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Management of inherited outer retinal dystrophies: present and
future
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The inherited outer retinal dystrophies comprise a large
number of disorders characterised by a slow and
progressive retinal degeneration. They have been arbitrarily divided into macular dystrophies, retinitis pigmentosa
(RP), and cone/rod dystrophies on the basis of their
phenotype. They are the result of mutations in genes that
are presumed to express in either the photoreceptor cells or
the retinal pigment epithelium.1 Retinitis pigmentosa is
believed to aVect about one in 3500 of the population,2 and
the prevalence of remaining dystrophies is probably
similar. The mode of inheritance can be autosomal dominant, autosomal recessive, X linked recessive,3 or digenic.4 5
With few exceptions such as á,â lipoproteinaemia6 7 and
Refsum disease,8 there is no treatment by which the
primary disorder can be modified. Some symptomatic
relief may be derived from cataract extraction,9 and
carbonic anhydrase inhibition if there is macular oedema.10
Vitamin A supplementation may slow the progression
although this has been the subject of controversy.11 12
Although there is no treatment by which the primary
disorder can be manipulated, the patients can expect a reasonable account of visual prognosis, accurate genetic
counselling, and support for rehabilitation. In addition,
those aVected are also keen to know the progress in
research for a cure particularly as they have become
progressively more aware of the potential for treatment
through the various self help associations such as the British Retinitis Pigmentosa Society, the internet, and the
press.
Researchers around the world are working on diVerent
potential therapeutic approaches to the problem. These are
based on the possibility of modulation of cell death by
growth factors, transfecting the photoreceptor or retinal
pigment epithelial cell with functioning genes, transplanting photoreceptor or retinal pigment epithelial cells into
the subretinal space, or the use of electronic devices to
stimulate the retina.
Apoptosis and its manipulation
In some disorders in both humans and animals there is
increasing evidence that the metabolic defect consequent
upon the mutation causes cell death by apoptosis. This
accounts for cone loss in patients with RP due to
rhodopsin mutation.13 This is also illustrated by loss of
photoreceptors in the RCS (Royal College of Surgeons) rat
in which the primary defect is in the retinal pigment
epithelium.14
Apoptosis, or programmed cell death, is a genetically
encoded potential of all cells, and is an essential part of
embryonic development, cell turnover, and of removal of
cells infected by virus or harbouring mutations.15 16
Morphologically, it is characterised by disintegration of the
nucleolus and generalised condensation of the chromatin.
This is due to incision of nuclear DNA by an endogenous

nuclease into short chains in multiples of 180 base pairs. In
contrast with necrosis the process aVects isolated cells with
healthy neighbouring cells and in the absence of acute
inflammation.
The observation that apoptosis may be manipulated by
growth factors suggested an alternative therapeutic approach. The first indication that this may be viable was the
demonstration that injection of basic fibroblast growth factor (bFGF) into the eye resulted in long term survival of
photoreceptors in the RCS rat.17 A potential disadvantage
of bFGF is its lack of specificity since it influences many
cell types. For instance, in the rabbit it can cause cataract
and proliferative vitreoretinopathy.18 Neurotrophins, including brain derived neurotrophic factor (BDNF), nerve
growth factor (NGF), and neurotrophin 4/5 (NT4/5)
appear to be more attractive since they have a relatively
specific influence on neural tissue.19 They are present in
the CNS, and play important roles in neural development,
diVerentiation, and survival.19 Another important neurotrophic factor is the ciliary neurotrophic factor (CNTF)
which is closely related to interleukin 6.20 There is an
increasing body of experimental work that illustrates the
potential value of this approach. Intravitreal injections of
BDNF, CNTF, or bFGF transiently protect the retina
from pressure induced ischaemic injury.21 Both BDNF and
CNTF protect the retina from light damage in albino rats
and mice.22 23 BDNF also promotes the regrowth of outer
segments of photoreceptors in a feline retinal detachment
model.24 CNTF delays photoreceptor degeneration in rd
(retinal degeneration) mice,23 transgenic rhodopsin
Q344ter mutant mice,23 and Rdy (retinal dystrophy) cats.25
This form of treatment of retinal degeneration has the
advantage that it may be eVective in disease with unknown
genetic mutation. It is unfortunate that the eVect of the
neurotrophic factors is relatively short lived, lasting only
about a month in animals22 23 although the eVect may be
much longer in humans. Repeated monthly intravitreal
injections would present ergonomic diYculties, and inevitably be accompanied by attendant risks such as retinal
detachment and endophthalmitis. Biological and biochemical slow delivery systems are being developed that
may overcome these problems.26
Gene therapy
In most recessive and some dominant diseases, cell
dysfunction is due to lack of functioning genes, and the
objective of therapy is the replacement of the defective
gene with genes that express normally.
