF) environmental conditions. The recovery of
diabetic wound was evaluated by digital image which was taken at
0, 1, 3, 5, 7, 9, 11 and 13 days. The following formula was used to
calculate the wound size:

Percent wound size reduction (%) ¼ (A0-At)/A0 � 100%
935
A0 means the initial wound area (t ¼ 0). At means the wound
area at a time interval (t � 1).

The animals were sacrificed at 7,11,15 days after surgery, and the
skin tissue around the wound was collected to measure the for-
mation of novel vessel generated in the wound.



Fig. 5. Characterization of Gelma hydrogel. (A) Cell viability of HUVECs cultured with Gelma. (B) Scanning electron micrographs of Gelma. Scale bars: 200 mm. (C) Swelling ratio of
the hydrogels in PBS (pH 7.2) at 37 �C. (D) Degradation ratio of Gelma hydrogel.
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2.11. Histology and immunohistochemical analysis

The skin tissue samples were fixed in 4% paraformaldehyde for
24 h and then dehydrate in a gradient alcohol. After being
embedded in paraffin, the specimens were sliced in 5 mm thickness.
The skin tissue sections were evaluated by masson trichrome and
immunohistochemical staining.

Immunohistochemical staining was performed according to the
previous protocol [23]. Briefly, sodium citrate solution was used to
treat the skin tissue sections to epitope retrieval. Then, the samples
were treated with a primary antibody like CD31(Abcam, USA)
overnight at 4 �C. Subsequently, the samples were incubated with a
second antibody and then stained with hematoxylin. The sections
were clearly observed under the microscope.

2.12. Statistical analysis

The results are presented asmean ± standard deviation (SD). For
comparison of two groups, the unpaired Student's t test was used.
One-way analysis of variance (ANOVA) was used for the compari-
son of multiples groups. Differences were considered statistically
significant when P < 0.05.

3. Results

3.1. Identification of hUC-MSCs and EGF-Exos

The density of hUC-MSCs cultured in 6 cm dish reached 60%
confluence, hUC-MSCs represented spindle-like morphology visu-
alized by microscope (Fig. 1A). When hUC-MSCs were cultured in
adipogenesis, osteogenesis and chondrogenesis induced medium,
hUC-MSCs were induced to adipogenic, osteogenic and chondro-
genic cells respectively (Fig.1B). EGF-Exoswere isolated by gradient
ultracentrifugation and characterized by different experiments. The
extracellular vesicles-related specific marker including CD63, CD81,
CD9 were positively expressed on EGF-Exos (Fig. 1C). The image of
936
TEM revealed that the morphology of EGF-Exos showed typical
sphere-shaped bilayer membrane structure. Moreover, the data of
nanoparticle tracking analysis showed that the diameter of exo-
somes was about 127 nm, and the concentration of EGF-Exos was
2 � 1011 particles/mL (Fig. 1D).
3.2. EGF-Exos promote the proliferation, migration of HUVECs

To observed whether EGF-Exos were uptaken by HUVECs, the
exosomes were stained with PKH-26 and the stained EGF-Exos were
incubated with HUVECs for 24h. As showed in Fig. 2A, the PKH-26
labeled EGF-Exos which showed red fluorescence were internalized
by HUVECs and distributed around the nuclei which was stained in
blue fluorescence by DAPI. In addition, we evaluated the viability of
HUVECs cultured with EGF-Exos using CCK-8 experiment (Fig. 2B).
The results showed that the number of HUVECs was significantly
increased after EGF-Exos treatment for 24 and 48h, indicating that
EGF-Exos2 has significant effect on the cell viability in HUVECs.
Subsequently, to estimate the effect of EGF-Exos on cellmigration,we
treated HUVECs with EGF-Exos for 8h. The results revealed that
compared to the control group, themigration area of HUVECs treated
with EGF-Exos2 was significantly increased (Fig. 2C, D).
3.3. EGF-Exos promote angiogenesis of HUVECs in vitro

