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BCL-2 overexpression exosomes promote i

the proliferation and migration of mesenchymal
stem cells in hypoxic environment for skin injury
in rats
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Abstract

Objective The direction of this study was to detect and analyze the specific mechanism of anti-apoptosis in mesen-
chymal stem cells (MSCs) cells caused by high expression of BCL2.

Methods Bioinformatics was completed in Link omics. GO analysis and KEGG analysis were carried out,

and the grope tool of Link omics database was used to evaluate PPl information and other core path analysis infor-
mation. The cultured cells were divided into MSC+normoxic group (MSCs were cultured in conventional medium,
including 10% depleted serum of fetal bovine exosomes, 37 °C, 5% CO, and 95% air) and Exo-BCL-2 + MSC+ normoxic
group (a certain concentration of purified BCL-2 exosomes was co-cultured with MSC in conventional medium,

37 °C, 5% CO, and 95% air), Exo-BCL-2 + MSC+ hypoxia group (a certain concentration of purified BCL-2 exosomes
and MSC were co-cultured in hypoxia medium at 37 °C, 80% CO, and 20% air), MSC +hypoxia group (MSCs were
cultured in hypoxia medium with 10% depleted serum of fetal bovine exosomes, 37 °C, 809% CO, and 20% air),

exo WT+MSC+ normoxic group (co-cultured with MSC in conventional medium at 37 °C, 5% CO, and 95% air)

and exoWT +MSC+ hypoxic group (co-cultured with MSC in hypoxic medium at 37 °C, 80% CO, and 20%). Cell
proliferation ability was monitored by cell proliferation test. Cell migration test was used to check the migration
capacity of MSCs. The expressions of apoptosis-related proteins BCL-2, caspase3 and caspase9, Runx2, ALP and PPAR-y
were analyzed by western blot. Tissue damage was scored by H&E and Ma Song trichrome staining. Masson staining
was used to evaluate the collagen volume fraction of the wound. The expressions of KRT14, a-SMA, CD31 and PCNA
in rat trauma tissues were analyzed by immunofluorescence staining. The horizontal of apoptosis-related proteins

in skin lesions was checked by Western blot. The horizontal of inflammatory factors TNF-a and IL-6 in traumatic tissue
of rats were detected by ELISA.

Results From KEGG's results, we can see that BCL2-2 was closely related to base excision and repair, cell cycle,
steroid biosynthesis and other pathways. When cultured for 48h and 72h, the proliferation ability and migration
number of MSCs in MSC + hypoxia group were lower than MSC 4+ normoxic group, but the expressions of caspase3
and caspase9 were higher. The proliferation ability and migration number of MSCs in Exo-BCL-2 + MSC + hypoxia
group and MSC+ hypoxia group were lower than those in Exo-BCL-2 + MSC+ normoxic group and MSC +normoxic
group, and the horizontal of caspase3 and caspase9 were lower. Exo-BCL-2 + MSC 4+ normoxic group increased
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the proliferation capacity and migration number of MSCs, but decreased the expression of caspase3 and caspase9.
Compared with Exo-BCL-2 + MSC + normoxia and Exo-BCL-2 + MSC +normoxia, the proliferation ability and migration
quantity of MSCs in exo WT+MSC+ normoxia and exo WT+MSC+ hypoxia groups were lower, and the horizontal

of caspase3 and caspase9 proteins was higher.

Conclusion Bioinformatics analysis shows that BCL2-2 plays a worthwhile role in the process of cell apoptosis

and proliferation. Exosomes with high expression of BCL-2 can encourage the proliferation of MSC in hypoxic envi-
ronment. The wound treated with MSCs-BCL-2 promotes the compose of new blood vessels and granulation tissue
in the wound, the redifferentiation of epithelial cells and the remodeling of collagen, which has a high therapeutic

prospect for chronic wounds and skin regeneration.
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Background

