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Outcome measures for BEST1 gene augmentation therapy: 
restoration of RPE-photoreceptor interface homeostasis
Karina E. Guziewicz1, William A. Beltran1, Artur V. Cideciyan2, 
Valerie L. Dufour1, Andras M. Komaromy3, 1, Emily McTish1, 
Alfred S. Lewin4, William W. Hauswirth4, 5, Samuel G. Jacobson2, 
Gustavo D. Aguirre1. 1Clinical Studies, University of Pennsylvania, 
Philadelphia, PA; 2Ophthalmology, University of Pennsylvania, 
Philadelphia, PA; 3Small Animal Clinical Sciences, Michigan State 
University, East Lansing, MI; 4Molecular Genetics and Microbiology, 
University of Florida, Gainesville, FL; 5Ophthalmology, University of 
Florida, Gainesville, FL.
Purpose: Mutations in BEST1 gene are causally associated with 
a group of juvenile maculopathies characterized by abnormal 
EOG and variable severity and progression. We have previously 
described a combination of structural and biochemical factors that, 
in a mutation-independent manner, predispose the macular area to 
primary detachment in canine and human bestrophinopathies. Using a 
naturally-occurring canine bestrophinopathy model (cBest), we have 
also shown that AAV-mediated BEST1 gene augmentation therapy 
results in reversal of macular and extramacular lesions with either 
canine- or human-specific transgene. Here, we investigated whether 
the AAV-mediated BEST1 gene therapy also restores homeostasis 
of RPE-photoreceptor interface, which will impact the long-term 
efficacy of this treatment.
Methods: Thirteen dogs of both sexes (age 4-17mos) harboring 
homozygous (R25X or P463fs) or compound heterozygous (R25X/
P463fs) mutations in BEST1 were subretinally injected with AAV2-
VMD2-BEST1 (1.5x1010-6.5x1011vg/ml) and imaged serially using 
cSLO/SD-OCT. Retinal structure was examined at 9-24mos post 
injection by H&E and immunohistochemistry (IHC) using RPE- and 
photoreceptor-specific markers. Treated retinas were evaluated by 
light microscopy or epifluorescence and confocal microscopy in 
comparison to untreated and WT control eyes.
Results: Based on SD-OCT analyses, subretinal lesions within the 
treated regions resolved 8-12 wks after therapy and the photoreceptor 
layer thickness, measured from external limiting membrane to RPE 
apical surface, returned to normal within the entire treated area. Both 
the in vivo imaging and IHC revealed no apparent adverse effects 
in the RPE or retina secondary to the BEST1 gene augmentation. 
Immunolabeling with EZRIN and MCT1 demonstrated extension 
of RPE apical projections corresponding to the vector treated bleb 
areas with augmented BEST1. In sharp contrast, the untreated regions 
showed absent or only vestigial RPE apical microvilli, associated 
with formation of new lesions or subtle RPE-neuroretina separation, 
and accumulation of subretinal debris.
Conclusions: AAV-mediated BEST1 gene augmentation therapy 
in canine models of bestrophinopathy promotes sustained reversal 
of macular lesions through reestablishment of a normal physical 
interaction between RPE and neuroretina, and restoration of 
homeostasis at the RPE-photoreceptor interface.
Commercial Relationships: Karina E. Guziewicz, 
None; William A. Beltran, None; Artur V. Cideciyan, 
None; Valerie L. Dufour, None; Andras M. Komaromy, 
None; Emily McTish, None; Alfred S. Lewin, None; 

William W. Hauswirth, AGTC (F), AGTC (P), AGTC (C); 
Samuel G. Jacobson, None; Gustavo D. Aguirre, None
Support: Foundation Fighting Blindness - Translational Research 
Acceleration Program (FFB-TRAP) and FFB-Facility grants, Macula 
Vision Research Foundation (MVRF), National Eye Institute/
National Institutes of Health (NEI/NIH: EY06855, EY17549, 
EY019304, P30-EY001583, P30-EY021721), Van Sloun Fund for 
Canine Genetic Research, Research to Prevent Blindness, Inc., Hope 
for Vision.
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Insights into autosomal recessive bestrophinopathy from a 
disease in a dish model
Alan D. Marmorstein, Lori Bachman, Benjamin Gilles, 
Travis Knudsen, Cynthia Pfannkoch, Matthew Hill, 
Lihua Marmorstein, Jose Pulido. Ophthalmology, Mayo Clinic, 
Rochester, MN.
Purpose: To test the hypothesis that autosomal recessive 
bestrophinopathy (ARB) is the human “null “ condition for 
Bestrophin 1.
Methods: We have recruited a 13 year old female Caucasian subject 
with ARB due to compound heterozygous mutations (R141H & 
I366fsX18) and her parents into a clinical study (NCT02162953, 
Stem Cell Models of Best Disease and Other Retinal Degenerative 
Diseases) which aims to collect skin biopsies from 100 subjects 
with bestrophinopathies and their unaffected parents and siblings. 
Skin fibroblasts from these subjects were reprogramed to induced 
pluripotent stem cells (iPSCs). Each subject’s iPSCs were 
differentiated into retinal pigment epithelial (RPE) cells. Successful 
differentiation of iPSCs to RPE is determined by a rigorous set of 
morphologic and molecular criteria.
