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What 1s Our Goal?

A To rapidly move from
research at the
laboratory bench to the
clinic to deliver
preventions,
treatments and cures
for all patients with
Inherited retinal
degenerations (RDs).




How do we get to our Goal?

A The path starts with scientificfi Pr oo f o f
Pr i nc iTihid neeans that laboratory work
has shown that a particular treatment is
effective in RD animal models and is
probably safe to use in humans.

A Our basic scientists have done their job well
In giving us much information on the RDs -
iIncluding potential treatments.

A This RD work is based on genetics studies
S0ée.




Let 0s | ook at S Ome
Il N RD Geneti cseé

A In 1990, the first RP gene mutation
was found. This was in the
rhodopsin gene in work by Dr.
Humphries and Drs. Dryja and
Berson.

A Now: Over 160 genes have been
identified whose mutations cause
forms of RD such as RP and the
other rare RD diseases.

A It is thought that we now know
about 50% of the mutations.




Genes for Rare Diseases

A Most of the Rare Inherited Retinal Diseases are
considered to be part of the RP Family.

A But - as special subgroupings, we have:

Usher T where 9 genes are known whose
mutations lead to forms of Usher Syndrome

Bardet-Beidl T 13 genes known

LCA T 16 genes known whose mutations
account for up to 70% of problems in LCA.

A Several mutations leading to macular
degenerations have been identified T e.g., the
ABCA4 mutation in Stargardt disease



Also, Progress in Cell Biology

Before 1990, we had almost no way to slow
photoreceptor cell degeneration and we did not
understand the mechanism by which photoreceptor
cells died in RP, but,

In 1990, Drs. Steinberg and LaVail found the first
natural factor that slowed photoreceptor cell death.

Thi s was called a nGr owt h
nNow a better name woul d be
ANeufSaumr vi val Agent o.

Now, we know that photoreceptor cells die by a
common mechani Apoptasiad | erd N
AProgrammed Cel | Deat ho an
Agents work by inhibiting the Apoptosis pathway.
Thi s 1 s ndwwrapianiedtiend . i



Basic Science Summary

Researchers have now established a firm basis in the
genetics and cell biology of the RDs.

A We know many of the genetic mutations. We also
know the common pathway (apoptosis) that leads to
cell death and we know several neuron-survival
agents that slow apoptosis.

A Animal models for many of the RD diseases are
known. These are invaluable since approval for
human Clinical Trials iIs much easier if efficacy and
safety can be demonstrated in an animal model.

Now, building on this basic information what potential
treatments and cures for the RDs are coming?



A But, before talking
about specific
treatments, we must
first understand the
different disease
situations that will
determine which
type of therapy
might be applied.




The f 1 r st di seas

When most or all of the
photoreceptors do not
function or are dead.

,' “»

Here we use treatments
that replace the dead

photoreceptor cells or
at least replace their
function in the retina.
These could be:
1) Stem/Progenitor
cell transplantation
2) Electronic Prosthetic
Devices (Artificial
Vision)
3) Optical Photoswitchs




The second diI sease

When at least some Here, we would use
photoreceptor cells yet  treatments that prolong

are alive. photoreceptor life and
gl make them function
better such as:
4) Neuroprotection
5) Antioxidants
6) Gene Therapy

For the rest of my talk, |
would like to focus
on these six major
possible types of
treatment.




1) Stem Cell
Transplantation

AStem cells are
multipotential cells
that have the ability

to develop into many

different adult cell
types 1 such as
photoreceptor cells.

ASo, stem cells
transplanted into the
retina might
replenish the supply
of photoreceptor
cells that died due to
degeneration.

The Promise of Stem Cell Research

Experiments to
Drug Development ey, \

(_ D DT —) Study Development
and Toxicity Tests st and Gene Control
Cultured Pluripotent
Stem Cells
Tissues/Cells for Therapy

A . = |
= ¥, |
. -. | q B h : Y
. x H= B . % v 53 ,’
/J.’ | 3 .‘, e — L —4 ’ﬁ‘}
Bone Marrow Nerve Cells Hearl Muscle Pancreatic
Cells Islet Cells



Future A Stem cell research is at an

o) early stage of study. It Is not
Treatet : yet clear that all photo-
receptor characteristics can
be induced in the progenitor
cells.

= A Safety issues are also very
Important and need to be
studied for a longer time.

A Thus, although the potential
| IS great, more work yet
needs to be done on stem
cells before they can
generally be used to replace
dead photoreceptor cells.
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2) Artificial Vision

Uses an electronic prosthetic
device to replace the function
of dead photoreceptors.

The design is simple:

1) External camera captures
the light image

2) Computer processing

3) Electronic signal passes to
an array of electrodes
attached to inner retinal
cells in the eye.

4) Finally, the signal is passed
down the optic nerve to the
brain to produce a visual
imaae.




Clinical A Second Sight Medical

: Products has implanted
Trials almost 40 patients in Europe
and the Americas. With these,
Dr. Mark Humayun has
reported good results in
restoring at least some
functional vision. Importantly,
safety Is very good.

A Other groups such as that of
Professor Zrenner in
Tuebingen are doing excellent
clinical work on other types of
retinal devices that should
lead to commercial products In
the next few years.




Future A On the retinal prosthesis,

Treatments? several groups are doing
A human testing including at

least three companies.

BV A Some prosthesis models
8 should be generally
avallable within a few
years.

A But, technologies yet need
to be improved to allow for
face recognition and
reading ability.
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A Many animal and plant cells
have proteins that react to light
and produce an electrical signal

@ Molecular engineering can be
LB used to insertchannelrhodopsin
molecules into retinal ganglion
cells in animals to make them

Chlamydomonas is a - o
tiny one celled algae “ght sensitive.

that contains alight A These light signals can be

3) Optical
Photoswitches

sensitive protein passed on to the brain which
called channel . : :
rhodopsin can distingul s

Al i ghts offo s



Cuture A Basic work on
Photoswitches Is yet at an
TreatentS? early stage of development.

A Some only work at very high
and dangerous light
| - Intensities. Others work at
P - light wavelengths that could
v % 2 cause retinal damage. Some
i react to light too slowly to
oY be useful in human vision.

A However, photoswitches
could yet give functional
vision if these problems can
be overcome.




Remember that the second disease
situati on | séeé

ll'-‘ .‘,

when there are still a
reasonable number of
living photoreceptor
| cellsin the RD retina

Possible therapies
would be:

4) Neuroprotection
5) Antioxidants
6) Gene Therapy



4) Neuroprotection In 1990, Steinberg and LaVall

first showed that a natural

neuron-survival factor could

DR delay photoreceptor cell
degeneration in an animal

model of RP. Now, this is

s B called Neuroprotection.

i Wiﬁ '.,:,5@ "31“" A And now, many natural factors

P { i “«**‘!“”'..M 2.8 in brain, retina and other

Coo e R tissues have been found that

| N inhibit photoreceptor cell

death. One is named CNTF.

A Remember, these are now
call ed ANeurotr
or NnNNeSiuromi v al
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