These Extracellular vesicles (ev) are mainly divided into
three categories depending on the diameter of ev, includ-
ing exosomes, microcapsules and apoptotic bodies [1,
2]. It is worth noting that exosomes are little lipid bilayer
vesicles with a diameter of 30—150 nm, which are derived
from some biological fluids [3]. These nanocapsules con-
tain many cell-specific protein and lipids, which have
become a new intercellular communication system on
the inner chamber of donor cells and the outer or inner
chamber of recipient cells [4]. Exosomes are major signal
transport body on cells and can also be used as parac-
rine pathways of parent cells. More and more evidences
show that exosomes discharge their active material for
substance transport through specific binding with target
cells, thus regulating biological behavior. In addition, sig-
nal transmission is carried out through signal molecules
on the surface of exosomes, and exosomes immediately
play the role target cells through receptor-mediated inter-
action [5]. According to the current research, exosomes
not only have broad application prospects as biomarkers,
but also show clinical potential in tissue regeneration,
which deserves our attention and efforts as free cell ther-
apy [6]. A large amount of evidence shows that exosomes
from stem cells have the potential to treat tissue repair
and regeneration, including accelerating skin wound
healing [7, 8].

MSCs have shown great underlying for wound healing,
and have become one of the most promising substitutes
for tissue regeneration, immunomodulation and pro-
moting repair because of their more definite pluripotent
differentiation potential, proliferation and growth, par-
acrine action, immunomodulation characteristics and
better safety [9]. MSCs have the advantages of abundant
resources, less trauma, less adverse reactions, expan-
sibility [10]. The potential risk of low overall survival of
MSCs implanted cells limits the clinical application of
MSCs. In addition, the potential mechanism of MSCs’
function remains to be clarified. More and more studies
show that the potential role of MSCs mainly depends on

the mechanism mediated by paracrine. This outcome is
thought to occur through the secretion of a large num-
ber of substances [11]. Most interestingly, from paracrine
MSCs, namely MSCs exosomes (MSCs-exosomes), play
an unparalleled function as a mediator in intercellular
communication. In view of the increase of research on
MSCs-exosomes, the research related to MSCs-exosomes
is raising [12, 13]. Publications on the use of MSCs- exos
have shown effective treatment for many illness models
[14, 15]. Therefore, in view of the accessibility and poten-
tial utility of MSCs-Exos in wound healing applications,
it has aroused great interest. Skin injuries are common
after accidental injuries. Therefore, shortening the heal-
ing time after skin/soft tissue injury and inhibiting scar
formation are urgent clinical needs. Although many
treatment attempts have promoted wound healing, the
best treatment strategy is still under development [16].
It has been reported that local injection of exosomes
secreted by human stem cells can encourage the multi-
plication of skin cells, wound closure of diabetes or burn
wounds, which indicates that exosomes-based treatment
is a promising wound healing method. In this study,
BCL-2 exosomes were extracted from rat serum, and the
mechanism of MSCs-BCL-2 in treating skin injury model
was evaluated.

Materials and methods

KEGG and GO analysis

The data used in the analysis of DEGs came from the
GEO database of NCBI, numbered GSE3467. The original
chip data (CEL file) was preprocessed by R/Bioconduc-
tor package affy, including background correction and
standardization. The RMA method was used, and then
the difference of gene horizontal was tested by R/Biocon-
ductor package limma software. The threshold of differ-
ential expression was 0.05. Multi MiR package software
was used to forecast the miRNA-target relationship pair,
and the threshold value was set to 35, which was pre-
dicted by at least three algorithms [17]. R/bioconductor
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package cluster Profiler was used as KEGG pathway and
GO enrichment analysis software.

