
OCULAR REGENERATIVE MEDICINE

دکتر حسین قاسمی مقدم•
متخصص داخلی و فوق تخصص خون و سرطان بالغین وفلوشیپ پیوند و سلول درمانی•

استادیار دانشگاه علوم پزشکی تبریز•

مدیر گروه رشته پزشکی بازساختی بالینی•

رییس گروه بالینی مرکز سلول های بنیادی و پزشکی بازساختی قطب آذربایجان•

شمال غرب ایران مدیر هماهنگی تحقق مرجعیت علمی جهت مهندسی ارگان •

عضو کمیته سیاستگزاری سلول درمانی و پزشکی بازساختی معاونت درمان•







Introduction to Ocular 

Regenerative Medicine

Ocular regenerative medicine offers groundbreaking solutions for various eye conditions and 

diseases. By harnessing the power of stem cells, gene therapy, and tissue engineering, this 

innovative field aims to restore vision, repair damaged ocular tissues, and ultimately transform 

the landscape of ophthalmic care.

Through cutting-edge research and technological advancements, ocular regenerative 

medicine holds the promise of not only treating but potentially curing debilitating eye disorders 

such as macular degeneration, retinitis pigmentosa, and corneal injuries. The potential impact 

of these developments extends not only to improving visual function but also enhancing the 

overall quality of life for countless individuals.



Understanding the eye's regenerative 

potential

The eye's regenerative potential is a fascinating area of research that holds 
promise for the treatment of various eye disorders and injuries. The retina, for 
example, has been a focus of exploration due to its complex structure and the 
potential for regrowth of damaged cells .



The exosome of MSCs shows potential for the treatment of various 
ocular diseases, including:

Corneal diseases

Dry eye

Glaucoma

Retinal diseases

Uveitis



Current challenges in ocular regenerative 

medicine

• L imited unders tanding of ocular microenvironment: The complex and delicate nature of the ocular microenvironment 

presents a challenge in developing regenerative therapies tailored to the unique conditions of the eye.

• Immune res pons e and rejection: Addressing the potential immune response and rejection of implanted or transplanted 

cells and tissues in the ocular context is a s ignificant challenge.

• Integration with hos t tis s ue: E nsuring the seamless integration of regenerative treatments with the existing ocular tissue 

poses a key challenge in achieving long-term efficacy and functional restoration.



Promising Approaches and Technologies in 

Ocular Regenerative Medicine

1 Gene Therapy

Gene therapy is  a groundbreaking approach that involves introducing genetic material into the 

eye to address inherited disorders or genetic mutations. This technology holds promise for 

treating conditions such as retinitis  pigmentosa and Leber congenital amaurosis by targeting 

the underlying genetic causes, thereby potentially restoring vis ion.

2 Stem Cell-Based Therapies

S tem cell-based therapies utilise the regenerative potential of stem cells  to repair or replace 

damaged ocular tissues. This approach includes the use of pluripotent stem cells , adult stem 

cells , and induced pluripotent stem cells , offering hope for conditions like age-related macular 

degeneration and corneal disorders through tissue regeneration and repair.

3 Artificial Intelligence and Machine Learning

Artificial intelligence and machine learning are revolutionis ing diagnostic and treatment 

strategies in ocular regenerative medicine. These technologies can analyse complex datasets 

to identify disease patterns and predict treatment outcomes, leading to personalised and more 

effective interventions for conditions such as glaucoma and diabetic retinopathy.



Clinical applications and success stories

Corneal Regeneration

One of the most significant 

success stories in ocular 

regenerative medicine is the 

development of techniques to 

regenerate the cornea. Through 

the use of stem cells and tissue 

engineering, researchers have 

been able to restore vision in 

individuals with corneal 

damage or disease. This has 

not only improved the quality of 

life for many patients but has 

also paved the way for further 

advancements in the field.

Retinal Cell 

Replacement Therapy

Another area of success in 

ocular regenerative medicine is 

the development of retinal cell 

replacement therapy. By 

transplanting healthy retinal 

cells into individuals with retinal 

degenerative diseases such as 

macular degeneration, 

researchers have been able to 

slow down or even reverse 

vision loss. These 

groundbreaking treatments 

have shown remarkable 

improvements in the visual 

function of patients.

