
Coulson-Thomas, V. J., et al. (2013). "Transplantation of human 
umbilical mesenchymal stem cells cures the corneal defects of 
mucopolysaccharidosis VII mice." Stem Cells 31(10): 2116-2126.

Mucopolysaccharidosis (MPS) are a family of related disorders 
caused by a mutation in one of the lysosomal exoglycosidases which 
leads to the accumulation of glycosaminoglycans (GAGs). MPS VII, 
caused by a mutation in beta-glucuronidase, manifests hepatomegaly, 
skeletal dysplasia, short stature, corneal clouding, and developmental 
delay. Current treatment regimens for MPS are not effective for 
treating corneal clouding and impaired mental development. We 
hypothesized that human umbilical mesenchymal stem cells (UMSCs) 
transplanted into the corneal stroma could participate in the 
catabolism of GAGs providing a means of cell therapy for MPS. For such 
treatment, human UMSCs were intrastromally transplanted into corneas 
of MPS VII mice. UMSC transplantation restored the dendritic and 
hexagonal morphology of host keratocytes and endothelial cells, 
respectively, and in vivo confocal microscopy (HRT-II) revealed 
reduced corneal haze. Immunohistochemistry using antibodies against 
heparan sulfate and chondroitin sulfate chains as well as lysosomal-
associated membrane protein 2 revealed a decrease in GAG content and 
both lysosomal number and size in the treated corneas. Labeling UMSC 
intracellular compartments prior to transplantation revealed the 
distribution of UMSC vesicles throughout the corneal stroma and 
endothelium. An in vitro coculture assay between skin fibroblasts 
isolated from MPS VII mice and UMSC demonstrated that neutral vesicles 
released by the UMSC are taken up by the fibroblasts and proceed to 
fuse with the acidic lysosomes. Therefore, transplanted UMSCs 
participate both in extracellular GAG turnover and enable host 
keratocytes to catabolize accumulated GAG products, suggesting that 
UMSC could be a novel alternative for treating corneal defects 
associated with MPS and other congenital metabolic disorders.

Yu, B., et al. (2016). "Exosomes derived from MSCs ameliorate retinal 
laser injury partially by inhibition of MCP-1." Sci Rep 6: 34562.

Although accumulated evidence supports the notion that 
mesenchymal stem cells (MSCs) act in a paracrine manner, the 
mechanisms are still not fully understood. Recently, MSC-derived 
exosomes (MSC-Exos), a type of microvesicle released from MSCs, were 
thought to carry functional proteins and RNAs to recipient cells and 
play therapeutic roles. In the present study, we intravitreally 
injected MSCs derived from either mouse adipose tissue or human 
umbilical cord, and their exosomes to observe and compare their 
functions in a mouse model of laser-induced retinal injury. We found 
that both MSCs and their exosomes reduced damage, inhibited apoptosis, 
and suppressed inflammatory responses to obtain better visual function 
to nearly the same extent in vivo. Obvious down-regulation of monocyte 
chemotactic protein (MCP)-1 in the retina was found after MSC-Exos 
injection. In vitro, MSC-Exos also down-regulated MCP-1 mRNA 
expression in primarily cultured retinal cells after thermal injury. 
It was further demonstrated that intravitreal injection of an MCP-1-
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neutralizing antibody promoted the recovery of retinal laser injury, 
whereas the therapeutic effect of exosomes was abolished when MSC-Exos 
and MCP-1 were administrated simultaneously. Collectively, these 
results suggest that MSC-Exos ameliorate laser-induced retinal injury 
partially through down-regulation of MCP-1.

Mead, B. and S. Tomarev (2017). "Bone Marrow-Derived Mesenchymal Stem 
Cells-Derived Exosomes Promote Survival of Retinal Ganglion Cells 
Through miRNA-Dependent Mechanisms." Stem Cells Transl Med 6(4): 
1273-1285.