Collection of HucMSCs source conditioned medium

and isolation of extracellular vesicles

HucMSC Ex cells are in the logarithmic growth phase
and have good growth status (long spindle shaped,
small in size, fast in growth, clustered growth, and no
obvious heterochromatic particles in the cytoplasm).
P3 generation hucMSCs were extensively expanded
in vitro to 10 cm2 dishes, and the cells were main-
tained in a-MEM complete culture medium containing
10% fetal bovine serum and double antibodies. When
the cell growth fusion degree reached 50% ~70%
(about 5% 105 cells), the cells were washed three times
with PBS and replaced with 8 mL of a-MEM complete
culture medium containing 10% fetal bovine serum,
which had removed serum exosomes (4C100000 g cen-
trifuged for 16 h). The cells were further cultured for
48 h, and the cell culture supernatant was collected.
The same batch of hucMSCs comes from the super-
natant, labeled with the collected algebra, date, and
the initials of the collection personnel. In the collec-
tion of supernatant, different sterile vessels were used
according to the number of passaged cells, including
15 mL, 50 mL, 100 mL, and 500 mL. The collected
culture supernatant was stored in a —80 °C ultra-low
temperature freezer for future use. Specific detailed
steps: D Thaw the cell supernatant in a —80 C freezer,
then centrifuge at 300 g at 4 “C for 10 min to remove
complete cell precipitates. @ Centrifuge at 4 ‘C 2000 g
for 10 min to remove dead cell sediment Centrifuge at
10,000 g at 4 C for 30 min to remove cell debris and
organelle components Subsequently, the supernatant
was transferred to a 100 kDa MWCO ultrafiltration
centrifuge tube and centrifuged at 4 ‘C 2000g for 30
min for appropriate concentration Transfer the con-
centrated solution to a 40 mL volumetric centrifuge
tube, centrifuge at 4 ‘C100,000 g for 3 h, discard the
supernatant, and resuspend the hucMSC Ex precipitate
in PBS Repeat the previous centrifugation step, discard
the supernatant, resuspend hucMSC Ex precipitate in
an appropriate volume of PBS, and let it stand over-
night at 4 ‘C. The dissolved hucMSC Ex solution was
filtered through a 0.22 p m sterile filter for sterilization
and divided into 1.5 mL sterile EP tubes Finally, store
hucMSC Ex in an —80C ultra-low temperature freezer
for future use. The molecular markers (CD63, CD81)
were verified to be correct, and the size of the extra-
cellular vesicles was 40-100 nm with a purity of 100%.
This study characterizes exons through exon labeling,
which involves extracting sample DNA, capturing and
enriching exons, and sequencing the captured exon
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regions using high-throughput sequencing technology.
After obtaining sequencing data, bioinformatics analy-
sis is performed, including data quality control, muta-
tion detection, and identification and characterization
of exon markers.

The detection results of BCL-2 marker in Exosome are shown
in Fig. 1(a)

The article supplemented the steps of nano tracking analysis
of extracellular vesicle quantity and fluid dynamic size,

as well as the size and distribution of extracellular vesicles.
The results of extracellular vesicle particle size analysis

are as follows, with an average particle size of 80.82nm

and a concentration of 1.35E+10 particles/mL

The measured OD562 of extracellular vesicle proteins
were applied to the above formula for calculation, and
the extracted extracellular vesicle protein concentra-
tions were as follows: the protein concentration with lysis
buffer was 0.4834785 p g/p L, and the original protein
concentration was 0.604348125 p g/p L).

The molecular markers (CD63, CD81) were verified
to be correct, and the size of the extracellular vesicles
was 40-100 nm with a purity of 100%

Cell grouping

The cultured cells were divided into MSC+nor-
moxic group (MSCs were cultured in conventional
medium, including 10% depleted serum of fetal
bovine exosomes, 37°C, 5% CO, and 95% air) and Exo-
BCL-2+MSC+normoxic group (a certain concentra-
tion of purified BCL-2 exosomes was co-cultured with
MSC in conventional medium, 37 °C, 5% CO, and 95%
air), Exo-BCL-2+MSC+hypoxia group (a certain con-
centration of purified BCL-2 exosomes and MSC were
co-cultured in hypoxia medium at 37°C, 80% CO, and
20% air), MSC+hypoxia group (MSCs were cultured
in hypoxia medium with 10% depleted serum of fetal
bovine exosomes, 37 °C, 80% CO, and 20% air), exo
WT +MSC+normoxic group (co-cultured with MSC in
conventional medium at 37°C, 5% CO, and 95% air) and
exoW T +MSC + hypoxic group (co-cultured with MSC
in hypoxic medium at 37°C, 80% CO, and 20%). Note:
The hypoxic environment for the hypoxic group was set
to 38 °C, 80% CO,, and a 20% O, cell culture incubator.

Cell proliferation test

MSCs were inoculated at the ratio of 2x10° cells/
well, and then co-cultured with a certain purified con-
centration of BCL-2 exosomes (whether added or not
depended on the experimental grouping) for 48 h under
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Fig. 1 a WB detection of extracellular vesicle protein expression (b) Schematic diagram of particle size and concentration (c) Standard curve
for BCA determination of extracellular vesicle protein concentration (d) electron microscopy images of extracellular vesicles) electron microscopy

images of extracellular vesicles

conventional (5% CO, and 95% air) or anoxic conditions
(80% CO, and 20% air). Cell proliferation test was carried
out using cell counting kit —8 (CCK8 kit, Kumamoto,
Japan).

