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SUMMARY 
An overview is presented of the retinal pigment epi
thelium (RPE) cell in repair and regeneration. Changes 
in the RPE associated with repair activities have been 
described as metaplasia. However, evidence is presented 
to show that RPE cells do not become either fibroblasts or 
macrophages but merely adopt the appearance of these 
cell types in pathological conditions. The phenotypic 
alterations seem to be substrate-related. The fibroblast 
form predominates on two-dimensional substrates rich in 
fibronectin and in three-dimensional collagen matrices. 
The macrophage form seems to be associated with insub
stantial or inadequate substrates such as the vitreous, 
photoreceptor debris and some cell surfaces. In altered 
circumstances the dedifferentiated RPE can rapidly rev
ert to an epithelioid form. However, the regeneration of 
an effective RPE mosaic is more difficult and dependent 
on many factors including the size of the initial lesion, the 
condition of the basement area, the status of the neu
roretina and the existing pathology in the eye. The 
importance for the regeneration of a normal functioning 
RPE of the cells being out of the cell cycle, establishing 
effectivejunctioning, reorganising their cytoskeleton and 
having the required adhesive balance with the basement 
membrane is emphasised. 

NORMAL FEATURES AND DEVELOPMENT 
The retinal pigment epithelium (RPE) has a highly 
specialised organisation related to its functional role as an 
intermediary between the choroid and the neural retina. 
The RPE forms a mosaic of polygonal cells that apically 
are intimately attached to the outer segment tips of the 
photoreceptors while their bases rest on a basement mem
brane above Bruch's membrane. RPE cells are polarised 
and are involved in diverse activities essential to retinal 
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homeostasis and visual function. They phagocytose spent 
rod and cone outer segments, metabolise vitamin A, trans
port metabolites, synthesise glycosaminoglycans and con
stitute an important part of the blood-retinal barrier. 
Essential to the barrier are zonulae occludentes or tight 
junctions which prevent leakage through the intercellular 
clefts. Intermediate junctions (zonulae adherentes) have 
an adhesive role and also assist in maintaining the poly
gonal shape of the RPE by helping organise the superficial 
web of actin microfilaments.1  

Crucial to the maintenance of the integrity of the RPE 
are the numerous gap junctions which abound in the inter
cellular cleft and serve as low-resistance pathways for the 
passage of ions and metabolites between cells.2 These 
conduits are the means by which cell-to-cell cross-talk is 
achieved and may well be responsible for the generation of 
the C-wave in the electroretinogram. RPE cells have an 
extremely limited replicative ability in situ and the necess
ary signalling or passage of inhibitors by way of the gap 
junction system is a likely route. 

It is said that RPE cells do not have desmosomes and 
lack the keratin intermediate filaments which decorate 
these junctions in stratified epithelia. Certainly some spe
cies such as chick do lack keratin intermediate filaments in 
the cytoplasm of their RPE/ the intermediate filament 
present is vimentin.3 There are now over 20 SUbtypes of 
keratin identified by biochemical or immunological 
means. Moll et al.4 classified the various keratin (or cyto
keratin) subtypes on the basis of their molecular weight 
and charge. High molecular weight, basic keratins were 
graded with a low number (Kl, K2, K3 etc) and low mol
ecular weight, acidic keratins have a high number (K 18, 
K19). The RPE of most mammals, including humans, has 
some keratins5 but not the large basic keratins which 
characterise stratified epithelia such as skin (rich in K 1) 
and cornea (distinguished by the presence of K3). Equally, 
elaborate desmosomal junctions are not present between 
RPE cells although simple maculae adherens are to be 
found in some species but not in the human. Placko globin, 
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a desmosomal and adhering junction protein, is associated 
with the RPE of all species but more desmosomal-specific 
proteins such as desmoplankin and desmoglein are absent 
from most species except for the cow and frog.6 

Hemidesmosomes are vital for the effective anchorage 
of many epithelial sheets to their basement membrane. 
The anchorage of the RPE monolayer does not seem to 
require junctions of this level of sophistication and none 
are evident among the basal infoldings. Instead there seem 
to be a series of focal adhesions and focal contacts with the 
underlying substrate which are not much different from 
those which form in vitro when RPE cells are settled on a 
culture dish.7 On the other hand, a complex mix of biolog
ically adhesive substances inhabits the basement mem
brane and Bruch's membrane. It is now known that 
laminin, fibronectin, collagens of various types and hepa
rin and chondroitin sulphate proteoglycan8 are in intimate 
contact with the base of the RPE. This cocktail of sub
stances not only adheres the cells to it, in the generally 
accepted chemical and physical sense, but also has a sig
nalling role. Signalling between the extracellular matrix 
and a cell's cytoskeleton of cytoplasmic filaments has a 
behavioural effect on the cell itself and in the present case 
helps to maintain polarisation and the status quo. 

