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Abstract
Irreversible blindness 

resulting from retinal or optic 
nerve diseases continues to 
devastate patients. The use of 
stem cell technology to reverse 
blindness promises great 
individual and societal benefit.  
Stem cell therapies seek to 
replace or enhance the function 
of damaged tissues.  Currently, 
there are no FDA approved and 
commercially available products 
in this arena.  Numerous clinical 
trials are underway, but as of 
today, we are still awaiting 
rigorous study data.  Meanwhile, 
physicians and patients are 
desperate to restore vision and are 
lured to clinics claiming success.  
It remains our duty to vet these 
claims and guide our patients 
with their best interests in mind.

Introduction
In the future, stem cell 

therapies may become a mainstay 
for degenerative diseases of the 
eye.  These therapies are currently 
being designed, developed, and 
evaluated in animal models and 
in some cases, early clinical trials. 
The promise of such interventions 
has encouraged the development 
of “ocular regenerative medicine”, 
a field which takes advantage 
of both the relative accessibility 
and immune privilege of the eye. 

As any developing field grows, 
often there are advances and 
setbacks.  This is certainly true 
in the area of ocular regenerative 
therapies.  As we learn more about 
the benefits and risks of stem 
cell-based treatments for ocular 
disease, regulatory institutions 
will need to ensure both efficacy 
and safety of the proposed 
therapies while still encouraging 
innovation. This article reviews 
the current status of intraocular 
stem cell interventions, as well 
as some critical precautionary 
advice. Why? Because we need to 
be very critical of the state of the 
field as we attempt to help our 
patients understand the landscape 
and prospects for the use of stem 
cell therapy in the management 
of ocular disease. As most of 
the public is aware there already 
have been instances of misguided 
physicians who have attempted to 
side step FDA guidelines on stem 
cell therapies and put patient safety 
at risk. 

The promise of ocular 
regenerative medicine derives 
from the ability of stem cells to 
differentiate into function-specific 
cells. In the eye, this means 
using stem cells to replace tissues 
damaged by degeneration, trauma 
or ischemia. In the posterior pole 
of the eye this means replacing 
damaged cells in the retina, retinal 

In this era of exploding 
knowledge and new 
technologies, our role 
as advisors is even more 
critical.  Physicians are 
entrusted with sifting 
through the onslaught 
of new information and 
distilling the information 
down to understandable 
advice.



66 | 119:1 | January/February 2022 | Missouri Medicine

SCIENCE OF MEDICINE | FEATURE SERIES

pigment epithelium, and optic nerve. Less obvious, 
but of possible great value, is the regenerative 
potential for stem cells to replace supportive tissues, 
such as glial cells, which are critical for the normal 
structure and function of the retina and optic nerve 
(Figure 1.)

Types of Stem Cells
One type of stem cell, the pluripotent stem cell, 

has possibly the greatest potential for the field of 
ocular regenerative medicine. Pluripotent stem cells 
are dividing and differentiating most actively during 
embryonic development, but also in tissues that 
continually replenish, such as the corneal epithelium.  
Leveraging the ability of embryonic pluripotent stem 
cells to develop into numerous tissues would be a 
natural start when considering tissue replacement 
therapy. One can think of the use of pluripotent stem 
cells as using a forward-moving development process 
to induce cell proliferation into the tissue of interest.  
Another method for ocular regenerative medicine is 
to coax partially differentiated cells backward in their 
developmental lineages and then redirect them onto 
a different pathway to the desired end tissue.  De-
differentiation is frequently accomplished through 
the use of Yamanaka factors, the transcription factors 
Oct-3/4, Sox2, KLF4 and cMyc.  In contrast to 
embryonic stem cells (ESC), induced pluripotent 
stem cells (IPS) are derived from mature tissues such 
as skin or bone marrow that have been treated with 
the Yamanaka factors.  If IPS are harvested from a 
patient, manipulated for transplant, and re-injected 
into the donor in an autologous manner, the donor 
is unlikely to need immunosuppression.  However, 
there is the theoretical risk that these manipulated 
cells may demonstrate unchecked growth or tumor 
formation.1, 2

Trials, Methods and Targets
Researchers are testing multiple 

methods of stem cell delivery for patients 
with sight threatening diseases. A search 
of clinicaltrials.gov revealed 150 clinical 
trials of stem cell-based therapies for eye 
diseases ranging from dry eye to immune-
related retinopathy.  Twenty-eight of these 
trials are currently recruiting patients, 
18 in the United States. The remainder 
of the trials are in various states such as 
completed, paused, terminated, withdrawn, 

or suspended.  Trials for stem cell treatment of posterior 
eye disease include approaches to treatment of Age-
Related Macular Degeneration, Ischemic Optic 
Neuropathy, Glaucoma, and Diabetic Retinopathy.3

(Figure 2 and 3) Stem cells have been delivered to study 
eyes by multiple routes, including intravenous and 
intraocular injections.

Most clinical trials for the treatment of ocular 
disease with stem cell therapies have been small, 
designed to demonstrate feasibility and safety.  Some 
have used patient derived bone marrow CD34+ and 
mononuclear cells, extracted and then re-injected in 
an autologous manner.  In trials using autologous 
cells conducted by Park and Siqueira to treat retinal 
vascular occlusion, nonexudative age related macular 
degeneration, retinitis pigmentosa, or rod-cone 
dystrophy, 11/11 patients did not develop serious 
complications. However, the patients also failed to have 
any functional recovery of vision, perhaps due to the 
advanced course of the disease.4, 5

Intra-ocular therapies in development have been 
primarily directed at restoring retinal ganglion cells 
(RGC), retinal pigment epithelial cells (RPE), and 
photoreceptors.  RGCs, the innermost cells of the retina 
that project to the thalamus through the optic nerve, do 
not naturally replicate or regenerate. One approach to 
regenerate these cells has been to induce retinal Mueller 
cells, a type of glia, to differentiate into RGCs when 
driven by the proper cytokine stimulus.  However, 
harvesting, differentiating and properly integrating these 
cells back into the retina has proven to be challenging. 

