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[Abstract] Objective To investigate the effect of small extracellular 

vesicles (sEVs) derived from mesenchymal stem cells (MSCs) in 

mouse model of retinal light injury and the possible mechanism. 

Methods  Human umbilical cord derived MSCs were identified by 

flow cytometry. Supernatants of passage 3-5 MSCs were collected. 

sEVs were harvested by ultracentrifugation and were identified by 

transmission electron microscopy. Sixty-five healthy female specific 

pathogen free (SPF)-grade BALB/c mice aged 8-10 weeks were 

randomly divided into normal group (17 mice), phosphate buffered 

saline (PBS) group (24 mice) and sEVs group (24 mice). Mice in 

PBS and sEVs groups were intravitreally injected with 2 μl of PBS 
and sEVs, respectively, and were exposed to 930 lx blue light for 6 

hours. No intervention was administered to the normal group. 

Three days after lighting, mice retinal structure was observed by 

hematoxylin-eosin staining. Apoptotic retinal cells were detected by 

terminal deoxynucleotidyl transferase-mediated dUTP nick-end 

labeling (TUNEL). Retinal function was tested by electroretinogram. 

Differentially expressed mRNAs between PBS group and sEVs 

group were assayed by mRNA transcriptome sequencing and were 

analyzed through KEGG cluster analysis. The differential mRNAs 

were verified via real-time quantitative PCR. The study protocol was 

approved by the Animal Ethics Committee of Tianjin Medical 

University Eye Hospital (No.TJYY20201221035). 

Results  MSCs were positive for CD90 and CD105, negative for 

CD34 and CD45.The extracted MSC-sEVs showed a bilayer 

membrane vesicle with a diameter of 80-140 nm. Hematoxylin-eosin 

staining showed the arrangement of photoreceptor nuclei was 

disordered in outer nuclear layer in PBS group. The disorder of 

photoreceptor nuclei arrangement of sEVs group was slighter than 

that of PBS group. The apoptotic cell number of sEVs group was 

(14.60±4.04)/visual field, which was lower than (24.00±8.52)/visual 

field of PBS group, with a statistically significant difference 

(t=2.37, P<0.05). The a-wave amplitude of sEVs group was 

(64.38±16.70)μV, which was higher than (16.78±6.37) μV of PBS 
group, showing a statistically significant difference (P<0.05). The 

b-wave amplitudes of PBS and sEVs groups were (132.40±39.41)μV 
and (154.86±34.08)μV, respectively, which were lower than 

(338.38±27.41) μV of normal group, and the differences were 
statistically significant (both at P<0.05). A total of 110 differentially 

expressed mRNAs were detected. There were 109 downregulated 

mRNAs in sEVs group. Differentially expressed mRNAs were 

mainly inflammation- and immune-related pathways. PCR showed 

that the expression level of C-C motif chemokine ligand 2, C-C  

 

motif chemokine receptor 2, leukotriene B4, leukocyte Ig-like 

receptor A6 and interleukin-1β in sEVs group were significantly 

decreased in comparison with PBS group (all at P<0.05). 

Conclusions  MSC-sEVs can ameliorate blue light-induced retinal 

structural and functional damage. The protective effect may be 

achieved through inhibiting inflammatory response. 
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Blue light irradiation causes photochemical damage to the retina, 

resulting in oxidative stress damage and functional decline of 

photoreceptors, which will eventually lead to degeneration, 

apoptosis, and necrosis of photoreceptors. The pathological process 

of retinal light injury is similar to that of photoreceptor injury in 

retinal degenerative diseases 1. Thus, a mouse retinal light injury 

model is commonly used to study photoreceptor injury and retinal 

degenerative diseases. Antioxidants [phenyl-N-tert-butyl nitrone, 

saffron] have been shown to play a neuroprotective role in retinal 

injury animal models 2-3. Topical injection of ciliary neurotrophic 

factor (CNTF) can reduce photoreceptor degeneration and protect 

retinal function 4. In addition, gene therapy has also been shown to 

play a neuroprotective role in treatment for neurodegeneration in a 

mouse retinal degeneration model 5. Prevention is currently the most 

common management for retinal degeneration diseases and retinal 

injuries. However, no effective treatment has been developed to 

rescue degeneration or apoptosis of neurons. It has been shown that 

small extracellular vesicles (sEVs) derived from mesenchymal stem 

cells (MSCs) have similar biological functions as MSCs, such as 

anti-inflammatory, neuroprotective, immune regulative, and tissue 

reparative effects 6-8. MSC-sEVs have been reported to play 

therapeutic roles in animal models of uveitis, corneal transplantation 

rejection, retinal detachment, and retinal laser injury 9. However, 

their application in a retinal light injury model has not been reported. 

