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A. Personal Statement  
Research in my laboratory is focused on identifying the molecular changes that occur in the retina with 

age-related macular degeneration (AMD).   My research team has been investigating critical questions driving 
the field of age-related disease.  What are the cellular changes that occur with aging? What factors “tip the 
balance” to pathology? How does the cell respond to disease? How can we protect against pathologic 
changes?   

Since starting my independent position more than 20 years ago, my laboratory has gained considerable 
expertise in biochemical analysis of tissues and cells, molecular biology, cell biology, and more recently, stem 
cell biology. Our early investigations of AMD disease mechanism using human eyebank tissue from donors 
graded for the presence and severity of AMD identified mitochondrial defects as a potential mechanism in AMD 
pathology. In support of our initial findings, we also showed increased mitochondrial damage in the retinal 
pigment epithelium (RPE) from a subset of AMD donors harboring the AMD risk SNP for complement factor H 
(CFH) A. In subsequent studies, we initiated research using induced pluripotent stem cell (iPSC)-RPE for use in 
studying AMD disease mechanism B and for large scale C and patient-specific drug screening D. Of relevance to 
this proposal, we reported mitochondrial function of iPSC-RPE harboring the CFH high-risk single-nucleotide 
polymorphisms (SNP) was significantly lower than cells from CFH low risk donors D.  This discovery supports 
the use of iPSC-RPE to understand how specific SNPs associated with high risk for advanced AMD influences 
multiple biological processes in the RPE.  

 The U01 grant supports research in the Ferrington laboratory as part of a larger consortium of five 
laboratories, collectively referred to as the “Age-related Macular Degeneration (AMD) Integrative Biology 
Initiative”.  The goal of the consortium is to determine if patient-derived iPSC-RPE can be used to discover the 
underlying pathophysiology of AMD.  Our studies focus on two SNPs with the highest odds ratio for developing 
advanced AMD- Age-Related Maculopathy Susceptibility 2/High Temperature Requirement A1 
(ARMS2/HTRA1) and CFH. We use the iPSC developed by the NEI and the New York Stem Cell Foundation 
to differentiate the parent cells and their reciprocal isogenic lines into RPE using the protocol established in the 
Bharti laboratory. We will test the hypothesis that the presence of homozygous risk alleles for either 
ARMS2/HTRA1 or CFH, independent and in combination, have a negative impact on the RPE stress response. 
Furthermore, each genetic risk profile will have a unique stress response. Our investigations will include a 
multidisciplinary team with complementary expertise in iPSC-RPE culturing and experimentation (Ferrington), 
global protein analysis using label-free mass spectrometry (Dr. Jun Qu, SUNY Buffalo), and targeted 
metabolomics (Dr. Jianhai Du, West Virginia University). Funds from the Reeves Foundation are being 
requested to purchase equipment needed to process our cell samples for mass spectrometry analysis. 



 

This analysis will provide new information about the proteins that are altered in the cells with different 
genetic backgrounds.   
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B. Positions, Scientific Appointments, and Honors 
 
Positions and Scientific Appointments 
2022-present  Chief Scientific Officer, Doheny Eye Institute 
2022-present Professor, Department of Ophthalmology, David Geffen School of Medicine, UCLA 
2017-2022 Director of Research, Department of Ophthalmology and Visual Neurosciences, U Minnesota 
2017-2022 Faculty, Stem Cell Institute, University of Minnesota 
2015-2022 Professor, Department of Ophthalmology and Visual Neurosciences, U Minnesota 
2007-2015     Associate Professor, Department of Ophthalmology and Visual Neurosciences, U Minnesota 
1999-2022 Graduate Faculty, Biochemistry, Molecular Biology, & Biophysics Program, U of Minnesota 
1999-2006 Assistant Professor, Department of Ophthalmology, University of Minnesota 
1997-1999 Postdoctoral Fellow-American Heart Association, Depart. Biochemistry, University of Kansas 
1992-1997 Graduate Research/Teaching Assistant, Department of Biochemistry, University of Kansas 
1990-1992 Assistant Director, Exercise Physiology Laboratory, University of Kansas 
1990-1992 Research/Teaching Assistant, Department of Health, Physical Education & Recreation/ 

Department of Human Development & Family Life, University of Kansas 
 
Honors 
2022 Stephen J. Ryan- Arnold and Mabel Beckman Foundation Endowed Presidential Chair 
2022 Professor Emeritus, University of Minnesota 
2019 Awarded the Distinguished McKnight University Professorship 
2017-2023  Permanent Member, NIH “Biology and development of the eye” Study Section 
2017   Borish Distinguished Research Scholar Award, Indiana University- Optometry 

Keynote Speaker, George Kambara Vision Science Symposium, Madison, WI  
Speaker, Distinguished Lectures in Vision Science, U Buffalo, NY 

