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Abstract
BACKGROUND
[bookmark: _Hlk151974389]Mesenchymal stem cells (MSCs) have protective effects on cornea, lacrimal gland, retina, and photoreceptor cell damage, which may be mediated by exosomes (exos) released by MSCs.

AIM
[bookmark: _Hlk151974532]To investigate the ameliorating effect of exos derived from different MSCs on retinal ganglion cell (RGC) injury induced by hydrostatic pressure.

METHODS
[bookmark: _Hlk151977100]The RGC injury model was constructed by RGC damage under different hydrostatic pressures (40, 80, 120 mmHg). Then RGCs were cultured with adipose-derived stem cell (ADSC)-Exos and bone marrow-derived stem cell (BMSC)-Exos. Cell Counting Kit-8, transmission electron microscopy, flow cytometry, immunofluorescence, real-time quantitative polymerase chain reaction, and western blotting were performed to detect the ameliorating effect of exos on pressure-induced RGC injury.

RESULTS
[bookmark: _Hlk151977160]ADSC-Exos and BMSC-Exos were successfully isolated and obtained. The gibbosity of RGCs was lower, the cells were irregularly ellipsoidal under pressure, and the addition of ADSC-Exos and BMSC-Exos significantly restored RGC morphology. Furthermore, the proliferative activity of RGCs was increased and the apoptosis of RGCs was inhibited. Moreover, the levels of lactate dehydrogenase and apoptosis-related proteins were increased, and the concentrations of antiapoptotic proteins and neurotrophic factors were decreased in damaged RGCs. However, the above indicators were significantly improved after ADSC-Exos and BMSC-Exos treatment.

CONCLUSION
These findings indicated that ADSC-Exos and BMSC-Exos could ameliorate RGC injury caused by hydrostatic pressure by inhibiting apoptosis and increasing the secretion of neurotrophic factors.
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[bookmark: _Hlk151977831]Core Tip: We discovered for the first time that adipose-derived stem cell-exosomes (ADSC-Exos) significantly ameliorate retinal ganglion cell (RGC) injury caused by hydrostatic pressure by inhibiting apoptosis and increasing the secretion of neurotrophic factors. ADSC-Exos manifested better ameliorating effects than bone marrow-derived stem cell (BMSC)-Exos in ameliorating the RGC injury induced by hydrostatic pressure. BMSC-Exos ameliorate optic nerve injury caused by hydrostatic pressure by inhibiting apoptosis and increasing the secretion of neurotrophic factors.