Cell migration test

The upper surface of Transwell chamber was applied
with Matrigel (50 mg/L) at a ratio of 1: 8, and then EN
was applied to the lower surface of the chamber, dried
and disinfected by ultraviolet rays for 30min. Add 0.1 mL

of 1% BSA serum-free medium to each well, and absorb
the residual medium after Matrigel was fully infiltrated.
Add 0.2 mL (1x10°) of cell suspension to each hole of
precoated culture plate, slowly add 0.5 mL of 10% FBS
medium in the lower chamber, and culture in the incu-
bator for 16 h. Add 1 ml of 0.5% crystal violet solution,
and wash it. Wipe off the cells on the upper surface of
Transwell chamber that had not passed through the base-
ment membrane with a cotton swab, and be careful not
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to destroy the basement membrane. Count and compare
the cells under the microscope.

Apoptosis experiment

MSCs were trypsinized, collected together and washed,
and resuspended with 1XAnnexin V binding buffer.
Then add 5 plfitc labeled Annexin V and 5 pl PI solution
into 100 pl cell suspension, mix gently, and incubate. And
then 400 pl of buffer was joined to the cell suspension,
and then the cell suspension was tested by flow cytom-
etry within 1 h.

Skin wound healing model and experimental grouping

Rats were anesthetized by intraperitoneal injection of
pentobarbital sodium. And then a full-thickness wound
was formed on the back skin. Mesenchymal stem cells
and exocrine bodies were suspended and injected into
the dermis at four sites around each wound, respectively,
and injected into the dermis. In all experiments, mesen-
chymal stem cells and exosomes were used at the same
concentration. After the operation, the wound was over-
lapped with surgical dressing. D-luciferin (150 mg/kg)
was injected at D3, D7 and D10 after operation to stimu-
late the cell fluorescence (Fig. 2). The images were taken
with IVIS Lumina Series III, and the total fluorescence
intensity was analyzed with Living Image Software 4.4.
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The wound area was measured after operation, and the
wound healing rate (NIH, USA) was counted by Image]
software. Rats were killed and skin tissue was collected
for further analysis. Rats were separated into the fol-
lowing groups: one group was transplanted with exo@
BCL2 + Luciferase + /GFP+ MSCs (group A), one group
was transplanted with Luciferase +/GFP +MSCs (group
B), one group was transplanted with exo@ wild mouse
secretion + Luciferase + /GFP + MSCs (group C), and the
fourth wound was blank.

Tissue damage score

On the 7th day, the wound tissue was fixed with 4% para-
formaldehyde, embedded in paraffin and cut into 5 um
thick sections. Tissue sections were stained with H&E
and Ma Song trichrome. The tissue sections were exam-
ined with an optical microscope (Olympus) at magnifica-
tion of 100 times and 200 times. The sum of the scores
obtained by each standard was calculated as the total
damage score.

Immunohistochemical analysis

The injured tissues of rats were fixed with 4% paraform-
aldehyde overnight. After dehydration in 15% and 30%
sucrose solutions, the samples were cut into 10mm thick
slices. And frozen sections were blocked with 10% BSA,
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Fig. 2 A GO enrichment analysis histogram. Note: In the figure, the abscissa was Go TERM, and the ordinate was the significance level of Go TERM

enrichment. Scatter diagram of B GO enrichment analysis
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incubated with primary antibody KRT14, anti-PCNA,
anti-a-SMA and anti-VEGFA overnight at 4°C, and then
incubated with secondary antibody. The secondary anti-
bodies include hrp-coupled IgG and Alexa fluorine-cou-
pled IgG (AS014; AS003) and Thermo Fisher Scientific
Shier Technology Company.

ELISA analysis

The tissues were isolated 10 days later. Add 1 mM EDTA,
1% Triton X-100, 1 mM benzyl sulfonyl fluoride, 150 mM
NaCl, 10 mM Tris and 5 pl/ml protease inhibitor into the
lysate. The lysate was centrifuged, and the supernatant
was collected. According to the manufacturer’s agree-
ment, the cells were measured by rat SDF-1 ELISA kit.

