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Abstract
e AIM: To investigate the therapeutic effects of bone
marrow mesenchymal stem cell - derived exosomes

(BMSC-Exos) on diabetic retinopathy (DR) in rats, with
a focus on their ability to modulate oxidative stress and
inflammatory responses through the TLR4/NF - «kB
signaling pathway.

e METHODS: Streptozotocin ( STZ) - induced diabetic
Sprague- Dawley (SD) rats were randomly divided into
four groups: Group 1 [ normal+phosphate-buffered saline
(PBS) ], Group 2 (normal+Exos), Group 3 (DR+PBS),
and Group 4 (DR+Exos). At the 8" week after modeling,
BMSC- Exos or PBS were injected intravitreally. Retinal
tissues were collected at the 16™ week for histological
analysis [ hematoxylin and eosin ( HE ) staining ],
apoptosis detection ( TUNEL). Oxidative stress markers
[8-OHdG, superoxide dismutase (SOD), and glutathione
(GSH )] were assessed, and inflammatory cytokines
[ enzyme - linked immunosorbent assay ( ELISA) for
interleukin (IL) - 6 and tumor necrosis factor - alpha
(TNF-) ], and molecular profiling [ quantitative
polymerase chain reaction (qPCR) for TLR4, NF-«kB, and
VEGF] were measured.

e RESULTS:. The BMSC - Exos treatment significantly
suppressed the activation of the TLR4/NF-«B pathway in
DR rats ( P<0.01), which was accompanied by reduced
retinal vascular leakage ( Evans blue assay, P<0.001),
decreased apoptosis (TUNEL, P<0.05), and attenuated
oxidative stress ( elevated SOD and GSH, reduced
8-OHdG, P<0.05). The levels of inflammatory cytokines
(IL-6 and TNF-o) were markedly decreased ( P<0.01).

¢ CONCLUSION ;:BMSC-Exos alleviate DR by suppressing
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the TLR4/NF -«B axis, thus reducing oxidative damage,
inflammation, and microvascular dysfunction. This
research offers a novel therapeutic approach for early -
stage DR.
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exosomes; TLR4/NF - kB signaling pathway; oxidative
stress
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INTRODUCTION

D iabetic retinopathy ( DR) is a microvascular disease.
Multiple interactions between retinal cells and neurons

contribute to the development of DR"''. The pathogenesis of

DR is not entirely clear, but it may be related to various

factors, including  oxidative  stress, inflammation ,
neovascularization, neurodegeneration, and neurovascular
units. Among these factors, oxidative stress plays a

The toll — like receptor 4/
nuclear factor kappa—B( TLR4/NF-kB) signaling pathway is

particularly significant role".

widely recognized as a pivotal mediator of oxidative stress,
and elevated glucose levels can contribute to increased TLR4
expression. In individuals with diabetes, TLR4 not only is

. . . . 3]
correlated with insulin resistance'”

but also triggers the
downstream NF-kB™' | which then coordinates the control of
chemokines and cytokines downstream. Furthermore, NF-«kB
signaling can be modulated in conjunction with reactive
oxygen species ( ROS), thereby promoting inflammation and
apoptosis . Studies have been conducted on therapeutic
targets related to TLRs. By controlling TLR4/NF - «B
signaling, microRNA — 145 can reduce oxidative stress and
inflammation in retinal endothelial cells caused by high
hyperglycemia'® . Exosomes have garnered significant attention
across various fields, including oncology, cardiovascular
research, and neurological studies. They have also been
thoroughly investigated in the context of ocular diseases,
notably DR. Current research on mesenchymal stem cell -
derived exosomes has demonstrated that exosomes can
successfully deliver miRNAs to the retina and treat DR,
Additionally, beyond non - coding RNAs, exosomes can
directly deliver therapeutic macromolecules such as proteins,
exerting direct therapeutic effects on target tissues and organs.
In this paper, we demonstrate that bone marrow mesenchymal
stem cell-derived exosomes ( BMSC-Exos) may mitigate the
progression of DR by targeting the TLR4/NF — kB pathway,
which mediates oxidative and inflammatory damage. This
suggests a potential for cell-free therapy in retinal protection.
MATERIALS AND METHODS