The precursors of the RPE cells are derived from the 
neuroepithelial cells of the neural plate. Although sub
jected to neuralation like adjacent tissue such as the neu
roretina and optic stalk, they remain separate and distinct 
by being restricted to the outer leaf of the eye cup. Fol
lowing pigment cell induction it is not entirely clear when 
cells which are to follow a pigment epithelial lineage 
become irreversibly committed to that lineage.9 Equally, 
potential determinant factors and their origins remain to 
be identified. It is certainly the case that removal of the 
neuroretinal anlage in many species provokes the neu
roepithelium to transdifferentiate into neuroretinal tissue. 
The capacity to transdifferentiate is lost with age but per
sists far longer in some groups of animal than others. In 
mammals and birds the capacity is lost relatively rapidly 
during development, whereas in frogs the capacity 
remains until metamorphosis and some salamanders 
retain the capacity for RPE transdifferentiation into neu
roretina throughout life.9 It has been shown that fibroblast 
growth factor, particularly basic fibroblast growth factor 
which is produced by RPE, stimulates neuroretinal regen
eration in the chick embryo where the retina has been sur
gically removed. 10 The regeneration is dose dependent, so 
that fibroblast growth factor is therefore a likely candidate 
for one of the retinal inducers or so-called determinant 
factors. 

In addition to neuroretinal transdifferentiation, RPE 
can also, with appropriate stimuli, form iris or lens epi
thelium in some species of urodeles. The process of trans
differentiation has been called metaplasia but the process 
is not one of a cell changing into another type of cell. It is 
more a situation of a multipotential cell, capable of going 
down a number of avenues, being directed in one way or 
another. The cell can change direction before it becomes 
irreversibly locked onto a particular pathway. I 1.1 2 
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The eye undergoes about three doublings in diameter 
between the third week and the fifth month of develop
ment. During this period the RPE increases by both pro
liferation and expansion, the most marked expansion 
being the early change from multilayer to monolayer.1 2,1 3 
From a level of high proliferation at the fourth fetal month, 
at a time when the eye as a whole is in a period of rapid 
growth,1 3 the division rate tails off to the sixth month,12.13 
but the RPE cells continue to synthesise at a high rate. 
RNA synthesis, for example, extends well into the post
natal period, slowing down much later than in the neural 
tissue.1 4 As well as contributing in a major way to the pro
duction of Bruch's membrane, RPE cells have a pivotal 
role in the induction and modulation of the development 
of the scleral coat. 

Following the end of high levels of proliferation among 
RPE cells, further increase in the area of the layer as the 
coats of the eye enlarge requires the enlargement of indi
vidual cells. The average number of RPE per unit area 
decreases in all regions between the fourth and ninth 
months of gestation. IS Increase in cell numbers still goes 
on rapidly in the neural retina and as the RPE need to 
spread out, there is little close adhesion between the two 
layers at this stage. Indeed, until intimate contact between 
neural and epithelial layers is established, photoreceptor 
outer segments do not develop, highlighting a vital trophic 
role for the differentiating RPE.16 The trophic require
ment, surprisingly, is not RPE specific, because when 
embryonic neuroretina is transplanted into rat brains the 
photoreceptors develop outer segments. Here the role of 
the RPE is taken up, to some extent, by microglia.17 

REPAIR AND DEDIFFERENTIATION 
Under normal conditions the RPE cells are stationary and 
mitotically feeble and, as mentioned earlier, this state is 
established in development. Over the first few decades the 
area occupied by the RPE expands substantially from 
about 8 cm2 at 2 years to over II cm2 at 45 years, but RPE 
cell numbers remain at around 400 000 for that period.1 8 
As in development, much of the RPE expansion depends 
on the enlargement of individual cells. Enlargement is 
particularly marked in the periphery, where RPE cells can 
become binucleate or even multinucleate and measure 
upwards of 60 f.tm in diameter compared with 14 f.tm for 
the cells in the macula. 1 9 The RPE cells have not compro
mised their proliferative potential; it is merely sup
pressed.9 RPE cells will proliferate quite happily in tissue 
culture conditions, they often undergo division following 
injury and RPE mitosis is associated with a number of 
ocular pathologies. 

