RETINAL REPAIR

RECONSTRUCTING THE RETINA O

The ways in which lost vision might be restored are coming into focus as researchers move
closer to recreating the eye’s most complex structure — the retina — in the laboratory.
By David Holmes; illustration by Alisdair Macdonald
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The retina comprises a thin layer of light-sensitive tissue at the

back of the eye. This intricate structure is essential for vision. Nerve fibre
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There are two main types
of light-sensitive cell in the
eye: rods and cones. Rods
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In the retina, five types of neuron —
photoreceptors, bipolar cells, retinal
ganglion cells, horizontal cells and
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hits the retina, it stimulates
photoreceptors, creating an electrical
signal that is conveyed through other
neurons of the retina to the optic
nerve, and then on to the brain.

convert light into electrical
signals that travel through
other retinal neurons to
reach the optic nerve.

Relays signals from bipolar
and amacrine cells to the
brain through long
projections called axons
that form the optic nerve.

bipolar cells to regulate
signals directed at retinal
ganglion cells. So far,
around 30 subtypes have
been identified.
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Degenerative diseases
of the retina affect
hundreds of millions
of people worldwide.
The most common
such condition is
age-related macular
degeneration (AMD).

build-up of fatty
deposits, known as
drusen, between the
RPE and the choroid.
The cause is unclear,
but by-products from
photoreceptors are
thought to contribute.

@ These deposits
gradually grow in size
and number, leading
to increasingly
distorted vision.

the RPE is disrupted,
resulting in the death
of photoreceptors and
the loss of central
vision.

O 10-15% of cases

progress to a form
known as wet AMD!,
in which blood
vessels penetrate the
retina and leak fluid
that causes vision to
deteriorate rapidly.

No treatments have
been approved for
early-stage AMD,
but drugs that
inhibit blood-vessel
formation can slow
the progression of
wet AMD.

of blindness

is caused
by AMD2.
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FRESH EVES

In the past decade, refinements to techniques for culturing or differentiating stem
cells have increased the possibility of using stem-cell therapies to tackle
retinal-degenerative diseases such as AMD.

Stem cells can be
sourced from a
blastocyst-stage
embryo.
Alternatively, adult
cells such as
fibroblasts can be
reprogrammed to
behave as stem cells.

In advanced AMD,
dysfunction of the
RPE is the main
cause of failing
vision. Clinical trials
are now under way
to replace damaged
RPE with healthy
retinal pigment
epithelial cells grown
from stem cells.

A suspension of
retinal pigment
epithelial cells
derived from stem
cells is injected into
the distorted space
above the choroid.
Initial trials in people
have shown this
approach to be safe.

However, it is unclear
whether cells
delivered in
suspension will
survive in
great-enough
numbers for the RPE
to regenerate and
function correctly.

Blastocyst

Pluripotent
stem cells

Such stem cells
have the potential to
divide indefinitely,
and can give rise to
any cell type that is
required for retinal
regeneration.

Retinal pigment epithelial cell

Ol

So far, researchers have tested two

ways of delivering fresh pigment
epithelial cells to the damaged retina.

A one-cell-thick sheet of
retinal pigment epithelial
cells on top of a thin
polyester or collagen
ponoponqonpam)  scaffold is surgically

LS

LALN AL ALY implanted at the back of
oty P

Y | the eye.
ul

Implanting the cells as a sheet
removes the need for them to
adhere to Bruch’s membrane.
C Clinical trials have shown the
procedure to be safe, and some
recipients have reported
improvements in vision.

RETINAL REPAIR

EYES FORWARD

As well as efforts to generate retinal cells from
stem cells, researchers are making rapid
progress towards growing whole retinas. As
such models become more sophisticated,
reflecting not just the range of cell types but
also their organization and function in the eye,
these mini-retinas will prove invaluable for
disease modelling and drug testing.

2011

Mouse embryonic stem cells are shown to
self-organize into a 3D structure comprising layers
of retinal cells that look similar to those of the
developing retina.

v

2012

Human stem cells derived from embryos are shown
to assemble into primitive mini-retinas®. The
resulting structures are larger and contain more
cones than those derived from mouse cells
in 2011.

v

2014

Human mini-retinas containing all main
retinal cell types layered correctly are
created®. Although the photoreceptors are
not mature, some respond weakly to light.
v

2016

The hereditary diseases Leber congenital

amaurosis® and retinitis pigmentosa’ are

recreated in mini-retinas. The models give

fresh insights into these retinal conditions.
v

2017

In April, researchers create relatively mature
mini-retinas®. The cell layers are well organized and
the photoreceptors are developmentally advanced,

with the potential to form functional synapses.

In August, the UK National Centre for the
Replacement Refinement and Reduction of Animals
in Research awards NewCells Biotech in Newcastle,

UK, £1 million (US$1.27 million) to develop
mini-retinas for use in drug screening.
v

2018

The US National Eye Institute launches a
US$1-million competition fund to advance the
development of mini-retinas.

SELF-REPAIR
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The human retina contains a population of
dormant stem cells. In some animals, including
zebrafish, a similar population of stem cells is
activated in response to injury and can regenerate
all retinal cell types to restore vision. As
researchers’ understanding of the repair process
improves, mini-retinas should enable them to
explore whether the human eye might also be
coaxed into regrowing retinal tissue.
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