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ABSTRACT

Epiretinal membranes are contractile cellular proliferations
that form on the surfaces of the retina after trauma or insult
to the posterior segment of the eye. Key cell types involved in
membrane formation are retinal glia, retinal pigment epithelia
and fibroblastic cells. A bovine tissue culture test system
comprising bovine retinal glia, bovine retinal pigment épithelia
and bovine scleral fibroblasts was employed in a series of
behavioural studies to investigate the effect of soluble
mediators and cell contact on migration, settlement and
proliferation of the three key cell types in membrane formation.

Migration was assessed in vitro in a modified 48-well Boyden
chamber, employing a standard chemoattraction assay. The
migration of all three test cell types was stimulated by a
glycoprotein found abundantly in epiretinal membranes
(fibronectin), samples of subretinal fluid and a retinal crude
extract. Cells grown from epiretinal membranes removed during
surgery for retinal detachment also migrated to fibronectin.
Retinal pigment epithelial cells showed 1less aptitude for
migration to soluble stimuli in a Boyden chamber than the other
two cell types and when the cell types were labelled and migrated
together, the retinal pigment epithelium still migrated less than
the other two cell types. Retinal pigment epithelium were also
less responsive to platelet derived growth factor.

Static cell settlement studies demonstrated that retinal
pigment epithelial cells showed more affinity for settlement onto
plastic and in the presence of soluble fibronectin, than the
other two cell types but the surface of a retinal glial monolayer
appeared to be a less attractive substrate than serum coated
plastic for the settlement of all three cell types. Video time-
lapse microscopy was employed to monitor the settlement of
retinal pigment epithelium onto glial and mixed cell layers. It
revealed that the settlement process, in which distinct and
reproducible stages could be identified, to be one of invasion
and incorporation of the test cell types into the underlying cell
layer. The fibroblasts entered a glial monolayer more rapidly
than the pigment epithelia but the latter after entry, provoked
a wave of glial mitotic activity.

The results indicated that within the confines of the test
system there was interaction between the cell types, both through

cell contact and remotely via soluble mediators and these



affected the behavioural responses of migration, settlement and
proliferation. The findings when extrapolated to epiretinal
membrane formation indicated that the glia were not a
particularly good substrate for either fibroblasts or retinal
pigment epithelium. The glia secreted substances attractive for
the settlement of the retinal pigment epithelium and for the
migration of all three cell types and media collected from
cultures of retinal pigment epithelial cells was stimulatory for
a whole range of activities and provoked a powerful migratory
response from the fibroblasts.

So that the retinal pigment epithelium though possibly not the
most important cell type in epiretinal membranes have an
important role in membrane formation by releasing bioactive
substances which attract and modify the behaviour of other cell
types.
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Chapter 1.

GENERAL INTRODUCTION

1.1. Anatomy and Pathology

1.1.1. The Posterior Segment of the Eye

The eye is the peripheral sensory organ of vision. It
develops as an outgrowth of the embryonic forebrain and as such
is modified to receive light information and transmit it to the
visual cortex where it is processed into an image (Warwick and
Williams, 1973). The posterior segment of the eye is made up of
three concentric tunics (Fig 1l.la.); the outermost is the
protective sclera which consists mainly of fibrous and elastic
tissue, the middle is the highly vascular and pigmented choroid
and the innermost is the retina which contains the 1light
sensitive photoreceptor cells and neuronal elements for
processing the focused visual image. The vitreous body is the
central gelatinous core and is adherent to the inner limiting
membrane of the retina at the vitreoretinal interface. This study
is concerned with epiretinal membrane (ERM) formation; a
pathological condition occurring in the vitreoretinal region of
the posterior segment of the eye (Fig 1.1b.).