RPE differs from other epithelium in that the cells ori
ginate from the neural ectoderm.9 Perhaps as a result they 
have a dichotomy of activities, some being character
istically epithelial while others are not. Their strong polar
ity and transport functions are epithelial activities. On the 
other hand they are intimately associated with the neural 
retina and serve an accessory function somewhat akin to 
that of glia in the brain. As with glia, RPE cells have a 
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prominent wound-healing role. They may undertake a 
more generalised phagocytic action than the very special
ised and highly synchronised phagocytosis of spent discs 
which characterises their tertiary form; alternatively, RPE 
cells become involved in fibrosis. The two injury-related 
activities have distinctive phenotypes which are quite dif
ferent from that of the regular sedentary RPE cell. One 
form has the morphology of a large macrophage and the 
other is elongated, bipolar and has the features of a fibro
blast (Fig. 1). 

Machemer and co-workers2o.2! studied the RPE fol
lowing complex retinal detachment and concluded from 
animal models that the RPE cell is the key player in scar 
formation on the surface of the retina and that RPE pro
liferation and migration lead to the formation of epiretinal 
membranes (sheets of scar tissue). They identified the 
macrophage and fibroblast types of RPE cell following 
detachment and noted that they were actively proliferating 
and migratory, which of course are not normal features of 
the RPE. They were so impressed with the phenotypic 
change in the RPE that they described it as being meta
plasia?O Since then the concept of RPE metaplasia leading 
to membrane formation in conditions such as proliferative 
vitreoretinopathy has held sway. Supportive evidence has 
come from a number of subsequent investigations. Man
delcorn and co-workers22 showed that when cultured RPE 
cells were injected into the rabbit vitreous they metaplased 
into macrophage and fibroblast cells. That these cells 
arose from RPE and not from other cell types was con
firmed when the 'metaplasia' still took place when cul
tured RPE cells were placed in a cell-tight diffusion 
chamber in the rabbit vitreous.23 Finally, when Vidaurri
Leal et aZ.24 took cultures of hexagonal to oval RPE cells 
and overlaid these with vitreous, the RPE cells invaded the 
three-dimensional matrix and became bipolar fibroblast
like cells. 

The process should not be considered to be metaplasia 
because the RPE cells do not become macrophages and 
fibroblasts: they merely adopt their appearance. In addi
tion, in altered circumstances RPE cells rapidly revert to 
an epithelioid phenotype. Some of our own studies help to 
illustrate the point. If cultured bovine or human RPE cells 
are taken from a culture dish at a time when they are reg-
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Fig. 1. Following injury to the retinal pigment epithelium 
(RPE) mosaic, the RPE gives rise to two phenotypes of repair 
cell: a macrophage-like RPE cell and ajibroblast-like RPE cell. 
The phenotypic change is associated with the RPE becoming 
active, mobile and prol(ferative. (Derived from Machemer and 
Laqua.20) 

ular. polarised and forming a mosaic and are introduced 
into the middle of a three-dimensional collagen matrix 
then they elongate into a bipolar, fibroblastic form. The 
fibroblast-like RPE cells migrate to the surface of the col
lagen and then spread out.2S Almost immediately they 
revert to a discoid shape and, with sufficient packing, form 
a loose mosaic. Transmission electron microscopy shows 
that in regions of high density where there is tight packing, 
gap junctions form between adjacent cells. During their 
passage through the collagen the RPE cells contract the 
matrix down until it is a small fraction of its former size.25 
In addition they synthesise a wide range of extracellular 
materials such as the glycoprotein fibronectin on their 
passage through the framework. 

