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DESCRIPTION

Corneal blindness remains a significant global health burden,
especially in regions with limited access to donor corneas and
specialized surgical care. While corneal transplantation has
traditionally been the primary therapeutic intervention for severe
corneal opacity, it is limited by donor shortages, graft rejection,
and postoperative complications. The advent of stem cell-based
therapies offers a transformative approach to corneal repair and
regeneration, bypassing many of the limitations associated with
traditional grafting procedures. Stem cells possess the ability to self-
renew and differentiate into specialized cell types, making them
ideal candidates for restoring corneal structure and function.

The cornea is composed of five distinct layers, each critical to
maintaining transparency and refractive power. Damage to the
limbal epithelial stem cells, located at the corneoscleral junction,
can result in Limbal Stem Cell Deficiency (LSCD), leading to
persistent epithelial defects, conjunctivalization, neovascularization,
and eventual blindness. Autologous or allogeneic limbal stem cell
transplantation has shown promise in restoring a healthy corneal
epithelium. However, challenges such as immune rejection and
the need for immunosuppression in allogeneic grafts have spurred
interest in alternative sources of stem cells.

Recent studies have explored the use of Mesenchymal Stem
Cells (MSCs) derived from bone marrow, adipose tissue, and
umbilical cord for corneal regeneration. These cells are known
for their immunomodulatory properties and ability to secrete
trophic factors that promote epithelial healing, inhibit fibrosis,
and reduce inflammation. In preclinical models, MSCs delivered
via subconjunctival injection or tissue-engineered scaffolds have
demonstrated significant improvement in corneal clarity and
structural restoration. Furthermore, the paracrine signaling
mechanisms of MSCs are being investigated to develop cell-
free therapies using exosomes or conditioned media, potentially
simplifying the regulatory path for clinical use.

Induced Pluripotent Stem Cells (iPSCs) offer another exciting
avenue, particularly for generating autologous corneal epithelial
cells, keratocytes, and endothelial cells. By reprogramming adult

somatic cells, iPSCs circumvent the ethical issues associated with
embryonic stem cells while retaining pluripotency. Techniques
to differentiate iPSCs into corneal lineages have shown progress,
though ensuring genetic stability and preventing tumorigenicity
remain key safety concerns. Tissue-engineered corneas derived
from iPSCs, combined with biocompatible scaffolds, are currently
in various stages of research and development, with early human
trials anticipated in the near future.

The success of stem cell therapies in corneal disease is also heavily
dependent on the biomaterials used to support cell growth,
migration, and integration. Decellularized corneal matrices,
collagen-based hydrogels, and synthetic polymers such as PLGA
and PCL have been investigated for their ability to mimic the native
extracellular matrix. These scaffolds can be engineered to deliver
cells in a spatially organized manner, release growth factors, and
degrade at controlled rates to facilitate tissue remodeling. Advances
in 3D bioprinting further enable the creation of multilayered
constructs that replicate the cornea’s complex architecture,
potentially enabling fully bioengineered corneal grafts.

Clinical application of stem cell therapies for corneal repair
requires rigorous evaluation through randomized controlled trials,
long-term safety monitoring, and standardized protocols for cell
isolation, culture, and transplantation. Regulatory frameworks
must adapt to accommodate the unique challenges posed by cell-
based products, including issues of donor screening, sterility,
potency assays, and batch-to-batch variability. Nonetheless, initial
results from phase 1/II clinical trials have been encouraging, with
several stem cell products achieving regulatory approval for limited
indications in Europe and Asia.

Ethical considerations remain critical, particularly concerning the
use of allogeneic cells and the potential for commercialization of
donor-derived tissues. Transparent policies that prioritize patient
access, donor consent, and equitable distribution of therapies
are essential to build public trust and support broader adoption.
Furthermore, training programs for ophthalmologists and corneal
specialists must incorporate regenerative techniques to ensure
clinical readiness and procedural proficiency.
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