In the current study, the protective effect of MSC-sEVs on retinal 

injury and its possible mechanism were studied in a mouse retinal 

light injury model, providing an experimental basis for retinal 

neuroprotective treatments. 
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1 Materials & Methods 

1.1 Materials 

1.1.1 Histogenesis of MSCs  MSCs were purchased from Beilai 

Biotechnology (Beijing, China). 

1.1.2 Animals  Sixty-five SPF-grade healthy female BALB/c mice 

(age range: 8-10 weeks) with body weights of 18-20 g were 

purchased from Weitong Lihua Experimental Animal Technology 

(Beijing, China). Clear refractive media were guaranteed in each 

mouse. The care and use of animals conformed to the Regulations 

for the Administration of Affairs Concerning Experimental Animals 

issued by The State Science & Technology Commission. Animals 

were housed in an SPF laboratory animal room, at a temperature of 

(23±2)℃, humidity of 55%±10%, and 12-hour light/12-hour dark 

cycles. The current study was approved by the Animal Ethics 

Committee of Tianjin Medical University Eye Hospital 

(TJYY20201221035). 

1.1.3 Reagents and Instruments  The reagents and instruments 

were used were as follows: a universal RNA purification Kit 

(EZB-RN4, EZBioscience, Roseville, MN, USA), color reverse 

transcription kit (EZB-A0010CGQ; EZBioscience), in situ cell death 

detection kit (Roche, Basel, Switzerland), FACSCalibur flow 

cytometer (BD Biosciences, San Jose, CA, USA), CM10 

transmission electron microscope (Phillips Electron Optics, 

Eindhoven, The Netherlands), BX51 optical microscope (Olympus, 

Tokyo, Japan), and Ganzfeld scotopic electroretinogram instrument 

(Phoenix Research Labs, Plesanton, CA, USA). 

1.2 Methods 

1.2.1 MSC culture and identification and MSC-sEV collection  

Third generation MSCs were cultured in an incubator at 37 ℃ with 

5% CO2. The medium was changed every 2−3 days according to the 

condition of cell growth. MSCs were passaged when they reached 80% 

confluency and from passage 3 to 5, MSCs were cultured in 

exosome-free conditioned medium. Supernatants of MSCs at 

passages 3−5 were collected and centrifuged at 300 × g for 10 

minutes, 2,000 × g for 20 minutes, 10,000 × g for 30 minutes, and 

110,000 × g for 70 minutes, twice. The precipitates were 

resuspended in phosphate-buffered saline (PBS) to a protein 

concentration of 0.5 g/L and were filtered through a 0.22 μm 
membrane filter. The surface markers of MSCs (CD90, CD105, 

CD34, and CD43) were analyzed by flow cytometry as described 

methods in reference 10. Morphological characteristics and 

ultrastructure of MSC-sEVs were examined using a transmission 

electron microscopy (TEM).  

1.2.2 Establishment of the retinal light injury animal model 

and animal grouping  Animals were divided into a normal group 

(17 mice), PBS group (24 mice), and sEV group (24 mice) using a 

randomized number table. Pupils of right eyes were dilated with 1% 

atropine sulfate, and 2 μl PBS or 0.5 g/L sEVs were intravitreally 

injected. Mice were exposed to (930±5) lux of blue light, in cages. 

Single mice were caged to avoid shielding of the light. The normal 

group mice received no treatment. Three days after treatment, 

experiments were conducted using mice in the PBS and sEV groups. 

1.2.3 Hemoxylin & eosin (HE) staining for retinal structures 

analysis  Five mice from each group were selected using a 

randomized number table. Mice were sacrificed by cervical 

dislocation, and the right eyes were enucleated. Eyes were first 

dehydrated in a series of ethanol solutions with different 

concentrations (70%, 80%, 90%, 100%, and 100%), each for 40 min. 