2016 Executive Board Member, Beckman/Ryan Initiative for Macular Research  
2015 Visiting Scientist, University of Pierre and Marie Currie, Paris, France  
 Chair, Gordon Research Conference Oxidative Stress and Disease, Ventura CA. 
 Speaker, Rich Endowed Lecture Series, University of Alabama School of Medicine 
2013 Awarded Elaine and Robert Larson Endowed Vision Research Chair 
 Speaker, Distinguished Lecture Series, Cole Eye Institute, Cleveland, OH 
 Vice Chair Gordon Research Conference Oxidative Stress and Disease, Switzerland  
2011  Athlete of Distinction, University of Pittsburgh Varsity Letter Club 
2010 Keynote Speaker, Midwest Eye Research Symposium, Iowa City, IA 
2003-2004 Fesler-Lampert Chair in Aging Research, Center on Aging, University of Minnesota   
2001 Career Development Award, Foundation Fighting Blindness and American Federation for 

Aging Research 
2000 Ellison foundation Grant Candidate, University of Minnesota 



 

 Brookdale National Fellowship Candidate, University of Minnesota 
1997 Newmark Award for Biochemical Research, University of Kansas 
 Llewellyn Borgendale JR, Graduate Seminar Award in Biochemistry, University of Kansas  
1994 Glenn/AFAR Scholarship-Research in the Biology of Aging, Am. Federation for Aging Research  
1993   Ida H. Hyde Scholarship, Division of Biological Sciences, University of Kansas 
1981 University Scholar, University of Pittsburgh 
  
C. Contributions to Science  
 
1) Defining the Molecular Mechanisms of Age-related Macular Degeneration: My laboratory has been 
investigating the molecular changes that occur with retinal aging and age-related macular degeneration (AMD), 
with a major emphasis on understanding how retinal cells respond to stress. Because the anatomical structure 
of the retina is unique to primates, there are currently no small animal models that can faithfully replicate the 
retinal conditions associated with AMD.  Therefore, the approach for my laboratory has been to use human 
donor tissue graded for the stage of AMD to study the disease (1). Our experimental approach to investigate 
AMD pathogenesis has been to study changes in protein expression and in mitochondrial (mt) DNA damage in 
human donor eyes at progressive stages of AMD using a combination of proteomic and molecular biology 
techniques.  Results from multiple proteomic analysis led to our groundbreaking observation that the 
mitochondria in the retinal pigment epithelium (RPE) are significantly impacted by the disease (2). To verify 
that mitochondria are damaged with AMD, a separate study was performed that showed donors with AMD had 
significantly more mtDNA damage than age-matched controls (3).  For my laboraory, this paper was a turning 
point in that it validated the mitochondria as a molecular target for therapy. Since that time, we have gone from 
pure discovery-based science asking “What factors tip the balance to pathology?” to developing model 
systems for testing drugs that can enhance mitochondrial function to answer the question “How can we protect 
against these pathologic changes?” Our work in AMD is now focused on identifying and testing drugs that 
counter redox stress and facilitate energy generation in the mitochondria using cultured human RPE cells and 
murine models of retinal degeneration.  Translating this information to the clinic raised the question “Is mtDNA 
damage limited to the RPE?” To address this question, we compared the extent of mtDNA damage in both the 
RPE and retina of individual donors and found that the damage was limited to the RPE (4).  These results 
provide a scientific basis for targeting the RPE with therapies that protect mitochondrial function.      
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2) Developing effective treatments for patients with dry Age-related Macular Degeneration.  One of the 
major challenges for developing AMD treatments is having a valid model system that can be used (i) to identify 
the most efficacious targets for intervention and (ii) for testing drugs. To overcome this challenge, we have 
established two cell culture systems: primary cultures from human donor RPE and induced pluripotent stem cells 
(iPSC)-derived RPE. Our initial investigations show that primary RPE from donors with AMD exhibit altered 
bioenergetics and increased resistance to oxidative stress compared with primary RPE from non-diseased 
donors, suggesting the primary cultures recapitulate important aspects of the AMD disease phenotype (5). The 
iPSC-RPE displayed a phenotype and gene expression profile that closely matches RPE in vivo. These RPE will 
provide an inexhaustible source of cells for experiments (6). We are using these primary cultures and iPSC-
derived RPE to investigate AMD disease mechanisms and for testing drugs that protect or enhance RPE mt 
function (7,8). 
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3) Mechanistic investigations in AMD pathology. 
I collaborate with multiple research groups both within and outside of my institute to investigate the mechanistic 
basis for AMD pathogenesis and progression. In addition to my intellectual contribution in developing the 
question and approach, I provide research tissue from human donor eye that have been graded for the 
presence and severity of AMD using the Minnesota Grading System for evaluating Eye Bank eyes. This 
collaborative work has helped advance the field by testing multiple hypotheses about specific pathways or 
mechanisms 9,10 and using investigative tools (Mass Spectrometry to determine mtDNA damage 11, RNA seq to 
identify novel genes linked to AMD 12 ) that are complementary to the Ferrington laboratory.  
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