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ABSTRACT

Transparency and lack of blood vessels are unique attributes of the cornea. The latter is in many ways a prerequisite for the former. The cornea has
evolved to keep blood vessels away and many factors contribute to this. The compactness of the corneal stromal architecture is considered to be an
impediment to vessel invasion. When the cornea is stressed by such events, new blood vessels invade the corneal tissue to fulfill this role. A
multitude of conditions induce new blood vessels to invade the cornea, resulting in 'corneal vascularisation' (neovascularization) Angiogenesis
refers to new blood vessels that originate from pre-existing vascular structures. Corneal neovascularization which can lead to compromised visual
acuity occurs in a wide variety of corneal pathologies. Corneal neovascularization occurs when the balance between angiogenic and antiangiogenic
factors is tipped toward angiogenic molecules. Vascular endothelial growth factor (VEGF), one of the most important mediators of angiogenesis, is
up regulated during neovascularization. Several therapeutic strategies are in clinical use for restoring corneal clarity in case of CN'V. Depending on
degree and anatomical position of CNV surgical techniques like cauterization, lamellar keratectomy or corneal lamellar or perforating keratoplasty
can restore the patient's vision.
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INTRODUCTION

A healthy cornea is a transparent, avascular tissue located anterior to
the iris and the pupil. Maintaining transparency and avascularity is
essential to preserve optimal vision as well as protect the eye against
infections and structural damage. Corneal neovascularization (CNV)
is the in-growth of new blood vessels from the pericorneal plexus into
avascular corneal tissue as a result of oxygen deprivation.' This occurs
due to a wide variety of ocular insults, including infection,
inflammation, ischemia, degeneration, trauma, and loss of the limbal
stem cell barrier. Corneal pathologies that can lead to
neovascularization include lipid keratopathy, corneal ulcers and scars,
herpes eye disease, infectious keratitis, chemical burns, graft
rejections and hypoxic insults from contact lens wear.*

One study reported the estimated incidence rate of 1.4 million people
peryear, 12% of whom suffered subsequent loss of vision.' Established
mature blood vessels do not require angiogenic growth factors,
whereas immature blood vessels are dependent on them for
proliferation, hence treatment is aimed at either removal of established
vasculature or preventing neoangiogenesis ’

Pathophysiology of Corneal Neovascularization

The in-growth of new blood vessels is mediated by the upregulation of
angiogenic cytokines. The enzyme metalloproteinase degrades the
cornea's basement membrane and extracellular matrix, while
proteolytic enzymes allow vascular epithelial cells to enter the stromal
layer of the cornea.

When ocular inflammation occurs, corneal epithelial and endothelial
cells, macrophages and certain inflammatory cells produce angiogenic
growth factors, namely vascular endothelial growth factor (VEGF)
and fibroblast growth factors. VEGF paves the way for new blood
vessel formation by upregulating matrix metalloproteinases
production by endothelial cells in the limbal vascular plexus.
Angiogenic chemical mediators consist of vascular endothelial growth
factor (VEGF), matrix metalloproteinase (MMP), basic fibroblast
growth factor (bFGF), platelet-derived growth factors (PDGFs), and
interleukin-1 (IL-1). ™*. The so-called VEGF family include VEGF-A,
VEGF-B, VEGF-C, VEGF-D, and placental growth factor in
mammals. * VEGF-A is the most significant member of the VEGF
family and is secreted by a wide variety of heterogeneous cells, such as
macrophages, T-cells, fibroblasts, pericytes, astrocytes, retinal
pigment epithelial cells, and corneal cells (epithelium, keratocytes,
and endothelium.” Macrophages, stimulated by inflammation or
injury, can also secrete VEGF-C and VEGF-D in the corneal stroma. "
VEGF-A propagates its effect by interacting with tyrosine kinase
receptors; VEGFR-1 and VEGFR-2. VEGFR-1 is a transmembrane
receptor tyrosine kinase, whereas VEGFR-2 is a major signalling
receptor for VEGF that prompts the proliferation and migration of
vascular endothelial cells. "* Lymphangiogenesis can be stimulated by

VEGEF-C and VEGF-D through interaction with VEGFR-3. "