Western blot analysis

Total proteins were extracted from MSCs cell lysates in
RIPA lysis buffer including 1% protease and phosphatase
inhibitor. Protein was run on SDS polyacrylamide gel,
and then transferred to PVDF membrane. The membrane
was blocked with 5% BSA for 2 h, and mixed with BCL-2
(1:10 00, AF6139, Affinity), cleaved caspase-3 (1:1000,
cell signal technology), caspase-9 (1:1000, #9188, cell
signal technology) and caspase-9 at 4°C. #50001, affinity)
was left for 2h. GAPDH antibody was used as control for
different loads.
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Statistical analysis

All data in this study were processed using SPSS20.0 sta-
tistical analysis software (IBM, USA). The measurement
data is represented by "mean + standard deviation" (ts),
inter group comparisons are performed using one-way
ANOVA or repeated measurement ANOVA, and inter
group pairwise comparisons are performed using LSD-t-
test. The counting data is expressed as a percentage (%),
and inter group comparisons are made using x> Analysis.
P<0.05 represents a statistically significant difference.

Results

Gene Ontology (GO) analysis

In this study, GO analysis of BCL2-2 was carried out by
using LinkOmics online database. The results of molecu-
lar function (MF) analysis were shown in Fig. 2A and B.
TRIB3 had a positive correlation with NF-kB binding
function, tRNA binding function, ubiquitination protein
binding function, and an obvious negative correlation
with B-catenin binding function and cytokine binding
function.

KEGG pathway enrichment analysis results

We used KEGG to study the function of BCL2, and
the results were shown in Fig. 3A and B. From KEGG’s
results, BCL2-2 was closely related to the pathways of
Base excision repair, cell cycle and steroid biosynthesis.

Description

3 4
GeneRatio

Fig. 3 A KEGG enrichment analysis histogram. In the figure, the abscissa was KEGG pathway, and the ordinate was the significance horizontal

of pathway enrichment. B KEGG enrichment scatter plot



Wang et al. Journal of Biological Engineering (2025) 19:7

Immunofluorescence staining analysis of MSCs
proliferation

The proliferation of MSCs was estimated by immuno-
fluorescence staining. The percentage of Ki67- posi-
tive cells in MSC+hypoxia group was lower than
MSC+normoxia group (P<0.05), and the percentage
of Ki67- positive cells in Exo-BCL-2+MSC + hypoxia
group and MSC+ hypoxia group was lower than that in
Exo-BCL-24+MSC+normoxia group and MSC+nor-
moxia group (P<0.05). The percentage of Ki67- posi-
tive cells in exo WT+MSC+normoxic group and
exo WT+MSC+hypoxic group was lower than that
in Exo-BCL-24+MSC+normoxic group and Exo-
BCL-2+MSC + hypoxic group (P<0.05) (Fig. 4).

BCL-2 exosomes promoted the migration of MSCs

in hypoxic environment

The migration ability of MSCs was detected by cell migra-
tion test. At 24h and 48h, the migration number of MSCs
in MSC+ hypoxia group was lower than MSC + normoxia
group (P<0.05), and the migration number of MSCs in
Exo-BCL-2+MSC+hypoxia group and MSC+ hypoxia
group was lower than that in Exo-BCL-2+MSC+ nor-
moxia group and MSC+normoxia group (P<0.05). The
migration quantity of MSCs in exo WT +MSC+nor-
moxic group and exo WT +MSC+hypoxic group was
lower than that in Exo-BCL-2+MSC +normoxic group
and Exo-BCL-2 + MSC + hypoxic group (P<0.05) (Fig. 5).

MSC+normoxic group

100 pm

e

MSC+hypoxic group

100 pm

—

Fig. 4 Immunofluorescence staining analysis

Exo Bcl-2+MSC+normoxic group

Exo WT+MSC+normoxic group
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BCL-2 exosomes inhibited MSCs apoptosis in hypoxic
environment

The activity of MSCs in MSC+ hypoxia group was
lower than MSC+ normoxic group (P<0.05), and the
activity of MSCs in Exo-BCL-2+MSC+ hypoxia group
and MSC+ normoxic group was lower than Exo-BCL-
2+MSC+ normoxic group and MSC+ normoxic group
(P<0.05). The apoptosis rate of MSC+ hypoxia group
was higher than MSC+ normoxia (P<0.05), and that of
Exo-BCL-2+MSC+ hypoxia group and MSC+ hypoxia
group was higher than that of Exo-BCL-24+MSC+ nor-
moxia group and MSC+ normoxia group (P<0.05). The
activity of MSCs in exo WT+MSC+ normoxic group
and exo WT+MSC+ hypoxic group was lower than
that in Exo-BCL-24+MSC+ normoxic group and Exo-
BCL-2+MSC+ hypoxic group (P<0.05). The apopto-
sis rate of exo WT4+MSC+ normoxic group and exo
WT+MSC+ hypoxic group was higher than that of Exo-
BCL-2+MSC+ normoxic group and Exo-BCL-24+MSC+
hypoxic group (P<0.05) (Fig6).