The loss of retinal ganglion cells (RGC) and their axons is 
one of the leading causes of blindness and includes traumatic (optic 
neuropathy) and degenerative (glaucoma) eye diseases. Although no 
clinical therapies are in use, mesenchymal stem cells (MSC) have 
demonstrated significant neuroprotective and axogenic effects on RGC 
in both of the aforementioned models. Recent evidence has shown that 
MSC secrete exosomes, membrane enclosed vesicles (30-100 nm) 
containing proteins, mRNA and miRNA which can be delivered to nearby 
cells. The present study aimed to isolate exosomes from bone marrow-
derived MSC (BMSC) and test them in a rat optic nerve crush (ONC) 
model. Treatment of primary retinal cultures with BMSC-exosomes 
demonstrated significant neuroprotective and neuritogenic effects. 
Twenty-one days after ONC and weekly intravitreal exosome injections; 
optical coherence tomography, electroretinography, and 
immunohistochemistry was performed. BMSC-derived exosomes promoted 
statistically significant survival of RGC and regeneration of their 
axons while partially preventing RGC axonal loss and RGC dysfunction. 
Exosomes successfully delivered their cargo into inner retinal layers 
and the effects were reliant on miRNA, demonstrated by the diminished 
therapeutic effects of exosomes derived from BMSC after knockdown of 
Argonaute-2, a key miRNA effector molecule. This study supports the 
use of BMSC-derived exosomes as a cell-free therapy for traumatic and 
degenerative ocular disease. Stem Cells Translational Medicine 
2017;6:1273-1285.

Moisseiev, E., et al. (2017). "Protective Effect of Intravitreal 
Administration of Exosomes Derived from Mesenchymal Stem Cells on 
Retinal Ischemia." Curr Eye Res 42(10): 1358-1367.

PURPOSE: Exosomes derived from human mesenchymal stem cells 
(hMSCs) cultured under hypoxic conditions contain proteins and growth 
factors that promote angiogenesis. This study investigated the effect 
of intravitreal administration of these exosomes on retinal ischemia 
using a murine model. METHODS: Oxygen-induced retinopathy (OIR) was 
induced by exposing one-week-old male C57BL/6J mice to 5 days of 75% 
hyperoxic conditioning, and returning to room air. After hyperoxic 
conditioning, the right eye of each mouse was injected intravitreally 
with 1 microl saline or exosomes derived from hMSCs and compared to 
control mice of the same age raised in room air without OIR injected 
intravitreally with saline. Two weeks post-injection, fluorescein 
angiography (FA) and phase-variance optical coherence tomography 



angiography (pvOCTA) were used to assess retinal perfusion. Retinal 
thickness was determined by OCT. The extent of retinal 
neovascularization was quantitated histologically by counting vascular 
nuclei on the retinal surface. RESULTS: Among eyes with OIR, 
intravitreal exosome treatment partially preserved retinal vascular 
flow in vivo and reduced associated retinal thinning; retinal 
thickness on OCT was 111.1 +/- 7.4microm with saline versus 132.1 +/- 
11.6microm with exosome, p < 0.001. Retinal neovascularization among 
OIR eyes was reduced with exosome treatment when compared to saline-
treated eyes (7.75 +/- 3.68 versus 2.68 +/- 1.35 neovascular nuclei 
per section, p < 0.0001). No immunogenicity or ocular/systemic adverse 
effect was associated with intravitreal exosome treatment. 
CONCLUSIONS: Intravitreal administration of exosomes derived from 
hMSCs was well tolerated without immunosuppression and decreased the 
severity of retinal ischemia in this murine model. This appealing 
novel non-cellular therapeutic approach warrants further exploration.

Harrell, C. R., et al. (2018). "Therapeutic Potential of Mesenchymal 
Stem Cell-Derived Exosomes in the Treatment of Eye Diseases." Adv Exp 
Med Biol 1089: 47-57.

Mesenchymal stem cells (MSCs) were, due to their 
immunomodulatory and pro-angiogenic characteristics, extensively 
explored as new therapeutic agents in cell-based therapy of uveitis, 
glaucoma, retinal and ocular surface diseases.Since it was recently 
revealed that exosomes play an important role in biological functions 
of MSCs, herewith we summarized current knowledge about the 
morphology, structure, phenotype and functional characteristics of 
MSC-derived exosomes emphasizing their therapeutic potential in the 
treatment of eye diseases.MSC-derived exosomes were as efficient as 
transplanted MSCs in limiting the extent of eye injury and 
inflammation. Immediately after intravitreal injection, MSC-derived 
exosomes, due to nano-dimension, diffused rapidly throughout the 
retina and significantly attenuated retinal damage and inflammation. 
MSC-derived exosomes successfully delivered trophic and 
immunomodulatory factors to the inner retina and efficiently promoted 
survival and neuritogenesis of injured retinal ganglion cells. MSC-
derived exosomes efficiently suppressed migration of inflammatory 
cells, attenuated detrimental Th1 and Th17 cell-driven immune response 
and ameliorated experimental autoimmune uveitis. MSC-derived exosomes 
were able to fuse with the lysosomes within corneal cells, enabling 
delivering of MSC-derived active beta-glucuronidase and consequent 
catabolism of accumulated glycosaminoglycans, indicating their 
therapeutic potential in the treatment of Mucopolysaccharidosis VII 
(Sly Syndrome). Importantly, beneficent effects were noticed only in 
animals that received MSC-derived exosomes and were not seen after 
therapy with fibroblasts-derived exosomes confirming specific 
therapeutic potential of MSCs and their products in the treatment of 
eye diseases.In conclusion, MSC-derived exosomes represent potentially 
new therapeutic agents in the therapy of degenerative and inflammatory 
ocular diseases.



