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The corneal epithelium plays an indispensable though 
little-understood role in marshaling armies of healing 
stem cells from the limbal rim to the protective surface of 
the eye in the event of an injury. For the first time, a team 
of scientists from the Icahn School of Medicine at Mount 
Sinai, Wilmer Eye Institute, and Johns Hopkins University 
School of Medicine has shed valuable light on that wound-
healing process and the vital contribution of the c-Myc 
gene, with major implications for future research and 
treatment of a blinding disease known as limbal stem 
cell deficiency (LSCD). Their study was published in the 
February 2022 issue of Investigative Ophthalmology & 
Visual Science.

“The c-Myc gene serves as the master regulator of cellular 
metabolism and proliferation through the modification 
of gene expression patterns,” explains corresponding 
author J. Mario Wolosin, PhD, FARVO, Professor of 
Ophthalmology, Black Family Stem Cell Institute, Icahn 
School of Medicine at Mount Sinai. “Specifically, we 
found that c-Myc is a critical mediator of the proliferative 
response that limbal stem cells mount when faced with the 
need to rapidly repopulate the ocular surface if a physical, 
chemical, or other type of injury occurs.”

Indeed, the self-renewing properties of the corneal  
epithelium depend on the migration of stem cells, which 
are housed in the narrow outer rim of the cornea known 
as the corneal limbus. Normally, cells constantly exfoliate 

at the ocular surface of the eye and are replaced by new 
cells derived from the corneal limbus. If a large part of 
the epithelium is lost through injury, however, corneal 
epithelial cell production is dramatically accelerated to 
cover the denuded area and thereby prevent infection and 
pathogenic infiltration of the eye.

When the corneal rim itself is damaged or weakened  
by a physical or chemical insult or by a fulminant 
inflammatory allergic reaction such as Stevens-Johnson 
syndrome, the sudden loss of stem cells results in limbal 
stem cell deficiency, a potentially blinding condition 
caused by invasion of the cornea by the surrounding 
conjunctival epithelium and subsequent swelling, 
inflammation, and infection. The only permanent treatment 
is to extract healthy limbal cells through a biopsy from the 
limbus of an immune-compatible donor, expand them in 
culture, and apply them as a high-density “sheet” over the 
damaged eye. 

“The identification of c-Myc as a master regulator  
opens the door to improving the generation of 
transplantable limbal stem cell sheets to treat limbal stem 
cell deficiency and restore the damaged corneal surface,” 
says Dr. Wolosin. “This type of advance could not only 
help save the sight of many LSCD patients but open the 
door to further research around the cellular interactions of 
c-Myc with the corneal epithelium, and to other innovative 
wound-healing treatments.”

Effect of deletion of the Myc gene on the speed of 

healing of a corneal epithelial wound: Under a protocol 

approved by the Animal Institutional Committee, identical 

central zones of the corneal epithelium of mice were 

removed.  A drop of fluorescein dye was applied to the 

eye surface. The dye penetrates the area of the cornea 

not protected by the epithelium and can be photographed 

under a fluorescent light. The images show that while in 

the normal mouse the wound is fully closed within the 

first and second day, in the mouse lacking the Myc gene, 

full wound closure requires more than 5 days. During this 

extended period the inside of the cornea and, indeed, the 

whole eye, is unprotected from pathogens. D
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Unraveling the Wound-Healing 
Magic of the Corneal Epithelium

Researchers Target a Major Hurdle 
For Retinal Stem Cell Replacement
Stem cell replacement therapy promises to usher in a new 
era in ophthalmic medicine, and nowhere are the hopes 
higher than with age-related macular degeneration (AMD), 
the leading cause of blindness, which affects more than 200 
thousand individuals worldwide. A number of human trials 
using induced pluripotent stem cells (iPSC) to replace lost 
retinal pigment epithelium (RPE) have shown encouraging 
results in restoring some vision, but they come with a 
complication: the production of epiretinal membranes.

A team of researchers at the Mount Sinai/New York Eye 
and Ear (NYEE) Eye and Vision Research Institute has 
discovered a potential way around this adverse event, 
which has impeded progress in the field of iPSC-RPE cell 
replacement. As reported in the August 2022 issue of 
Frontiers in Cell and Developmental Biology, the approach 
provides for inhibition of the p38 signaling pathway, 
minimizing the likelihood of epiretinal membrane formation 
as well as proliferative vitreoretinopathy, which is fueled by 
inflammation from the transplant surgery.

“We’ve found a way to improve cell stability with RPE 
transplantation that may reduce the occurrence of adverse 
events observed in the clinic,” says senior author Timothy 
Blenkinsop, PhD, Associate Professor of Ophthalmology, 
and Cell, Developmental, and Regenerative Biology, Icahn 
School of Medicine at Mount Sinai. “Our study could lead 
to new protocols for retinal transplantation using iPSCs, 
which, because of their self-renewal capability, are a highly 
promising source to generate unlimited RPE for cell therapy.”

Postulating that the source of epiretinal membrane formation 
could be incomplete cell maturation, Dr. Blenkinsop and his 
team conducted a comparison of gene expression profiles 
between iPSC-RPE, adult primary RPE taken from the 
human eye, and RPE from the immortalized ARPE-19 cell 

line, a popular source for studying RPE biology. They found 
that iPSC and adult primary sources were comparable in their 
ability to express normal RPE genes, and did so at a higher 
level than the ARPE-19 cell line. What’s more, iPSC-RPE 
expressed networks involved in early eye development and 
muscle contraction. The downside, however, is the finding by 
researchers that iPSC-RPE exhibits an epigenetic plasticity, 
meaning a tendency to change its physiology and structural 
properties when placed in an inflammatory environment, such 
as stem cell transplantation surgery. 

“We developed a model for our study that mimicked the 
inflammatory environment that induces proliferative 
vitreoretinopathy, and showed that iPSC-RPE changes its 
physiology to become less RPE-like and more muscle-like,” 
explains Dr. Blenkinsop. “Just as importantly, we discovered 
that p38 inhibition can repress production of these contractile 
membranes, potentially minimizing adverse events. Reducing 
the risk of epiretinal membrane formation would represent a 
major step forward for RPE cell replacement therapy.”

 “ We’ve found a way to improve cell stability with RPE 
transplantation, which may reduce the occurrence of adverse 
events observed in the clinic.”

     —Timothy Blenkinsop, PhD

Pluripotent stem cell-derived retinal pigment epithelium exhibiting 

typical protein localization and morphology of native tissue
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