Expression analysis of apoptosis-related proteins

The protein expressions of caspase3 and caspase9 in
MSC+ hypoxia group were higher than those in MSC+
normoxic group (P<0.05). The expressions of caspase3
and caspase9 in Exo-BCL-2+MSC+ hypoxia group
and MSC+ hypoxia group were higher than Exo-BCL-
2+MSC+ normoxicity group and MSC+ normoxicity
group (P<0.05), while the expressions of caspase3 and
caspase9 in Exo-BCL-2+MSC+ normoxicity group were

Exo Bcl-2+MSC+hypoxic group

100 pm 100 pm

—
]

Exo WT+MSC+hypoxic group

100 pm

100 pm

E— -
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Fig. 5 The migration ability of MSCs was detected by cell migration test

lower than MSC+ normoxicity group (P<0.05). The
expressions of caspase3 and caspase9 in exo WT+MSC+
normoxic group and exo WT+MSC+ hypoxic group
were higher than Exo-BCL-24+MSC+ normoxic group
and Exo-BCL-24+MSC+ hypoxic group (P<0.05). The
expression of BCL-2 protein in MSC+ hypoxia group
was lower than MSC+ normoxia group (P<0.05), and
the expression of BCL-2 protein in Exo-BCL-2+MSC+
normoxia group and MSC+ normoxia group was lower
than Exo-BCL-2+and MSC+ normoxia group (P<0.05)

(Fig. 7).

Analysis of the rate of wound nonunion in rats

The wounds of rats were recorded by digital camera.
On the third day after surgery, there was no statistically
significant difference in wound healing rate among the
groups of rats (P>0.05). On the 7th and 21st day after
operation, the wound healing rates of rats in groups A, B
and C were lower than control group (P<0.05), and those
in group A were lower than groups B and C (P<0.05)
(Fig. 8, Table 1).

Histological staining score
On the 3rd postoperative day, the histological injury

scores of group A and group C were lower than con-
trol group and group B (P<0.05). On the 7th and 21st
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postoperative day, the histological injury scores of groups
A, B and C were lower than control group (P<0.05)
(Fig. 9, Table 2).

Analysis of collagen volume fraction in rat wounds

On the 3rd postoperative day, the collagen volume frac-
tion of wounds in group A was higher than group B,
group C and control group (P<0.05), but there was no
difference between them (P>0.05). On the 21st post-
operative day, the collagen volume fraction of wounds
in group A and group C was higher than group B and
control group (P<0.05), and on the 21st postoperative
day, the collagen volume fraction of wounds in group A
and group C was higher than group B and control group
(Fig. 10, Table 3).

quantitative analysis of CD31 and PCNA

The protein expressions of CD31 and PCNA in group A,
group B and group C were higher than the control group
(P<0.05), while those in group A were higher than t group
B and group C (P<0.05) (Table 4).

Discussion

The combination of Luciferin and GFP demonstrates
enormous potential. Luciferin plays a crucial role in
bioluminescence as a substrate for luciferase; GFP, on
the other hand, has become an important labeling tool
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Fig. 6 Apoptosis ability of MSCs was detected by flow cytometry
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Fig. 7 Western blot analysis of apoptosis-related proteins

due to its unique fluorescence properties. The combina-
tion of the two has broad application prospects in fields
such as in vivo imaging and drug screening. Luciferin
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and GFP play important roles in biomedical applica-
tions. Luciferin is used for in vivo imaging technology
to monitor disease status and drug efficacy in real-time.
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Fig. 8 Analysis of unhealed rate of wound in rats

Table 1 Analysis of Wound Nonunion Rate in Rats (S)
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21d

Table 2 Histological staining score of rats (S)