He, G. H., et al. (2018). "Mesenchymal stem cells-derived exosomes 
ameliorate blue light stimulation in retinal pigment epithelium cells 
and retinal laser injury by VEGF-dependent mechanism." Int J 
Ophthalmol 11(4): 559-566.

AIM: To observe the effect of exosomes derived from human 
umbilical cord blood mesenchymal stem cells (hUCMSCs) on the 
expression of vascular endothelial growth factor-A (VEGF-A) in blue 
light injured human retinal pigment epithelial (RPE) cells and laser-
induced choroidal neovascularization (CNV) in rats. METHODS: Exosomes 
were isolated from hUCMSCs and characterized by transmission electron 
microscope and Western blot. MSCs-derived exosomes were cultured with 
RPE cells exposed to blue light. The mRNA and protein expression of 
VEGF-A were determined by real time-polymerase chain reaction (PCR) 
and Western blot, respectively. Immunofluorescence assay was used for 
the detection of the expression level of VEGF-A. We injected different 
doses of MSCs-derived exosomes intravitreally to observe and compare 
their effects in a mouse model of laser-induced retinal injury. The 
histological structure of CNV in rats was inspected by hematoxylin-
eosin (HE) staining and fundus fluorescein angiography. The expression 
of VEGF-A was detected by immunohistochemistry. RESULTS: Exosomes 
exhibited the typical characteristic morphology (cup-shaped) and size 
(diameter between 50 and 150 nm). The exosomes marker, CD63, and 
hUCMSCs marker, CD90, showed a robust presence. In vitro, MSCs-derived 
exosomes downregulated the mRNA(Exo-L: t=6.485, 7.959, 9.286; Exo-M: 
t=7.517, 10.170, 13.413; Exo-H: t=10.317, 12.234, 14.592, P<0.05) and 
protein (Exo-L: t=2.945, 4.477, 6.657; Exo-M: t=4.713, 6.421, 8.836; 
Exo-H: t=6.539, 12.194, 12.783; P<0.05) expression of VEGF-A in RPE 
cells after blue light stimulation. In vivo, we found that the MSCs-
derived exosomes reduced damage, distinctly downregulated VEGF-A (Exo-
H: t=0.957, 1.382; P<0.05), and gradually improved the histological 
structures of CNV for a better visual function (Exo-L: 0.346, Exo-M: 
3.382, Exo-H: 8.571; P<0.05). CONCLUSION: MSCs-derived exosomes 
ameliorate blue light stimulation in RPE cells and laser-induced 
retinal injury via downregulation of VEGF-A.

Hu, X., et al. (2018). "Identification and differentiation therapy 
strategy of pterygium in vitro." Am J Transl Res 10(8): 2619-2627.

Pterygium is an invasive hyperplasia, resulting from the 
hyper-proliferation of epithelial cells in cornea. The aim of our 
present study is to identify stem cells derived from pterygiums and 
detect differentiation strategy of the pterygium stem cells in vitro. 
Fundamental properties of the cultured pterygium stem cells were 
mainly studied using immunofluorescence staining. While clone 
formation and MTT assay were utilized to evaluate the cell viability. 
Pterygium stem cells could be cultivated easily, expanded efficiently, 
but expressed multilineage stem cell markers, which could be 
differentiated into neuron, osteocytes and adipocytes in vitro. 
Pterygium-derived spheres expressed stem cell markers and the 
epithelial-mesenchymal transition markers after treating with the 



inducing assays. Proliferation and viability of pterygium stem cells 
could be inhibited after inducing differentiation indicating that 
differentiation strategy will be a promising strategy in future 
therapies of pterygium. Cells derived from pterygiums express 
multilineage stem cell markers and could be induced differentiation. 
Differentiation therapy strategy could inhibit pterygium stem cell in 
vitro.