Optic Nerve 

Regeneration

Advances in optic nerve 

regeneration have provided 

hope for individuals with optic 

nerve damage and diseases 

such as glaucoma. Through 

innovative approaches, 

including the use of 

neuroprotective agents and 

cell-based therapies, 

researchers have been able to 

stimulate nerve regeneration 

and restore visual function in 

preclinical studies, laying the 

foundation for future clinical 

applications.



OPHTALMOLOGY FUNDS







EYE BARRIERS



MSCS IN CORNEAL REGENERATION The structure of the cornea

Corneal regeneration



LIMBAL STEM CELL DEFICIENCY & EYE PROSTHESIS

Limbal stem cell deficiency (LSCD) is characterized by a loss or

deficiency of the stem cells in the limbus that are vital for re-

population of the corneal epithelium and to the barrier function of

the limbus

When these stem cells are lost, the corneal epithelium is unable

to repair and renew itself.

This results in epithelial breakdown and persistent epithelial

defects, corneal conjunctivalization and neovascularization,

corneal scarring, and chronic inflammation.

All of these contribute to loss of corneal clarity, potential vision

loss, chronic pain, photophobia, and keratoplasty failure





HUMAN LACRIMAL GLAND DERIVED 
MESENCHYMAL STEM CELLS –

ISOLATION, PROPAGATION, AND 
CHARACTERIZATION

 The existing treatment options for dry eye disease (DED) due to lacrimal gland 

(LG) dysfunction are mainly palliative. Mesenchymal stem cells (MSCs) based 

therapies and 3D-LG organoids have been explored as a curative option for LG 

regeneration



PATHOGENESIS OF 
SJOGREN SYN



MSC-DERIVED EXTRACELLULAR VESICLES INHIBIT THE 
FUNCTIONS OF DENDRITIC CELLS

IN DRY EYE DISEASE



CORNEAL 
DISORDERS





MSCS FOR OCULAR SURFACE INFLAMMATORY 
DISORDERS

STEM CELLS Translational Med, 2020, DOI: (10.1002/sctm.20-0118) 



MSC-EXOS’ BENEFICIAL EFFECTS ON TREATING INFLAMMATORY OCULAR 
DISEASES



THE INTERACTIONS BETWEEN MSCS AND THE RETINAL 
ENVIRONMENT



MSC-based treatment in clinical trials for retinal disease.

RP: retinitis pigmentosa; IDRD: ischemic and degenerative retinal disorders; BCVA: best-corrected visual acuity; VF: 

visual field; mfERG: multifocal electroretinography; HRD: hereditary retinal dystrophy; DR: diabetic retinopathy; NAION: 

nonarteritic ischemic optic neuropathy; AMD: age-related macular degeneration



EFFICACY OF EXOSOMES



EXOSOME THERAPY 
IN AMD



GVHD-associated dry eye disease by reprogramming M1 macrophages to 

M2 via miR-204–mediated targeting of IL-6R/Stat3 pathway

SCIENCE ADVANCES, 12 Jan 2022, Vol 8, Issue 2, DOI: 10.1126/sciadv.abj9617

https://doi.org/10.1126/sciadv.abj9617




ROUTES OF MSC 
APPLICATION



DIABETIC RETHINOPATHY



E thical Considerations and Future 
Implications

Benefit to Society

E thical considerations in ocular regenerative 

medicine involve assessing the potential 

benefits to society. This includes evaluating the 

impact on public health, accessibility of 

treatments, and the ethical implications of 

prioritizing certain groups for treatment.

E quitable Access

E nsuring equitable access to advanced ocular 

regenerative therapies is a critical ethical 

consideration. Addressing disparities in access 

based on socioeconomic status, geography, 

and other factors is imperative for the ethical 

advancement of these treatments.

Regulatory Oversight

Future implications involve establishing robust 

ethical and regulatory frameworks to govern 

the development and deployment of ocular 

regenerative treatments. This includes 

considerations around safety, informed 

consent, and the ethical use of emerging 

technologies.

Patient Autonomy

Respecting patient autonomy is a core ethical 

consideration. Promoting informed decision-

making, privacy, and patient rights in the 

context of ocular regenerative medicine is 

essential for upholding ethical standards.



Key players and collaborations in ocular 
regenerative medicine

Leading 

Researchers

Collaborations in 

ocular regenerative 

medicine are often 

spearheaded by 

leading researchers in 

the field. Their 

expertise and 

dedication drive the 

development of 

innovative treatments 

and breakthrough 

technologies, laying the 

foundation for 

successful 

partnerships.