Results: Western blot of iPSC-RPE lysates for Best1 from the 
subject and her father (Best1+/R141H) were compared to lysates from 3 
unrelated BEST1+/+ controls. Best1 expression was reduced, relative 
to the control in lysates from the father and absent from the subject 
with ARB. All anti-Best1 antibodies only recognize epitopes in the 
region deleted from the I366fsX18. However, we have previously 
shown that this mutant is stable, active as a Ca2+ activated anion 
channel, and that it oligomerizes with wild type Best1 when 
heterologously expressed in HEK293 and MDCK cells. We used this 
knowledge to probe for the Best1 I366fsX18 mutant in RPE lysates from 
the subject and the Mother (Best1+/ I366fsX18) of the subject. Following 
radiolabeling of iPSC-RPE cells with [35S] cysteine & methionine 
Best1 was immunoprecipitated from lysates. No Best1 was detected 
in lysates from the ARB subject. We next performed phagocytosis 
assays using FITC-labelled bovine photoreceptor outer segments 
(OS). Both binding and internalization of OS were significantly 
impaired in iPSC-RPE from the subject versus iPSC-RPE from her 
father. Mother, and unrelated controls.
Conclusions: Based on these data, we conclude that ARB in this 
patient results at least in part from absent or severely diminished 
expression of Best1 leading to a defect in OS phagocytosis.
Commercial Relationships: Alan D. Marmorstein; 
Lori Bachman, None; Benjamin Gilles, None; Travis Knudsen, 
None; Cynthia Pfannkoch, None; Matthew Hill, None; 
Lihua Marmorstein, LAgen Laboratories LLC (I); Jose Pulido, 
LAgen Laboratories LLC (I)
Support: Unrestricted grant from Research to Preven Blindness to 
the Mayo Clinic Department of Ophthalmology
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Synthesis and characterization of a highly fluorescent analog of 
A2E
Marcelo M. Nociari1, H. S. Ewan2, David H. Thompson2, 
Enrique J. Rodriguez-Boulan1. 1Ophthalmology, Weill Cornell 
Medical College, New York, NY; 2Chemistry, Purdue University, 
West Lafayette, IN.
Purpose: Accumulation of A2E in the lysosomes of retinal pigment 
epithelium (RPE) is a primary etiological agent for recessive 
Stargardt disease and ABCA4-related forms of cone-rod dystrophy 
and retinitis pigmentosa and a risk factor for AMD. Currently, there is 
no FDA-approved treatment for any of these diseases. Hence, drugs 
that remove A2E could fulfill this therapeutic void. We have shown 
that β-cyclodextrins (βCD) bind and reduce A2E from RPE cells 
(Nociari et al., PNAS, 2014). However, to be therapeutically useful, 
βCDs require modifications that enhance their clearance strength. In 
order to develop a high throughput quantitative A2E-removal assay 
that guided βCDs optimization process, we prepared a novel, A2E 
surrogate whose fluorescent signal intensity depended on the amount 
of material present and no on the polarity of its environment.
Methods: We synthesized a highly fluorescent A2E derivative 
(FIG.1) by replacing Nitrobenzoxadiazole (NBD) for ethanolamine 
during synthesis (Parish et al., PNAS, 1998). The purity and identity 
of NBD-A2E was assessed by HPLC-MSMS and NMR.
Results: NBD-A2E displayed fluorescence excitation peaks at 350 
nm and 450 nm and an emission maximum at 500 nm, and was 
600% more fluorescent than A2E both in water and in methanol. 
In contrast with A2E, which drastically increases its fluorescence 
upon encapsulation by βCD, NBD-A2E fluorescence properties 
were minimally affected by βCD. Photo-oxidative decay was very 
similar for both bisretinoids. Surprisingly, whereas A2E displays 
dose-dependent toxicity for ARPE-19 cells, NBD-A2E was not 
toxic. Pulse-chase fluorescence microscopy studies revealed that 
although both bisretinoids entered ARPE-19 cells, A2E, but not 
NBD-A2E was retained in the lysosomal compartment. Separate 
experiments indicated that the toxicity and propensity of bisretinoids 
(such as A2E and all trans retinal dimer (ATRD)) to accumulate in 
lysosomes correlates with their abilities to aggregate in water and 
to cause lysosomal membrane permeabilization. In contrast, NBD-
A2E neither forms aggregates, nor causes lysosomal membrane 
permeabilization.
Conclusions: In addition to their potential utility to facilitate the 
screening for more potent pharmacological agents that remove A2E, 
A2E derivatives provide excellent tools to explore current hypotheses 
on mechanisms of bisretinoid toxicity.

FIG1. One-step synthesis of NBD-A2E.

Commercial Relationships: Marcelo M. Nociari, 
None; H. S. Ewan, None; David H. Thompson, None; 
Enrique J. Rodriguez-Boulan, None
Support: BrightFocus Foundation's Macular Degeneration Research 
Award (MMN)
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Mutation of Fibulin-3 (efemp-1) Alters the Protein Content of 
ARPE-19 Exosomes
Jeffrey Sundstrom, Alistair J. Barber, Yuanjun Zhao. Ophthalmology, 
Penn State Hershey Eye Center, Hershey, PA.