In the retinal degeneration slow (rds) mice, transfection
of the fertilised ovum with the appropriate wild type (normal) gene results in photoreceptor cell rescue.27 However,
insertion of genes into non-dividing photoreceptor cells in
human is a much greater challenge. There are two general
approaches by which genes can be introduced into the eye,
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the problem, but with ex vivo transfection there is a wide
scope for manipulation of expression.
Retinal cell transplantation
The ultimate goal of transplantation is to replace lost photoreceptors with healthy ones, which would have the
capacity to re-establish the appropriate cellular connections at the outer plexiform layer. Cell survival appears to
be related to donor age. Transplanted fetal tissue appears
to survive and diVerentiate, but fails to show normal orientation in the retina.34 Enzymatic dissociated adult photoreceptor cells can be transplanted by injection into the subretinal space. Such photoreceptors survive and appear to
have synaptic terminals but their outer segments degenerate almost completely.35 36 However, the functional attributes of these cells have not been tested since the
visually directed behaviour of these animals was not
assessed. There is also some evidence to suggest that cones
survived longer following transplantation in the rd
mouse.37 This might reflect the influence of trophic factors.
Despite the paucity of evidence that this technique may
be useful, mechanically dissociated fetal retina of 14–18
weeks’ gestation have been grafted in 12 patients with
advanced RP. The preoperative visual acuity was perception of light or worse. No rejection or complications were
reported. Five patients had reported subjective improvement of vision.38 However, it is impossible to exclude the
placebo eVect or the influence of injury. Furthermore, no
improvement of vision was found in two patients
transplanted with a sheet of adult photoreceptors harvested by vibratome.39
Another strategy is the transplantation of RPE cells. In
the RCS rat, the RPE failed to phagocytose photoreceptor
outer segment material. This accumulation of outer
segment material results in photoreceptor cell death.14
Transplantation of healthy RPE cells into subretinal space
delayed photoreceptor loss and retinal function, as
measured by electroretinogram and pupillary light reflex, is
restored following RPE cell grafts in the RCS rats.40–43
However, this may have limited relevance to most human
forms of retinal dystrophy, although it may have a role in
slowing the progress of age related macular degeneration.
The results of human fetal RPE transplantation in 13
patients with age related macular degeneration were
recently reported.44 No visual improvement was observed
but the graft was reported to survive in most of the
patients.
Artificial vision
It is well known that stimulation of the appropriate area of
the visual cortex causes a visual sensation. Some scientists
are working on devices that can detect visual signals, and
stimulate the visual cortex directly. Thus, no viable eye tissue are required, but the signal bypasses the sophisticated
coding of the visual system, and the sensations are likely to
be complex depending upon the functional attributes of
the cell stimulated. This renders the potential success of
this approach problematic.
There has been extensive media coverage of the artificial
retinal implant for blind people. The concept is based on
the fact that in RP, the photoreceptors are damaged but the
inner retina remains relatively healthy. Electrical stimulation of the inner surface of rabbit retina was the first demonstration of the possibilities of retinal implants.45 These
experiments were later carried out in humans. Subsequently, intraocular electrodes coupled with an optically
isolated, constant current generator were used to deliver
the pulses. This was performed in five patients with bare or
no perception of light (three had RP, one had age related
macular degeneration, and one unspecified retinal
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ex vivo or in vivo. In the ex vivo techniques, the genes are
introduced in vitro into retinal cells, retinal pigment
epithelial (RPE) cells, or fibroblasts. The transfected cells
are then injected into the eye. In vivo, or direct gene transfer, genes are introduced into the cells in situ using a vector. The most commonly used gene vectors are the replication defective herpes simplex virus, the replication
defective adenovirus, adeno-associated virus (AAV), and
retrovirus. Each has advantages and disadvantages.
