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The field of mesenchymal stem cell (MSC) therapy has shown promise in treating ophthalmic diseases. However,

MSC-based therapy faces limitations due to suboptimal biocompatibility, penetration, and delivery to the target

ocular tissues. To overcome these challenges, researchers have turned their attention to a new aspect of MSCs -

their exosomes. These extracellular vesicles possess properties similar to MSCs and can efficiently deliver

therapeutic factors to ocular tissues that are typically difficult to target using conventional therapy and MSC

transplantation. Exosomes, small vesicles derived from MSCs, exhibit properties such as anti-inflammatory, anti-

apoptotic, and immunomodulatory that are similar to their parent cells. These characteristics make exosomes an

attractive alternative to MSCs for ocular therapy. Due to their nano-size, MSC-derived exosomes have the potential

to better penetrate biological barriers, such as the blood-retinal barrier, and deliver their cargo effectively to ocular

tissues. In addition, their cargo is protected from degradation, leading to increased bioavailability. This makes

exosomes a promising candidate for ocular drug-delivery applications.

ophthalmology  ocular pharmacology  anterior segment diseases  posterior segment diseases

cell-based drug delivery systems  MSCs-based cell therapy  MSC-derived exosome

exosomes-baseddrug delivery  tissue repair and regeneration

1. Overview of MSC-Derived Exosomes

Mesenchymal stem cell-derived exosomes (MSC-exosomes) have emerged as potential therapeutic agents in

treating various ocular diseases, including traumatic, inflammatory, vascular, and degenerative conditions.

Preclinical studies have demonstrated their efficacy in managing autoimmune uveitis, glaucoma, retinal injury,

diabetic retinopathy, and optic neuropathy, among others . Although further studies are needed, MSC-

exosome therapies offer a promising new approach to treat refractory eye diseases.

2. Exosomes: Characteristics and Biogenesis

Extracellular vesicles, which play a crucial role in maintaining cellular homeostasis and are implicated in various

pathologies, can be subdivided into exosomes, microvesicles, and apoptotic bodies based on size and biosynthetic

pathway. Exosomes, the smallest subset of extracellular vesicles, range from 30 to 150 nm and are composed of a
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cargo enclosed by a lipid bilayer. The exosomal cargo, consisting of a heterogeneous assemblage of molecules

such as proteins, amino acids, metabolites, lipids, and nucleic acids (including, non-exhaustively, DNA, miRNA,

mRNA, and lncRNA), is representative of the cell of origin .

Exosomes are membrane-delimited particles that play a vital role in the maintenance of cellular homeostasis and

are involved in various pathologies. They are divided into exosomes, microvesicles, and apoptotic bodies based on

size and biosynthetic pathway. Exosomes range in size from 30 to 150 nm, and they contain a cargo enclosed by a

lipid bilayer, which is representative of the cell of origin. The exosomal cargo consists of a heterogeneous

assemblage of proteins, amino acids, metabolites, lipids, and nucleic acids, including DNA, miRNA, mRNA, and

lncRNA. Additionally, exosome biogenesis starts with the invagination and budding of the endosomal limiting

membrane to form multivesicular bodies (MVBs), which house intraluminal vesicles. The exosomal cargo is sorted

via ESCRT-dependent and ESCRT-independent pathways, with the fusion of MVBs with the plasma membrane

resulting in the secretion of cup-shaped exosomes into the extracellular environment. The lipid bilayer protects the

internal cargo from enzymatic degradation, preserving biological potency and integrity, allowing the exosomes to

persist in the ocular structure long after release. Exosomes are optimized for long-distance transport in biological

fluids, acting as mediators of intercellular communication upon internalization by target cells and the release of

their protected cargo. MSCs have a far greater capacity for exosome production and secretion than cells derived

from mesodermal lineages, with adipose tissue, umbilical cord, bone marrow, and corneal stroma being the primary

sources of MSC-derived exosomes for the treatment of ocular diseases. Their natural occurrence in bodily fluids

and parent-acquired lipid bilayer makes them highly biocompatible. Upon interaction with target cells and the

liberation of the enclosed cargo into the intracellular environment, changes in gene expression and cellular function

occur. MSC-exosomes are a promising therapeutic agent for a range of refractory ocular diseases, as they can

serve as an effective drug delivery system.