Purpose: Although drusen have been characterized extensively 
on a morphological basis, the molecular pathways involved in 
drusen formation remain largely unknown. A single point mutation, 
R345W, in the extracellular matrix protein fibulin-3 (efemp-1) 
results in an inherited macular dystrophy (Malattia Leventinese). 
The hypothesis of the current study is that Fib3R345W promotes drusen 
formation by altering the content of vesicles secreted by RPE cells. 
To identify drusen-promoting proteins and pathways, ARPE-19 
cells overexpressing Fib3-wt or Fib3-R345W will be purified and 
subjected to proteomic analysis.
Methods: Exosomes were isolated from human ARPE-19 cell 
culture media by sucrose cushion and OptiPrep gradient density 
ultracentrifugation. Exosome enrichment was verified by Western 
blotting, particle size and concentration were measured by NanoSight 
Tracking Analysis and vesicle morphology was visualized by 
transmission electron microscopy. Samples were separated on 
SDS-PAGE gels, cut into forty fragments and digested with trypsin. 
The resulting peptides were subjected to LC-MS/MS using a 
ThermoFisher QExactive mass spectrometer.
Results: Western blot analysis of purified exosomal fractions were 
positive for classic exomes markers (CD63, CD81, HSP70) as well as 
Fib3. TEM analysis revealed concave appearing vesicles measuring 
~100nm in diameter. NTA analysis revealed that the vast majority of 
vesicles were 137nm in diameter with a concentration of 140 million 
particles per milliliter. A total of 2,906 proteins were identified 
in Fib3-WT exosomes and 2,899 were identified in Fib3-R345W 
exosomes. As expected prototypical exosome proteins, such as CD63, 
CD81, rabs and annexins, were abundant in both samples but Fib3 
was only identified in exosomes purified from cells overexpressing 
Fib3-R345W. The top 20 cellular signaling pathways (Ingenuity 
Pathway Analysis) in both samples include EIF2, Axon Guidance, 
Ephrin signaling and Clathrin-Mediated Endocytosis pathways.
Conclusions: ARPE-19 cells secrete vesicles with a diameter, 
morphology and protein content typical of exosomes. Fib3-R345W, 
but not Fib3-WT, was identified in the exosomal fraction. Additional 
biological replicates and bioinformatic analysis will required to 
identify putative drusen-promoting proteins through differential 
expression analysis.
Commercial Relationships: Jeffrey Sundstrom, None; 
Alistair J. Barber, None; Yuanjun Zhao, None
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Interactive Ca2+ signaling in the RPE by anaphylatoxins
Olaf Strauss1, Khava Abdusalamova1, Christian Huber1, 
Baerbel Rohrer2, Catharina Busch1. 1Experimental Ophthalmology, 
Virchow-Klinikum, Berlin, Germany; 2Medical University of south 
Carolina, Charleston, SC.
Purpose: Through the identification of genetic risk factors, it has 
become apparent that dysregulation of the complement system plays 
a role in the pathology of age-related macular degeneration (AMD). 
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This would predict that a less efficiently controlled alternative 
activation pathway would in turn harm the retinal pigment epithelium 
(RPE). Rather than investigating the potentially harmful effects of 
the activity of the terminal complement complex (membrane attack 
complex) on the RPE, we focused here on examining the effects 
of the soluble anaphylatoxins C3a and C5a, products of C3 and C5 
convertases.
Methods: ARPE-19 cells, human RPE cells in primary culture 
and freshly isolated mouse RPE cells were investigated for their 
expression of the anaphylatoxin receptors by means of PCR or 
immunohistochemistry. Second messenger activation by the 
anaphylatoxins C3a or C5a was studied by Ca2+ imaging techniques 
using fura-2 as a Ca2+-sensitive fluorescence probe.
Results: ARPE-19 cells express the anaphylatoxin receptors C3aR 
and C5aR1 both on mRNA and protein level. This expression pattern 
was confirmed in human RPE in primary culture and in freshly 
isolated mouse RPE cells at the mRNA level. Application of C3a or 
C5a individually both led by to an increase in intracellular free Ca2+; 
although the Ca2+ signal in response to C5a was larger in amplitude 
and duration compared to that elicited by C3a. The simultaneous 
application of C3a and C5a did not show an additive effect; the 
resulting response in amplitude and duration was the same as that 
with C5a alone. Interestingly, when C5a was applied at the moment 
when the C3a-induced Ca2+ response has reached its steady-state 
level, this led to a decrease in the Ca2+ signal. Analysis of the 
downstream events using blockers against protein kinases known 
to control anaphylatoxin-mediated signaling in T-cells revealed that 
the C5a-stimulated Ca2+ response depended on the activation of Akt 
and PI3 kinases, whereas surprisingly the C3a-evoked response was 
increased by inhibition of Akt kinase.
Conclusions: The RPE is able to respond to complement activation 
already at the level of the anaphylatoxins. Both anaphylatoxins 
seem to use different down-stream Ca2+ induced signaling pathways. 
However, combined receptor activation results in an interactive 
behavior that appears to be dominated by C5aR engagement. Thus 
the anaphylatoxin-dependent signaling in the RPE might have 
important impacts on the etiology of AMD.