Biotech 

Companies

Key players in ocular 

regenerative medicine 

frequently include 

biotech companies at 

the forefront of 

developing cutting-

edge therapies. These 

collaborations bring 

together scientific 

knowledge and 

industry capabilities to 

translate research into 

tangible clinical 

solutions.

Academic 

Institutions

Universities and 

academic institutions 

play a pivotal role in 

fostering collaborations 

within ocular 

regenerative medicine. 

Their multidisciplinary 

approach and access 

to diverse resources 

contribute significantly 

to the advancement of 

innovative treatments 

and technologies.

Clinical Trials 

Partnerships

Collaborations in 

ocular regenerative 

medicine extend to 

clinical trials 

partnerships, where 

research institutions, 

industry leaders, and 

medical centers join 

forces to evaluate the 

safety and efficacy of 

novel regenerative 

therapies, accelerating 

their transition to 

clinical practice.



Conclusion and Future 

Directions
In conclusion, ocular regenerative medicine holds immense promise for 

the future of eye health. With advancements in stem cell research, tissue 

engineering, and gene therapy, the potential for restoring vision and 

treating ocular disorders is unprecedented. The integration of artificial 

intelligence and machine learning in diagnostic and treatment protocols 

further propels the field towards innovative solutions.

As we look towards the future, collaborative efforts between research 

institutions, biotechnology companies, and healthcare providers will be 

pivotal in translating scientific discoveries into practical clinical 

applications. Moreover, ongoing ethical discussions and regulatory 

frameworks will shape the landscape of ocular regenerative medicine, 

ensuring that patient safety and societal implications are carefully 

considered.



Cell Therapy in Ocular Disorders

S tem Cell Therapy

Stem cell therapy holds immense promise in the 

treatment of various ocular disorders. By 

harnessing the regenerative potential of stem 

cells, researchers aim to develop targeted 

therapies to repair damaged tissues and 

restore visual function. The ability of stem cells 

to differentiate into specific ocular cell types 

offers hope for addressing conditions such as 

retinal degeneration and corneal damage.

Gene Editing Techniques

Advancements in gene editing technologies, 

such as CRISPR-Cas9, have opened up new 

avenues for precision medicine in ocular 

disorders. By targeting specific genetic 

mutations associated with conditions like age-

related macular degeneration and glaucoma, 

researchers can explore the potential of gene 

editing to correct underlying genetic defects at 

the cellular level.

Tissue Engineering Innovations

Tissue engineering approaches in ocular regenerative medicine involve the development of scaffolds, 

biomaterials, and bioengineered constructs to support the growth and integration of ocular tissues. These 

innovations have the potential to revolutionize the treatment of conditions such as corneal scarring and 

optic nerve damage, offering alternatives to traditional transplantation methods.



Mesenchymal stem cell application in eye 
disorders

Mesenchymal stem cells (MSCs) have garnered significant attention in the field of ocular regenerative 

medicine due to their remarkable regenerative and immunomodulatory properties. These multipotent stromal 

cells hold great promise in treating a wide range of eye disorders, including but not limited to corneal injuries, 

retinal degeneration, and optic nerve damage. Through their ability to differentiate into various cell types and 

release bioactive molecules, MSCs offer a potential solution for restoring vision and preventing further 

degeneration in affected individuals.

Moreover, the application of MSCs in eye disorders is not only limited to their regenerative potential but also 

extends to their ability to modulate the immune response, reducing inflammation, and promoting tissue repair. 

This multifaceted approach makes MSC-based therapy a comprehensive and promising strategy for 

addressing the complex pathology of ocular diseases.

These groundbreaking developments in ocular regenerative medicine have paved the way for extensive 

research and clinical trials to explore the safety and efficacy of MSC-based interventions. As the 

understanding of MSC biology and their interaction with ocular tissues continues to deepen, the future holds 

immense potential for innovative treatment modalities that harness the regenerative power of these 

remarkable cells to combat various eye disorders.

This image could depict a laboratory setting with scientists conducting experiments related to MSC application 

in eye disorders. The scene exudes an atmosphere of exploration and discovery, with bright, sterile lighting 

illuminating the dedicated researchers engaged in advancing the frontiers of ocular regenerative medicine.


