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Abstract

Ocular chemical burns are a common trauma encountered worldwide particularly
in the developing countries. They are more frequently a cause of injury than exposure
to injurious acids. Caustic agents can readily penetrate into the anterior ocular surface
and produce chronic inflammation and opacification resulting in severe and
permanent visual impairment. Even though keratoplasty is a viable therapeutic option,
the success of this procedure depends on first resolving inflammation and
neovascularization (NV) with drugs. Currently, many of the drugs used for this
purpose are somewhat problematic since they can have side effects and only provide
symptomatic relief rather than target the mechanisms underlying inflammation and
NV. This limitation has prompted numerous studies to delineate mechanisms
underlying the pathogenesis of chronic inflammation and NV.

Unrelenting and dysregulated corneal inflammation and NV, are common sequels
of an alkali burn that can lead to persistent visual impairment and delay performing
penetrating keratoplasty. Alkali burns induce chemokine driven immune cell corneal
infiltration accompanied by rises in proinflammatory cytokines levels. In addition, the
tenuous balance between pro-angiogenic and anti-angiogenic factors can be disrupted
leading to corneal NV. Thus, suppression of these maladaptive injury-induced
responses is essential for reducing loses in corneal transparency and hastening wound
healing. Various medical and surgical options such as steroids, nonsteroidal
inflammatory agents, citrate, argon laser photocoagulation, and photodynamic therapy
are used to treat corneal inflammation and inflammatory NV induced by an alkali
burn4; however, sometimes, these therapies are ineffective, especially for large
inflammatory NV. The novel approaches under investigation to improve treatment of
chemical burns include manipulating the inflammatory and angiogenesis-related
factors by means of monoclonal antibodies, receptor modification, aptamers, and

inhibitors of candidate inflammatory and/or angiogenesis pathways. Even though
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some of these options look promising, each one of them can have side effects that
limit their usefulness in restoring corneal transparency and optical properties needed
for normal vision.

Mitogen-activated protein kinase—activated protein kinase-2 (MAPKAPK2 or
MK?2) is an intracellular serine/threonine kinase substrate downstream from p38
mitogen-activated protein kinase (MAPK) and its activation by p38 is implicated in
many inflammatory diseases including postoperative ileus, pancreatitis,
atherosclerosis rheumatoid arthritis and cancer. Accordingly, it is an established drug
target for treating many inflammatory diseases since its activation selectively induces
the translation and increases stability of proinflammatory cytokine, chemokine and
cell adhesion factor mRNA. There are no reports describing a role for MK2 in
mediating corneal inflammation and inflammatory NV.

We determined if a MK2 inhibitor, MK2i, improves cornea wound healing by
inhibiting inflammation and neovascularization (NV) caused by burning rat corneas
with alkali. The effects of MK2i on inflammation, NV and epithelial damage were
assessed under a slit lamp microscope 1, 4 and 7 days after injury. Immune cell
infiltration was evaluated with immunohistochemistry. Real-time PCR and Western
blot analysis were performed to assess pro-angiogenic and proinflammatory cytokine
expression levels including monocyte chemotactic protein-1 (MCP-1), macrophage
inflammatory protein-la. (MIP-1a), intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1), IL-6, IL-1p and VEGF as well as
anti-angiogenic cytokine PEDF levels. Cell proliferation assay and scratch wound
assays were conducted to measure cell proliferation and migration in human corneal
epithelial cells (HCECs). Draize test and immunohistochemistry were performed to
determine if MK2i altered ocular surface health.

MK2i inhibited alkali-induced MK2 activation as well as rises in inflammation
and NV based on: a) blunting rises in inflammatory index, inflammatory cell
infiltration, ED1+ macrophage and PMN+ neutrophil infiltration; b) suppressing IL-6
and IL-1B gene expression along with those of MIP-la, ICAM-1 and VCAM-1; c)

reducing angiogenic gene expression levels and NV whereas anti-angiogenic PEDF
v



levels increased. In contrast, MK2i did not affect HCEC proliferation and migration
and had no detectable side effects on ocular surface integrity.

We show here that MK2i selectively inhibited alkali-induced corneal
inflammation and NV. MK2i may be a viable option for clinical management of

corneal alkali burns.

Keywords: mitogen-activated protein kinase-activated protein kinase 2 (MK2);

cornea alkali burn; inflammation
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