In contrast, work has moved more rapidly on the 
therapeutic use of mesenchymal stem cells. When 
injected into the eye these stem cells appear to play 
a neuroprotective role for existing RGCs, a different 
approach than trying to replace diseased RGCs. These 
fibroblast-like stem cells found in blood, adipose, and 

Figure 1. Normal Retinal Appearance
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bone marrow appear to produce factors that protect 
existing RGCs from immune-mediated inflammation 
as well as possibly inducing proliferation of retinal stem 
cells.6-8

The interaction between RPE and photoreceptors 
is essential for visual function.  Damaged RPE occurs 
in Age-Related Macular Degeneration and RPE 
dystrophies, such as Stargardt disease.  Subretinal 
transplantation of pluripotent stem cells to treat these 
diseases may be possible, and several small phase 1 
trials have been performed demonstrating safety of 
this approach.9-11 Most of these studies have looked 
at delivery of cell suspensions, however, placement 

of sheets of cells into the sub-retinal 
space may prove to be more effective 
in preserving tissue architecture and 
perhaps allow better integration of the 
stem cell derived tissue into the retina-
RPE complex. 12, 13

Damaged photoreceptors do 
not regenerate and are affected in 
Age-Related Macular Degeneration, 
diabetic retinopathy and degenerative 
conditions such as Retinitis Pigmentosa. 
Photoreceptors may be easier to restore 
than other retinal cells in that the 
regenerated cells probably need to 
make fewer functional connections. 
Several studies demonstrate the 
feasibility of total thickness pluripotent 
stem cell retinal sheets or subretinal 
photoreceptor progenitor cells.14, 15

FDA and Innovation
While a number of small, controlled 

studies of stem cell therapies for 
retinal disease have been carried out 
demonstrating some degree of safety 
under very tightly regulated conditions, 
the concept of stem cell therapy 
has become part of the popularized 
regenerative medicine industry, with 
internet communication enabling 
an explosion of online marketing of 
unproven treatments.16 As we await 
more evidence-based therapies, we rely 
on advice and oversight of the FDA.  
The FDA states that it is “responsible 
for protecting the public health by 
ensuring the safety, efficacy, and security 

of human and veterinary drugs, biological products, 
and medical devices…FDA is responsible for advancing 
the public health by helping to speed innovations that 
make medical products more effective, safer, and more 
affordable and by helping the public get the accurate, 
science-based information they need to use medical 
products and foods to maintain and improve their 
health.”17

A Cautious Approach Is Needed
There is enthusiasm for the therapeutic potential of 

stem cell technology, especially for degenerative diseases.  
While the FDA will regulate the use of stem cell therapy 

Figure 2. Massive retinal destruction from laser therapy for 
proliferative diabetic retinopathy.

Figure 3.
Fluorescein angiography demonstrating massive non-perfusion of retinal 
vessels due to central retinal artery occlusion.  White dye is seen only in 
patent, perfused area of the retina.
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to ensure both safety and efficacy, the use of autologous 
stem cells to regenerate damaged tissue may not fall 
under the regulation of this agency.18  For example, 
the FDA may not have jurisdiction over treatment 
of autologous materials that are harvested and re-
implanted as part of the same procedure. The desire to 
improve a patient’s vision is understandable, but when 
approved therapies are not readily available for a given 
condition, desire may turn to desperation.  Several high-
profile cases of stem cell therapies for ocular disease 
have left patients with serious complications.  In these 
cases, stem cells were injected intravitreally, resulting 
in scar formation, tractional retinal detachments, 
and vision loss.19 In 2017 The FDA clarified its rules 
in an effort to help companies comply with Federal 
regulations.  Enforcement of these rules was delayed 
to allow companies the opportunity to comply. In July 
of 2020, the FDA extended this enforcement deadline 
to May of 2021 due to the COVID-19 public health 
emergency.20 According to this notice, the intention 
was never to “provide cover to bad actors,” and the 
FDA continues “to take action against manufacturers 
and health care providers who are offering unapproved 
regenerative medicine products that have the potential 
to put patients at significant risk”.  

Conclusion
The promise of restored eye function based on these 

new technologies is alluring.  To attain this goal, we 
need to evaluate new therapies in well-run and regulated 
clinical trials with appropriate ethical and safety reviews.  
These tenets of modern clinical trials may seem obvious; 
however, they cannot be stressed enough, especially 
when caring for people with debilitating diseases for 
which cures are not readily available. The desperation 
and fear that these patients experience is a set-up for the 
unethical profiteer.  In this era of exploding knowledge 
and new technologies, our role as advisors is even more 
critical.  Physicians are entrusted with sifting through 
the onslaught of new information and distilling the 
information down to understandable advice.  To this 
end, the doctor must keep the source of information 
sacred, question all methods and the conclusions 
derived from published information, and vet any 
clinical trial open for enrollment before endorsing 
participation by the patient. Our role in this has not 
changed, whether it is FDA approved therapies or 
alluring but as of yet unproven, stem cell therapeutics.
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