Commercial Relationships: Olaf Strauss, None; 
Khava Abdusalamova, None; Christian Huber, None; 
Baerbel Rohrer, None; Catharina Busch, None
Support: Werner Jacksteadt-Stiftung; BIH Clinician Scientist grant; 
Novartis unrestricted grant
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Anaphylatoxins activate Akt/PI3-kinase and FOXO1/FoxP3-
signaling pathways in the retinal pigment epithelium
Catharina Busch1, 2, Balasubramaniam Annamalai3,  
Maria Diedrichs-Möhring4, Gerhild Wildner4, Olaf Strauss1, 
Baerbel Rohrer3. 1Department of Ophthalmology,  
Charité - University Hospital Berlin, Berlin, Germany; 2Berlin 
Institute of Health, Berlin, Germany; 3Department of Ophthalmology, 
Medical University of South Carolina, Charleston, SC; 4Department 
of Ophthalmology, Section of Immunobiology, Clinic of the LMU 
Munich, Munich, Germany.
Purpose: The retinal pigment epithelium (RPE) is a main target for 
complement activation in age-related macular degeneration. The 
anaphylatoxins C3a and C5a, have been thought to mostly play a 
role as chemoattractants for macrophages and immune cells; here 
we explore whether they trigger RPE alterations. Specifically, we 
investigated the RPE as a potential immunoregulatory gate, allowing 
for active changes in the RPE microenvironment in response to 
complement.

Methods: Gene expression of the parent proteins for anaphylatoxins 
and their receptors as well as protein secretion of different cytokines 
in ARPE-19 cells in response to anaphylatoxins were analyzed 
by qPCR and Bio-Plex bead analysis. ARPE-19 cells, human 
primary RPE cells and rat retina sections were investigated for 
the expression of Akt, FOXO1 and FoxP3 by means of PCR and 
immunohistochemistry. Phosphorylation of Akt, FOXO1 and FoxP3 
in response to C3a and C5a was analyzed by Western blotting.
Results: Combined application of C3a and C5a decreased C3 mRNA 
expression in ARPE-19 cells when compared to the unstimulated 
control, whereas mRNA levels of C3aR, C5 and C5aR were not 
affected by anaphylatoxin stimulation. Analysis of secreted cytokines 
revealed significantly elevated levels of IL-8 and VEGF-A in 
response to C3a+C5a. Secretion of IL-8, VEGF-A and MCP-1 was 
almost completely blocked by the application of PI3-kinase inhibitor 
LY294002. ARPE-19 cells were found to express Akt, FOXO1 and 
FoxP3 protein. In response to anaphylatoxins phosphorylation of 
Akt, FOXO1 and FoxP3 was significantly induced. Combination 
of C3a+C5a significantly increased phosphorylation of FOXO1 
and FoxP3 compared to single C3a or C5a stimulation. However, 
phosphorylation of Akt was significantly reduced in response to 
C3a+C5a. FOXO1 and FoxP3 gene expression was confirmed in 
human native RPE cells (FOXO1) and retina sections of uveitis rats 
(FoxP3).
Conclusions: RPE cells show active changes in the activity of 
intracellular kinases, the transcription factors FOXO1 and FoxP3 as 
well as an altered protein secretion in response to anaphylatoxins. 
These data suggest that the RPE shares certain characteristics with 
immune cells (FoxP3 expression, cytokine secretion) confirming 
its role in the “immunoregulatory” gate; and indicates that the RPE 
thus actively contributes to the establishment of a proinflammatory 
environment in the presence of complement activation.
Commercial Relationships: Catharina Busch, None; 
Balasubramaniam Annamalai, None; Maria Diedrichs-
Möhring, None; Gerhild Wildner, None; Olaf Strauss, None; 
Baerbel Rohrer, None

Program Number: 2279 Poster Board Number: B0233
Presentation Time: 3:45 PM–5:30 PM
Atorvastatin Promotes Phagocytosis and Attenuates Pro-
Inflammatory Response in Human Retinal Pigment Epithelial 
Cells
Bo Tian1, 4, Ahmad Al Moujahed1, 2, Peggy Bouzika1, 4, Yijun Hu3, 
Shoji Notomi1, 4, Pavlina Tsoka1, 4, Joan W. Miller1, 4, Haijiang Lin1, 5, 
Demetrios G. Vavvas1, 4. 1Massachusetts Eye and Ear Infirmary, 
Boston, MA; 2Boston University School of Medicine, Boston, MA; 
3Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, 
China; 4Harvard Medical school, Boston, MA; 5Department of 
Ophthalmology & Visual Sciences, University of Massachusetts 
Medical School, Worcester, MA.
Purpose: RPE dysfunction plays an essential role in the pathogenesis 
of age-related macular degeneration (AMD), a leading cause of 
irreversible blindness in the elderly of developed countries. High 
dose atorvastatin was reported to result in visual improvement in a 
subset of high-risk subgroup of AMD patients in our previous pilot 
Phase1/2 clinical study. However, its effect on RPE cells has not been 
fully elucidated. The purpose of this study is to explore the effect 
of high dose atorvastatin on phagocytic function of ARPE-19 cells 
as well as the secretion of interleukins IL-6 and IL-8 triggered by 
pathologic stimuli relevant to AMD.