3. Exosomes in Cellular Communication

3.1 The Transfer of Biomolecules and Modulation of Intercellular Communication

MSC-exosomes are important mediators of intercellular communication due to their unique composition of

enclosed cargo, which elicits various responses in target cells. One key component is miRNAs, with over 4000

distinct types detected in exosomal cargo. The complement of miRNAs within a given MSC-exosome reflects the

identity and state of the donor cell, with each source, including adipose, umbilical cord, and bone marrow-derived

MSC-exosomes, housing a unique complement of miRNA types. Upon release in recipient cells, miRNAs post-

transcriptionally regulate gene expression by binding to the 30UTR of mRNA. .

3.2. Immunomodulatory Potential in Immune-Mediated Ocular Diseases

MSC-exosomes have immense therapeutic potential due to their immunomodulatory, immunosuppresssive, pro-

regenerative, pro-angiogenic, and anti-inflammatory properties. Although the eye is an immune-privileged site,

immune-mediated ocular disorders can still cause significant damage to ocular tissue. MSC-exosomes have
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demonstrated efficacy in treating various immune-mediated ocular disorders such as Sjögren’s syndrome dry eye,

corneal allograft rejection, and autoimmune uveitis by modulating the overactive immune response that

characterizes these pathologies. These diseases share a common underlying mechanism, which involves the

promotion of M2 macrophage differentiation and regulatory T cell development, while reducing T-lymphocyte and

natural killer cell proliferation .

4. Advantages of MSC-Exosomes in Ophthalmology

MSC-exosomes offer a safer alternative to MSC transplantation, which carries risks of undesired cell differentiation

and inflammation, leading to severe and irreversible complications such as vision loss, vitreous opacification, and

retinal detachment. These risks can be reduced with the use of MSC-exosomes, which possess similar therapeutic

benefits as MSC transplantation through the secretion of soluble paracrine factors without direct cell replacement.

This approach can achieve similar efficacy with a more favorable safety profile .

MSC-exosomes have shown considerable promise as a novel therapeutic agent in the management of ocular

diseases due to their efficacy and safety profiles. However, further study is necessary to confirm their potential,

particularly in treating diseases refractory to current treatments.

MSC-exosomes can be enhanced through controlled manipulation of chemical, biological, and mechanical factors

during parental cell development (MSCs) , and their cargo can be genetically modified. These optimization

techniques are actively being researched to develop them as a novel drug delivery vehicle .

5. MSC-Exosome Isolation and Preservation

The most common method for isolating MSC-exosomes is differential or density-gradient ultracentrifugation .

However, this procedure is time-consuming, labor-intensive, and may yield impurities . Other isolation methods,

such as ultrafiltration, size exclusion chromatography, precipitation, and immune affinity capture, can be used

instead of ultracentrifugation . In addition, size-dependent and immunoaffinity-based microfluidic technologies

are emerging as rapid and efficient alternatives . While cryopreservation at -80°C is a typical method for long-

term storage, concerns about changes in morphology and bioactivity have been raised . Cryopreservation with

liquid nitrogen and cryoprotective agents may provide superior preservation of exosome morphology and function

  .

6. Route of Administration of MSC-Exosomes in
Ophthalmology

MSC-exosomes are typically administered through direct injection into the vitreous humor of the eye in animal

models, which allows for high intraocular levels of the therapeutic agent and is well-tolerated by the recipient.

However, subconjunctival and periocular injections have also been shown to be effective alternative administration
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routes. Another mode of delivery is topical application as eye drops, which is minimally invasive but requires higher

dosages due to the protective epithelial barrier and rapid tear turnover .

7. Bioengineering MSC-Exosomes for Enhanced Drug
Delivery

MSC-exosomes have a protective lipid envelope and small size that make them a useful tool for drug delivery.

Natural MSC-exosomes contain endogenous biomolecules that can be utilized for therapeutic purposes, but

bioengineered exosomes have broader applications . Loading of RNA, hydrophilic biological molecules, and

proteins into MSC-exosomes can be achieved through transfection, electroporation, and overexpression .

Alternatively, drugs can be loaded directly into MSCs through transfection, and the secreted MSC-exosomes

containing the drug can later be isolated . Surface protein modification can improve the specificity of MSC-

exosomes to their targets while limiting adverse systemic effects . Targeting peptides can be modified on the

exosomal surface through covalent modification, non-covalent modification, and genetic engineering to improve

targeting specificity . Another targeting method involves the use of iron oxide nanoparticles in conjunction with

an external magnetic field to localize MSC-exosomes to a specific site of interest .
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