To further observe the effect of EGF-Exos on the angiogenesis
in vitro, VEGF immunofluorescence was carried out. Green fluo-
rescent cells weremore abundant in the EGF-Exos group, compared
to the control group, indicating EGF-Exos enhanced the expression
of VEGF in HUVECs and could promoted angiogenesis in vitro (Fig. 3
A, B). Subsequently, matrigel-based assay was used to assess the
effect of EGF-Exos on the endothelial network formation ability of
HUVECs. The results showed that the endothelial network forma-
tion ability of HUVECs was increased by EGF-Exos, compared the
control group. The number of nodes and junction about matrigel-



Fig. 6. The effect of 15%Gelma hydrogel loading EGF-Exos2 on the diabetic wound healing. (A) Gross macroscopic of the size change of the excision wounds made in dorsal skin of
diabetic mice with different time periods. (B) Traces of wound bed closure for each treatment group in vivo. Light brown area indicated the wounds area at 0 day and the blue area
indicated the wounds area at n (n ¼ 5, 7, 9 and 12) days. (C) The statistical analysis of wound area was conducted to show the healing efficiency among the groups. *P < 0.05,
**P < 0.01, ***P < 0.001. (D) Masson's trichrome staining images of wound beds at 12 days. Blue areas represented the newly deposited collagen fibers in the wound beds. Scale
bars: 200 mm.
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based assay showed that EGF-Exos treatment significantly
increased the endothelial network formation ability of HUVECs.

3.3.1. EGF-Exos have anti-inflammatory effect in vitro
HUVECs were stimulated with TNF-a (10 ng/mL) and EGF-Exos

for 24h. Then the inflammatory gene IL-6 and TNF-a were
measured to observe the anti-inflammatory effect in vitro. The re-
sults exhibited that EGF-Exos1 group show the similar gene
937
expression level of IL-6 and TNF-a with control group, while the
level of IL-6 and TNF-a genes was significantly increased in EGF-
Exos2 group (Fig. 4 A, B). Moreover, EGF-Exos treatment obvi-
ously enhanced the expression of IL-10, compared to the control
group (Fig. 4C). Consistently, compared to the control and EGF-
Exos1 group, the protein of iNOS was downregulated in EGF-
Exos2 group, while the anti-inflammatory protein IL-10 was upre-
gulated in EGF-Exos2 group (Fig. 4 D). In general, the above results



Fig. 7. Gelma@EGF-Exos2 promote angiogenesis in vivo. (A) Representative images of vessel formation at the wound beds at 12 days. (B) The quantitative analysis of vessel for-
mation in the diabetic wound beds. **P < 0.01. (C) CD31 immunofluorescent staining of the diabetic wound beds and (D) the quantitative of the expression of CD31 in the diabetic
wound beds. *P < 0.05, ***P < 0.001.
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demonstrated that EGF-Exos exhibited powerful anti-inflammatory
effect in vitro.

3.4. Characterization of Gelma hydrogel

To observe the cytotoxicity of Gelma hydrogel, HUVECs were
cultured with hydrogel. As illustrated in Fig. 5 A, OD values were
increased during the process of incubation, indicating that the
number of HUVECs was increased and the hydrogel possess desir-
able biocompatibility. The reticular porous structure of the hydro-
gels was observed using SEM (Fig. 5 B). The diameter of 15% Gelma
hydrogel was smaller than 10% Gelma hydrogel. The swelling
behavior of the hydrogels was revealed in Fig. 5C. The results
showed that the swelling ratio of the hydrogels was gradually
increased during the first 3 days. 15% Gelma hydrogel had the
higher swelling ratio than 10% Gelma hydrogel. Moreover, the
Gelma hydrogel showed good degradation ratio which decreased
50% in the incubation of 15 days ((Fig. 5 D).

3.5. The effect of 15%Gelma hydrogel loading EGF-Exos2 on the
diabetic wound healing

We fabricated 15% Gelma loading the EGF-Exos2 (20 mg/mL) for
the treatment of the diabetic wound. Gross macroscopic evaluation
of the wound was performed at 0,5,7,9 and 12 days. As showed in
Fig. 6 A and B, the wound regions of the diabetic mice were grad-
ually decreased in all groups, while compared to the 85% wound
area of control group and 77.7% wound area of Gelma group at 5
days, the wound area of Gelma@EGF-Exos2 group was significantly
938
decreased. Moreover, the wound area size was reduced 83.7% at 12
days, which was significantly higher than other two groups whose
wound area sizes were decreased 65.4% and 72.3% respectively at
12 days (Fig. 6C). Moreover, the collagen fibers in Gelma@EGF-
Exos2 group were more extensive and orderly-arranged than that
other two groups (Fig. 6 D).

