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DESCRIPTION

The cornea plays an indispensable role in vision, serving as the
transparent, outermost layer of the eye that refracts light and
shields internal structures. Its complex developmental process
involves complex molecular and cellular interactions, which
ensure proper structure and function. Any disruption in corneal
development can lead to various pathologies, including corneal
opacity, thinning and susceptibility to injury.

Simultaneously, inflammation represents one of the primary
responses to injury or infection in the cornea. However, excessive
or prolonged inflaimmatory reactions can lead to tissue damage
and compromised vision. Controlling inflaimmation effectively
without compromising corneal healing has become a significant
focus in clinical ophthalmology. This article examines the corneal
process strategies to inhibit
inflammatory responses, thus safeguarding corneal health and

development and excessive
function. Corneal development is initiated during embryogenesis
and continues postnatally as the cornea matures. It involves
various cell types, growth factors and signaling pathways to create
a transparent, multi-layered tissue. The cornea consists of five
primary layers: The epithelium, bowman’s layer,
descemet’s membrane and endothelium. The epithelium is the

stroma,

outermost layer of the cornea, playing a critical role in protecting
against environmental insults such as debris and pathogens.
Derived from surface ectoderm during embryonic development,
the corneal epithelium is a multi-layered, non-keratinized
structure. Its formation is regulated by various growth factors like
Growth Factor (EGF),

proliferation and migration. As the corneal epithelium matures,

Epidermal which promotes cell
it establishes tight junctions to form a barrier, preventing
pathogen

transparency. Situated just beneath the epithelium, Bowman’s

entry while retaining moisture essential for
layer is a tough, acellular zone composed of randomly arranged
collagen fibers. Though its exact function remains under study,
Bowman’s layer contributes to corneal rigidity and serves as a
protective layer. This layer does not regenerate after injury,
meaning that any damage here can lead to longterm defects or

scarring, negatively impacting vision.

The stroma constitutes around 90% of the corneal thickness and
is composed of parallel collagen fibrils that maintain corneal
transparency. Keratocytes, the primary cells in the stroma,
synthesize collagen and extracellular matrix proteins during
development. These fibrils are organized in a highly regular
pattern, which is essential for light transmission without
scattering. Several molecular cues, including Transforming
Growth Factor-beta (TGE-f) and Fibroblast Growth Factor
(FGF), regulate stromal development and keratocyte activity. This
between the the
endothelium, providing structural support and serving as a

basement membrane lies stroma and
barrier against infection. Descemet’s membrane continues to
thicken throughout life as new layers are deposited. It plays an
important role in maintaining the cornea’s shape and ensuring a
clear refractive surface. The endothelium is the innermost layer,
responsible for maintaining corneal dehydration through its
"pump-leak” mechanism. By actively pumping out excess fluid,
endothelial cells maintain the cornea’s transparency. Dysfunction
in this layer can lead to corneal edema, clouding vision. Unlike
the epithelium, endothelial cells have minimal regenerative
capacity and their loss often leads to progressive corneal diseases,
such as Fuchs’ dystrophy. Corneal development is governed by
several signaling pathways and transcription factors that ensure
the proper differentiation and maintenance of the corneal layers.
Sonic Hedgehog (SHh) signaling is essential for ocular surface
development, including the cornea. During embryogenesis, SHh
controls the proliferation and differentiation of cells within the
surface ectoderm, contributing to the formation of the corneal
epithelium. Disruption in SHh signaling can lead to defects in

corneal morphology and transparency.

TGE-B is pivotal in corneal development, especially in the
formation of the stroma. It regulates keratocyte activity, collagen
production and the arrangement of extracellular matrix proteins.
TGE-B is also involved in wound healing, though excessive
activation can lead to fibrosis and scarring, compromising
transparency.
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Pax6 is a master regulator of eye development and plays a
significant role in corneal epithelial differentiation. Pax6
mutations can result in various corneal anomalies, including
aniridia and opacity, further highlighting its role in maintaining
corneal clarity and function. Inflammation is a natural response
to injury or infection, essential for initiating the healing process.
However, in the cornea, an overactive inflammatory response
can result in scarring, edema and permanent vision loss.
Therefore, modulating inflammation while preserving healing
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capacity is key to maintaining corneal health. Corneal
Inflammatory Response The cornea’s immune privilege is
largely due to its avascular nature, which minimizes exposure to
immune cells and mediators. However, when injury or infection
occurs, immune cells such as macrophages, neutrophils and
lymphocytes are recruited to the site, releasing cytokines and
chemokines that trigger inflammation. This response helps clear
pathogens but also causes collateral damage, especially if

unchecked.
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