Methods: ARPE-19 cells were incubated with polystyrene 
microspheres along with different doses of atorvastatin. The 
percentage of phagocytic ARPE-19 cells and the mean fluorescence 
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intensity (MIF) of engulfed particles were measured after 6 hours 
by flow cytometry. Furthermore, the effect of atorvastatin on cell 
membrane fluidity was assessed by Fluorescence Recovery After 
Photo-bleaching (FRAP) measurements. ARPE-19 cells were then 
pretreated by atorvastatin and then challenged with cholesterol 
crystals for 6 hours, or oxidized low-density lipoproteins (ox-LDL) 
for 18 hours. The phagocytic function was determined using the same 
method as above. Subsequently, the cells were treated with different 
doses of atorvastatin for 16 hours after being primed with IL-1α, 
and then incubated with cholesterol crystals or ox-LDL. Τhe levels 
of IL-6 and IL-8 were evaluated using western blot or ELISA after 6 
hours incubation.
Results: Atorvastatin treatment promoted phagocytic function of 
ARPE-19 cells by increasing the percentage of phagocytic cells 
and the MIF of engulfed particles compared to the control group 
in a dose-dependent manner (p<0.05). Interestingly, atorvastatin 
also increased the ARPE-19 cell membrane fluidity compared to 
the control (p<0.05). In addition, pre-treatment with atorvastatin 
abrogated the decreased percentage of phagocytic cells and the MIF, 
as well as the IL-6 and IL-8 secretion induced by cholesterol crystals 
and ox-LDL (p<0.05).
Conclusions: Our study shows that hydrophobic statins, at high 
dose enhance and preserve the phagocytic function of RPE in cell 
culture while also exhibiting anti-inflammatory properties. More 
investigation is needed on the role of statins in conditions such as 
AMD.
Commercial Relationships: Bo Tian, None; Ahmad Al Moujahed, 
None; Peggy Bouzika, None; Yijun Hu, None; Shoji Notomi, None; 
Pavlina Tsoka, None; Joan W. Miller, Valeant Pharmaceuticals (P), 
Maculogix, Inc. (C), Amgen, Inc. (C), KalVista Pharmaceuticals Ltd. 
(C), ONL Therapeutics, LLC (P), Alcon (C); Haijiang Lin, None; 
Demetrios G. Vavvas, None
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Drusen component amyloid beta promotes membrane attack 
complex formation on ARPE-19 via classical pathway and 
upregulates pro-inflammatory cytokines
Jing Z. Cui, Sijia Cao, Jiangyuan Gao, Joanne A. Matsubara. 
Ophthal & Visual Sciences, University of British Columbia, 
Vancouver, BC, Canada.
Purpose: The deposition of drusen is associated with development 
and progression of age-related macular degeneration (AMD). 
Amyloid beta (Aβ) and membrane attack complex (MAC) have been 
both reported in drusen. In our previous study we have shown that 
Aβ promotes MAC formation on RPE cells by downregulating the 
expression of the complement regulator CD55. However, it is not yet 
known through which pathway Aβ activates complements and what 
effect complement activation has on RPE cells.
Methods: ARPE-19 cells were stimulated with fibrillar Aβ in the 
presence of 10% normal human serum (NHS), heat-inactivated (HI)-
NHS and serum depleted of pathway-specific components for 6 or 12 
hours. Negative controls included NHS, Aβ or serum-free medium 
alone. Next, ARPE-19 cells were fixed and immunostained for MAC 
(1:50, Clone aE11, Dako) for flow cytometry analysis. The MAC 
formation was quantified as the percentage of MAC immunoreactive 
cells over the total number of cells. The gene expression changes 
were measured by reverse transcription PCR.
Results: The percentage of MAC positive cells after treatment with 
Aβ combined with C1q or complement factor B (CFB) depleted 
(Dpl) serum was significantly lower than that with Aβ combined with 
NHS (Mean ± standard error of mean (SEM), 0.38±0.14 or 8.91±0.21 
vs. 12.36±0.21, p<0.01). The level treated with Aβ combined with 

C1q-Dpl serum is equivalent to treatment with NHS alone (p>0.05), 
while CFB-Dpl serum is significantly higher than that treated with 
NHS alone (p<0.01). The C7-Dpl serum reduced the MAC positive 
cells to the background levels. The trend was similar at both time 
points tested. The Aβ-induced MAC formation induced IL-6, IL-8 
upregulation in RPE cells, which was abolished by C9-Dpl or HI-
NHS treatment (p<0.05).
Conclusions: The drusen component, Aβ, promoted MAC formation 
on ARPE-19 cells mainly via classical pathway and partially 
via alternative pathway. The action is also associated with the 
downregulation of the complement regulator CD55. Combined with 
other risk factors such as CFH Y402H polymorphism, Aβ may have 
a synergistic effect to activate complement and exacerbate MAC 
formation leading to a pro-inflammatory environment and RPE 
dysfunction in the outer retina.