Groups 3d 7d 21d
Control group 63.24+7.44 5529+4.16 2746+245
Group a 66.19+6.42 36.31+£3.28 847+1.18
Group b 64.52+6.52 48.62+4.01 23294211
Group ¢ 61.27+835 42.59+367 15.54+153
Fvalue 5.306 13.278 9.522
Pvalue 0.118 0.001 0.004

Groups 3d 7d 21d
Control group 13.64£1.86 10.22+£1.62 833+1.17
Group A 832+132 3.35%065 1.25+0.14
Group B 12.58+1.72 946+1.51 649+1.35
Group C 9.24£1.38 6.38+0.85 447+x0.70
Fvalue 11.302 9.524 13.918
Pvalue 0.001 0.006 0.001

GFPD, as a living reporter protein, is widely used in cell
tracking, protein translocation, and enzyme activity
observation, and has a profound impact on biomedi-
cal research. Luciferin and GFP have shown signifi-
cant efficacy in treating tumors. A study successfully
established lung cancer and liver cancer cell lines using
Luciferin and GFP dual labeling technology. Through
in vivo imaging systems, real-time and quantitative

detection of deep tumor lesions in mice was achieved,
providing strong support for tumor treatment.

Some studies have reported that there is no correlation
between the horizontal of BCL-2 and the prognosis, but
most authors still believe that there is a positive correla-
tion between the increase of BCL-2 protein expression
and the good clinical results [18, 19]. This may indicate
that the formation and growth of tumor is a complex
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dynamic process, during which cancer cells are con-
stantly changing in many protein syntheses [20]. In order
to explore the functional protein and regulatory path-
way of BCL-2 in MSC cells, the online database of Link
Omics was used for bioinformatics analysis of MSC. The
results of molecular function analysis showed that BCL-2
had a positive correlation with NF-kB binding function,
with tRNA binding function and ubiquitination protein,
and a negative correlation with p-catenin binding func-
tion and with cytokine binding function. From KEGG’s
results, we can see that BCL2-2 was closely related to
the pathways of Base excision repair, cell cycle and ster-
oid biosynthesis. BCL-2 is one of the key target genes
located downstream of NF-kB. When NF-x B is acti-
vated, it can regulate the transcription of BCL-2 gene and

Table 3 Masson staining was used to estimate the collagen
volume fraction (S)

Groups 3d 7d 21d
Control group 3266+227 3547+226 40.62+245
Group a 49.30£3.25 5429+331 7643+649
Group b 3321+£2.19 35.16+2.44 5242+329
Group ¢ 34.56+2.08 4256+3.11 68.51+547
Fvalue 11.207 13.665 9.528
Pvalue 0.001 0.001 0.003
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make BCL-2 up-regulated. BCL2 can inhibit the activa-
tion of NF-KB and significantly increase the apoptosis
rate induced by TNF [21]. Studies have shown that it can
inhibit apoptosis by regulating downstream anti-apop-
tosis genes, and it can inhibit apoptosis by inducing and
up-regulating gene expression. When the signal trans-
duction pathway is blocked, the expression level is down-
regulated and the inhibition of apoptosis is weakened
[17, 22]. To sum up, bioinformatics analysis and previous
studies showed that BCL2-2 played a critical function in
the process of cell apoptosis and proliferation, and these
biological processes go hand in hand the development of
tumors.

The oxygen concentration in vivo under physiological
requirement is different from that in vitro, and the nor-
mal oxygen condition in vitro cannot simulate the real
hypoxia microenvironment in vivo [23]. Studies have dis-
covered that exosomes can enhance the biological func-
tion of MSCs and increase its therapeutic effect under
hypoxia [24, 25]. This study showed that the exosomes
with high expression of BCL-2 can promote MSCs pro-
liferation, increase cell viability and inhibit cell apoptosis
in hypoxic environment. In this study, we isolated the
exosomes with high expression of BCL-2 from MSCs,
and established a normoxic or hypoxic environment
model by controlling the oxygen concentration in the
culture medium, and then studied the effects of BCL-2
exosomes on the proliferation and migration of MSCs
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Fig. 10 Masson staining to estimate collagen volume fraction

in different oxygen environments. Immunofluorescence
staining, migration test was used to detect the effect of
BCL-2 exosomes on MSCs in hypoxic environment, and
Western blot was used to test the inhibitory effect of
BCL-2 exosomes on MSCs apoptosis in hypoxic environ-
ment. The results showed that BCL-2 exosomes could
encourage the proliferation of MSCs and inhibit the
apoptosis in hypoxic environment. Our research showed
that the exosomes with high expression of BCL-2 could
promote the proliferation and migration of MSCs in
hypoxic environment, promote the lineage differentiation
of MSCs, and thus enhance the function of MSCs. At the
same time, our research provided new evidence for the
possibility of expanding MSCs as a treatment strategy.