INTRODUCTION
[bookmark: _Hlk151991306]Glaucoma is the main cause of irreversible blindness around the world and is a chronic degenerative optic nerve disease[1]. The early pathological changes of glaucoma include reduced axonal transport, axon loss, and dendrite reconstruction, leading to retinal ganglion cell (RGC) apoptosis and thinning of the retinal nerve fiber layer, eventually resulting in visual field defects and loss of vision[2,3]. Apoptosis of RGCs in glaucoma has been demonstrated in vivo in several animal models and in humans[4,5]. The mechanism of RGC apoptosis in glaucoma, including oxidative injury[6], inflammatory response[4], and glutamate toxicity[7], particularly how elevated intraocular pressure (IOP) leads to RGC apoptosis, is yet to be fully elucidated. There are three treatment methods for glaucoma caused by high IOP, including using drugs to reduce the production of aqueous humor, surgically aqueous humor drainage, and laser stimulation for cell proliferation and differentiation to repair damaged eye tissue[8]. However, existing IOP-lowering treatments cannot prevent the reduction of RGCs[9], and there is the limitation of repeated treatment, even worse.
The only hope for glaucoma patients with RGC loss to regain vision is preventing RGC apoptosis[10]. Current research is focused on developing neuroprotective measures, particularly the use of stem cell therapy to protect RGCs[11]. Stem cells produce many molecules responsible for cell signaling, such as cytokines, growth factors, morphogens, chemokines, and extracellular vesicles (EVs), improving various cellular mechanisms[12-15]. However, the direct transplantation of stem cells has some risks such as safety, tumorigenesis, and immune rejection[16]. Recent studies have shown that stem cells play a therapeutic role in a paracrine manner, with stem cell-derived exosomes (exos) being the major contributors to stem cell function, carrying and transporting cytokines, proteins, and nucleic acids from stem cells[17]. It also has stronger target specificity and lower carcinogenic and immune risks[18], which can avoid the problems existing in the direct use of stem cell therapy, and increasing the use of stem cell-derived exos is the focus of research to enhance the efficacy of stem cell therapy.
Mesenchymal stem cells (MSCs) are fibroblast-like, self-renewing cells that are present in almost all postpartum tissues and organs, including bone marrow, adipose tissue, blood, umbilical cord, amniotic fluid, and dental pulp and are responsible for regulating the normal development and maintenance of mesenchymal tissue[19]. Bone marrow, adipose tissue, and human MSCs of the umbilical cord have protective effects on cornea, lacrimal gland, retina, and photoreceptor cell damage[20]. This ameliorating effect may be mediated at least in part by exos. MSC-exos can maintain activity for at least 4 wk after vitreous injection and can integrate into tissues more quickly to provide nutritional factors for RGCs due to their smaller diameter[15]. Bone marrow stem cell (BMSC)-derived exos are also more effective than directly transplanted BMSCs in the treatment of glaucoma because BMSCs have a poor ability to integrate into the retina, remain in the vitreous after injection, and cannot deliver neurotrophic factors to RGCs[21]. Mead et al[22] found that the neural function of RGCs was significantly improved after intravitreal injection of BMSC-Exos in a glaucoma rat model. A similar result was reported in the hereditary DBA/2J mouse model of glaucoma[23]. Moreover, studies have shown that BMSC-Exos injected in an optic nerve compression rat model by intravitreal injection can integrate into the cell bodies and axons of retinal neurons and promote axon regeneration by activating the Akt pathway dependent on microRNA (miRNA)[24]. These findings indicate that BMSC-Exos have an ameliorative effect on glaucoma. Moreover, Sheykhhasan et al[25] demonstrated that adipose-derived stem cell (ADSC)-exo and CoQ10 administration could ameliorate memory deficits by modulating SOX2 and brain-derived neurotrophic factor (BDNF) expression in a rat model of Alzheimer’s disease. Numerous preclinical studies have confirmed the therapeutic potential of ADSC-Exos in neurodegenerative diseases[26,27]. Glaucoma is a neurodegenerative disease in which the role of ADSC-Exos has not been studied yet. Therefore, this study aimed to investigate the protective effect of BMSC-Exos and ADSC-Exos on RGC injury, which is the main feature of glaucoma, induced by hydrostatic pressures.

MATERIALS AND METHODS
Extraction of ADSC-Exos and BMSC-Exos
ADSCs and BMSCs were a kind gift from Kunming Cell Bank of Chinese Academy of Sciences (Kunming, China). Cells in the third generation with good logarithmic phase growth were selected. The cell culture medium was discarded, and the cells were washed 3 times with phosphate buffered solution (PBS) and replaced with serum-free medium. After 48 h in culture, the cells were adjusted to a concentration of 1 × 105 cells/mL. The cells were then centrifuged at 3000 r/min for 10 min at room temperature to collect the supernatant. The supernatant was centrifuged at 20000 r/min for 20 min at 4 °C to remove dead cells and debris, and the supernatant was then filtered through a sterile, 0.22 μm pore size syringe filter to obtain the crude extract of exos. Then the crude extract was centrifuged at 50000 r/min at 4 °C for 1 h. The white precipitate could be seen at the bottom of the tube after centrifugation, and the supernatant was removed. The white precipitate was cleaned with 0.9% sodium chloride injection several times, and the resulting suspension was collected and centrifuged at 4 °C for 10 min at 3000 r/min. Exo protein quantification was performed using a BCA protein assay kit (Beyotime, Shanghai, China). Dynamic light scattering was used to detect the size distribution of the exos. The structure of exos was observed by transmission electron microscopy (TEM) (HITACHI, Japan).