Commercial Relationships: Jing Z. Cui, None; Sijia Cao, None; 
Jiangyuan Gao, None; Joanne A. Matsubara, None
Support: CIHR MOP 126195, VGH+UBC Hospital Foundation
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CRISPR/Cas9 gene-edited RPE cells to model early stages of 
AMD
Rosario Fernandez-Godino, Kinga M. Bujakowska, Eric A. Pierce. 
Ophthalmology, Ocular Genomics Institute. Mass Eye and Ear. 
Harvard Medical School, Boston, MA.
Purpose: Complement system plays a key role in the pathobiology 
of early AMD, but the underlying mechanisms are unknown, 
which makes it difficult to design effective therapies. The inherited 
EFEMP1-associated macular degeneration is clinically similar to 
AMD, and we have previously used this model to show that the 
formation of sub-RPE deposits is due to impaired extracellular matrix 
(ECM) and can be modulated in vitro via C3. We hypothesize that 
complement is activated by hydrolysis of C3 via tick-over, which 
forms a stable C3(H2O)-convertase by deposition on abnormal 
ECM or aged Bruch’s membrane (BrM). This causes chronic local 
complement activation and further formation of sub-RPE deposits. 
Our aim is to unravel the mechanisms by which complement 
activation causes deposit formation in early stages of AMD.
Methods: We engineered ARPE-19 cells to be homozygous for 
the R345W mutation in EFEMP1 using CRISPR/Cas9 – mediated 
genome editing. RPE-EFEMP1R345W/R345W cells were grown on 
transwells for 4 weeks and decellularized to culture human fetal 
RPE (hfRPE) cells on the exposed ECM. Further formation of 
basal deposits and complement activation were characterized by 
scanning electron microscopy (SEM), immunofluorescence, and 
ELISA. Matrix metalloproteinase (MMP) activity was measured by 
zymography.
Results: SEM showed that RPE-EFEMP1R345W/R345W cells make 
abnormal ECM, with structure similar to aged BrM. The abnormal 
ECM contained increased C3b/C3(H2O) compared to ECM produced 
by control cells. hfRPE cells grown on the abnormal ECM produced 
by RPE-EFEMP1R345W/R345W cells make thick basal deposits comprised 
of EFEMP1, collagen IV, collagen VI, fibronectin, and laminin, 
which are main components of basal laminar deposits in AMD 
patients. hfRPE cells grown on ECM from normal RPE cells did not 
make these deposits. Increased CFH, C3a and MMP-2 activity were 
detected in basal conditioned media of the hfRPE cells grown on 
abnormal ECM.
Conclusions: RPE-EFEMP1R345W/R345W make abnormal ECM, which 
anchors C3b/C3(H2O) and causes local complement activation by 
hfRPE cells, which make thick deposits comparable to basal laminar 
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deposits in patients. This model provides a valuable tool to study 
the pathogenesis of the RPE/BrM in early stages of AMD. Also, this 
system can be used to test complement-modulating drugs to prevent 
deposit formation in AMD.
Commercial Relationships: Rosario Fernandez-Godino, None; 
Kinga M. Bujakowska, None; Eric A. Pierce, None
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Metabolic impacts of cigarette smoke on the retina of 
complement-compromised mice
Felix R. Vazquez-Chona1, Alexandra Butler1, Emilie McKinnon2, 
Baerbel Rohrer2, Bryan W. Jones1. 1Ophthalmology, Univ of 
Utah, Salt Lake City, UT; 2Medical University of South Carolina, 
Charleston, SC.
Purpose: The interaction between metabolism and the immune 
system is hypothesized as playing a central role in the pathology of 
neural diseases including Age-Related Macular Degeneration (AMD). 
We investigated the effects of cigarette-smoke exposure (CSE) on 
metabolism of retinal cells in wild-type (wt) mice, and mice deficient 
for the alternative pathway (complement factor B, CfB) or common 
terminal pathway (complement component 3, C3).
Methods: Mice were exposed to CSE or room filtered-air (controls) 
for 6 h/d, 5 d/wk for 6 months. We visualized the metabolism of 
retinal cells using Computational Molecular Phenotyping (CMP). 
Retinal cell classification and metabolic adaptation were interrogated 
using arginine (R), aspartate (D), GABA (γ), glutamate (E), glycine 
(G), glutathione (J), glutamine (Q), taurine (τ), glutamine synthetase 
(GS), and cellular retinaldehyde binding protein (CRALBP). Electron 
microscope mosaics were instrumental in phenotyping metabolic 
profiles.
Results: CSE C3-/- animals show more severe degenerative indices 
than CSE WT: retinal pigment epithelium (RPE) exhibited a 
decreased basalateral infolding area and increased vacuolization; 
photoreceptors show increased mitochondrial swelling and pyknosis; 
Müller glia displayed hypertrophy; and the amacrine layer was 
affected by increased vacuolization. The CfB-/- retina was more 
resilient to the negative effects of CSE when compared to the WT 
retina. At the metabolic level, RPE and inner segments of CSE CfB-/- 
mice displayed modest changes. In contrast, changes in CSE C3-/- and 
WT retina were dramatic: RPE exhibited decreased CRALBP and 
elevated R-E-J-τ-γ levels; inner segments showed increased R-D-E-
G-J-Q-τ-γ-CRALBP; and Müller glia were found to have decreased 
levels along the R-D-E-G-J-Q-τ-γ-GS-CRALBP axis.