Then, after being soaked in xylene, they were embedded in paraffin. 

Eyes were then sectioned near or through the optic nerve at 4 μm 
thicknesses, soaked in xylene, immersed in gradient ethanol 

solutions, stained with HE, and observed and photographed using 

an optical microscope. 

1.2.4 TUNEL staining for the detect of apoptosis of retinal 

cells  One mouse from the normal group, five mice from the PBS 

group, and five mice from the sEV group were selected using a 

randomized number table. Mice were sacrificed by cervical 

dislocation, and the right eyes were enucleated. Paraffin sections 

were made according to the methods described in 1.2.3. TUNEL 

staining was performed as follows according to the manufacturer’s 

instructions of the in situ cell death detection kit. Sections were 

soaked in xylene, immersed in gradient ethanol solutions, 

permeabilized with Triton X-100 in 0.1% sodium citrate for 10 min, 

rinsed in PBS, and incubated in a humidified chamber for 60 min at 

37 ℃ after fluorescent reagents were added. Sections were then 

stained with 4′,6-diamidino-2-phenylindole and sealed with 

anti-fluorescence quencher. Apoptotic cells were observed and 

counted using a fluorescence microscope. For each section, three 

discontinuous visual fields were randomly examined, and apoptotic 

cells were counted and averaged. 

1.2.5  Electroretinography (ERG) record for the assessment of 

retinal function  Five mice from each group were selected using a 

randomized number table. After dark-adaption for 16 h, the mice 

were anesthetized by intraperitoneal injection of a tiletamine 

hydrochloride and zolazepam hydrochloride (1:1) mixture at a 

concentration of 65 mg/kg and xylazine hydrochloride at a 

concentration of 10 mg/kg. Pupils of right eyes were dilated by 

compound tropicamide eye drops, and the corneal surface was 

anesthetized with 0.5% proparacaine HCI eye drops. Deproteinized 

calf blood extract eye gel (Shenyang Xingqi Pharmaceutical 

CO.LTD, China) was applied and a platinum electrode was placed in 

the cornea. The reference and ground electrodes were placed 

subcutaneously in the head and tail, respectively. Ganzfeld scotopic 

electroretinogram instrument (Phoenix Research Labs, Plesanton, 

CA, USA) was used to record a Ganzfeld scotopic ERG for retinal 

functional assessment under a white light flash with intensity of 3.1 

log cd•s/m2 11, and a wave and b wave amplitudes were then 

observed and compared.  

1.2.6 Transcriptome sequencing and analysis of differential 

mRNA expression  Three mice from each group were selected 

using a randomized number table. Mice were sacrificed by cervical 

dislocation, and the right eyes were enucleated. The cornea was 

cut-off along the limbus and the lens was removed. Retina tissues 

were placed immediately in liquid nitrogen and stored in a -80 ℃ 

freezer. The mRNA extraction and sequencing were performed by 

BGI Genomics (Copenhagen, Denmark). Differentially expressed 

genes (fold-change > 2, Q-value < 0.05) were screened and Kyoto 

Encyclopedia of Genes and Genomes (KEGG) cluster analysis was 

performed. 

1.2.7 Real-time fluorescence PCR for verification of 

differentially expressed mRNA  The remaining six mice from 

the PBS and sEVs groups were sacrificed by cervical dislocation, 

and the right eyes were enucleated. Retinal tissues were dissociated, 

total RNA was extracted using an RNA extraction kit [EZB-RN4], 
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and cDNA was synthesized using a cDNA synthesis kit 

[EZB-A0010CGQ, EZBioscience Company, Roseville, MN55113, 

the United States]. Primers of C-C motif chemokine ligand 2 (CCL2), 

C-C motif chemokine receptor 2 (CCR2), leukotriene (LTB4), 

C-type lectin domain family (CLEC4D), leukocyte Ig-like receptor 

(LILRA6), S100 calcium binding protein (S100A9), CD300 

molecule-like family member B (CD300LB), schlafen 1 (SLFN1), 

and interleukin-1β (IL-1β) cDNA, and SYBR were mixed in wells of 

384-well plates. The reaction system final volume was 10 μL. PCR 

amplification conditions were 5 minutes at 95°C, 40 cycles at 95 °C 

for 10 s, and 60 °C for 30 s. GAPDH was used as the internal 

reference gene. The relative mRNA levels were calculated using the 

2-△△Ct method. Samples were run in duplicate. Each experiment was 

repeated three times, and the average value was taken. Forward and 

reverse primer sequences are listed in Table 1. 