Indeed if RPE cells are settled on a porous membrane in 
a migration chamber (Boyden chemoattraction chanlber) 
and induced to migrate to a soluble chemoattractant 
placed in the well beneath the membrane, they go from 
epithelioid to fibroblastic when they start to move. The 
mobile RPE cells extend processes into the pores, stretch 
down and then pass through the pores to the other side of 
the membrane following the gradient of the attractant.26 
Once on the under-surface of the membrane the RPE cells 
lose their fibroblastic shape and become flattened, epi
thelioid and stationary (Fig. 2). They do not form a 
mosaic, perhaps because the assay does not allow their 
numbers to become sufficiently large. Migration is associ
ated with dramatic alterations in the RPE cytoskeleton. 
The pattern of actin staining goes from diffuse on the 
upper surface for settled cells, filamentous when they are 
spreading and migrating through pores (fibroblast pheno
type), and finally to filaments organised into bundles 
called stress fibres when they are stationary on the under
surface of the membrane.26 Stress fibres are a feature of the 
normal RPE cell in situ! and immobile, strongly adherent 
cells in vitro.27 Quite pronounced changes take place in the 
cytokeratins. RPE cells express a number of middle-range 
cytokeratins (e.g. KS) in situ but lack the large basic 
forms, and staining to detect the smallest acidic types 
(KlS, K19) is inconclusive.s Both KlS and K19 are 
expressed by cells migrating or in the process of migrating 
through pores (fibroblast phenotype) but not by the 
stationary epithlelioid cells (Fig. 3). It would therefore 
seem that the immunohistochemical demonstration of low 
molecular weight cytokeratins is an indicator of the fibro
blastic migratory phenotype.26 To a large extent this is 
borne out by observations on pathological material, where 
K IS at least can be seen to stain only a subpopulation of 
the RPE cells that for the most part seem to be mobile.28 

Characteristically both the macrophage and fibroblastic 
forms are mitotically active and migratory. The macro
phage-like cell is a non-specific phagocyte which in path
ological specimens and experimental in vivo injury 
models can be seen in the subretinal space and sometimes 
in the vitreous cavity. Undoubtedly the macrophage form 
inhabits the vitreal cavity in proliferative vitreoretino
pathy as a component of the 'tobacco dust'. Tobacco dust 
is a colourful clinical description of vitreal aggregates of 
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Fig. 2. Scanning electron micrographs of human RPE cells 
migrating in a microchemoattraction chamber to a stimulus of 
10 t,lg/ml soluble bovine fihronectin. (a) The actil'ely mobile 
RPE on the upper surface of the pelforated polycarbonate 
membrane have afibroblastic morphology and one can be seen 
(arrow) dipping into a pore. xJ500. (b) When the RPE have 
migrated through the pores, they become immobile and 
epithelioid. x1200. 

mobile RPE (and possibly released melanin) which have 
passed through retinal holes and will eventually become 
part of the developing epiretinal membranes. As with the 
fibroblast terminology, calling the phagocytic RPE cells 
'macrophages' is purely descriptive and functional and 
not generic. They remain RPE cells on the basis of cyto
keratin staining28-30 and do not become true macro
phages - at least as far as can be determined on the basis 
of markers for mononuclear phagocyte system (MPS) 
cells.31 

The macrophage phenotype develops as soon as RPE 
cells are placed in an aqueous environment or when they 
are on an institutional substrate such as photoreceptor 
debris in the subretinal space or loose collagen fibrils in 
the vitreous .

21,22,24 Substrate seems to be crucial in deter
mining whether a macrophage or fibroblast phenotype is 

Fig. 3. Immunofluorescence photograph showing a cultured 
human RPE cell in the process of migrating through a pore 
(arrow) in the polycarbonate membrane of a micro
chemoattraction chamber. RPE with a fibroblast phenotype in 
the process of migrating stain positively with antibodies against 
the cytokeratin K18. x400. 
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adopted. The fibroblast form is always seen if RPE cells 
are in a substantial three-dimensional collagen matrix, 
whether it be in a fibrous epiretinal membrane in vivo29 or 
a collagen gel in vitro,25 The fibroblast form develops on 
two-dimensional surfaces, particularly when cell density 
is low and the surface is rich in fibronectin, In the absence 
of fibronectin and under the pressure of crowding, an epi
thelioid phenotype is readily adopted, 