Ethical Approval
and the approval number; LAEC-2023-002. The study was

conducted in accordance with the ARVO Statement for the Use

An Ethics Committee approved the study
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of Animals in Ophthalmic and Vision Research.
Main Materials and Instruments Male Sprague — Dawley
rats ( Guangdong Medical Laboratory Animal Center ),
streptozotocin ( STZ) ( Jizhi Biochemical Technology Co.,
Litd., Shanghai, China), human bone marrow mesenchymal
stem cells ( Anbang Biotechnology Co., Ltd., Guangzhou,
China ) ,
Japan) , microsyringe ( Shuopu Biotechnology Co., LTD.,
Guangzhou, China), CD63 antibody, FAS Eyeball Fixative,

Iba=1 antibody, rat IL -6 enzyme —linked immunosorbent

transmission electron microscopy ( HITACHI,

assay ( ELISA) kit, terminal deoxynucleotidyl transferase
dUTP Nick End Labeling (TUNEL) kit, reverse transcription
kit, rat tumor necrosis factor—alpha ( TNF-a) kit ( Xavier
Biotechnology Co., LTD., Wuhan, China), 8-hydroxy—2"-
deoxyguanosine (8—OHdG ) antibody ( Santa CruzZ, USA),
rat reduced glutathione (GSH) ELISA kit ( Enzyme Immunity
Industry Co., LTD., Jiangsu, China ), and superoxide
dismutase kit ( Jiancheng Bioengineering Institute, Nanjing,
China) were used.

Experimental Methods

Animal grouping, modeling, and vitreous exocytosis
injection Healthy male 8—week—old ( Sprague—Dawley rats,
weighing between 200 and 250 g, were quarantined and
isolated. They were then randomly divided into four groups:
the normal +phosphate —buffered saline ( PBS) ( Group A),
the normal+Exo ( Group B), the DR+PBS (Group C), and
the DR +Exo ( Group D), with 12 rats in each group. No
treatment was administered to the rats in Groups A and B. In
contrast, Groups C and D were treated with STZ to create a
model of DR. Following a 24 —hour fast without access to
water, the rats received an intraperitoneal injection of
60 mg/kg STZ citrate buffer. Food was reintroduced 2 h post—
injection, and the following day, random glucose monitoring
was conducted. If the concentration was lower than
16.7 mmol/L., STZ was injected intraperitoneally again. Rats
with a glucose concentration higher than 16.7 mmol/L were
considered diabetic. One week after establishing the model,
the rats exhibited signs of diabetes, including polydipsia,
polyphagia, polyuria, and weight loss. The rats were fed until
week 8, at which point vitreous drug injections were
administered. Rats in Groups A and C received 2 pL of PBS,
while those in Groups B and D were injected with 2 L of
1 pg/ L BMSC - Exos every two days for three consecutive
injections. The rats were sacrificed at week 16, and
subsequent experiments were conducted.

Exosome extraction and identification from BMSCs
Human BMSCs were cultivated and cultured in serum —free
media. Ultra—high—speed centrifugation was used to separate
the exosomes from the cell supernatant, and the sample was
subsequently centrifuged at 300Xg for 10 min to remove the
cells. The supernatant was centrifuged at 2000xg for 10 min to
further remove the cells. The supernatant was further
centrifuged at 10 000Xg for 30 min to remove cellular debris.
an ultrafiltration

The exosomes were concentrated via

membrane and centrifuged at 100 000xg for 70 min to collect
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the exosomes. The supernatant was removed, and the mixed
precipitate was resuspended in PBS and centrifuged at
100 000xg for 70 min. Exosomes were collected again, the
supernatant was removed, and the mixed precipitate was
resuspended in PBS. The samples were stored at =80 “C after
filtration through a 0. 22 - micron filter membrane.
Transmission electron microscopy was used to observe the
structure of exosomes, and Western blot was employed to
detect the exosome signature protein CD63.