Table 1 Primer sequences of target genes 

Primers Sequences 
Product 

length (bp) 

GAPDH 
forward: 5ʹ-TGTGTCCGTCGTGGATCTGA-3ʹ 

77 
reverse: 5ʹ-CCTGCTTCACCACCTTCTTGA-3ʹ 

CCL2 
forward: 5ʹ-CAGGTCCCTGTCATGCTTCTG-3ʹ 

67 
reverse: 5ʹ-GAGCCAACACGTGGATGCT-3ʹ 

CCR2 
forward: 5ʹ-ATCCACGGCATACTATCAACATC-3ʹ 

104 
reverse: 5ʹ-CAAGGCTCACCATCATCGTAG-3ʹ 

LTB4 
forward: 5ʹ-ATGGCTGCAAACACTACATCTC-3ʹ 

162 
reverse: 5ʹ-GACCGTGCGTTTCTGCATC-3ʹ 

CLEC4D 
forward: 5ʹ-ACCCGACATCCCCAACTGAT-3ʹ 

118 
reverse: 5ʹ-CTCTCGTCCAGCGTAAAAAGT-3ʹ 

LILRA6 
forward: 5ʹ-CCCTGGTGCTAGTAGTGACAG-3ʹ 

119 reverse: 5ʹ-GTGATAGCTCTGCGAAGACTC-3ʹ 

S100A9 
forward: 5ʹ-ATACTCTAGGAAGGAAGGACACC-3ʹ 

129 
reverse: 5ʹ-TCCATGATGTCATTTATGAGGGC-3ʹ 

CD300LB 
forward: 5ʹ-TGCAGGGTCCTCATCCGAT-3ʹ 

130 
reverse: 5ʹ-TGTCCGTGTCATTTTGCCTGA-3ʹ 

SLFN1 
forward: 5ʹ-CTAAATGCAGGAGGGATCACAC-3ʹ 

103 
reverse: 5ʹ-GAGCACACAGAGCTTTTGTAATG-3ʹ 

IL-1β forward: 5ʹ - GCAACTGTTCCTGAACTCAACT-3ʹ 
89 

 reverse: 5ʹ-ATCTTTTGGGGTCCGTCAACT-3ʹ 
Note: CCL: C-C motif chemokine; CCR: C-C motif chemokine receptor; LTB4: 
leukotriene B4; CLEC4D: C-type lectin domain family 4D; LILRA6: leukocyte 
Ig-like receptor A6; S100A9: S100 calcium binding protein A9; CD300LB: CD300 
antigen-like family member B; SLFN1: schlafen 1; IL: interleukin 

1.3 Statistical analysis 

Statistical analysis was performed using SPSS statistical software for 

Windows, version 25.0 (SPSS, Chicago, IL, USA). Histograms 

showed that the metrological data were close to normal distribution. 

Results are expressed as x
_

±s. Differences between two groups were 

compared using independent t-tests. One-way analysis of variance 

was performed for comparisons of three groups. Comparisons 

between groups were made using Tukey’s test. A value of P<0.05 

was considered statistically significant using two-tailed tests. 

2 Results 

2.1 Identification of MSCs and MSC-sEVs 

The results of flow cytometry showed that cultured MSCs were both 

CD90 and CD105 positive, whereas CD34 and CD45 were negative 

(Figure 1A-D). MSCs at 3 days after the first passage were 

spindle-shaped with a closed whirl-pool-like arrangement when 

viewed using an optical microscope, which met the requirements of 

MSC identification (Figure 1E). MSC-sEVs showed a circular vesicle 

structure with diameters of 80-140 nm using a transmission electron 

microscope (Figure 1F). 