REGENERATION 
For the purposes of this paper, we have defined repair as 
the circumstances during which the dedifferentiated 
macrophage-like and fibroblast-like forms of the RPE cell 
hold sway, Regeneration, on the other hand, results in the 
establishment of a functionally intact monolayer of non
dividing, tertiary differentiated cells (Fig, 4), From the 
previous section we can see that, although the RPE in 
injury is dramatically different in appearance and behav
iour from the normal RPE, when conditions alter then the 
repair forms can rapidly revert to a more epithelioid form, 
Although taking up the epithelial form is not problematic, 
it seems to be far more difficult to get the RPE to re
establish an effective and functional mosaic both in vitro 

and in vivo, 

When considering how the RPE could become regener
ated it is worth bearing in mind what helps maintain the 
status quo normally and therefore what needs to be recon
stituted, The RPE cells need to: (1) be out of the cell cycle, 
(2) downregulate their mitogen- and motogen-related 
receptor systems, (3) establish cell-to-cell communica
tion, (4) synchronise their activities, (5) adjust their cyto
skeleton so that they are polyglonal for optimum packing, 
(6) reinstate barrier conditions and (7) develop the 
required adhesion mechanisms for contact with the base
ment membrane basally and photoreceptors apically, 
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Fig. 4. For convenience, repair of the RPE is considered to 
involve the dedifferentiation of stationary non-dividing cells 
into migratory, proliferation macrophagic orfibroblastic forms. 
In turn the macrophagic and fibroblastic cells can become 
sedentary and exit the cell cycle and these we call epithelioid. 
The repair stage ends with the formation of epithelioid cells 
which form a sheet but not a proper mosaic. Regeneration 
covers the stages fi'orri the dedifferentiated repair cells, to 
epithelioid cells and through to mosaic formation. The cells of 
the RPE mosaic not only are sedentary and non-dividing like 
epithelioid cells but, in addition, have re-established barrier 
conditions and are polarised. Formation of a mosaic seems to be 
far more difficult than any other step. 
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Maintenance of tertiary structure and polarisation 
depends on numerous signals. For example, undergoing 
synchronised activities such as transport of metabolites 
and phagocytosis of outer segments are reinforcing stim
uli. The RPE stores and metabolises large amounts of vita
min A. Retinoids have growth-inhibiting properties and 
also can be differentiating agents. It is now known that the 
cytoskeleton in mesothelial cells is influenced by vitamin 
A,32 which seems to regulate intermediate filament 
expression in a number of simple epithelia. As the cyto
skeleton is extremely important in the maintenance of cell 
shape and behaviour, retinoids may well have, in addition 
to their direct effect on proliferation, an indirect influence 
on tertiary structure via the cytoskeleton. Differentiating 
agents such as retinoids and butyrate seem to have a 
growth-inhibiting effect on ocular ceJls13.34 including 
RPE,35 at least as far as in vitro studies have been able to 
show. 

Cell-to-cell communication via gap junctions is essen
tial both to maintain synchrony and probably also to 
inhibit cell division.2,36 Evidence for gap junctional 
involvement in the control of RPE division is still lacking, 
but other ocular tissues where the cells have similar behav
ioural characteristics to RPE, such as trabecular mesh
work cells, corneal endothelial cells and lens epithelial 
cells, exhibit strong contact inhibition of division and gap 
junctions abound in their intercellular clefts. Tight junc
tions and intermediate junctions provide the effective cell
to-cell adhesion mechanisms for RPE. It may well be that 
a combination of the zonulae adherents and the cytoplas
mic web of actin microfilaments establish efficient cell-to
cell packing in the typical polygonal form, although how 
this packing is achieved remains obscure.37 

Strong adhesion to the basement membrane is crucial 
not only to inhibit migration but also to influence a wide 
range of behavioural activities, It is becoming increas
ingly clear that the extracellular matrix imparts structural 
and functional signals to the cells which rest on it and the 
process is sometimes called dynamic reciprocity. The key 
players are the components of the extracellular matrix, 
receptors and adhesional modifications necessary to link 
matrix components to the cell plasma membrane and the 
cytoskeleton of the cell responsible for cell shape.3s It is 
now known from studies of epidermal repair that fibronec
tin is replete in injury while the cells are migrating and fill
ing the lesion (Fig. 5) .  However, when the keratinocytes 
have filled in the lesion and started to differentiate, lami
nin becomes the dominant glycoprotein and fibronectin is 
in short supply. It seems that one glycoprotein is required 
in injury but the other is needed for terminal 
differentiation. 