Conclusions: Increased GABA levels in RPE and photoreceptors 
are consistent with Müller glia dysfunction. Our metabolic profiling 
suggests that RPE and Müller glia are vulnerable to CSE-induced 
oxidative stress. We also find that the potential complement activation 
status of the retina-RPE-choroid unit highly influences the metabolic 
response of retinal cells to CSE. As complete blockade of the 
complement system in the C3-/- model has a more dramatic impact on 
metabolism of RPE, Müller glia, and photoreceptors than observed in 
the CfB-/- model, it can be proposed that downstream signaling of the 
complement system is required for retina health.
Commercial Relationships: Felix R. Vazquez-Chona, 
None; Alexandra Butler, None; Emilie McKinnon, None; 
Baerbel Rohrer, None; Bryan W. Jones, None
Support: NIH EY02576, NIH EY015128, NIH EY014800 Vision 
Core, Research to Prevent Blindness, Thome Foundation Bank of 
America, NSF 0941717
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Establishment of a dry AMD disease model using hiPSC 
derived retinal pigment epithelium from patients with genetic 
predisposition
Julien Maruotti1, Anais Bobier1, Ines Lahlah1, Camille JUNG2, 
Rocio Blanco-Garavito2, Eric H SOUIED2, Brigitte Onteniente1. 
1Phenocell, Evry, France; 2Ophthalmology, Centre Hospitalier 
Intercommunal Créteil, Créteil, France.
Purpose: Age related macular degeneration (AMD) is a leading 
cause of vision loss in the elderly. The most common form, dry 
AMD, is currently without therapeutic options. It is estimated that 
about 0.5% of Caucasians are homozygote carriers of the risk alleles 
for CFH and ARMS2, which together increase by 40 times the 
occurence of the disease. Starting from a cohort of patients carrying 
risk or protective alleles, we have produced and characterized hiPSC, 
and hiPSC-RPE. We have also initiated the development of an in 
vitro dry AMD model suitable for high throughput screening analysis.
Methods: Blood samples from 7 dry AMD patients carrying different 
versions of the CFH and ARMS2 alleles were reprogrammed 
into hiPSC. Pluripotency marker expression was characterized by 
immunostaining, and differentiation potential was assessed by qPCR 
following embryoid body (EB) differentiation.
RPE differentiation from hiPSC was performed using small 
molecules. Key marker expression was verified by immunostaining, 
and purity by flow cytometry, while function was assessed with a 
phagocytosis assay.
Following treatment with A2E, SOD2 activity and CFH mRNA 
expression were quantified.
Results: hiPSC lines expressed OCT4, NANOG and SOX2, while 
>80% cells were TRA-1-81+/SSEA4+. Following EB differentiation, 
markers of the primordial lineages were upregulated by at least 
10 folds. hiPSC lines displayed a normal karyotype with 46 
chromosomes.
hiPSC-RPE expressed the key markers MITF, PMEL17 and ZO-1, 
and >95% of the cells were PMEL17+. Phagocytosis of pH-rhodo 
labelled bioparticles was evidenced in 50%-70% of the cells, which is 
in accordance with previous studies.
Following A2E challenge, SOD2 activity was increased by 1.5-2 
folds in hiPSC-RPE carrying protective alleles for ARMS2 and CFH, 
compared to risk alleles. Similarly, CFH mRNA expression was 
upregulated by 5-10 folds in hiPSC-RPE carrying both protective 
alleles, compared to risk alleles.
Conclusions: We have derived and characterized a cohort of hiPSC, 
and hiPSC-RPE, from dry AMD patients. hiPSC-RPE with the risk 
alleles for ARMS2 and CFH displayed reduced SOD2 activity in 
response to A2E challenge, and failed to increase CFH expression. 
Both responses are in accordance with the litterature and suggest that 
hiPSC-RPE carrying risk alleles may have reduced ability to cope 
with oxidative stress burden and limit complement activation.
Commercial Relationships: Julien Maruotti, Phenocell (E), 
Phenocell (I); Anais Bobier, Phenocell (E); Ines Lahlah, Phenocell 
(E); Camille JUNG, None; Rocio Blanco-Garavito, None; Eric 
H SOUIED, None; Brigitte Onteniente, Phenocell (E), Phenocell (I)
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RPE wound healing and its association with AMD
YingHsuan Shih, Lindsay J. Bailey-Steinitz, Monte J. Radeke, 
Peter Coffey. NRI, UCSB, Goleta, CA.
Purpose: Retinal pigmented epithelium (RPE) is at risk of 
exposure to various cytotoxic elements. The persistent existence or 
reoccurrence of these stressors may repetitively damage RPE and 
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lead to age-related macular degeneration (AMD). However, how RPE 
cells response to nearby damage remains elusive. Here, we developed 
a cell-based model to investigate the response of differentiated RPE 
to acute and chronic wounding and assess its association with AMD.
Methods: Fetal RPE cells were cultured on ECIS plates and 
differentiated for 32 days. Electrical pulses were repetitively 
delivered via electrodes on the bottom of the plates to create 
a chronic wound. Monolayer repair was accessed based on 
behavioral, morphological, and transcriptomic measures. Gene 
expression profiles of wounded RPE were compared with published 
AMD microarray data to evaluate our model system with disease 
pathogenesis.