VEGEF is not the only biological molecule playing the roles of
hemangiogenesis and lymphangiogenesis. Other factors associated
with corneal neovascularization are PDGFs that are involved in tissue
remodelling, cell growth and division, and angiogenesis. It has been
demonstrated that the interactions of ligands, such as PDGF-A and
PDGE-B, with their corresponding receptors (PDGFR-a and PDGFR-
b), are associated with corneal neovascularization. *'° bFGF promotes
corneal angiogenesis via its effects on VEGF-A, VEGF-C, and VEGEF-
D production. " MMP14 interacts with VEGFR1 and its enzymatic
activity is essential for VEGFA-induced angiogenesis. IL-1 is a
proinflammatory molecule produced by different cells, including
fibroblasts, macrophages, and neutrophils, and induces the expression
of adhesion molecules, chemokines, and growth factors that lead to
neovascularization. "*

Antiangiogenic factors can be categorized into endostatin/endostatin
analogues (endostatin, neostatin, arresten, canstatin, and tumstatin),
plasminogen/serine protease inhibitors (angiostatin and pigment
epithelial-derived factor [PEDF]), and soluble VEGF receptors. = ~**"*

Current management of corneal neovascularization

Corneal transplantation is at present the only successful universal
treatment for this disease process.One therapeutic aim of these
treatments is to initiate antiangiogenesis and stop the neoangiogenesis
at early stages, whereas the other treatment modality aims to achieve
angioregression by inducing reversion of immature vessels.

Corneal Transplantation

The analysis estimates that “presence of corneal neovascularization
before surgery is 30% more likely that the transplant will fail, and more
than doubles the risk of graft rejection”, in other words, the greater the
neovascularization the higher risk of rejection.”

Treatment of Corneal Neovascularization- Laser/ Phototherapy
Argon laser therapy for corneal neovascularization is the use of an
argon laser beam, which passes through a clear cornea, but, when there
are many vessels present, the haemoglobin (within the blood) absorbs
the argon energy allowing corneal vessels to coagulate, which causes
reversal of the corneal neovascularization. ** Studies have shown its
efficacy in regression of corneal neovascularization. *Photodynamic
therapy involves a photosensitizing compound, light and oxygen. The
compound is absorbed by the neovascular tissue and is activated
through laser treatment, which causes free radicals to be released thus
destroying the surrounding neovascular tissue and reversing corneal
neovascularization. ** It has been shown that photodynamic therapy is
safe and has a high efficacy within humans; however, it is a very costly
method of treatment as well as time consuming.*

Both laser and phototherapy need further study to determine their
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efficacy when compared to other therapeutic strategies. However, a
recent study by Gerten et al. has shown that the combination therapy of
bevacizumab with argon laser-therapy causes a marked decrease in
corneal neovascularization, this being because the argon laser-induced
coagulation closes the mature pathological blood vessels whilst the
bevacizumab prevents new angiogenesis].”’

Injections

Treatment can be administered in many ways, also including the
administration of steroids and anti-VEGF agents through
subconjunctival injections with similar efficacy to topical treatment.

Gene therapy involves transferring therapeutic genes to the cornea
through different vectors. There are safety concerns regarding viral
vectors (adenoviruses, retroviruses or lentiviruses) but they are the
most efficient in infecting the corneal epithelial cells with infection
rates of 80-100%, allowing higher gene transfer rates compared to
non-viral vectors.”

Topical Treatments

Steroids and anti-VEGF agents are currently the mainstay initial
treatment for corneal neovascularization. “Topical steroids such as
cortisone, dexamethasone and prednisolone have all been shown to
have an antiangiogenic effect and hence inhibit corneal neovasc
ularization. However, there are studies suggesting that steroids do not
inhibit the development of corneal vascularisation.” This was however
demonstrated in response to corneal neovascularization post chemical
injury, with recent research suggesting positive outcomes in other
scenarios.”. Tt is thought that steroids work by inhibiting cell
chemotaxis and by inhibiting pro-inflammatory cytokines like
interleukin-1 and -6.” They also cause lymphocytes to be killed and
inhibit vascular dilation, which all amounts to their antiangiogenic
effect. The use of steroids (such as cortisone) in conjunction with
heparin and cyclodextrins causes a greater antiangiogenic effect. Anti-
VEGF drugs work by inhibiting VEGF which prevents new blood
vessel formation through down regulation of endothelial cell
proliferation. Bevacizumab is a humanized monoclonal antibody
which binds to all VEGF isoforms.

CONCLUSION

The ever-expanding knowledge of the mechanisms involved in corneal
neovascularization are allowing different treatment options to be
developed. Anti-VEGF drugs have been the centre of discussion as
have matrix-metalloproteinase inhibitors.

These methods of treatments for corneal neovascularization currently
still depend on the blood vessel maturity stage. Therefore, local gene
therapy may be a promising universal treatment of corneal
neovascularization, with the hope that safety concerns can be allayed
by continuing and impending research.
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