Receptors which link cells to the extracellular matrix 
include those of the integrin family and receptors of this 
type have been located on RPE.39AO Once in the cell cycle, 
when the RPE cells lose their strong adhesion to the base
ment membrane, it has not yet been shown but could be 
predicted that there are alterations to the integrin receptor 
profile. A denser concentration of adhesion receptors is 

associated with focal contacts. These adhering contacts 
are rich in vinculin and are associated with actin microfila
ments from the cytoskeleton.41 Obviously the correct 
integrin density and distribution of focal contact-like 
adhesions needs to be created if effective regeneration is to 
be achieved. Before cuboidal epithelial cells migrate and 
proliferate, they change shape and usually flatten and 
spread. It is now known that adhesion-related shape 
change, by dramatically altering the cytoskeleton, pro
vokes entry into the cell cycle and activation of the genes 
associated with the Go and G

1 
transition, particularly c-fos 

and c_myc.42 Extracellular matrix and cytoskeletal interac
tions which alter cell shape may regulate the transduction 
of mitogenic signals to the nucleus.43,44 

Thus a host of controlling mechanisms serve to main
tain the RPE mosaic in its non-proliferating, non-migra
tory, polarised and synchronised form against stimuli 
released after injury or as pathology develops which 
would lead to dedifferentiation and adoption of the injury 
phenotypes. It has to be borne in mind that the controls 
have all to be re-established if a competent mosaic of 
polarised RPE is to be regenerated. It is important to 

Fig. 5. Sections ji-om a subretinal prol(feration (s) with 
subjacent retinal pigment epithelium and choroid (c), (a) 
Stained with the immunoperoxidase method (no counterstain) 
for cytokeratin 18 (CK18), A prominent layer of CK18-positive 
RPE ce/ls (arrows) is present in the subretinal proliferation, (b) 
Labelled with an anti-sense probe for ,{tbronectin mRNA 
employing an autoradiographic in situ hybridisation technique, 
Many of the migratory RPE cells show intense labelling for 
fibronectin mRNA (arrows). x400. 
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appreciate what happens when the mosaic is stressed and 
synchrony breaks down in a strongly contact-inhibited 
system such as the RPE. A model of breakdown of syn
chrony and contact inhibition is shown in Fig. 6. The 
model assumes that, as with other synchronised systems, 
cell-to-cell communication can be closed down to protect 
cells adjacent to a lesion. 

It has been hypothesised that the low-resistance path
ways via the connexons of gap junctions become high
resistance pathways in injury to avoid sodium pump fail
ure and a domino effect.45 The process at the gap junction 
level has been described as crystallisation45 and a key 
switch would seem to be intracellular calcium levels. 
Crystallisation is a necessary defence mechanism some
what analogous to sealing off watertight doors on a ship 
when one compartment has been holed. An idea of how 
necessary a switch-off mechanism is can be gleaned from 
close investigation of the lens. Lens fibres are an 
extremely rich source of gap junctions but these junctions 
seem not to be able to crystallise.45 Why the switch-off 
mechanism is inoperative in lens fibre cells is unknown. 
However, it does mean that sporadic cell death can have a 
devastating knock-on effect making the whole tissue vul
nerable to swelling. Lens cortical cataracts fit rather well 
with an injury model which predicts that when one cell 
dies its neighbours will be at risk. The pattern of early 
pathology in cortical cataracts, for example those caused 
by ultraviolet light and some diabetic cataracts, is that of 
small focal densifications growing and coalescing. Many 
suffer because of a lesion in a few. 

Most epithelial sheets have a calcium, and perhaps pH, 
shutdown mechanism. Let us consider a focal lesion here. 
The cells adjacent to the lesion are isolated from harm but 
are isolated from each other as well: the larger the lesion 
the more cells in isolation (Fig. 6). Clearly synchrony is 
lost to a greater or lesser extent and the cells for the most 
part are free to act as isolated units and respond to environ
mental signals such as soluble mitogens and motogens 
released from the dead or dying tissue. In addition, contact 
inhibition of movement and division is no longer in oper
ation so eventually the cells will enter the cell cycle. 
Growth factor receptors are upregulated and adhesion 
mechanisms downregulated. 

If the lesion is small then adjacent cells released from 
contact inhibition will slide in to fill the gap very quickly. 
Tight junctions will be re-formed so that the barrier is 
complete, gap junctions will open, the RPE will become 
polarised, and the status quo will be established 'once 
more. All that will remain is an irregularity in cell size at 
the site of the erstwhile lesion. A similar process is seen in 
the corneal endothelium where filling of defects can be 
followed by specular microscopy. Previous deficits are 
covered either by giant cells (where one or two cells have 
moved in to fi II the gap) or by florets (where several cells 
simultaneously have moved in to fill the larger gap). In the 
RPE, such events are associated with mild photocoag
ulation lesions and limited retinal detachment. 