HE staining of rat retinal tissue sections Sixteen weeks
following the establishment of the Sprague—Dawley model, the
eyeballs were enucleated, washed in PBS, fixed in FAS
eyeball fixative, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin (HE). The sections were dewaxed
using xylene and ethanol, followed by a five — minute
hematoxylin staining. After rinsing with distilled water,
differentiation was performed using a 1% hydrochloric acid
solution in ethanol. The sections were rinsed again in distilled
water and counterstained with eosin for five minutes after
being dehydrated in a graded series of alcohols for five
minutes. The retinal tissue sections were then dehydrated with
xylene, cleared, and mounted with neutral resin. The tissue
morphology was observed under a microscope.

Evans blue dyeing At the eighth week post — vitreoretinal
injection, rats from each group were randomly selected and
administered a 45 mg/kg Evans blue staining solution via the
tail vein, adjusted for their individual bodyweights. After 2 h,
the rats’ eyeballs were enucleated, and the retinal tissues were
isolated. The retinas from each group were weighed and
documented before being individually placed into light -
shielded Eppendorf tubes containing 300 pL of formamide.
These tubes were then incubated in a water bath at 60 °C for
24 h. The following day, the supernatant was subjected to
centrifugation at 12 000 X g for 15 min and subsequently
aspirated. The optical density (OD) values of each group
were measured at 620 nm using a multifunctional enzyme
marker. The residual concentration of Evans blue in the
retinas of each group was determined from the standard curve.
The TUNEL staining

protocol was followed in accordance with the kit’s instructions.

TUNEL staining of rat retinas

Paraffin sections of rat retinal tissue were dewaxed using
xylene and varying concentrations of ethanol, rinsed with
distilled water, and subsequently treated with aproteinase K
working solution at 37 °C for 22 min. The sections were
washed with PBS and incubated with buffer for 10 min at room
temperature. The TUNEL reaction mixture was then applied
dropwise to cover the tissue in each section. Following
incubation at 37 °C for 2 h, PBS was used to wash the wet
box, and 4’, 6 — Diamidino — 2’ — phenylindole ( DAPI) was
employed to restain the cell nuclei. An antifluorescence
quenching sealer was applied to seal the slices. The results
were then examined using fluorescence microscopy.

Paraffin

sections of rat retinal tissue were deparaffinized in water and

Immunohistochemical staining of the rat retina

endogenous peroxidase was removed through antigen retrieval

with ethylenediaminetetraacetic acid ( EDTA) (pH 9.0).
Subsequently, a 3% hydrogen peroxide solution was applied.
At room temperature, the samples were blocked with BSA
after being incubated with an 8 —OHdG (1:100) primary
antibody overnight at 4 °C. Following awash with PBS, the
samples were incubated with a polyclonal horseradish
peroxidase ( HRP ) — labeled goat anti — mouse secondary
antibody at room temperature. Color development was achieved
using diaminobenzidine ( DAB) , and hematoxylin was used to
restain the cell nuclei. The sections were dehydrated and
cleared by washing with running water. The results were
examined under a microscope.