Primary RGCs extraction, culture[28,29], and grouping
Mice 1-3 d old were sacrificed by intraperitoneal injection of 4.3% chloral hydrate, and the eyeballs were removed under aseptic conditions and rinsed three times. Under the microscope, the retinal neuroepithelial layer tissue was isolated. The tissue was rinsed 3 times and digested in 0.5 g/L trypsin for 30 min at 37 °C. The digestion was terminated by the addition of DMEM containing 10% foetal bovine serum (FBS) and filtered through a 40-μm filter. Centrifuge at room temperature for 5 min, discard the supernatant, and add complete DMEM. After adjusting the cell density, the cells were inoculated into cell culture flasks. The cells were placed in a 5% CO2 incubator at 37 °C for 7-10 d. The obtained cells were taken and identified by immunofluorescence staining using a Thy1.1 antibody. The project was approved by the Yunnan University Ethics Committee (approval number YUN20230463).
Then, the cells were grouped into different experiments as follows: (1) Normal control (NC) group, 40 mmHg group, 40 mmHg + ADSC-exo group, and 40 mmHg + BMSC-exo group; (2) NC group, 80 mmHg group, 80 mmHg + ADSC-exo group, and 80 mmHg + BMSC-exo group; and (3) NC group, 120 mmHg group, 120 mmHg + ADSC-exo group, and 120 mmHg + BMSC-exo group.

Hydrostatic pressure damage model preparation
RGC culture dishes were placed within the pressure chamber[30,31], and the incubating gas mix was pressurized. The cells were exposed to conditions of elevated ambient hydrostatic pressure (40 mmHg, 80 mmHg, 120 mmHg) over and above atmospheric pressure for a period of 2 h. The pressure conditions were then restored to atmospheric, and the culture dishes were removed from the chamber. Under normal cell culture conditions (37 °C, 5% CO2), the culture was continued for 24 h.

Coculture of ADSC-Exos or BMSC-Exos and RGCs
The concentrations of ADSC-Exos and BMSC-Exos were measured by a BCA kit (P0010, Beyotime). P3-generation SCs with good digestive state were taken from each group to make a uniform cell suspension and put 100 μL per well in 96-well cell culture plates. ADSC-Exos (20 μg/mL)[32] were added after the stem cells were completely attached to the wall. BMSC-Exos (20 μg/mL)[33] were cultured for 24 h, and the cells of each group were collected for subsequent experiments. Then, cell morphology was observed under an inverted phase contrast microscope (Olympus).

Ultrastructure observation of RGCs by transmission electron microscopy
After the cells were treated for 24 h according to the above groups, the cells were digested and collected with Trypsin-EDTA Solution (Beyotime, Shanghai, China), centrifuged in a 1.5 mL EP tube, and the supernatant was discarded. Then, 2.5% glutaraldehyde fixing solution was quickly added to completely cover the cell specimens, which were refrigerated at 4 °C overnight. The fixing solution was poured away, and the samples were rinsed with PBS first and then fixed with 1% osmic acid solution. The samples were subjected to gradient dehydration with an ethanol solution and finally treated with pure acetone for 20 min. The samples were treated with a mixture of equal volume embedding medium and acetone for 1 h. Then, the samples were treated with a mixture of embedding medium and acetone (V/V = 3/1) for 3 h. Next, the embedding medium was used to treat the sample overnight. The samples with osmotic treatment were embedded and heated at 70 °C overnight to prepare the needed samples. The samples were sliced in a Leica EM UC7 ultramicrotome, and slices of 70-90 nm were obtained, double-dyed with lead citrate solution and 50% ethanol saturated solution of uranyl acetate, dried and observed under a transmission electron microscope (Tecnai G2 spirit).

RGCs were labeled by immunofluorescence with β-Ⅲ tubulin
RGCs were collected in each group, washed twice with PBS, fixed at room temperature for 30 min with 4% paraformaldehyde, permeated with 0.1% Triton X-100 for 10 min, washed with PBS 3 times, and sealed with 10% goat serum at room temperature for 1 h. The blocking buffer was removed, and β-III tubulin primary antibody (ab78078, Abcam) was added and incubated overnight at 4 °C. After washing with PBS 3 times, sheep anti-rabbit IgG fluorescent secondary antibody (P0186, Beyotime) was added to the dark, and incubated at room temperature for 2 h. After 3 washes with PBS, 5-10 nonrepetitive visual fields were randomly taken under a fluorescence microscope (Nikon fluorescence microscope), and the number of ganglion cells was quantified by ImageJ software (ImageJ, RRID:SCR_003070).

Detection of cell activity by Cell Counting Kit-8 assay
The cells of each group were digested with Trypsin-EDTA Solution, and the cells were suspended in 10% FBS medium. Each well was inoculated with 1 × 105 cells in 96-well plates. The 96-well plates were cultured in a constant temperature incubator containing 5% CO2 at 37 °C for 0, 24, 48, 72, and 96 h. At the corresponding time, 10 μL Cell Counting Kit-8 (CCK-8) reagent (Beyotime) was added, and the absorption value at 450 nm was detected by a microplate reader after continuous culture for 2 h.

