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Anthony Mukwaya Neil Lagali

What is angiogenesis and why is it 
important in the eye?
Angiogenesis is the biological process 
whereby new blood vessels grow from 
pre-existing ones in order to expand 
the vascular bed and supply blood 
and oxygen to tissues. Angiogenesis 
can occur in a healthy state as part of 
normal development of an organism, 
but it also occurs in disease. In disease, 
angiogenesis it is referred to as 
pathological angiogenesis. Pathological 
angiogenesis can have devastating 
consequences in the eye and is a leading 
cause of blindness. In the retina and 

choroid, blood vessel networks exist 
but are normally stable. Pathological 
angiogenesis in these tissues, however, 
can lead to proliferative diabetic 
retinopathy (PDR) or the wet form 
of age-related macular degeneration 
(AMD). In the cornea, pathological 
angiogenesis is often referred to as 
corneal neovascularization and can 
lead to edema, scarring, blindness, 
breakdown of immune privilege and 
poor prognosis for transplantation.

How is ocular angiogenesis treated?
Pathological angiogenesis can be treated 

with corticosteroids, which effectively 
suppress inflammation and subsequent 
angiogenesis; however, their prolonged 
use as an immunosuppressant is 
associated with adverse side effects such 
as corneal ulcers, cataract and glaucoma. 
An alternative treatment strategy is 
to specifically target a key molecule 
required for blood vessel growth, 
namely vascular endothelial growth 
factor (VEGF). Anti-VEGF agents have 
been used widely in recent years, for 
example given as intravitreal injections 
for treating AMD, proliferative diabetic 
retinopathy (PDR) and diabetic macular 

We are honored and deeply grateful to have our 
article selected to receive the Oftalmolog best 
paper award 2019. Ocular angiogenesis is a highly 
prevalent and serious condition and disease models 
are an important piece of the puzzle, helping us 
to identify underlying processes that we hope will 
one day lead to an improved understanding and 
treatment of vision-threatening neovascular disease. 
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It gives me great pleasure to know that my 
personal perspective on Corneal Tissue 
Engineering published recently in Oftalmolog 
has won Silver! I have a great respect for 
Nordic ophthalmology, in particular their 
successes in corneal cell therapy. It is 
my hope that my own work in increasing 
our understanding of corneal biology and 
applying this to tissue engineering will further 
aid Nordic ophthalmologists and vision 
scientists in their endeavours to treat corneal 
blindness. 16 | OFTALMOLOG | DECEMBER 2019

There persists a growing and urgent 
need for engineered corneal tissue. We 
have taken an early lead on engineering 
cell-contrived corneal tissue i.e. 
controlling the inherent ability of 
corneal stromal cells to self-assemble 
and produce a collagen rich corneal 
stromal tissue - a mimic. We have 
dubbed this in vitro approach “tissue-
templating”. Central to this method is 
the axiom, ‘where cells lead collagen 
follows’. Within this short article I will 
briefly outline the journey we have 
taken, key milestones and what the 
future may hold for corneal tissue 
engineering.

Within the field of corneal tissue 
engineering numerous attempts have 
been made to construct stromal tissue 
equivalents and with varying degrees 
of success, led by the seminal work of 
May Griffith et al1 (and reviewed here2). 
These studies have previously focused 
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Corneal tissue 
engineering: 
a personal perspective
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on creating materials with appropriate 
levels of transparency, cell compatibility 
and mechanical strength. Despite the 
significance of these achievements few 
have yet addressed a critical quality - a 
cornea’s shape and thereby its optical 
strength. An incorrectly shaped corneal 
construct would cause light to be 
focused either in front or behind the 
retina and thus the engineering of 
such a living tissue that can perform 
this function is, we believe, a key 
milestone in the development of a tissue 
engineered cornea.

The approach we have taken to 
create a functional tissue engineered 
cornea has been reductionist. We have 
endeavored, over the last 20 years, to 
build on the previous work of others and 
further improve our understanding of 
the biology of the cornea at a molecular, 
cellular and tissue level. We have taken 
this new understanding and looked to 

apply it in some novel manner in order 
to improve our tissue engineering of a 
functional cornea.

For example, we have quantified 
the nanostructure of the cornea 
and related this arrangement to the 
preservation of corneal transparency3,4, 
we subsequently applied these 
measurements to the design of 
new corneal biomaterials capable 
of supporting both corneal stromal 
and epithelial cell self-assembly, 
differentiation and growth5. More 
recently we have shown how 
cell-derived hierarchical collagen 
organisation can be modulated or 
prescribed by the precise spatio-
temporal positioning of corneal stromal 
cells upon a 2D surface6,7 (Figure 1). 
Further studies have shown that by 
controlling the amount of initial 
cell alignment collagenous tissues 

This article is a summary of the Oslo Society of 
Ophthalmology Honorary Lecture 2019 delivered by 
Professor Connon. Oslo Society of Ophthalmology, 
established in 1915, invites outstanding scientists four 
times a year to give lectures. Selected presentations 
are published in Oftalmolog.
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This award contributes to a much-needed focus on 
improving quality of life in patients who are undergoing 
treatment for glaucoma. We are very grateful to be 
nominated for this fine award among the many brilliant 
articles published in Oftalmolog during 2019.
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Goblet cells suffer 
from glaucoma 
                treatment

With time, the increased IOP will lead to 
loss of the inner retinal nerve cells, the 
retinal ganglion cells,2–4 and therefore 
the aim of glaucoma treatment is 
reduction of the IOP.  

The most common glaucoma 
treatment comprises pressure-lowering 
eye drops.5 The commercially available 
eye drops consist of prostaglandin 
analogues, beta-blockers, alpha-2-
receptor-agonists, and muscarinic 
agonists.4 However, a common 
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Glaucoma is the most common cause of blindness worldwide. The disease 
is a result of increased intraocular pressure (IOP), which is caused by an 
impaired balance between the production and drainage of aqueous liquid 
produced by nonpigmented epithelial cells of the ciliary body.1
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complication of the chronic use of 
anti-glaucomatous eye drops is ocular 
surface disease, which often leads to 
decreased quality of life and impaired 
compliance in patients with glaucoma.6

Ocular surface disease is caused 
by increased tear osmolarity, the 
accumulation of inflammatory cells, 
disruption of the ocular surface, and 
alterations in the tear film.7–9

The pathogenesis of ocular surface 
disease has increasingly been ascribed 

to damage of the conjunctival goblet 
cells.10 The conjunctival goblet cells 
contribute to the immune system of 
the ocular surface and produce mucins, 
MUC5AC in particular, which is an 
important component of the tear film.11

The tear film is composed of three 
layers (Figure 1): A superficial lipid layer 
originating from the meibomian gland; 
a middle aqueous layer containing 
water, electrolytes, proteins, peptides, 
and glycopeptides; and the innermost 
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