Mead, B. and S. Tomarev (2018). "Retinal ganglion cell neuroprotection 
by growth factors and exosomes: lessons from mesenchymal stem cells." 
Neural Regen Res 13(2): 228-229.

Safwat, A., et al. (2018). "Adipose mesenchymal stem cells-derived 
exosomes attenuate retina degeneration of streptozotocin-induced 
diabetes in rabbits." J Circ Biomark 7: 1849454418807827.

This study aimed to evaluate the effect of mesenchymal stem 
cells (MSCs)-derived exosomes in retina regeneration of experimentally 
induced diabetes mellitus (DM) in a rabbit model. Exosomes are 
extracellular vesicles that contain many microRNAs (micRNAs), mRNAs, 
and proteins from their cells of origin. DM was induced by intravenous 
(IV) injection of streptozotocin in rabbits. MSCs were isolated from 
adipose tissue of rabbits. Exosomes were extracted from MSCs by 
ultracentrifugation. Exosomes were injected by different routes (IV, 
subconjunctival (SC), and intraocular (IO)). Evaluation of the 
treatment was carried out by histopathological examination of retinal 
tissues and assessment of micRNA-222 expression level in retinal 
tissue by real-time polymerase chain reaction. Histologically, by 12 
weeks following SC exosomal treatment, the cellular components of the 
retina were organized in well-defined layers, while IO exosomal 
injection showed well-defined retinal layers which were obviously 
similar to layers of the normal retina. However, the retina appeared 
after IV exosomal injection as irregular ganglionic layer with 
increased thickness. MicRNA-222 expression level was significantly 
reduced in diabetic controls when compared to each of healthy controls 
and other diabetic groups with IV, SC, and IO routes of injected 
exosomes (0.06 +/- 0.02 vs. 0.51 +/- 0.07, 0.28 +/- 0.08, 0.48 +/- 
0.06, and 0.42 +/- 0.11, respectively). We detected a significant 
negative correlation between serum glucose and retinal tissue 
micRNA-222 expression level (r = -0.749, p = 0.001). We can associate 
the increased expression of micRNA-222 with regenerative changes of 
retina following administration of MSCs-derived exosomes. The study 
demonstrates the potency of rabbit adipose tissue-derived MSCs 
exosomes in retinal repair. So, exosomes are considered as novel 
therapeutic vectors in MSCs-based therapy through its role in 
shuttling of many factors including micRNA-222.

Shen, T., et al. (2018). "Effects of Adipose-derived Mesenchymal Stem 
Cell Exosomes on Corneal Stromal Fibroblast Viability and 
Extracellular Matrix Synthesis." Chin Med J (Engl) 131(6): 704-712.

Background: Corneal stromal cells (CSCs) are components of the 



corneal endothelial microenvironment that can be induced to form a 
functional tissue-engineered corneal endothelium. Adipose-derived 
mesenchymal stem cells (ADSCs) have been reported as an important 
component of regenerative medicine and cell therapy for corneal 
stromal damage. We have demonstrated that the treatment with ADSCs 
leads to phenotypic changes in CSCs in vitro. However, the underlying 
mechanisms of such ADSC-induced changes in CSCs remain unclear. 
Methods: ADSCs and CSCs were isolated from New Zealand white rabbits 
and cultured in vitro. An Exosome Isolation Kit, Western blotting, and 
nanoparticle tracking analysis (NTA) were used to isolate and confirm 
the exosomes from ADSC culture medium. Meanwhile, the optimal exosome 
concentration and treatment time were selected. Cell Counting Kit-8 
and annexin V-fluorescein isothiocyanate/propidium iodide assays were 
used to assess the effect of ADSC- derived exosomes on the 
proliferation and apoptosis of CSCs. To evaluate the effects of ADSC- 
derived exosomes on CSC invasion activity, Western blotting was used 
to detect the expression of matrix metalloproteinases (MMPs) and 
collagens. Results:: ADSCs and CSCs were successfully isolated from 
New Zealand rabbits. The optimal concentration and treatment time of 
exosomes for the following study were 100 mug/ml and 96 h, 
respectively. NTA revealed that the ADSC-derived exosomes appeared as 
nanoparticles (40-200 nm), and Western blotting confirmed positive 
expression of CD9, CD81, flotillin-1, and HSP70 versus ADSC 
cytoplasmic proteins (all P < 0.01). ADSC-derived exosomes (50 mug/ml 
and 100 mug/ml) significantly promoted proliferation and inhibited 
apoptosis (mainly early apoptosis) of CSCs versus non-exosome-treated 
CSCs (all P < 0.05). Interestingly, MMPs were downregulated and 
extracellular matrix (ECM)-related proteins including collagens and 
fibronectin were upregulated in the exosome-treated CSCs versus non-
exosome-treated CSCs (MMP1: t = 80.103, P < 0.01; MMP2: t = 114.778, P 
< 0.01; MMP3: t = 56.208, P < 0.01; and MMP9: t = 60.617, P < 0.01; 
collagen I: t = -82.742, P < 0.01; collagen II: t = -72.818, P < 0.01; 
collagen III: t = -104.452, P < 0.01; collagen IV: t = -133.426, P < 
0.01, and collagen V: t = -294.019, P < 0.01; and fibronectin: t = 
-92.491, P < 0.01, respectively). Conclusion:: The findings indicate 
that ADSCs might play an important role in CSC viability regulation 
and ECM remodeling, partially through the secretion of exosomes.