Detection of the cell apoptosis rate by Annexin V-FITC kit flow cytometry
Cells in each group were digested with trypsin-EDTA solution, collected, washed with PBS, resuspended in 300 μL of binding buffer, and incubated with 10 μL of Annexin V-FITC at room temperature for 15 min in the dark. Before the operation, 5 μL PI was added and then 200 μL binding buffer was added. The apoptosis rate of cells was detected by a flow cytometer.

The localization of CREB and p-CREB detected by immunofluorescence chemical staining
The cells were inoculated into 24-well plates with 5 × 104 cells per well, and each well was cultured with 500 μL medium for 12 h. Then, the cells were fixed with 4% paraformaldehyde at room temperature. PBS containing 0.1% Triton X-100 was added, and permeabilization was performed at room temperature for 10 min. The cells were sealed with 5% BSA at room temperature for 30 min. The liquid was removed and rabbit CREB antibody (Beyotime) and rabbit p-CREB antibody (Beyotime) diluted with 1% BSA were added. Next, the cells were incubated at 4 °C overnight and washed with PBS. The goat anti-rabbit secondary antibody was incubated at room temperature for 1 h and washed with PBS. Finally, the samples were dyed with DAPI solution at room temperature for 5 min and washed with PBS. A fluorescence microscope was used to observe and photograph the cells.

The degree of RGC neuron damage evaluated by the lactate dehydrogenase release test
One hundred microliters of the cell supernatant in each group was collected for the lactate dehydrogenase (LDH) concentration test according to the LDH kit (Keygen, Nanjing, China) instructions. Then, the reaction mixture was added and incubated in the dark for 30 min at room temperature. The LDH concentration was quantified by measuring the absorbance at 490 nm.

Detection of the expression of Bcl-2, Bax, Caspase-3/9, TRkA, TrkB, CREB, and p-CREB by western blotting
The cells of each group were collected and lysed with RIPA lysis buffer containing a protease inhibitor, and the protein concentration was determined with a BCA protein concentration detection kit. The sample was loaded at 30-50 μg/well, separated by 10% sodium-dodecyl sulfate gel electrophoresis for 1 h, transferred to a polyvinylidene fluoride membrane, sealed with PBS buffer containing 5% skim milk powder for 2 h, added to the corresponding primary antibody, and incubated overnight at 4 °C. Then, the cells were rinsed with PBST buffer 3 times for 5 min each, the corresponding secondary antibody was added, and the cells were incubated at 37 °C for 4 h. Next, PBST buffer was used to rinse the cells 3 times. Color development was achieved by using the ECL Western Blot Detection Kit (Thermo Scientific). β-Actin was used as the internal reference. All antibodies were purchased from Abcam Company in Shanghai, China. Image J was used to analyze the gray value of the target protein.

Detection of the relative expression of CNTF, BDNF, NGF, TrkB, TrkA, and CREB mRNA by real-time quantitative polymerase chain reaction
TRIzol reagent (TRIzol Invitrogen) was employed to extract total RNA from cells, which were then treated with DNA enzymes for reverse transcription using a reverse transcription kit (Takara Biotechnology). Two microliters of cDNA product was placed into an EP tube and amplified by a SYBR Green Master Mix reaction system. The Ct value of the template was determined using GAPDH as the internal parameter, and the relative expression level of the target mRNA was quantified by the cycle counting method (2-ΔΔCt). The primer sequences are shown in Table 1.

Statistical analyses
All data in this study were analyzed using SPSS 22.0 statistical software. Data are shown as the means ± SE (the number of samples was 3 per group, and each sample was repeated three times). Comparisons between the two groups were made using independent t tests, and comparisons between multiple groups were made using one-way ANOVA. P < 0.05 was considered to be a statistically significant difference.

RESULTS
Characterization of ADSC- and BMSC-Exos and RGCs
The immunofluorescence labeled SOX2, which is the marker protein of stem cells was highly positive in the two kinds of stem cells (Figure 1A). Then, exos were further isolated from the stem cell solution, and suborbicular vesicles in the form of complex exo were observed by electron microscopy (Figure 1B). The exo marker molecules CD9, CD63, and CD81 detected by western blot were positive (Figure 1C), which proved that ADSC- and BMSC-Exos were successfully isolated and obtained. Finally, primary RGCs were extracted. Figure 1D shows light microscope images of RGCs. The isolated RGCs were examined by Thy1.1 immunofluorescence (Figure 1E).