In this study, the influence mechanism of MSCs-BCL-2
exosomes on skin repair was discussed by establishing
a rat skin injury model. In order to consider the healing

Table 4 Quantitative analysis of CD31 and PCNA (S)

Groups CD31 PCNA
Control group 1.17£0.06 1.15+£0.05
Group A 231+0.22 235+£0.23
Group B 161+0.12 1.58+0.11
Group C 192+0.15 1.88+0.20
Fvalue 11.335 9.142
Pvalue 0.001 0.015

function of MSCs-BCL2 exosomes on the healing pro-
cess of wound surface in rats, the changes of wound size
were observed by taking pictures on 3, 7 and 21 days
after operation. The wound size of all wounds after treat-
ment was significantly reduced at 7 days and 21 days,
while the recovery of wound size in the control group
was slow. Among them, exo@BCL2+ Luciferase+/
GFP +MSCs group (group A) had the best healing func-
tion on the 21st day of the rat wound, the wound was
almost completely closed and the hair grew. Consistent
with the general observation, the quantitative nonunion
rate of wounds showed that the nonunion rate of group
A was lower than that of other groups in the whole non-
union process, with the nonunion ratio of 8.47+1.18%
on the 21st day, while the final nonunion ratio of other
groups were 27.46+2.45% (blank control group),
23.29+2.11% (Luciferase+ /GFP+ MSCs, B group), and
15.54+ 1.53%(exo@ wild mouse secretion + Luciferase + /
GFP +MSCs, C group). After injection of exosome BCL-
2, the wound healing performance of rats in group A and
group C was significantly improved than pure MSCs in
group B, indicating that exosome BCL-2 can boost the
wound healing process through the sustained release of
exosome. Different from the control group, which did not
form new epidermis, a large number of thinking granu-
lation tissues were formed in the wound space on the 7
th and 21 ST day in groups A, B and C, with more lay-
ers. The injured tissue had obvious pathological changes,
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including increased vacuolation, infiltration of inflam-
matory cells and decreased density of newly formed
blood vessels. There was also significant distinguish in
tissue damage score between group A and other groups,
among which group A was the least, followed by group C,
group B and control group respectively. From the analy-
sis of H&E staining, the exosomes released in group A
for a long time can be used for wound repair and regen-
eration more effectively. On the 21st day, the wounds of
rats in group A showed rich and well-organized colla-
gen fibers, and the number of collagen fibers raised with
the increase of healing time. A large amount of collagen
formation during healing is beneficial to the remod-
eling of collagen matrix and promotes complete heal-
ing. The healing tissue is closer to normal skin and the
healing effect is better. The volume fraction of collagen
showed that MSCs-BCL2 exosomes slow-release sys-
tem could promote collagen deposition, accelerate skin
regeneration and make the wound better or even com-
pletely repaired. On the 21st day, skin samples were col-
lected for further histological analysis and the results of
skin regeneration were evaluated. The skin structure of
MSCs-BCL2 exosomes treatment group was more com-
plete than the other three groups, with newly formed
epithelial cells and appendages, and better collagen depo-
sition and tissue. Immunofluorescence staining showed
that the expression levels of CD31 and PCNA in group A
were better than other three groups. These data showed
that the use of NM-Exo can advance the healing of skin
wounds and enhance the intensity of angiogenesis more
effectively.

Conclusion

To sum up, MSCs-BCL-2 has the characteristics of self-
healing, injectability and anti-inflammatory activity,
which plays a strong role in promoting the healing of skin
injury wounds and can advance the process of wound
repair. In a word, this study proves that high expression
of BCL-2 exocrine can promote angiogenesis and skin
wound healing. The wound treated with MSCs-BCL-2
promotes the formation of new blood vessels and gran-
ulation tissue in the wound, the redifferentiation of epi-
thelial cells and the remodeling of collagen, which has a
high therapeutic prospect for chronic wounds and skin
regeneration.
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