 
Figure 1 Identification of mesenchymal stem cells (MSCs) and MSC-small 
extracellular vesicles (sEVs)  A: Flow cytometry showed that 99.8% of MSCs 
were CD90-positive  B: Flow cytometry showed that 99.5% of MSCs were 
CD105-positive  C: Flow cytometry showed that very few MSCs were 
CD34-positive  D: Flow cytometry showed that few MSCs were CD45-positive  
E: Passage 1, MSCs were spindle-shaped and adherent, using a light microscope 
(×400, bar=500 μm)  F: MSC-sEVs showed circular vesicle structures with 
diameters of 80-140 nm, using a transmission electron microscope (×12 000, 
bar=100 nm) 

2.2 Retina histopathology of each group 

Retinal structure was complete with orderly cell arrangement in the 

normal group (Figure 2A). Photoreceptor nuclei and the outer 

segments were sparse and disordered in arrangement in the PBS 

group (Figure 2B). Retinal structures of the sEV group showed 

morphological changes that resembled those found in the PBS 

group, but to a lesser extent (Figure 2C). 

 
Figure 2 Histopathological changes of mouse retina (hemoxylin & eosin × 
200, bar=50 μm)  A: In the normal group, retinal structure was intact with an 
orderly cell arrangement  B: In the PBS group, photoreceptor nuclei and cell 
outer segments were sparse and the arrangement were disordered  C: In the sEV 
group, retinal structural damage was less severe when compared with the PBS 
group  GCL: ganglion cell layer; IPL: inner plexiform layer; INL: inner nuclear 
layer; OPL outer plexiform layer; ONL: outer nuclear layer 

2.3 Comparison of retinal apoptotic cells between two groups 

A large number of apoptotic cells were found in the outer nuclear 

layer and appeared a green fluorescence (Figure 3A, B). The number 

of apoptotic cells was (14.60±4.04/field) in the sEV group, which 

was significantly less than 24.00±8.52/ field in the PBS group. The 

difference was statistically significant (t=2.37, P<0.05; Figure 3C). 

 
Figure 3 TUNEL staining and apoptotic cells in mouse retina (× 400, 
bar=20 μm)  Apoptotic cells presented  green fluorescence (FITC), and the cell 
nuclei showed the blue fluorescence (DAPI)  A: A large number of were 
observed in retinal outer nuclear layer in the PBS group  B: A small number of 
apoptotic cells were observed in retinal outer nuclear layer in the sEV group  C: 
Comparison of apoptotic cell counting between the two groups   Compared 
with the PBS group, aP<0.05 (independent samples t test, n=5)   PBS: 
phosphate-buffered saline; sEV: small extracellular vesicle 

2.4 Retinal functional changes in different groups 

The a-wave amplitudes were (193.20±12.50), (16.78±6.37), and 

(64.38±16.70) μV in the normal, PBS, and sEVs groups, respectively, 

showing a significant difference among three groups (F=262.70, 
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P<0.05), and the a-wave amplitude was significantly elevated in the 

sEVs group compared with the PBS group (P<0.05). The b-wave 

amplitudes were (338.38±27.41), (132.40±39.41), and (154.86±34.08) 

μV in the normal, PBS, and sEVs groups, respectively, showing a 

significant difference among three groups (F=55.26, P<0.05), and 

b-wave amplitude in the sEV group was significantly higher than 

that in the PBS group (P<0.05; Figure 4). 

Figure 4 Comparison of a- and b-wave amplitudes of scotopic 
electroretinograms (ERGs) among three groups  A: The scotopic ERG wave 
pattern of the normal group  B: The scotopic ERG wave pattern of the PBS 
group  C: The scotopic ERG wave pattern of the sEV group. D: Comparison of 
a-wave amplitudes among the three groups  F=262.70, P<0.05. Compared with 
the sEV group, aP<0.05 (One-way analysis of variance, Tukey’s test, n=5)  E: 
Comparison of b-wave amplitudes among the three groups (F=55.26, P<0.05). 
Compared with the sEV group, aP<0.05 (One-way analysis of variance, Tukey test, 
n=5)  PBS: phosphate-buffered saline; sEV: small extracellular vesicle 