1.1.2. The Retina

The retina is composed of neuronal, supportive and vascular
elements. There are two main regions, the inner neurosensory
retina and the outer retinal pigment epithelial (RPE) cell layer
(Hogan et al, 1971). The neurosensory retina contains the retinal
neurons, the photosensory cells and the retinal glia (Fig. 1.2.).
Of particular interest in this study are the retinal glia and the
RPE as they are known to be important cellular constituents of
ERMs (Machemer, 1978; Grierson et al, 1987).
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The retinal glia are a heterogenous group of cells derived
both from neuroectoderm and from mesoderm, see below:-

1. Retinal glia derived from neuroectoderm:-
a. Miller’s glia (Miller cells).

b. Astrocytes.

c. Perivascular glia.

d. Oligodendrocytes.

2. Retinal glia derived from mesoderm:-
a. Microglia.

(Savage et al, 1988; Hjelmeland and Harvey, 1988).

The Miller cells are highly specialised tall columnar glia
which are radially orientated and span almost the full depth of
the retina (Hogan et al, 1971). Externally they are connected to
the cell bodies of the rod and cones sensory cells by gap
junctions (which are historically, collectively known as the
outer limiting membrane). Laterally the processes of the Miller
cells branch and surround the adjacent retinal neurons and nerve
fibres and serve to fill in the spaces between these structures.
At the vitreal surface they expand into flattened cone shaped
processes known as "end feet'".

Miller cells are the most prevalent glial cell type in the
retina and their radial orientation with respect to the retinal
surface is accepted as a diagnostic characteristic in stained
preparations of the retina (Hjelmeland and Harvey, 1988). They
can be clearly outlined immunohistochemically by fluorescently
labelled antibodies to the intermediate filament vimentin
(Schnitzer, 1985; Grierson et al, 1987). Glial fibrillary acidic
protein (GFAP) an intermediate filament which appears to be
specific to glial cells is expressed strongly by retinal
astrocytes (Dixon and Eng, 1981; Hiscott et al, 1984; Hjelmeland
and Harvey, 1988) but is only localised to Miller cell end feet
in the normal human retina (Erickson et al, 1987). Miller cells
perform numerous functions in the retina (Fig. 1.3.); mainly
concerned with the support and nutrition of the neurons and
photosensory cells and they also play a part in the cellular
response to injury of the surrounding tissues.
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Cell type Morpho- Location in References
logical retina
features
w
Maller cells Columnar Full thickness Hogan et
with central | of neural al, 1971
nuclei, many | retina
branching
processes
and vitreal
end feet.
Astrocytes: - Stellate: - Plexiform, Wolter,
ganglion cell 1955
and nerve fibre
layers.
I Few long Run parallel to | 0Ogden, 1978
Elongate branching nerve fibre
processes. bundles.
II Many short Encircle nerve Ogden, 1978
Stellate radiating fibre bundles.
processes.
Perivascular Flat broad Form outer Wolter,
glia multipolar sheath of blood | 1957
cells with vessels. Lessel and
few Kuwabara,
processes. 1963

Oligo- Few Not seen beyond | Schnitzer,

dendrocytes processes, optic papilla 1988
ovoid nuclei | in vascular Savage et

retinae. Form al, 1988
myelin sheath

of nerve axons

in the

medullary ray

of an avascular

retina.

Microglia Phagocytic Inner and outer | Hogan et
cells plexiform al, 1971
similar in layers of the Hume et al,
appearance retina. 1983
to
macrophages

Fig. 1.2. Classification of retinal glial cell types (Hogan,

Alvarado and Weddel,

1971; Warwick and Williams,
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The retinal astrocytes are most numerous in the inner
retinal regions, especially the ganglion cell and nerve fibre
layers and are often associated with nerve axons and blood
vessels (Wolter, 1955; Ogden, 1978). Essentially they are small
stellate cells with central nuclei and radiating processes and
two different phenotypes have been described in the retina (Fig.
1.2.). Perivascular glia (Lessel and Kuq%ara, 1963) are another
class of glia and though little is known about them, they appear
to be akin to the protoplasmic astrocytes of the central nervous
system and are found closely associated with the retinal blood
vessels. Oligodendrocytes are associated with the nerve fibres
in the medullary ray of avascular retinae such as that of the
rabbit (Savage et al, 1988).