Immunofluorescence staining of the rat retina The
paraffin sections of rat retinal tissue were deparaffinized using
water and citric acid (pH 6). Antigen retrieval was followed
by a 30—minute incubation with BSA at room temperature. The
primary antibody against Iba—1 (1:500) was incubated
overnight at 4 “C. After a PBS wash, the sections were
incubated with a fluorescent secondary antibody at room
temperature under light—protective conditions. The cell nuclei
were restained with DAPI. Following the reduction of
autofluorescence, an anti —fluorescence quenching sealer was
applied to seal the quenched tissues. The results were then
photographed and observed under a fluorescence microscope.
Retinal tissue fluorescence quantitative PCR  Total retinal
RNA was extracted using Trizol, and a reverse transcription
kit was utilized to convert the RNA into complementary DNA
(cDNA ). The resultant ¢cDNA was amplified with SYBR
Green qPCR Master Mix to assess the gene expression levels
of vascular endothelial growth factor ( VEGF ), TLR4, and
NF-kB. The data were analyzed using the 2—AACt method,
and all experiments were conducted in triplicate. The
sequences of the primers used are listed in Table 1.
Determination of IL - 6 and TNF — a concentrations in
retinal tissue After centrifuging the retinal tissue
homogenate to obtain the supernatant, we utilized an ELISA
kit to measure the concentrations of TNF-a and IL-6 within
the retinal tissue. The experiment was performed in
accordance with the kit’s instructions. OD of each well was
measured at 450 nm, using a blank control well for zeroing. A
standard curve was generated based on the concentrations and
OD values of the standards, and the sample concentrations
were determined using the equation derived from the standard
curve. The experiment was repeated three times.

Table 1 Primer sequences

Target genes Primer sequence 5’-3’

TLR-4 TGAGGACTGGGTGAGAAATGAGC
CTGCCATGTTTGAGCAATCTCAT

NF-kB GAGTCACGAAATCCAACGCAG
CGTCATCACTCTTGGCACAATC

VEGF AGGAGTACCCCGACGAGATAGA

CACATCTGCTGTGCTGTAGGAA
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Determination of the GSH concentration and SOD
activity in retinal tissue After the retinal tissue homogenate
was centrifuged to obtain the supernatant, a superoxide
dismutase (SOD) assay kit and a reduced GSH kit were used
to determine the SOD activity and GSH content, respectively,
following the instructions provided. The OD values of each
well were measured at 550 nm and 450 nm, after zeroing with
blank control wells. The viability and concentration of the
samples were calculated using the standard curve equation.
The experiment was conducted in three iterations.

Statistical Analysis The statistical analysis was conducted
using GraphPad Prism 8.0. One—way ANOVA was utilized to
analyze differences among multiple groups, and the
independent samples ¢ —test was employed to compare two
groups. Differences were considered statistically significant at
P<0.05.

RESULTS

Characteristics of the BMSC - Exos

were extracted using ultrahigh — speed centrifugation, their

After the exosomes

morphology was observed using transmission electron
microscopy. The BMSC—-Exos were found to be approximately
120 nm in diameter, exhibiting a disk —like, bilayer lipid
membrane—encapsulated vesicle —like structure ( Figure 1),
consistent with the morphological and structural characteristics
of exosomes. The Western blot results indicated that the
BMSC-Exos extracted in this study expressed exosome —
specific CD9 and CD63 proteins ( Figure 2).

BMSC-Exos on Retinal Leakage in DR Rats

following the intravitreal injection, the results of the Evans

Eight weeks

blue assay indicated a significant increase in retinal tissue
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leakage in Groups C and D compared to Groups A and B ( P<
0.001 ). Additionally, there was a significant reduction in
leakage in Group D subsequent to the BMSC—Exo intervention
(P<0.001, Figure 3).

BMSC-Exos on TLR4, NF-kB, and VEGF Expression
in the Retinas of Rats with DR  There was no significant
difference in the gene expression of VEGF, TLR4, or NF-kB
between Groups A and B (P>0.05). Compared with Group
A, the expression level of VEGF in Group C was significantly
greater after modeling ( P <0.01), and after intravitreal
injection of BMSC—Exos, the expression of VEGF in Group D
was significantly lower ( P <0.01, Figure 4C). Moreover,
compared with Group A, TLR4 and NF-kB gene expression
levels were elevated in Group C after modeling ( P<0.01),
and after vitreous injection of BMSC-Exos, TLR4 and NF-«kB
expression levels were significantly decreased in Group D
(both P<0.01, Figure 4A, 4B).

o

_ 4

Exosome electron microscopy results.