Mathew, B., et al. (2019). "Mesenchymal stem cell-derived 
extracellular vesicles and retinal ischemia-reperfusion." Biomaterials 
197: 146-160.

Retinal ischemia is a major cause of vision loss and 
impairment and a common underlying mechanism associated with diseases 
such as glaucoma, diabetic retinopathy, and central retinal artery 
occlusion. The regenerative capacity of the diseased human retina is 
limited. Our previous studies have shown the neuroprotective effects 
of intravitreal injection of mesenchymal stem cells (MSC) and MSC-
conditioned medium in retinal ischemia in rats. Based upon the 
hypothesis that the neuroprotective effects of MSCs and conditioned 
medium are largely mediated by extracellular vesicles (EVs), MSC 



derived EVs were tested in an in-vitro oxygen-glucose deprivation 
(OGD) model of retinal ischemia. Treatment of R28 retinal cells with 
MSC-derived EVs significantly reduced cell death and attenuated loss 
of cell proliferation. Mechanistic studies on the mode of EV 
endocytosis by retinal cells were performed in vitro. EV endocytosis 
was dose- and temperature-dependent, saturable, and occurred via cell 
surface heparin sulfate proteoglycans mediated by the caveolar 
endocytic pathway. The administration of MSC-EVs into the vitreous 
humor 24h after retinal ischemia in a rat model significantly enhanced 
functional recovery, and decreased neuro-inflammation and apoptosis. 
EVs were taken up by retinal neurons, retinal ganglion cells, and 
microglia. They were present in the vitreous humor for four weeks 
after intravitreal administration, with saturable binding to vitreous 
humor components. Overall, this study highlights the potential of MSC-
EV as biomaterials for neuroprotective and regenerative therapy in 
retinal disorders.

Ni, H., et al. (2019). "Exosomes Derived From Bone Mesenchymal Stem 
Cells Ameliorate Early Inflammatory Responses Following Traumatic 
Brain Injury." Front Neurosci 13: 14.

Traumatic brain injury (TBI) is a leading cause of mortality 
and disability worldwide. Although treatment guidelines have been 
developed, no best treatment option or medicine for this condition 
exists. Recently, mesenchymal stem cells (MSCs)-derived exosomes have 
shown lots of promise for the treatment of brain disorders, with some 
results highlighting the neuroprotective effects through neurogenesis 
and angiogenesis after TBI. However, studies focusing on the role of 
exosomes in the early stages of neuroinflammation post-TBI are not 
sufficient. In this study, we investigated the role of bone 
mesenchymal stem cells (BMSCs)-exosomes in attenuating 
neuroinflammation at an early stage post-TBI and explored the 
potential regulatory neuroprotective mechanism. We administered 30 mug 
protein of BMSCs-exosomes or an equal volume of phosphate-buffered 
saline (PBS) via the retro-orbital route into C57BL/6 male mice 15 min 
after controlled cortical impact (CCI)-induced TBI. The results showed 
that the administration of BMSCs-exosomes reduced the lesion size and 
improved the neurobehavioral performance assessed by modified 
Neurological Severity Score (mNSS) and rotarod test. In addition, 
BMSCs-exosomes inhibited the expression of proapoptosis protein Bcl-2-
associated X protein (BAX) and proinflammation cytokines, tumor 
necrosis factor-alpha (TNF-alpha) and interleukin (IL)-1beta, while 
enhancing the expression of the anti-apoptosis protein B-cell lymphoma 
2 (BCL-2). Furthermore, BMSCs-exosomes modulated microglia/macrophage 
polarization by downregulating the expression of inducible nitric 
oxide synthase (INOS) and upregulating the expression of clusters of 
differentiation 206 (CD206) and arginase-1 (Arg1). In summary, our 
result shows that BMSCs-exosomes serve a neuroprotective function by 
inhibiting early neuroinflammation in TBI mice through modulating the 
polarization of microglia/macrophages. Further research into this may 
serve as a potential therapeutic strategy for the future treatment of 