ADSC-Exos and BMSC-Exos ameliorate RGCs
RGC growth observation: The RGC damage models under 40, 80, and 120 mmHg pressure were constructed, and cultured with ADSC-Exos (20 μg/mL) and BMSC-Exos (20 μg/mL) for 24 h, and then the morphology of RGCs was observed. The results of phase contrast microscopy showed that the gibbosity of RGCs was lower and that the cells were irregularly ellipsoidal under pressure. The addition of ADSC-Exos significantly restored the morphology of RGCs, but BMSC-Exos failed to restore the morphology of RGCs in the 120 mmHg pressure group (Figure 2A). After pressure was applied, transmission electron microscopy observations showed that RGCs had nuclear swelling, structural disorder, atrophy, malformation, and nucleolar shrinkage or disappearance. The addition of ADSC-Exos and BMSC-Exos significantly restored RGC morphology (Figure 2B).

The number of RGCs: To further explore the effect of ADSC-Exos and BMSC-Exos on RGCs, we performed neuron-specific β III-tubulin expression by immunofluorescence. The results showed that the number of RGCs was significantly reduced after pressure was applied, while the number of RGCs was markedly increased after ADSC-Exos and BMSC-Exos were administered (Figures 3A-C).

RGC proliferation and apoptosis: The CCK-8 results showed that RGC proliferation activity in the pressure injury group was significantly lower than that in the NC group, while proliferation activity was elevated after ADSC- and BMSC-Exos treatment (Figure 4A). The flow cytometry results indicated that compared with that in the NC group, the apoptosis rate in the pressure injury group was significantly increased, while the apoptosis rate was significantly decreased after ADSC- and BMSC-Exos treatment (Figure 4B).

The expression of CREB and p-CREB in RGCs
CREB inhibits apoptosis by upregulating the expression of the antiapoptotic genes Bcl-2 and Bcl-xL through a transcription-dependent mechanism. Therefore, this study further explored the effects of exos from different sources on the apoptosis-related protein CREB in RGCs. As shown in Figures 5A-C, the ratio of p-CREB/CREB in the pressure injury group was significantly reduced compared with that in the NC group, while the ratio of p-CREB/CREB was significantly increased after ADSC- and BMSC-Exos treatment.

The expression of LDH, neurotrophic factor and apoptosis-related mRNA and protein
LDH is present in all cells. When RGCs are damaged, they are released rapidly. When LDH is elevated, RGCs are damaged or dysfunctional, which leads to apoptosis. Therefore, this study further explored the effects of exos from different sources on LDH in RGCs. The LDH test kit results showed that compared with that in the NC group, the LDH level was significantly increased in the pressure injury group, while the LDH level was significantly decreased after ADSC-Exos and BMSC-Exos treatment (Figure 5A). western blot and real-time quantitative polymerase chain reaction results indicated that compared with the NC group, the anti-apoptotic protein (Bcl-2) and neurotrophic factor (BDNF, NGF, CNTF, TRKA, TRKB) were significantly decreased and the pro-apoptotic protein (Bax, caspase3, caspase9, CREB) was significantly increased in the pressure injury group, while the above indices could be reversed after ADSC-Exos and BMSC-Exos treatment (Figures 6B and C).