Figure 1
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Figure 2 Exosome CD9 and CD63 Western blot results.
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Figure 3 Evans blue results ‘P<0.001, ns;: P>0.05. Exo: Exosome; PBS: Phosphate buffered saline; DR: Diabetic retinopathy.
ns
2.0 c —_—
A = Baosq —— Y S — .
b
1.5 2.0 L T
ns 1.5
- ns
: @15 o
& 1.0 2 B
= = = 1.0
Z 1.0 >
0.5+
0.5 0.5
0.0 T T T 0.0 00
) o ) o ’ ! ! ! . T T T
7 & T & ) o ) o
F & &S & & L & & & &
& & ® & (o"} K 9 F & & &
© > o‘@ o Oé‘\ éo(& Q N

Figure 4 PCR detection of the mRNA expression of TLR-4,

NF -kB and VEGF in the retinas of each group. A. TLR-4

detection results; B: NF-kB detection results; C: VEGF detection results. "P<0.01; “P<0.001; ns: P>0.05. Exo: Exosome;
PBS: Phosphate buffered saline; DR Diabetic retinopathy; TLR—-4: Toll-like receptor 4; NF—-«kB: Nuclear factor kappa—B;
VEGF: Vascular endothelial growth factor; gPCR: Quantitative polymerase chain reaction.

BMSC-Exos on Oxidative Stress in the Retinas of DR
Rats

modeling,

HE staining indicated that at the 16" week post —

no significant morphological or structural
abnormalities were observed in the retinas of Groups A and B.
However, Group C exhibited a reduction in the quantity of
retinal ganglion cells, a diminished outer plexiform layer, and
a disrupted organization of both the inner and outer granular

( Figure 5A ). The

indicated that the retinas of Groups A and B were essentially

layers immunohistochemistry results
unstained. In comparison, the brownish—yellow staining of the
retinal tissue was more pronounced in Group C rats. Following
the BMSC—Exo intervention, Group D exhibited a significant
decrease in brownish — yellow staining of the retinal tissue
(Figure 5B). SOD and GSH are antioxidant enzymes and
molecules involved in oxidative stress injury. In our study,
ELISA results revealed a significant reduction in brownish —
yellow staining of the retinal tissue in Group D compared to
the normal group. SOD activity and GSH content were
significantly lower in the DR group than in the BMSC -Exo
intervention group (P<0.05, Figure 6).

BMSC-Exos on Retinal Inflammation in DR Rats Eight
weeks following the vitreous injection, ELISA results from rat

retinal tissues indicated that the concentrations of IL—6 and

TNF - o in the retinal tissues of Groups C and D were
markedly higher than those in the retinal tissues of Groups A
and B (P<0.001). Additionally, the levels of IL -6 and
TNF-a in Group D were significantly reduced after treatment
with BMSC-Exos (P<0.01, Figure 7).

BMSC-Exos on Retinal Cell Apoptosis in DR Rats The
TUNEL staining results for each group indicated that the
retinas of Groups A and B remained largely unstained,
suggesting that BMSC—Exos did not influence the apoptosis of
normal retinal tissues. In contrast, the retinal tissue in Group
C exhibited a more pronounced red color, suggesting a
significant increase in the degree of retinal cell apoptosis in
DR rats, particularly evident in the ganglion cell layer and the
outer nuclear layer. Following intervention with BMSC—Exos,
the number of apoptotic cells in Group D was notably reduced
(Figure 8). The immunofluorescence results indicated that the
Iba — 1 - labeled microglia in Groups A and B were
predominantly distributed in the inner and outer plexiform
layers. In comparison, the immunofluorescence intensity of the
retinal tissues in Group C was notably lower, while the
intensity in group D was significantly higher following the
intravitreal injection of BMSC~Exos ( Figure 9).
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Normal+PBS

Normal+Exo DR+PBS
Figure 5 HE staining andimmunohistochemical staining of retinal tissue sections, and the quantification of cell count A. HE

