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Fueled by a $2 million grant from the McGraw 
Family Foundation, the recent arrival of Bo 
Chen, PhD, and his research lab is giving the 
Department of Ophthalmology at New York 
Eye and Ear Infirmary of Mount Sinai (NYEE) a 
powerful platform to explore the exciting field 
of retinal regeneration to potentially restore 
visual function in people with degenerative 
glaucoma, macular degeneration, and retinitis 
pigmentosa. The grant is enabling the new lab 
to expand its work through the purchase of a 
Beckman ultracentrifuge to make AAV viruses 
for retinal gene transfer, and a Zeiss confocal 
microscope to evaluate that process as well 
as the effects of therapeutic intervention on 
retinal tissue.

Dr. Chen, Associate Professor of 
Ophthalmology and Director of the Ocular Stem Cell Program 
at the Icahn School of Medicine at Mount Sinai, has made 
considerable progress over the past eight years in highlighting 
the role of gene therapy. In his previous lab at the Yale School 
of Medicine, Dr. Chen worked with mouse models to better 
understand the molecular and cellular pathways in major retinal 
degenerative diseases. In one major project—for which work 
continues at the Mount Sinai/NYEE Eye and Vision Research 
Institute—he has demonstrated how the gene transfer of ß-catenin 
and three transcription factors can successfully reprogram retinal 
glial cells into rod photoreceptors. 

Photoreceptors are light-sensitive cells in the retina in the back of 
the eye that signal the brain when activated. In mammals, including 

Breaking New Ground in Gene Transfer 
Therapy to Restore Vision 

mice and humans, photoreceptors do not have 
the ability to regenerate on their own when 
retina cells are destroyed by diseases like 
macular degeneration or retinitis pigmentosa, 
causing irreversible blindness. However, the 
Müller glial (MG) cells of the zebrafish have 
regenerative potential whereby they divide 
and turn into photoreceptors and other retinal 
neurons, establishing a powerful self-repair 
mechanism. 

To see if MG cells could be programmed 
to become rod photoreceptors in a living 
mouse, Dr. Chen induced the cells to divide 
by injecting ß-catenin into the eyes of mice 
as a first step and, weeks later, injecting 
three transcription factors—Otx2, Crx and 
Nrl. This regenerative process, he found, 

not only encouraged the newly divided cells to develop into rod 
photoreceptors, but structurally made them look no different 
than the real photoreceptors. Would the treatment actually work, 
though, in restoring vision to mice with congenital blindness? The 
exciting finding by Dr. Chen was that light responses recorded 
from retinal ganglion cells—neurons that carry signals from 
photoreceptors to the brain—and measurements of brain activity 
showed that the newly formed rods were in fact integrating into the 
visual pathway circuitry. “Mice who were blind from birth were now 
able to see light for the first time in their lives following treatment,” 
he observes.

Dr. Chen’s groundbreaking study, published August 15, 2018, in the 
online issue of Nature, has received national attention for opening a 

new pathway for potentially treating 
in humans retinal degenerative 
diseases, which currently have 
no cure, by manipulating our own 
regenerative capability to self-repair. 
“We’ve been able to show through 
a gene transfer technique using 
AAV viruses that we could activate 
resident stem cells—the so-called 
Müller glial cells—to re-enter the 
cell cycle to generate a population 
of stem cells that differentiate into 
retinal neurons,” Dr. Chen explains. 
The scientist is now working with 
Mount Sinai’s patent office to file a 
provisional patent based on these 
findings.

From left: Postdoctoral Fellows Xinzheng Guo, PhD and Ye Xie, PhD, with  
Bo Chen, PhD, examining the bacterial colonies growing on an agarose plate. 

Macro view of retinal stem cells in process 
of division. 

Mouse subject being tested for 
optomotor response (OMR) to 
assess visual function following 
an eye injection of Otx2, Crx 
and Nrl. The virtual stimulation 
cylinder tracks the animal�s head 
position as pattern on cylinder 
walls changes to measure OMR. 

“We believe our findings 

underscore that we are closer 

than ever to major new 
therapies for people 

with severe degenerative eye 

disease.”  
—Bo Chen, PhD
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As a McGraw Family Vision Researcher, Dr. Chen says he 
relishes the ability to tap into a rich array of resources at Mount 
Sinai and NYEE to advance his groundbreaking work. They 
include a cutting-edge imaging capability under the leadership 
of Richard Rosen, MD, Vice Chair and Director of Ophthalmic 
Research at NYEE; the nationally recognized Icahn Institute for 
Genomics and Multiscale Biology; and NYEE’s considerable 
pool of patients. 

“Dr. Tsai [President of NYEE] has given me a broad mandate to 
pursue my work in retinal regeneration and neural protection,” 
emphasizes Dr. Chen, winner of the Pew Scholars in the 
Biomedical Sciences Award, given to young investigators 
showing outstanding promise. “These fields represent unlimited 
opportunities today for labs like mine, and we believe our findings 
underscore that we are closer than ever to major new therapies 
for people with severe degenerative eye disease.”

Bo Chen, PhD, examining 
the structural elements of a 
retinal slice at a cellular level .
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