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a b s t r a c t

Breakdown of the inner endothelial blood-retinal barrier (BRB), as occurs in diabetic retinopathy, age-
related macular degeneration, retinal vein occlusions, uveitis and other chronic retinal diseases, re-
sults in vasogenic edema and neural tissue damage, causing loss of vision. The central mechanism of
altered BRB function is a change in the permeability characteristics of retinal endothelial cells caused by
elevated levels of growth factors, cytokines, advanced glycation end products, inflammation, hypergly-
cemia and loss of pericytes. Subsequently, paracellular but also transcellular transport across the retinal
vascular wall increases via opening of endothelial intercellular junctions and qualitative and quantitative
changes in endothelial caveolar transcellular transport, respectively. Functional changes in pericytes and
astrocytes, as well as structural changes in the composition of the endothelial glycocalyx and the basal
lamina around BRB endothelium further facilitate BRB leakage. As Starling’s rules apply, active trans-
cellular transport of plasma proteins by the BRB endothelial cells causing increased interstitial osmotic
pressure is probably the main factor in the formation of macular edema. The understanding of the
complex cellular and molecular processes involved in BRB leakage has grown rapidly in recent years.
Although appropriate animal models for human conditions like diabetic macular edema are lacking,
these insights have provided tools for rational design of drugs aimed at restoring the BRB as well as for
design of effective transport of drugs across the BRB, to treat the chronic retinal diseases such as diabetic
macular edema that affect the quality-of-life of millions of patients.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Retinal vascular leakage from loss of function of the bloode
retinal barrier (BRB) and subsequent macular edema are the main
causes of visual loss and blindness in major eye diseases such as
diabetic retinopathy (DR), age-relatedmaculardegeneration (AMD),
retinal vein occlusion and uveitis (Fig. 1). Despite recent advances,
there is still a fundamental lack of understanding of the cellular
mechanisms underlying both the function of the BRB in physiolog-
ical conditions as well as its dysfunction in pathological conditions.
However, it has become clear that the previously prevailing concept
that BRB loss is the result of unspecified endothelial cell damage’has
become obsolete. It should be replaced by the notion that dynamic
adaptations of endothelial cells and other cell types involved in the
BRB underlie vascular leakage in retinal disease.

A complex dual vascular system provides oxygen and nutrients to
themetabolically highly active neural retina, a tissue that has a higher
oxygen consumption per unit weight of tissue than any other human
tissue (Arden et al., 2005). The choriocapillaris provides blood supply
to the photoreceptors in the outer retina, while capillaries sprouting
from the central retinal artery provide oxygen and nutrients to the
inner retina. These two distinct vascular beds not only differ in em-
bryonic origin, but also in their properties and functions in the adult
eye. Theendotheliumof choroidal capillaries ishighly fenestratedand
permeable. The capillaries in the inner retina have a continuous
endotheliumwith a barrier function and are organized in twoparallel
layers, whereas the outer retina is completely avascular.

Retinal neural tissue is protected from potentially harmful
molecules in the circulation by the inner BRB that regulates the
entry of molecules into the inner retina. To complete this protective
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