Problems start to arise when the focal lesion is large or 

a 

b 

c 

• 
• 

• 

1. GRIERSON ET AL. 

• 

• 

Fig. 6. Drawings of part of the RPE mosaic. where white cells 
are contact-inhihited. grey cells have lost contact inhibition and 
hlack cells are mitotic. (a) The clear area in the centre of the 
mosaic is a dead cell. adjacent cells have isolated themselves hy 
making the pathways via gap junctions of high resistance. The 
deficit is repaired hy enlargement and sliding in of the isolated 
cells. (h) Larger deficits can he filled by the same mechanism but 
more cells are isolated and the refIll time is longer. Once the 
deficit is filled. contact inhihition is re-estahlished. (c) At some 
point the deficit hecomes so large that environmental stimuli 
overcome the inhihition of division and some cells enter the div
ision cycle. The deficit is.filled in by a combination of migration 
and proliferation. Contact inhihition can hecome re-established 
hut in a numher oj' circumstances (e.g. if the hasement layer is 
damaged. if the lesion is particularly large or mitogens are pres
ent in high concentrations for protracted periods) a monolayer 
is not re-estahlished and excessive proliferation takes place. 
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the lesion is diffuse. In these circumstances the situation 
may be complicated by deficits in Bruch's membrane 
(destroying the template for rapid regeneration), there 
being widespread ocular pathology (filling the surround
ing media with cytokines) or retinal detachment (deple
tion of differentiation agents such as vitamin A and release 
of cytokines). Junctional integrity is interrupted for so 
long that the injury phenotypes (macrophage-like and 
fibroblast-like) have the opportunity to become fully 
established, growth factor receptors are upregulated in a 
massive way, synthesis of injury-related glycoproteins 
such as fibronectin takes place and the cells actively 
migrate and proliferate in a non-coordinated manner. 

Whether or not an effective RPE monolayer is regener
ated depends to a large extent on how disrupted the archi
tecture has become with respect to not only the RPE and 
Bruch's membrane but also the neural retina. The repair 
and regenerative process can be seen to good effect not 
only following long-standing retinal detachment20 21 but 
also. for example, after laser burns,46 intense light expo
sure47 and penetrating trauma.4K RPE repair ending in a 
regenerated monolayer (regenerative repair) is the prov
ince of the small lesion. IX In large diffuse lesions the 
characteristic feature is for overexuberant proliferation 
and migration of RPE cells which does not become self
limiting until advanced changes have taken place. Mounds 
of RPE can develop on Bruch's membrane and these can 
lead to the formation of extended multilayers of spindle
shaped RPE, as can happen for example after long-stand
ing detachment and if there is malignant melanoma of the 
choroid.49 Subretinal and epiretinal involvement of RPE in 
membranes is the inevitable consequence. Subretinal 
columnar and tubular arrangements of RPE are sometimes 
formed, while at the ora serrata RPE proliferation is 
involved in ringschwiele formation. Migration of RPE 
into the retina is common in end-stage detachments and 
retinal degenerations. In retinitis pigmentosa the migrat
ing RPE cells become associated with retinal vessels for
ming the so-called bone spicule pattern.'o 

An important recent development is experimental RPE 
transplantation. Tissue cultured normal RPE cells have 
been injected onto Bruch's membrane of ReS rats as a 
means of halting or delaying the hereditary degeneration 
which emerges in this animal model. The photoreceptor 
degeneration which develops is known to be secondary to 
a lesion developing in the RPE cells, so replacing them 
with normal cells is a logical means of trying to preserve 
vision. The results have been sufficiently encouraging to 
raise hopes (perhaps premature) that transplantation may 
be a way of treating retinal diseases in which the RPE has 
an important role.51 

There are many, many difficulties with RPE transplan
tation before it can be of value to human retinal disease 
and a number of major hurdles need to be overcome. 
Appropriate microsurgical technology is required. Rejec
tion problems have to be addressed. However, unless the 
control of tertiary differentiation of RPE cells is under
stood, injection of proliferating RPE onto Bruch's mem-

brane may not only be pointless. it may even be dangerous. 
Work needs to be done in exploring the factors and condi
tions which are required to establish cell-to-cell contact 
inhibition of division and a fully differentiated RPE 
mosaic. 
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