3.6. Gelma@EGF-Exos2 promote angiogenesis in vivo

Representative photograph of the angiogenesis in diabetic
wound beds showed that the number of novel generated vessel
around the center of wound in Gelma@EGF-Exos2 group was
obviously increased compared to the other two group at 12 days
(Fig. 7 A, B). Moreover, there were more intensive newly formatted
vessels observed in Gelma@EGF-Exos2 group. CD31 immunohis-
tochemical staining was performed to further investigate the
angiogenesis effect of Gelma@EGF-Exos2 in vivo (Fig. 7C). As a
specific marker of vein endothelial cells, CD31 was selected to label
the newly formed blood vessels, the number and area of CD31
positive vascular on Gelma@EGF-Exos2 group was significantly
increased compared to other two groups (Fig. 7 D), indicating that
Gelma@EGF-Exos2 therapy contributed to the regeneration of
blood vessels in vivo and enhance the blood supply for wound,
improving the healing ratio of diabetic wound.

4. Discussion

The skin wound caused by diabetes is difficult to repair effec-
tively in the clinic [24,25]. Currently, MSC-based therapy shows
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desirable potential for healing diabetic wound [26e29]. Herein, we
treated hUC-MSCs with EGFL6 and isolated exosomes derived from
EGFL6-preconditional hUC-MSCs (EGF-Exos). We found that EGF-
Exos promoted the proliferation and migration of HUVECs. More-
over, EGF-Exos possessed anti-inflammatory effects and improved
angiogenesis. In addition, we fabricated Gelma hydrogel to loading
EGF-Exos to implanted into the wound region. In vivo results
revealed that Gelma@ EGF-Exos effectively promoted diabetic
wound healing.

hUC-MSCs are a desirable cell source for the reasons that hUC-
MSCs are accessible, have ideal proliferation capability and facili-
tate acquisition process [18,30]. hUC-MSCs preconditioned with
EGFL6 are essential for improving angiogenesis. Previous studies
showed that the desirable function of MSC-based therapies was
mainly attributed to paracrine, as exosomes can create an optimal
microenvironment for maintaining dynamic cellular homeostasis
[27,31]. However, the effect of EGF-Exos on diabetic wounds is still
unknown.

Wounds repair and regeneration are the complicated process,
involving hemostasis, inflammation, hyperplasia and remodeling
[32,33]. Hyperglycemia caused by diabetic wounds worsened
inflammation and vascular lesions, delaying the process of wound
healing. Previous study showed that increased proinflammatory
cellular infiltrates composed largely of neutrophils and macro-
phages contribute to delayed healing of chronic ulcers [34,35].
Herein, we found that EGF-Exos could be internalized by HUVECs
and achieved the effects of anti-inflammatory by decreasing the
expression levels of TNFa and IL-1b. It has been shown that IL-1b
and TNFa derived from proinflammatory cells elevated metal-
loproteinases and degraded the local ECM, resulting in the
destruction of cell migration [36]. Subsequently, we investigated
the function of EGF-Exos on the proliferation and migration of
HUVECs. The results showed that EGF-Exos significantly promoted
the proliferation and migration of HUVECs, indicating that EGF-
Exos contributed to the growth of HUVECs toward the wound re-
gions. Abundant nutrient exchange and adequate oxygen supply
transported by vascular network have been shown to have a posi-
tive effect on cell migration and distribution [37]. The newly
generated vascular network is important for the process of wound
healing [38e40]. In this study, we found that EGF-Exos contributes
to the regeneration of blood vessels in vivo and improves the blood
supply to the wound, thereby improving the healing ratio of dia-
betic wound. Moreover, EGF-Exos enhanced the formation of
collagen which was main component of skin main component of
skin.

In general, this study demonstrated that EGF-Exos contributed
to the repair of diabetic wounds by effectively promoting the pro-
liferation and migration of HUVECs, exhibiting the anti-
inflammatory function and improving angiogenesis.
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