Herpes virus can carry a large gene insert (up to 36 kb).
However, it rapidly undergoes latency after infection
restricting the long term expression of the transgenes. This
drawback can be overcome by using one of the latency
promoters as the helper for transgene expression so it
remains active in latency. A cytotoxic response may occur
in the target cells that would reduce the longevity of
expression.28 Furthermore, the wild type herpes virus carries a significant morbidity in humans. The adenovirus is a
relatively safe virus. However, it induces an immune
response that prevents reinfection by the same virus, and
cytotoxic eVect on the target cells reducing expression
longevity.29 The current capacity for a gene insert is
relatively small (about 8 kb), but with development of new
packaging cell lines, a larger insert might be achieved.
However, transfection eYciency in general is low in that
only a small proportion of cells are transfected and expression is brief. The AAV is an attractive alternative as it is not
associated with any pathological response in humans. The
recombinant AAV vectors have no virally encoded proteins
and hence less immunogenicity. They can infect a variety
of cells, and are more eYcient in transducing photoreceptors than adenovirus. Wild type AAV integrates into chromosome 19, while recombinant AAV may integrate
randomly. The latter has the potential risk of disrupting
essential genes or causing malignant transformation of the
target cells, although there is little evidence of this to date.
Chromosomal integration may serve to prolong expression. The maximum size of insert is only 4.7 kb, and it is
diYcult to prepare high titres without contamination of
helper adenovirus.29 Retrovirus can only infect dividing
cells, which restricts its use in the retina.
The most promising observation to date is the reported
delay of photoreceptor cell death in the rd mice (b-PDE
defect) by the use of subretinal injection of a recombinant
replication defective adenovirus that contains the murine
cDNA for the wide type b-PDE. It is reported that these
injections result in b-PDE transcription, and increased
PDE activity, although the rescue only lasted for 6 weeks.30
In all these observations, there must always be doubt as to
whether the therapeutic eVect is due to the expression of
the gene or to injury with the attendant release of growth
factors or the immune response to the viral vectors.
On the other hand, in most dominant diseases it is likely
that the abnormal gene product produces disease. An antisense protein would be required to negate the influence of
the abnormal gene. However, antisense molecules are
often too big to discriminate wild type and mutant mRNA
in point mutation, as seen in much autosomal dominant
RP.1 31 Recently, ribozymes present new promises. They
can bind and digest targeted mRNA. Specifically designed
ribozymes can discriminate between the mutant and wild
type sequences of mRNA associated with autosomal dominant RP.31 Furthermore, using an AAV vector, ribozymes
rescue photoreceptor cells in the transgenic rhodopsin
P23H mutant rats.32
Gene therapy could also be used to deliver neurotrophic
factor.33 These approaches can also be combined by
reintroduction of genetic modified host cells expressing the
neurotrophic factors. The longevity of expression remains
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Conclusion
We are still a long way from the cure of retinitis
pigmentosa, although it is encouraging to the patients and
their carers that there is a worldwide eVort to devise new
methods of management. Although none of the techniques
appear to be very eVective for long term modification of
the course of the disorder, the vast majority of retinal dystrophies are slowly progressive, and many patients retain
good visual function for a large part of their lives. A small
change in the metabolic environment of the retina may
have a great influence on the dynamics of the degeneration.
In the short term (5–10 years), the use of growth factor
is possibly the most promising approach, although in the
long term it may not be the best solution. Transplantation
might be useful to preserve central vision while the
artificial retinal implant might be useful to maintain visual
field. Gene therapy might ultimately be the best treatment,
but currently it is an immature genie yet to deliver its
promises.
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dystrophy from birth). Stimulation elicited a visual perception of a spot that was retinotopically correct in four
subjects who had had previously useful vision. One subject
resolved two simultaneous spots giving a visual acuity of
about 1/60.46 However, the methods for permanent
implantation of such devices, and their connection with the
outside world may pose major technical problems.
Furthermore, the number of stimulating electrodes and
the visual field covered are likely to be very limited. Even if
these problems are resolved, it is unlikely to simulate foveal
function without the presence of photoreceptors.
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