DISCUSSION
Hydrostatic pressure is known to impact various aspects of cellular anatomy and physiology. Morphological changes in cell shape, alignment and processes and cytoskeletal actin redistribution have been demonstrated in rat RGCs[34,35]. Agar et al[36] showed that neurons may undergo apoptosis in direct response to increased pressures at clinically relevant levels. Cell cultures were subjected to elevated hydrostatic pressures in an in vitro system based on established pressure chamber models[37,38]. Experimental pressure conditions were selected to be relevant to the IOPs seen in clinical settings, with levels of 100 mmHg analogous to acute glaucoma, 30 mmHg for chronic glaucoma and 15 mmHg for the so-called ‘normal’ IOP. Therefore, hydrostatic pressures of 40, 80, and 120 mmHg were chosen for this study and the intervention of ADSC- and BMSC-Exos could improve RGC damage by inhibiting RGC apoptosis and promoting neural restoration of RGCs.
Stem cells are a kind of cell population with the potential for self-renewal, high proliferation and differentiation, and multidirectional differentiation. MSCs are derived from connective tissue and can be differentiated into osteoblasts, chondrocytes, fat cells, and so on. In neurodegenerative diseases, MSC secretes a variety of neurotrophic factors that directly promote the survival and growth of nerve cells and act on the microenvironment of nerve tissue[39,40]. MSCs isolated from rat femoral bone marrow injected into a vitreous body can integrate into the retina, survive for at least 5 wk, significantly reduce IOP and have a protective effect on RGCs[41]. Liu et al[42] found that BMSC transplantation can significantly reduce photoreceptor cell death and preserve retinal structure in retinal detachment models. Hu et al[43] reported that BMSCs promoted the survival of RGCs in the transplanted eye compared with the control eye. MSCs play a role in neuroprotection mainly by regulating the intraocular microenvironment. This suggests that BMSCs have an ameliorating effect. However, the structural integration of MSCs into retinal tissue is complex and difficult due to the barrier action of the inner boundary membrane of the retina and the intercellular junctions[44]. In addition, transplanting MSCs in tissue reconstruction carries risks of tumorigenesis and immunological rejection. Transplanting MSC-Exos may overcome these obstacles in future applications. For example, MSC-Exos have an ameliorating effect on RGCs in some optic neuropathy rat models[45,46]. Therefore, exos derived from stem cells are emerging as a promising method for glaucoma treatment.
This study elucidated that BMSC-Exos significantly reversed RGC damage induced by hydrostatic pressure in a RGC injury model in vitro. The protective effect was mainly reflected in the fact that ADSC-Exos and BMSC-Exos promoted the proliferation of RGCs, the regeneration of RGC axons, and the secretion of RGC neurotrophic factors while inhibiting RGC apoptosis. We emphasized its potential in the prevention or treatment of glaucomatous optic neuropathy. Our study confirmed previous findings that MSC-Exos have an ameliorating effect against RGC damage in some optic neuropathies. BMSC-Exos have been found to increase RGC survival and promote axon regeneration. This ameliorating effect of BMSC-Exos was also observed in a genetic modification DBA/2J glaucoma mouse model[23]. Furthermore, in rats with optic nerve compression, Pan et al[47] found that umbilical cord-MSC-exos enhanced RGC survival. Yu et al[48] confirmed that MSC-derived EVs can help alleviate optic nerve injury caused by chronic ocular hypertension, and this effect is achieved by inhibiting cell apoptosis. In addition, we discovered for the first time that ADSC-Exos significantly reversed high-pressure-induced RGC damage. It was reported that after ADSCs and ADSC-the trabecular meshwork (ADSC-TM) were transplanted into the eyes of infantile mice, the cells integrated into TM tissue expressed TM cell markers, and maintained normal IOP, outflow facility, and extracellular matrix[49]. The results demonstrated the possibility of applying autologous or allogeneic ADSC and ADSC-TM cells as a potential therapeutic approach to restore the structure and function of the TM in glaucoma. Therefore, combined with literature reports and our study, ADSC-Exos are expected to be an adjunct therapeutic agent for glaucoma in the future.
Surprisingly, ADSC-Exos manifested better protective effects than BMSC-Exos in the present study. There is evidence that ADSCs are most conducive to clinical utilization. In addition, adipose tissue is relatively abundant in the human body compared with other tissues. ADSCs can be isolated from adipose tissue. In addition, Kern et al[50], through comparative analysis of MSCs from bone marrow, umbilical cord blood, or adipose tissue, concluded that 500 times more stem cells were obtained from adipose tissue than from the same amount of bone marrow. Moreover, ADSCs are easier to obtain from adipose tissue due to their subcutaneous location than BMSCs. Patients tend to choose less traumatic sites for collecting tissue. Significant discrepancies are observed in cellular exos from different sources, including the type and content of mRNAs, miRNAs, and proteins[51]. Importantly, ADSCs have a higher proliferation capacity than BMSCs[52]. Moreover, ADSC-Exos possess the advantages of ADSCs. Hence, ADSC-Exos seem to be more favorable than BMSC-Exos because they are easily obtained and have a high proliferation capacity. ADSC-Exos could also be considered for the treatment of glaucoma. The graphic abstract is shown in Figure 7.
Some limitations should be stated. First, we lacked the comparison of neurotrophic factors and miRNAs between ADSC-Exos and BMSC-Exos by bioinformatics and other basic biological methods. Second, the effects of ADSC-Exos and BMSC-Exos on RGCs should be further validated by an in vivo experiment. Last but not least, more in vivo and in vitro experiments are needed to provide theoretical evidence for that MSC-Exos protect RGCs.