2.5 Analysis of differentially expressed genes and their 

functional pathways in mouse retinas of the PBS and sEV 

groups 

The mRNA transcriptome sequencing results showed that 110 genes 

were differentially expressed when comparing the PBS and sEV 

groups, among which 109 genes were down-regulated and one gene 

was up-regulated in the sEV group, when compared with the PBS 

group (Figure 5A). KEGG cluster analysis showed that the 

differential genes were mainly involved in inflammatory and 

immune-related signaling pathways. Among the top 10 genes from 

the differential fold ranking, signaling pathways relevant to retinal 

damage included natural killer cell-mediated cytotoxicity, B cell 

receptor signaling, chemokine signaling, leukocyte transendothelial 

migration, and phagocytosis pathways (Figure 5B). 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 The mRNA transcriptome sequencing and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis of differentially expressed genes  A: Heat 
map of differentially expressed genes between the sEV and PBS groups  B: 
KEGG cluster analysis of differentially expressed genes  PBS: 
phosphate-buffered saline; sEV: small extracellular vesicle; PBS: 
phosphate-buffered saline 

2.6 Comparison of CCL2, CCR2, LTB4, CLEC4D, LILRA6, 

S100A9, CD300LB, SLFN1, and IL-1β mRNA expressions in 

each group 

Relative expressions of CCL2, CCR2, LTB4, LILRA6, IL-1 β, 
CLEC4D, S100A9, and SLFN1 mRNA were significantly different 

among the normal, PBS, and sEV groups (F=92.49, 45.49, 104.10, 

80.32, 40.44, 31.16, 12.95, and 21.89, respectively, all P<0.05). 

However, there was no significant difference in the mRNA relative 

expressions of CLEC4D, S100A9, and SLFN1 between the PBS and 

sEV groups (all P>0.05). In addition, there was no significant 

difference in mRNA relative expressions of CD300LB among three 

group (F=1.60, P>0.05, Table 2). 

Table 2 Comparison of mRNA relative expression levels of retinal differential genes among three groups (�̅�±s) 
Group Eyes CCL2 CCR2 LTB4 LILRA6 IL-1β CLEC4D S100A9 SLFN1 CD300LB 
Normal group 6 1.025±0.100 1.023±0.078 1.008±0.025 1.016±0.104 1.019±0.078 1.014±0.091 0.988±0.032 1.012±0.089 1.002±0.100 
PBS group 6 14.861±2.555a 7.687±1.642a 18.311±2.983a 4.350±0.667a 15.164±2.090a 5.077±2.143a 1.249±0.432a 5.101±1.087a 19.584±5.707 
sEV group  5.371±1.791ab 3.911±1.311ab 10.719±2.027ab 4.788±1.415ab 9.090±2.232ab 4.295±1.366a 1.059±0.127a 4.313±1.637a 11.012±2.432 
F   92.49 45.49 104.10 80.32 40.44 31.16 12.95 21.89 1.60 
P   <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 >0.01 

Note: Compared with the normal group, aP<0.05; compared with the PBS group, bP<0.05 (One-way analysis of variance, Tukey test)  PBS: phosphate-buffered saline; 
sEV: small extracellular vesicle; CCL: C-C motif chemokine; CCR: C-C motif chemokine receptor; LTB4: leukotriene B4; LILRA6: leukocyte Ig-like receptor A6; IL: 
interleukin; CLEC4D: C-type lectin domain family 4D; S100A9: S100 calcium binding protein A9; SLFN1: schlafen 1; CD300LB: CD300 antigen-like family member B 

3 Discussion 

MSC-sEVs are microvesicles less than 200 nm in diameter, secreted 

by MSCs, whose main functional components are exosomes. SEVs 

possess a lipid bilayer membrane structure with cargos of proteins 

and nucleic acids, functioning as intercellular bioinformation 

transmission mediators 12. In this study, we investigated the 

reparative effects of MSC-sEVs in the early stage of retinal 

photoreceptor damage by establishing a mouse model of retinal 

light injury. The results showed that intravitreal injection of 

MSC-sEVs attenuated retinal structure destruction, reduced 

photoreceptor apoptosis, and improved retinal function. 

