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Research Interests 

Keywords: 
cell biology of retina and hippocampus under normal and pathological conditions, 
neuronal cell death and neuroprotection, rod and cone photoreceptors 

Research Interests: 
Retinal morphology, physiology, and biochemistry 
Mitochondrial response during photoreceptor stress 
Mechanisms of photoreceptor cell death and protection 
Information processing for retinal maintenance 

Current Research: 
Retinal Inflammation, Neovascularization, and Neuroprotection in Human and a 
Murine Model of Age-related Macular Degeneration   

Age-related Macular Degeneration (AMD) is a disease in which photoreceptors in the 
central region of the human retina begin to degenerate.  As the disease slowly progresses, 
the resulting central blind spots expand, fuse, and eventually lead to clinical blindness. A 
hallmark of this disease is the compromise of Bruch’s membrane behind the retina and its 
associated monolayer of retinal pigment epithelial (RPE) cells, which leads to the growth of 
capillaries (neovascularization) from the choriocapillaris at the back of the eye into the 
spaces between the RPE and photoreceptors. This spreading disruption triggers photo-
receptor cell death. There are at least two components of this disease: inflammation (both 
initial and chronic) and neovascularization. Our working hypothesis is that regulation or 



inhibition of these processes will attenuate or halt the spread of photoreceptor death 
across the retina. 

Beginning with our work with MALDI imaging mass spectrometry, I have been interested 
primarily in characterizing the phospholipid profile of the retinal pigment epithelium (RPE) 
and the cells of the retina to better define events that lead to retinal degeneration.  Our 
laboratory has found that the very abundant phospholipid, phosphatidylcholine (PC), can 
contain two molecules of docosahexaenoic acid (DHA) – an omega-3 fatty acid – or a single 
DHA and a molecule elongated from DHA – a Very Long Chain-PolyUnsaturated Fatty Acid 
(VLC-PUFA). Under conditions of stress, these molecules can be released and converted to 
highly neuroprotective forms (Neuroprotectin D1 and an Elovanoid (ELV), respectively) that 
aid in repair and/or maintenance of the RPE/retina complex.  (This emphasizes the 
importance of DHA in retinal health.) However, little is known about the synthesis, 
incorporation, and protective nature of these molecules or the cells involved in retinal 
protection. 

There are two studies that best highlight our mass spectrometric investigation of retinal 
degeneration:   1) Utilizing MALDI imaging mass spectrometry we have shown in mutant 
mice incapable of taking up DHA into the RPE/retinal complex, that there is a 
compensatory attempt to substitute omega-6 fatty acids.  Moreover, VLC-PUFAs cannot be 
synthesized (no DHA), their lack impairing production of the protective ELVs, which 
subsequently initiates photoreceptor death.  2) In human retinas, we have shown that VLC-
PUFAs are more abundant in the rod-rich periphery than in the cone-rich macula, and in 
retinal disease (e.g., Age-related Macular Degeneration, AMD), VLC-PUFAs are significantly 
depressed in retina, even more so within the periphery, suggesting that AMD may initiate 
within peripheral rod photoreceptor cells. (There is evidence that DHA is reduced in AMD 
patients.) This reduction in peripheral VLC-PUFAs is greater in the female retina, which may 
relate to the NIH study showing 66% of AMD patients are female. 
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