CONCLUSION
These findings indicated that ADSC-Exos and BMSC-Exos could ameliorate RGC injury caused by hydrostatic pressure by inhibiting apoptosis and increasing the secretion of neurotrophic factors.

ARTICLE HIGHLIGHTS
Research background
Mesenchymal stem cells (MSCs) have a protective effect against damage to the cornea, lacrimal gland, retina and photoreceptor cells, and this protective effect can be mediated through exosomes (exos) released by MSCs.

Research motivation
Experimental pressure conditions were selected to be relevant to intraocular pressures seen in clinical settings, with levels of 100 mmHg analogous to acute glaucoma, 30 mmHg for chronic glaucoma and 15 mmHg for the so-called ‘normal’ intraocular pressure. Bone marrow-derived stem cell (BMSC)-Exos have an ameliorative effect on glaucoma. However, the effect of adipose-derived stem cell (ADSC)-Exos which is the ideal source of exos on optic neural degeneration has not been studied yet.

Research objectives
This study investigated the ameliorating effect of exos derived from different MSCs on retinal ganglion cell (RGC) injury induced by hydrostatic pressure.

Research methods
The RGC injury model was constructed by RGC damage under different hydrostatic pressures (40, 80, 120 mmHg). Then RGCs were cultured with ADSC-Exos and BMSC-Exos. Cell Counting Kit-8, transmission electron microscopy, flow cytometry, immunofluorescence, real-time quantitative polymerase chain reaction, and western blotting were performed to detect the ameliorating effect of exos on pressure-induced RGC injury.

Research results
ADSC-Exos and BMSC-Exos were successfully separated. RGCs were in the shape of irregular ellipsoids, and the addition of ADSC-Exos and BMSC-Exos significantly restored the morphology of RGCs. In addition, the proliferative activity of RGCs was increased and cell apoptosis was inhibited. Increased levels of lactate dehydrogenase and apoptosis-related proteins, and increased concentrations of anti-apoptotic proteins and neurotrophic substances.

Research conclusions
The results indicate that ADSC-Exos and BMSC-Exos can improve hydrostatic pressure-induced RGC damage by inhibiting apoptosis and increasing neurotrophic factor secretion.