 

 

 

MSC-sEVs were first shown to have therapeutic effects in a 

myocardial ischemia-reperfusion model 13. The beneficial effects of 

MSC-sEVs were then extensively validated in various systemic 

conditions, such as skin epithelial regeneration, cartilage tissue 

repair, and cerebral injury repair 7,14-15. In ocular diseases, 

MSC-sEVs promote corneal epithelial damage repair, alleviate 

uveitis, and repair optic nerve injury 16-18. Our previous study 

reported that MSC-sEVs exerted similar beneficial effects as MSCs 

in a mouse model of retinal laser injury 10. In a clinical trial, 

MSC-sEVs promoted healing of large macular holes after 

vitrectomy 19. The results of the current study confirmed the 
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beneficial effects of MSC-sEVs on tissue injury, especially in the 

treatment of retinal photoreceptors injury. Compared with MSCs, 

MSC-sEVs are easier to preserve and transport. Intravitreal 

injection of MSC-sEVs can also avoid vitreous opacity and severe 

immune-related reactions caused by MSC injection. The lipid 

bilayer membrane structure of MSC-sEVs can protect the inside 

cargos from degradation by enzymes with good tissue penetration, 

making them ideal carriers for therapeutic genes, proteins, and 

drugs 20. Combined with their own beneficial effects, MSC-sEVs 

are expected to exert more significant effects in the treatment of 

ocular diseases 21. 

In this study, a classic retinal light injury model was used. The 

main pathological changes after retinal light injury involved 

photoreceptor apoptosis, accompanied by retinal pigment 

epithelium damage 22. This model can be used in photoreceptor 

injury and retinal degeneration disease research. Blue light has 

greater tissue penetration, causing more severe photoreceptor 

damage than light of other wavelengths at equal illumination. Thus, 

blue light is more often used in the establishment of light injury 

models 23-24. In this study, blue light caused inflammation, oxidative 

stress reactions in the retina, and upregulation of inflammatory 

factor expressions. These findings provided a new direction for 

treatments of retinal degenerative diseases and injuries. 

The results of KEGG cluster analysis showed that differentially 

expressed genes were mainly involved in inflammatory and 

immune responses. The expressions of CCL2, CCR2, LTB4, 

LILRA6, and IL-1β were validated by fluorescent qRT-PCR. The 

mRNA expression was significantly different between the sEV and 

PBS groups. CCL2 promoted monocyte and macrophage migration 

to the site of injury, IL-1β mediated immune cell activation and 

hyperplasia, and LTB4 was a neutrophil chemoattractant. They all 

played important roles in inflammatory responses 25-26. LILRA6 is a 

key factor in macrophage-mediated immune responses. 

Downregulation of these inflammation-related factors 

demonstrated the role of MSC-sEVs in suppressing inflammatory 

responses. Intravitreal injection of MSC-sEVs has been shown to 

downregulate retinal CCL2 and IL-1β expression levels in both an 
optic nerve injury model and a retinal detachment model 18,27. 

MSCs can protect skeletal muscles by downregulating LTB4 

expression 28. In addition, Hao et al. 29 reported that MSC-sEVs 

exerted a protective effect against bacterial inflammation-induced 

lung injury by upregulating LTB4. We speculated that the 

difference was due to the high expression of LTB4, which could 

recruit more neutrophils, playing an antibacterial role in bacterial 

inflammation. However, in nonbacterial inflammation, excessive 

neutrophil infiltration only causes aggravated tissue damage. In 

previous tumor-related studies, the effect of MSC-sEVs on the 

expression levels of the above factors may have been also 

influenced by different disease microenvironments 30. In this study, 

the KEGG cluster analysis results did not implicate 

neuroprotective or apoptosis-related pathways. We speculated that 

the beneficial effect of MSC-sEVs in retinal neuroprotection was 

mainly achieved by inhibiting inflammatory responses. 

In conclusion, the current study found a protective role of 

MSC-sEVs in retinal light injury. Using mRNA transcriptome 

sequencing analysis, we found that MSC-sEVs suppressed 

expression levels of multiple inflammatory factors. This study 

identified the mechanisms underlying the neuroprotective effects 

of MSC-sEVs, and provided a new research direction for the 

treatments of retinal injuries and retinal degenerative diseases. 

However, this study also had some limitations, such as the failure 

to determine causalities between changes in inflammatory factors 

and the mechanism of action of MSC-sEVs. In future studies, 

using interventions on upstream targets of inflammatory pathways 

should provide further insight into the specific mechanisms of 

action. 
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