The microglia have been described as forming regular arrays
in the plexiform layers of the normal retina and if activated by
retinal injury become amoeboid and phagocytic and share many
characteristics of tissue histiocytes rather than true glia
(Hjelmeland and Harvey, 1988; Gilbert et al, 1988). Evidence from
studies on mouse retina suggests that they may be mononuclear
phagocytes extravasated from nearby blood vessels (Hume et al,
1983).

The RPE constitute a monolayer of pigmented polygonal cells
that form the outermost layer of the retina (Hogan et al, 1971;
Zinn and Henkind, 1979). Their internal (apical) surfaces are
covered with a dense carpet of microvilli and these surround and
make close contact with the outer segments of the rods and cones.
The RPE are joined at their lateral surfaces by a belt of
intercellular tight junctions which prevent (all but small
hydrophil ' 'ic molecules) from moving passively between the cells
and are thought to form part of the blood retinal barrier (Clark,
1986) . The cells’ functional cohesion is sustained by extensive
intercellular communication in the form of gap junctions
(Hudspeth and Yee, 1973). The outer surface of the RPE layer has
many basal infoldings and its basement membrane together with a
layer of fibrous tissue and the basement membrane of the
choroidal capillaries forms Bruch’s layer.

The cytoskeleton of the RPE contains a group of intermediate
filaments, found commonly in epithelial cells, known as the
cytokeratins (Moll et al, 1992). These have been used to
differentiate the RPE from other retinal cell types and have been
found to be expressed by RPE in culture and in situ (McKechnie
et al, 1988). The RPE perform a vital role in the well being of
the neurosensory retina by their sustenance of the photoreceptor
cells, their maintenance of retinal adhesion and their part in
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Functions of retinal glia

1. Structural support

a. Miller cell and astrocyte processes surround the
neurons and blood vessels and fill the spaces between the
retinal structures.

b. Miller cell processes also insulate the nerve fibres.

2. Nutrition

Mialler cells supply glucose to the neurons and synthesise
and store glycogen.

3. Physiological support

Miller cells and astrocytes play a role in the processing
of information and maintenance of balance of ions,
transmitters and metabolites to provide an optimal
environment for neuronal activity.

4. Phagocytosis

Muller cells, astrocytes and microglia are phagocytic and
remove substances from the extracellular space.

5. Barrier role

Astrocyte processes envelope blood vessel walls and play a
modulating role in vessel development and form part of the
blood retinal barrier.

6. Injury response

Retinal glial cells respond to injury and inflammation by
migration, cell division and secretion of soluble
mediators.

Fig. 1.3. Functional characteristics of the retinal glia
(adapted from Hogan et al, 1971; Apple et al, 1986).
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the maintenance of the blood retinal barrier (Fig. 1.4.). The
first two functions depend on close contact between the RPE and
the photoreceptor outer segments and are consequently disrupted
if retinal detachment occurs in that region.

1.1.3. The Vitreoretinal Interface and Vitreous

The vitreoretinal interface is the region at which the inner
surface of the neurosensory retina and the cortical (peripheral)
vitreous meet. It is lined by the internal limiting membrane
(Salzman, 1912) which is formed partly from the basement
membranes of the retinal Miuller cells and astrocytes (Hogan et
al, 1971) and partly from the condensation of collagenous fibrils
of the cortical vitreous and vitreal ground substance (Rhodes,
1982). Bundles of vitreal collagen have been shown to insert
between the retinal glia in this region (Gloor and DaCZer, 1975).
The basement membranes of the Miuller cells are collecZ?vely known
as the inner limiting lamina (ILL), which is classified as the
innermost layer of the retina (Hogan et al, 1971).

The vitreous can be divided into two main regions, the
peripheral vitreous (cortical vitreous) which contains the most
of the formed vitreal elements and its cellular population and
the more fluid central region (Hogan et al, 1971). The formed
elements of the vitreous consist of a network of types II, V, IX
and XI collagen (Seery and Davison, 1991; Bishop et al, 1993;
Mayne et al, 1993) in a ground substance of glycosaminoglycans
such as hyaluronic acid (Rhodes, 1982).