Research perspectives
The results of this study will be verified by the experiment in vivo in the future.
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Figure Legends
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[bookmark: _Hlk151974607][bookmark: _Hlk151974628]Figure 1 Adipose-derived stem cell and bone marrow-derived stem cell-exosomes, and retinal ganglion cells were isolated and identified. A: The immunofluorescence staining of stem cell markers SOX2 (Scale bar: 20 μm); B: The morphology of adipose-derived stem cell-exosomes (ADSC-Exos) and bone marrow-derived stem cell (BMSC)-exos was observed by electron microscopy (scale bar: 200 nm); C: The ADSC-Exos and BMSC-Exos marker molecules (CD9, CD63, and CD81) were detected by western blot; D: The light microscope images of retinal ganglion cells (RGCs) (magnification: 40 × and 400 ×); E: The isolated RGCs was examined by Thy1.1 immunofluorescence (scale bar: 50 μm). ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome.
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Figure 2 The growth of retinal ganglion cells. A: The observation of morphology and growth of retinal ganglion cells (RGCs) by phase contrast microscope (Scale bar: 50 μm); B: The observation of RGCs morphology by transmission electron microscope (Scale bar: 5 μm). ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome; NC: Normal control.
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Figure 3 Immunofluorescence detection of β-III tubulin. A-C: Immunofluorescence staining of β-III tubulin (red) and nuclear staining (DAPI, blue) (left panel) and the number of β-III tubulin-positive retinal ganglion cells (right panel) in different groups after exposure to 40 mmHg (A), 80 mmHg (B), and 120 mmHg (C). aP < 0.05, compared with the normal control group (scale bar: 50 μm); bP < 0.05, compared with model (40, 80, and 120 mmHg) group. ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome; NC: Normal control; CREB: Cyclic adenosine monophosphate response element-binding protein.
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Figure 4 Retinal ganglion cells proliferation and apoptosis. A: Cell proliferation was detected by using the Cell Counting Kit-8 proliferation reagent; B-D: Cell apoptosis was detected by flow cytometry for apoptosis detection, and representative flow cytometry density plots (left) and statistical bar chart (right). aP < 0.05, compared with the normal control group; bP < 0.05, compared with model (40, 80, and 120 mmHg) group. ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome; NC: Normal control.
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Figure 5 Immunofluorescence detection of p-CREB and CREB. A-C: Immunofluorescence staining of CREB (green), p-CREB (red) and nuclear staining (DAPI, blue) (left panel) and quantification of the ratio of p-CREB/CREB (right panel) in different groups after exposure to (A) 40 mmHg, (B) 80 mmHg, and (C) 120 mmHg (Scale bar: 20 μm). aP < 0.05, compared with the normal control group; bP < 0.05, compared with the model (40, 80, and 120 mmHg) group. ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome; NC: Normal control.
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[bookmark: _Hlk151981834][bookmark: _Hlk151976738][bookmark: _Hlk151976752][bookmark: _Hlk151976763][bookmark: _Hlk151976773]Figure 6 The expression of lactate dehydrogenase, neurotrophic factor and apoptosis-related protein and mRNA. A: Lactate dehydrogenase (LDH) expression level in each group was measured by the LDH test kit; B: The expression of apoptosis-related proteins and neurotrophic factors were detected by western blot; C: The mRNA expression of apoptosis-related proteins and neurotrophic factors were detected by real-time quantitative polymerase chain reaction. aP, bP, cP, dP, eP, fP, gP, hP, iP, and jP < 0.05, represent the comparison of caspase3, caspase9, B-cell lymphoma 2, Bax, tropomyosin receptor kinase (TrK)A, TrKB, brain-derived neurotrophic factor, cyclic adenosine monophosphate response element-binding protein, ciliary neurotrophic factor, and nerve growth factor proteins between the two groups. ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; exo: Exosome; NC: Normal control; LDH: Lactate dehydrogenase; Bcl2: polyvinylidene fluoride; Trk: Tropomyosin receptor kinase; BDNF: Brain-derived neurotrophic factor; CREB: Cyclic adenosine monophosphate response element-binding protein; CNTF: Ciliary neurotrophic factor; NGF: Nerve growth factor.
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Figure 7 Graphical abstract. ADSC: Adipose-derived stem cell; BMSC: Bone marrow-derived stem cell; lcnRNA: Long non-coding RNA; RGC: Retinal ganglion cell; exo: Eexosome.

Table 1 Primer sequences
	Genes
	Primer sequences

	GAPDH-F
	TGTGACAGTGACTTGGGACA

	GAPDH-R
	AGGTGGAAGAGTGGGAGTTG

	Bcl2-F
	TCGCAGAGATGTCCAGTCAG

	Bcl2-R
	ATCTCCCTGTTGACGCTCTC

	Caspase-3-F
	AAGGAGCAGCTTTGTGTGTG

	Caspase-3-R
	TGTCTCAATGCCACAGTCCA

	Bax-F
	TGCAGAGGATGATTGCTGAC

	Bax-F
	GATCAGCTCGGGCACTTTAG

	CNTF-F
	GGTGACTTCCATCAGGCAAT

	CNTF-R
	TGACACGGAGGTCATGGATA

	BDNF-F
	TAATGCAGCATGATGGGAAA

	BDNF-R
	TCACAGTGAAAGCACCTTGC

	NGF-F
	CATGGGGGAGTTCTCAGTGT

	NGF-R
	GCACCCACTCTCAACAGGAT

	TrkA-F
	GTCTGGTGGGTCAGGGACTA

	TrkA-R
	AAAGCTCCACACATCGCTCT

	TrkB-F
	ACTCGCTTCTGGCATTGTCT

	TrkB-R
	TGTTAGTTGTGGTGGGCAAA

	CREB-F
	TTTTACCCAGGTGCCACTTC

	CREB-R
	TGGGGCATTATAACCGATGT

	Caspase 9-F
	TGCCCTTGCCTCTGAGTAGT

	Caspase 9-R
	AACAAAGAAACGCCCACAAC


[bookmark: _Hlk151979056]Bcl2: B-cell lymphoma 2; Trk: Tropomyosin receptor kinase; BDNF: Brain-derived neurotrophic factor; CREB: Cyclic adenosine monophosphate response element-binding protein; CNTF: Ciliary neurotrophic factor; NGF: Nerve growth factor.
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