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Introduction

Stem cell therapy has emerged as a promising frontier in 
regenerative medicine, offering new hope for treating corneal 
diseases that result in vision loss. The cornea, the eye's 
outermost layer, is crucial for clear vision, and its damage or 
disease can severely impair eyesight. Traditional treatments 
often fall short for patients with severe corneal damage or 
degenerative conditions, making stem cell therapy an exciting 
alternative [1].

The cornea consists of several layers: the epithelium, stroma, 
and endothelium. Damage or disease affecting any of these 
layers can impair vision. Stem cell therapy aims to restore 
corneal function by regenerating damaged or diseased corneal 
tissues, potentially reversing vision impairment and reducing 
the need for corneal transplants. This article explores the 
current state of stem cell therapy for corneal regeneration, 
including recent research developments and potential future 
directions [2].

These stem cells are located in the limbal region of the cornea. 
They are responsible for replenishing the corneal epithelium, 
the outermost layer of the cornea. MSCs can be derived 
from various tissues, including bone marrow, adipose tissue, 
and umbilical cord. They have the potential to differentiate 
into corneal stromal cells and support tissue repair and 
regeneration. iPSCs are generated by reprogramming adult 
somatic cells to a pluripotent state [3].

They can differentiate into various corneal cell types, 
including epithelial, stromal, and endothelial cells. Limbal 
stem cell transplantation is the most established form of stem 
cell therapy for the cornea. It involves transplanting stem cells 
from the limbal region of a healthy eye to the damaged cornea 
to restore the epithelial layer. Researchers are developing 
techniques to culture limbal stem cells from a patient’s own 
eye or from a donor, which can then be transplanted to treat 
limbal stem cell deficiency [4].

Clinical studies have shown that LSCT can significantly 
improve vision and reduce symptoms in patients with limbal 
stem cell deficiency. MSCs have shown promise in treating 
corneal stromal and endothelial damage due to their ability to 
differentiate into corneal cell types and their anti-inflammatory 
properties. Animal models have demonstrated that MSCs can 

regenerate corneal stroma and reduce corneal scarring. Early-
phase clinical trials are investigating the safety and efficacy 
of MSC-based therapies for corneal repair, with promising 
results [5,6].

IPSCs offer the potential to generate any corneal cell type 
from a patient’s own cells, avoiding issues of immune 
rejection and ethical concerns associated with embryonic 
stem cells. Researchers have successfully differentiated iPSCs 
into corneal epithelial, stromal, and endothelial cells in vitro. 
Studies using animal models have shown that iPSC-derived 
corneal cells can integrate into the cornea and restore vision 
[7].

Although iPSCs and MSCs offer potential solutions, immune 
rejection remains a challenge, particularly for allogeneic 
(donor-derived) stem cells. Ongoing research aims to 
improve immune compatibility. Ensuring the safety of stem 
cell therapies and addressing ethical issues, particularly with 
iPSCs, is crucial. Regulatory frameworks and rigorous clinical 
trials are essential to establish safety and efficacy [8].

Advanced stem cell therapies can be expensive and may not be 
accessible to all patients. Efforts to reduce costs and improve 
accessibility are important for broader implementation. 
Advances in genetic profiling and personalized medicine may 
enable tailored stem cell therapies, optimizing treatment for 
individual patients based on their specific needs. Combining 
stem cell therapy with other treatments, such as gene therapy 
or biomaterials, could enhance outcomes and address complex 
corneal conditions. Continued research and long-term studies 
are necessary to evaluate the durability and effectiveness of 
stem cell therapies over time, as well as their potential to 
address various corneal diseases [9,10].

Conclusion

Stem cell therapy represents a groundbreaking advancement 
in the treatment of corneal diseases, offering new hope 
for patients with severe corneal damage or degenerative 
conditions. While significant progress has been made in 
the use of limbal stem cells, mesenchymal stem cells, and 
induced pluripotent stem cells, ongoing research is essential 
to address current challenges and explore future directions. 
By advancing these therapies, we can look forward to more 
effective and personalized treatments for corneal regeneration 
and vision restoration.
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