TBI.

Pan, D., et al. (2019). "UMSC-derived exosomes promote retinal 
ganglion cells survival in a rat model of optic nerve crush." J Chem 
Neuroanat 96: 134-139.

Traumatic optic neuropathy or glaucoma lead to retinal 
ganglion cells loss and cause blindness, and there is no effective 
therapy strategy by far. Mesenchymal cells from the Wharton's jelly of 
the umbilical cord (umbilical cord mesenchymal stem cells, UMSCs) and 
UMSC-derived exosomes (UMSC-Exos) are promising candidates for 
allogeneic therapy in regenerative medicine, but their effort on optic 
nerve injury and the underlying mechanism remains undefined. In the 
present study, we investigated the functions of UMSC-Exos in a rat 
optic nerve crush (ONC) model. After three times of treatments with an 
interval of one week, we found that the UMSC-Exos significantly 
promoted Brn3a(+) retinal ganglion cells (RGCs) survival in retinal 
ganglion cell layer compared with PBS controls. UMSC-Exos also 
significantly promoted GFAP(+) glia cells activation in retina and 
optic nerve. However, no increase of GAP43(+) axon counts in the optic 
nerve was found after UMSC-Exos treatment. Thus, our results 
demonstrate that UMSC-derived exosomes may play a role in 
neuroprotection by promoting the RGCs survival and glia cells 
activation but not the axon regeneration.

Zhang, W., et al. (2019). "Exosomes Derived From Mesenchymal Stem 
Cells Modulate miR-126 to Ameliorate Hyperglycemia-Induced Retinal 
Inflammation Via Targeting HMGB1." Invest Ophthalmol Vis Sci 60(1): 
294-303.

Purpose: In this study, we aim to investigate whether 
mesenchymal stem cell (MSC)-derived exosomes (MSC-Exos) could regulate 
hyperglycemia-induced retinal inflammation by transferring 
microRNA-126 (miR-126). Methods: MSC-Exos were isolated from the media 
of human umbilical cord-derived mesenchymal stem cells (hUCMSCs), and 
this isolation was followed by the transfer of miR-126. MSC-Exos or 
MSC-Exos overexpressing miR-126 were intravitreally injected into 
diabetic rats in vivo and were cocultured with high glucose-affected 
human retinal endothelial cells (HRECs) in vitro. Plasma samples were 
obtained from the vitreous of rats and from HREC cells after treatment 
for ELISA assay. Retinal sections were examined using 
immunohistochemistry. RT-PCR and Western blotting were conducted to 
assess the levels of high-mobility group box 1 (HMGB1), NLRP3 
inflammasome, and NF-kappaB/P65 in retinas and HRECs. Results: Our 
results showed that hyperglycemia greatly increased inflammation in 
diabetic rats or HRECs exposed to high glucose, increasing the levels 
of caspase-1, interleukin-1beta (IL-1beta) and IL-18. The 
administration of MSC-Exos could effectively reverse this reaction. 
Compared to control MSC-Exos, MSC-Exos overexpressing miR-126 more 
successfully suppressed the HMGB1 signaling pathway and suppressed 
inflammation in diabetic rats. The administration of miR-126-
expressing MSC-Exos significantly reduced high glucose-induced HMGB1 



expression and the activity of the NLRP3 inflammasome in HRECs. 
Conclusions: miR-126 expression in MSC-Exos reduces hyperglycemia-
induced retinal inflammation by downregulating the HMGB1 signaling 
pathway.


