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Summary. The retinal pigment epithelium (RPE) is a 
monolayer that separates the outer surface of the neural 
retina from the choriocapillaris. Because the chorio- 
capillaris is fenestrated, it is the RPE that forms the outer 
blood-retina1 barrier and regulates the environment of 
the outer retina. Like al1 epithelia and endothelia, the 
ability of RPE to regulate transepithelial transport 
depends upon two properties: apical tight junctions to 
retard diffusion through the paracellular spaces of the 
monolayer, and an asymmetric distribution of proteins to 
regulate vectorial transport across the monolayer. During 
development, these properties form gradually. Initially, 
the tight junctions are leaky, and the RPE exhibits only 
partial polarity. As the neural retina and choriocapillaris 
develop, there are progressive changes in the 
composition of the apical junctional complexes, the 
expression of cell adhesion proteins, and the distribution 
of membrane and cytoskeletal proteins. Development 
can be used to dissect the multiple mechanisms that 
establish and maintain polarity and barrier function. 
These mechanisms are regulated by the interactions that 
develop between the RPE and its neighboring tissues. 
This review discusses the remodeling of the apical, 
lateral and basal plasma membranes of RPE that occurs 
during normal development, and establishes a framework 
to integrate the data obtained from multiple species. It 
examines the progress in understanding how 
environmental interactions regulate this development. 
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lntroduction 

The blood-brain barrier regulates transport between 
the blood and the brain or cerebrospinal fluid. Generally, 
the barrier is formed by capillary endothelia, but in some 
regions the capillaries are fenestrated. There, an adjacent 
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epithelium forms the barrier. In the retina, there is an 
example of each type. In many vertebrates, an inner 
blood-retina1 barrier is formed by capillary beds near the 
inner surface of the retina. An outer blood-retinal banier 
is formed by the retinal pigment epithelium (RPE), 
which separates the outer surface of the retina from the 
fenestrated choriocapillaris. The degeneration of these 
barriers is a primary or secondary event in many 
retinopathies (Vinores, 1995; Gariano et al., 1996). In 
response to injury, RPE will proliferate (or can be 
transplanted) to close a wound or replace darnaged RPE. 
Unfortunately for reasons that are not understood, the 
RPE often does not redifferentiate into a fully polarized 
epithelium with restored barrier properties (Grierson 
et  al., 1994). This review examines our current 
understanding of polarization and barrier formation 
during the embryonic development of the RPE. Studies 
on RPE proliferation and regulation of gene expression 
during development have been reviewed elsewhere 
(Zimmerman, 1975; Stroeva and Mitashov, 1983; Zhao 
et al., 1997). 

There are two aspects to banier function. The first is 
an occluding sea1 that encircles the endothelial or 
epithelial cell, binding it to each neighbor in the 
monolayer. This seal, the tight junction, retards diffusion 
across the monolayer through the spaces between cells 
(Anderson and Van Itallie, 1995). The permeability of 
tight junctions varies considerably among tissues 
(Fromter and Diamond, 1972). They are dynamic 
structures whose permeability can be regulated both 
physiologically and pharmacologically (Balda et al., 
199 1; González-Mariscal, 1992). During development, 
the tight junctions of the brain microvasculature are 
converted from a high permeability to a low permeability 
state. This conversion is induced by astrocytes (Stewart 
and Wiley, 1981; Janzer and Raff, 1987; Rubin et al., 
1991; Chan-Ling and Stone, 1992; Jiang et al., 1994; 
Gariano et al., 1996). The second aspect of barrier 
function is the ability of the monolayer to regulate 
vectorial, transepithelial transport of ions and solutes. 
This property requires an asymmetric or polarized 
distribution of pumps, channels, trwsporters and other 
proteins (Rodriguez-Boulan and Nelson, 1989). 

The embryonic development of RPE polarity and 
























