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Research Interests

The large majority of irreversible blindness in the US
is caused by pathology of the blood vessels of the
eye. Penn's long-standing interest is in the
molecular basis of retinal vascular disease. The
over-arching goal of his research is to characterize
the processes involved in retinal vascular
inflammation and angiogenesis, and to begin to
develop preventive strategies based on
understanding gained from in vitro and in vivo
studies. The Penn lab has the capability to isolate
and culture a variety of primary cells from retinal
tissue of several species, including retinal vascular
endothelial cells, choroidal endothelial cells, retinal
Muller glia, retinal pericytes, retinal microglia and
retinal pigment epithelial cells — all of which are thisimage illustrates the retinal vasculature of a 20-
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models of retinopathy of prematurity, neovascular age-related degeneration and diabetic
retinopathy. Using these in vitro and in vivo tools, Penn's research program focuses on pro-
inflammatory and pro-angiogenic molecular signaling in the retina. In his research, Penn places
an emphasis on both drug target identification and on development of novel pharmaco-
therapeutics and methods of drug delivery to the eye.

Penn has been continuously funded by the National Eye Institute of NIH for 33 years. He currently
serves on the advisory boards of three prominent foundations supporting eye research, and he is
President of the International Society for Eye Research. Penn’s lab currently holds 18 contracts
with pharmaceutical companies to develop novel drugs for eye diseases.
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NFAT and retinal vascular homeostasis: The Penn lab currently has multiple projects directed
at understanding the role of the transcription factor, NFAT, in diabetic retinopathy pathogenesis.
First, we are investigating NFAT’s regulation of extracellular matrix expression in the development
of basement membrane thickening — a hallmark of diabetic retinopathy. Second, we are
characterizing the role of NFAT in the response of photoreceptors to diabetes-relevant stimuli.
Finally, we are determining NFAT isoform specificity in early pathogenic events related to retinal
cytokine induction under diabetic conditions.

Epoxygenated lipids and their products in retinal vascular inflammation: Epoxide lipids
generated by Cytochrome P450 epoxygenases are anti-inflammatory, but their levels are limited
by the soluble epoxide hydrolase enzyme. We are testing the hypothesis that epoxide levels are
decreased in the diabetic retina due to altered expression of the enzymes that regulate them, and
therefore elevating their levels would be beneficial for the early treatment of diabetic retinopathy.
Similarly, the lipid epoxide-derived endocannabinoids that are selective for cannabinoid receptor
2 (CB2) binding are also potently anti-inflammatory. We are characterizing their roles in diabetic
retinopathy and the efficacy associated with elevating their endogenous levels.

Novel biomarker imaging and drug delivery methods: The properties of the eye allow for
unique opportunities to image biomarkers in vivo. We are designing novel RNA-based molecular
beacons and contrast agents to better understand early disease processes, and as a first step in
developing targeted strategies for delivery of novel therapeutic agents.

Available Projects

* Characterize the specific mechanisms by which NFAT-c2 exerts its anti-inflammatory
bioactivity in retinal disease

+ Characterize the efficacy and mechanism of action of endocannabinoids in inflammatory
retinal disease

» Define the role of photoreceptors in promoting vascular inflammation in the diabetic retina

» Determine the utility of hypoxia probes RNA-based molecular beacons for ophthalmic use
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