INNOVATIONS IN RETINA

The Future of Stem Cell
Therapy in Retina

Stem cell therapy may offer retina specialists a new avenue for regenerating damaged tissue

in the back of the eye.

BY ARON SHAPRIO

here is an old adage that says “If ain’t broke,
don’t fix it.” But what happens when it is
broken, and there are no replacement parts
available?

Degenerative retinal diseases are a leading cause of
irreversible blindness and debilitating loss of visual func-
tion. For patients experiencing conditions secondary
to pathologic loss of retinal tissue, the best that can be
hoped for with current therapies is to delay disease pro-
gression. However, hope for a true breakthrough is on
the horizon.

A previous installment of this column (“Gene Therapy
for Retinal Diseases,” Retina Today, April 2015, page 24)
offered a primer on gene therapy and discussed novel
therapies employing genetic technologies being studied
in clinical trials. This installment focuses on another
option for restorative treatment of degenerative retinal
diseases: stem cell therapy.

STEM CELL THERAPY AND THE RETINA

The retina presents an attractive target for stem cell
therapies for many reasons. The eye is easily accessible,
and novel surgical approaches allow the transplanta-
tion of cells to targeted locations in the back of the
eye.? Although the eye is structurally complex, the
number of different cell types it contains is low, and so
retinal stem cell therapies can be targeted to replace a
single cell type, such as pigmented epithelial cells, gan-
glion cells, or photoreceptors.

Because the eye is a relatively small organ, the number
of stem cells required for a procedure would theoreti-
cally be lower than with larger organs. After stem cells are
delivered to the site of a disease pathology, the immune-
privileged nature of the eye minimizes the risk of tissue
rejection, which is a major concern for transplanted cells in
other organs.! Additionally, the numerous tools available
to measure ocular structure and function allow continual
assessment and monitoring of stem cell function. These
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advantages have put retinal disorders at the forefront of
stem cell-based clinical research.

SOURCING STEM CELLS

A crucial issue in stem cell therapy concerns the
source of harvest for human stem cells. The earli-
est attempts employed cells from fertilized embryos.
The significant ethical considerations regarding use
of human embryos for therapeutic applications, how-
ever, have led researchers to explore other potential
sources.® One of these alternatives involves treating
adult somatic cells with mixtures of growth modifiers
and transcription factors to create stem cells; these
induced pluripotent stem cells (iPSCs) can then be used
as source material for directed development into the
desired tissue type.

Use of adult stem cells is another option; these are
undifferentiated cells found in specialized tissues such
as bone marrow, tooth pulp, and the corneal limbus.
The human body maintains a library of differentiated
stem cells for the repair or replacement of damaged
cells or tissue; however, adult stem cells can be directed

At a Glance

- The eye is especially well suited for stem cell
therapy.

« There are two approaches to stem cell therapy:
cell replacement therapy and regenerative
therapy. The latter option may be best suited for
ophthalmic indications.

- Cell therapy targeting restoration of retinal
pigment epithelial cells may one day treat diseases
such as myopic macular degeneration, Stargardt
disease, and age-related macular degeneration.



to alternative developmental pathways and used to
replace tissue types other than those for which they
were intended.

Methods have also been developed to generate par-
thenogentic stem cells via manipulated activation of
unfertilized oocytes or oocytes that have undergone
somatic cell nuclear transfer.* The goal of this approach
is to create immunologically matched tissue banks of
stem cells for general use.

It is important to note that although generation
of stem cells by any of these methods is conceptually
simple, the logistics of the procedures are complex and
remain a significant hurdle to routine stem cell therapy.

INDICATIONS FOR RETINAL
STEM CELL THERAPY

Retinal diseases that result in progressive loss of
neural cells (eg, photoreceptors, interneurons, or reti-
nal ganglion cells) or essential supporting cells such
as retinal pigment epithelium (RPE) cells are potential
targets for stem cell-based therapies.’ Initial efforts
have focused on RPE cells because they do not require
synaptic reconnection but still play an important role
in many degenerative conditions.® RPE cells play a key
role in the maintenance of healthy photoreceptors, and
in some diseases, the pathologic loss of RPE cells leads
to loss of rods and/or cones. Transplantation of human
embryonic stem cells that have been differentiated in
vitro into RPE cells is an approach currently undergoing
clinical trials in myopic macular degeneration, Stargardt
disease, and age-related macular degeneration.”’
Photoreceptors represent an interesting option for
stem cell therapy among neuronal retinal cells because
they send synaptic signals in one direction only, mak-
ing the transplantation of these cells less complex than
that of other neuronal cells.® There is also interest in
using autologous bone marrow—derived stem cells to
treat ganglion cell loss associated with glaucoma, as has
been demonstrated in both basic research® and early
clinical trials (NCT02330978).

THERAPEUTIC APPLICATIONS

Regenerative medicine is designed to provide solu-
tions to diseases that our own bodies cannot repair.®
Cell replacement therapy is one of several (and per-
haps the best known) therapeutic applications for
stem cells.81% During cell replacement therapy, dif-
ferentiated cells replace the damaged resident cells
to restore function. An alternative method is rescue
therapy via a regenerative approach, also known as
the paracrine effect.? In this approach, transplanted
stem cells secrete trophic factors, such as ciliary neuro-
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trophic factor (CNTF), that have demonstrated effects
on neuronal cell survival. The CNTF-secreting cells

are thought to induce the resident tissue to prolifer-
ate and self-restore in a way that mimics the normal
developmental process.

Although there has been enormous progress in treat-
ment options for retinal diseases in recent years, visual
loss still occurs for many patients.> A number of stem
cell-targeted clinical trials are under way to treat a vari-
ety of retinal conditions.

OBSTACLES AND THE FUTURE

Although stem cell research continues to advance,
many questions remain, and there are many hurdles
to overcome.” One of the most significant challenges
for stem cell therapy is whether ongoing disease in the
retina may prevent transplanted cells from successfully
assimilating.” A degenerating retina may trigger synap-
tic remodeling, resulting in unconventional synaptic
connections." Further, transplanted stem cell survival
depends on appropriate environmental cues, which
may be altered by disease progression.™

The recent progress in regenerative medicine portends
good things to come for patients with degenerative retinal
diseases. The high number of programs in clinical trials has
carried forward momentum for stem cell therapy.

Perhaps with the replacement parts supplied by
regenerative medicine, our future will include fixing
those machines that no longer work. m

Aron Shaprio is vice president of retina at Ora
in Andover, Massachusetts.
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