The vitreal cortex contains a sparse cellular population of
various different phenotypes (Hogan et al, 1971) and they have
been divided into two main groups on the basis of structure and
function (Sebag, 1992). The first are the most numerous and are
known as hyalocytes (Balazs, 1964). They are closest to
macrophages in form and function (Teng 1969; Grabner et al, 1980)
and are located in the vitreous and are spread out in a single
layer 20-50 um from the ILL posteriorly and the basal lamina of
the ciliary epithelium at the pars plana and the vitreous base
anteriorly (Sebag, 1992). Their functions include synthesis of
hyaluronic acid, glycoproteins and collagen and also
phagocytosis. The second category form 10% of the vitreous cell
population and are found at the vitreous base and in the
proximity of the optic disc. They are thought by some to be
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Functions of the RPE

1. Maintenance of a healthy photoreceptor layer by:-

a. Phagocytosis of rod and cone outer segments.

b. Transference of metabolites to and from the visual
cells and the choroidal circulation.

c.Transferal of vitamin A to the photoreceptors.

2. Promotion of adhesion of the neurosensory retina to the
to the RPE by:~-

a. Pumping fluids from the vitreal to the choroidal side
of the retina.

b. An intimate association of the apical villi of the RPE
with the rod outer segments.

c. Secretion of adhesion enhancing glycosaminoglycans into
the subretinal space.

3. A barrier function protecting the neural retina from
possibly harmful molecules in the choroidal circulation
by:-

The presence of tight junctions between the lateral
surfaces of the RPE layer preventing the diffusion of all
but the smallest molecules into the neural retinal region.

4. Absorption of scattered light by the presence of
melanin in the cytoplasm which :-

a. Improves the resolution of the image by minimising
scatter of the transmitted light.

b. Prevents degradation of the image due to leakage of
light through the sclera.

Fig.1.4. Functions of the RPE (adapted from Zinn and Henkind,
1979 and Clark 1986).
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fibroblastic cells (Teng, 1969; Balazs et al, 1980) and have been
linked with the production of collagen (Birk and Zycband, 1989)
and glycosaminoglycans (Bleckmann, 1984; see also Section
1.3.1.).

1.1.4. ERM Formation and Proliferative Vitreoretinopathy

The vitreous, vitreoretinal interface, neurosensory retina
and RPE are to some extent privileged areas. They are protected
from external influences present in the systemic circulation
partly by the avascularity of the RPE, the outer retinal layers
and the vitreous and also by blood retinal barriers. The barriers
are situated externally between the choroidal circulation and the
retina, internally between the retinal circulation and the
retinal cells and anteriorly between the ciliary circulation and
the ciliary epithelium. Damaging stimuli such as breaks in the
wall of the eye caused by penetrating trauma or retinal
reattachment surgery or tears in the retina, which occur in
situations such as posterior vitreal detachment and retinal
degeneration, may cause irreversible disruption to the normal
functioning of the tissues in these regions, by evoking an injury
response.

The injury response may take the form of acute or chronic
inflammation which will in turn result in the production and
release of substances that stimulate the migration of cells such
as inflammatory cells and retinal glia (Hiscott et al, 1988). The
glia are stimulated to proliferate and either remain as
asymptomatic simple glial sheets which are known as simple ERMs
(Fig. 1.5a.) or they are joined by more cells types and
eventually organise into a contractile fibrous tissue present on
both surfaces of the detached retina, on the posterior surface
of the detached vitreous and within the vitreous itself. In the
latter instance the fibrous tissue is referred to as a complex
ERM (Fig. 1.5b.) and the mechanism of its formation is not as yet
fully understood. The presence of an ERM is threatening to
vision, since it becomes contractile and causes tractional
retinal detachment with consequential blindness and surgery is
required to remove it and reattach the retina.

The contractile fibrous outgrowths of cells may be divided
into two main types. Firstly there are the vascularised membranes
which can result from ischaemic eye diseases such as retinal
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