Normal+PBS " DR+Exo
staining of retinal tissue from 16—week DR rats (X200) ; B: Immunohistochemical staining to measure the level of 8—OHdG in the
retinal tissue of 16—week DR rats ( positively expressed in brownish yellow, X200). Exo: Exosome; PBS: Phosphate buffered
saline; DR: Diabetic retinopathy; HE: Hematoxylin and eosin.
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Figure 6 Expression of retinal oxidative stress—related factors A. SOD activity was measured in the retinal tissues of the rats in each
group; B: GSH content was measured in the retinal tissues of the rats in each group. *P<0.05, ‘P<0.001, “P<0.0001, ns; P>
0.05. Exo: Exosome; PBS: Phosphate buffered saline; DR: Diabetic retinopathy; SOD: Superoxide dismutase; GSH:

Glutathione.
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Figure 7 Expression of retinal inflammatory factors A: Measurement of the IL.—6 content in the retinal tissues of the rats in each
group; B: Measurement of the TNF—a content in the retinal tissues of the rats in each group. *P<0.05, "P<0.01, ‘P<0.001, ‘P<
0.001. Exo: Exosome; PBS: Phosphate buffered saline; DR: Diabetic retinopathy; IL: Interleukin; TNF—-a: Tumor necrosis

factor—alpha.

DISCUSSION seriously threaten their visual acuity if not treated promptly® .
Diabetes mellitus is a condition that is becoming increasingly Oxidative stress, induced by high glucose levels, is closely
prevalent globally. Approximately one —third of patients with associated with early retinal damage and neovascularization in
diabetes have varying degrees of retinopathy, which can the diabetic retina. Elevated glucose triggers the production of
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Figure 8 TUNEL staining of retinal tissues from each group, and the quantification of cell count The number of apoptotic cells in
Group D (DR+Exo) was notably reduced ( positive expression in red, x200). TUNEL: Terminal deoxynucleotidyl transferase
dUTP Nick End Labeling; Exo: Exosome; PBS:. Phosphate buffered saline; DR Diabetic retinopathy.
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Figure 9 Immunofluorescence staining of retinas from each group, and the quantification of cell count The retinal tissues in Group
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C (DR+PBS) was notably lower, while the intensity in Group D (DR+Exo0) was significantly higher (positive expression is shown
in green, x200). Exo: Exosome; PBS: Phosphate buffered saline; DR Diabetic retinopathy.
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ROS, which in turn activate several oxidative stress—related
signaling pathways, including the protein kinase C ( PKC)
and TLR4/NF-«kB pathways. This activation ultimately leads
to apoptosis, tissue damage, insulin resistance, and various
other complications'”’ . Recent research on DR has focused on
oxidative stress, inflammation, and VEGF production'"”’. In a
high — glucose state, the TLR4/NF — kB signaling pathway
crucially mediates cellular inflammation and oxidative stress.
The expression of TLR4 in the retina is elevated in this
condition, activating various pathways that contribute to
DR'". Downstream NF-kB dimers can enter the nucleus and
regulate the expression of corresponding target molecules,
thereby inducing inflammatory responses' "’

In DR model mice induced with STZ, the TLR4/NF - kB
pathway was significantly stimulated, leading to the release of
inflammatory cytokines. Additionally, the expression of glial
fibrillary acidic protein ( GFAP ) and VEGF was also
significantly increased "”'. Moreover, cellular experiments
have shown that under high — glucose conditions, the
expression of TLR4 is increased in retinal ganglion cells'™
under conditions of high hyperglycemia, suppression of TLR4
reduces apoptosis and inflammation in retinal ganglion cells.
This suggests that the TLR4/NF—-kB signaling pathway could
be a potential target for the treatment of DR'”'. DR therapy
has advanced significantly as a result of numerous studies that
focus on the TLR4/NF-kB signaling pathway. For instance,
microRNA-27a can reduce TLR4 and inflammation —related
expression, thereby protecting retinal pigment epithelial cells
miR — 486 — 3p inhibits
TLR4/NF — kB expression, reduces oxidative damage and

in high — glucose environments'"®’.

inflammation, and promotes Miiller cell proliferation to
decelerate the progression of DR'7'. Our findings are
consistent with those of other studies, indicating that the outer
nuclear layer of the retina is thinner in rats with DR compared
to normal rats'"®. Furthermore, the TLR4/NF-«B signaling
pathway, inflammatory release, and VEGF expression were
significantly elevated. Immunohistochemical analysis revealed
a notable increase in retinal oxidative stress, accompanied by
a reduction in the activity of the antioxidant factor SOD and a
decrease in the content of GSH content.

