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DESCRIPTION
Limbal stem cells occupy a central role in ocular surface biology 
and are fundamental to the maintenance, repair, and 
regeneration of the corneal epithelium. Located at the limbus, 
the narrow transitional zone between the transparent cornea and 
the opaque conjunctiva, these cells form a specialized niche that 
preserves corneal clarity and visual function throughout life. 
Their importance lies not only in their regenerative capacity but 
also in their ability to sustain a delicate balance between cellular 
renewal and differentiation. When this balance is disrupted, 
significant ocular surface disease may arise, often leading to 
visual impairment. The corneal epithelium is a rapidly renewing 
tissue that is constantly exposed to environmental stressors such 
as ultraviolet radiation, mechanical trauma, microorganisms, 
and chemical irritants. Unlike many other epithelial surfaces, the 
cornea must remain transparent while also being highly 
regenerative. This unique requirement is met by limbal stem 
cells, which serve as a reservoir of undifferentiated cells capable 
of producing transient amplifying cells. This model of limbal-
based regeneration is widely accepted and supported by 
experimental and clinical evidence.

Limbal stem cell deficiency represents a pathological condition 
in which the regenerative capacity of the corneal epithelium is 
severely impaired. This can occur due to chemical burns, 
particularly alkali injuries, chronic inflammatory diseases, 
Stevens-Johnson syndrome, ocular cicatricial pemphigoid, or 
repeated surgical trauma. The normal corneal epithelium is 
gradually replaced by conjunctival epithelium, a process known 
as conjunctivalization. This results in loss of corneal 
transparency, neovascularization, chronic inflammation, and 
persistent epithelial defects.

Recent advances in regenerative medicine have further expanded 
the understanding of limbal stem cell biology and its therapeutic 
potential. The development of limbal stem cell transplantation 
techniques has marked a major breakthrough in restoring ocular 
surface integrity in patients with severe limbal stem cell 
deficiency. Procedures such as conjunctival limbal autografting 

and cultivated limbal epithelial transplantation have 
demonstrated encouraging clinical outcomes, particularly in 
cases where conventional medical therapy fails to restore 
epithelial stability. These approaches aim not only to replace lost 
stem cells but also to re-establish a functional microenvironment 
capable of sustaining long-term epithelial renewal. The concept 
of limbal stem cell plasticity has also gained attention in recent 
years. Cells from adjacent ocular tissues, such as the conjunctiva 
or even the corneal epithelium itself, may exhibit limited 
regenerative potential. These alternative mechanisms are 
generally insufficient to fully restore corneal function in the 
absence of healthy limbal stem cells. This reinforces the idea that 
the limbus is the primary and most efficient source of corneal 
epithelial regeneration. Inflammation plays a critical role in the 
health and survival of limbal stem cells. Chronic inflammatory 
states can alter the microenvironment of the limbus, leading to 
stem cell exhaustion or dysfunction. Cytokines such as 
interleukins and tumor necrosis factor-alpha can disrupt cellular 
signaling and impair regenerative capacity. Immunomodulatory 
therapies are increasingly being integrated into treatment 
protocols to preserve residual stem cell function.

Environmental factors also have a significant impact on limbal 
stem cell health. Prolonged ultraviolet exposure, dry eye 
conditions, and contact lens misuse can contribute to gradual 
damage of the limbal region. Preventive measures such as 
protective eyewear, proper ocular hygiene, and early management 
of dry eye disease are essential for maintaining stem cell 
integrity. Public awareness of these factors remains relatively 
limited, need for improved education regarding ocular surface 
health. The study of limbal stem cells has transformed the 
understanding of corneal diseases and their management. 
Conditions that were once considered irreversible are now 
increasingly treatable through regenerative approaches. Their 
study has not only advanced ophthalmology but also contributed 
broadly to the field of regenerative medicine. Ultimately, 
preserving and restoring limbal stem cell function remains 
essential for maintaining corneal transparency and visual acuity, 
underscoring their critical role in ocular health and disease.
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