Exosomes derived from MSCs are efficient drug carriers in vivo
and have been demonstrated to prevent oxidative stress and
repair various organ and tissue damages, including those
affecting the heart, liver, lungs, kidneys, and neurons'"’. In
this study, the expression of TLR4, NF-kB, and VEGF was
found to be lower in DR rats following intervention with
BMSC-Exo compared to those in the nonintervention group.
Additionally, the expression levels of inflammatory factors,
such as IL -6 and TNF - «, were significantly decreased
following intervention with BMSC — Exos. Retinal oxidative
stress was reduced, and the activity of SOD and the content of
GSH significantly increased. Furthermore, retinal cell
apoptosis was markedly diminished after treatment with
BMSC-Exos, as evidenced by TUNEL staining. TNF-a is a

small protein molecule secreted by macrophages, and its
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expression is regulated by the NF-«kB signaling pathway. On
the one hand, IL-6 can directly promote neovascularization;
on the other hand, it can also induce neovascularization by
promoting the secretion of VEGF ™. These results indicate
that BMSC - Exos can inhibit the TLR4/NF - kB signaling
pathway, reduce retinal oxidative stress, attenuate the
inflammatory response, and decrease apoptosis. Consequently,
they play a protective role in the retina of DR rats.

Microglia are immune cells that exist within the central
nervous system. In normal retinal tissues, they function as
macrophages and maintain retinal synaptic function, ensuring
normal visual function'”". Microglia are activated at an early
stage in DR rat retina; however, a high—glucose environment
also induces microglial pyroptosis via pathways such as
NLRP3 inflammatory vesicles ™, whereas BMSC - Exos are
capable of reducing microglial pyroptosis in vivo' ™. Studies
focusing on microglia have revealed that microglial activation
can assume various roles via two distinct phenotypes; M1 and
M2. When the M1 phenotype is present, pro —inflammatory
factors like TNF-a, IL=1B, and IL—6 are released, whereas
theM2 phenotype leads to the release of anti — inflammatory
factors such as IL-4, IL-10, and TGF-B"** .Inhibiting the
polarization of M1 or promoting the conversion of Ml
polarization to M2 polarization can play a role in treating this

5] BMSC - Exos can modulate the transformation of

disease’
microglia from the M1 phenotype to the M2 phenotype, thus
mitigating neuroinflammation and cellular pyroptosis triggered
by cerebral ischemia—reperfusion injury ™. In the treatment
of DR, the TLR4/MyD88/NF-kB p65 signaling pathway can
be utilized to inhibit microglial M1 polarization and induce M2
polarization, thereby improving early—stage DR . Our study
revealed that Iba—1 expression decreased in the DR group at
week 16 and increased following the injection of BMSC-Exo.
These findings suggest that BMSC~Exos may reduce microglial
pyroptosis in the retina of DR rats and improve the progression
of DR by promoting microglial M2 polarization; however,
further experimental studies are required.

In summary, the administration of BMSC — Exos into the
vitreous of DR rats suppressed the TLR4/NF —kB signaling
pathway and enhanced retinal oxidative stress, inflammatory
release, and apoptosis. This treatment could prove valuable in
the early stages of DR. Additionally, BMSC—-Exos ameliorated
microglial pyroptosis and may promote microglial M2
polarization to retard DR progression via the TLR4/NF —«kB
signaling pathway, though further experimental studies are

required.
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