Results: Human RPE used both migration and proliferation to 
repair lesions on the monolayer. Both properties were enhanced 
following repetitive wounding; the rate of migration increased 30% 
and the percentage of proliferative cells doubled, yet the RPE failed 
to restore their original cell morphology. Also, a systemic increase 
of epithelial-to-mesenchymal transition and cell cycle genes was 
detected in the repetitively wounded RPE. In addition, we observed a 
systemic decrease of genes associated with RPE functions, including 
visual cycle enzymes and RPE transcription factors. Expression 
levels of these RPE genes were restored within 24-hours, but the 
extent of recovery diminished after chronic wounding. Moreover, 
misregulation of genes associated with inflammation (IL-6, IL-18, 
CCL2) and apoptosis was detected. Importantly, there is a significant 
enrichment of geographic atrophy (GA)-associated genes in wounded 
cells.
Conclusions: We developed a cell-based model to study the acute 
and the chronic wound response of human RPE. RPE use both 
migration and proliferation to repair the damaged region, however 
the cells failed to fully repair after chronic wounding. Repetitive 
wounding also led to changes on behavioral, morphological, and 
transcriptomic levels. In particular, the negative effect on RPE genes 
expression might cause the progressive decline of RPE functions 
and retinal cell degeneration in aged eyes. The misregulation of 
inflammation, apoptosis, and GA-associated genes suggests that RPE 
wound healing may play a part in AMD pathogenesis.
Commercial Relationships: YingHsuan Shih; Lindsay J. Bailey-
Steinitz, None; Monte J. Radeke, None; Peter Coffey, None
Support: BrightFocus Foundation (M2011064, MJR), California 
Institute for Regenerative Medicine (LA1-02086, PC), Beckmann 
Initiative for Macular Research (BIMR-1312, PC and MJR), and the 
Garland Initiative for Vision Research Grant
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ARPE-19: the best cell to model retinal diseases in vitro?
Audrey Leguen1, Christelle Monville3, Anaïs Balbous-Gautier1, 
Afsaneh Gaillard1, Nicolas LEVEZIEL1, 2. 1Laboratoire de 
Neurosciences Expérimentales et Cliniques, Poitiers, France; 
2Ophthalmology, CHU Poitiers, Poitiers, France; 3I-STEM, EVRY, 
France.
Purpose: ARPE-19 is currently used as an in vitro model for retinal 
diseases such as age-related degeneration (AMD). Up to now few 
studies show morphological and genetic expression differences 
between ARPE-19 and foetal or adult human retinal pigment 
epithelial (hRPE) cells. This study aims to compare ARPE-19 to 
hRPE cells derived from induced pluripotent stem cells (iPS) cells in 
both normal and oxidative stress condition (Fe-NTA treatment), the 
study hypothesis being to consider that hRPE-iPS cells are more able 
than ARPE-19 to model AMD in vitro.
Methods: iPS cell obtained from peripheral venous blood samples of 
individuals aged more than 60 years were differenciated into hRPE 

cells (N=4). hRPE-iPS cells were characterized by morphology, 
immunofluorescence, FACS and RTqPCR. In basal condition, β-
galactosidase activity was measured to quantify senescent cells. Cell 
count was performed manually with ZEN software. Fe-NTA added to 
the culture media was used to mimic oxidative environment. In vitro 
concentrations of Fe-NTA was determined to evaluate the toxicity 
level characterized by cells death by MTT test (n=9). We estimated 
the oxidative stress produced by detection of DCFH-DA oxidized by 
ROS (n=9). For phagocytosis activity, cells were fed with fluorescent 
polyesters beads added into the media during 3 hours. The level of 
phagocytosis was quantified by FACS during both conditions (100 
000 cells count in each experiment). One-way ANOVA was used for 
statistical analysis.
Results: Only hRPE-iPS cells expressed β-galactosidase activity 
(64,45±8,31%, cells counts: 12 022), suggesting that these cells have 
a senescent profile compared to ARPE-19. Under oxidative stress, 
Fe-NTA levels increase up to 15 mM during 24 hours did not cause a 
significant decrease in cell viability (while 20 mM, p<0,0001) while 
inducing oxidative stress (significant from 10 mM, p<0,062). For 
phagocytosis activity, Fe-NTA concentrations increase induced a 
significant inhibition of internalization of fluorescent beads in ARPE-
19 (from 10 mM, p<0,05) but not significant in hRPE-iPS cells.
Conclusions: Our results are consistent with our hypothesis that 
ARPE-19 and hRPE-iPS cells differ morphologically and in terms of 
phagocytosis activity and aging. By consequence, the use of hRPE-
iPS cells may be considered as a more reliable model to mimic hRPE 
cells as an in vitro model of AMD than ARPE-19. Further studies are 
needed to confirm these results.
Commercial Relationships: Audrey Leguen, None; 
Christelle Monville, None; Anaïs Balbous-Gautier, None; 
Afsaneh Gaillard, None; Nicolas LEVEZIEL, None
Support: Région Poitou-Charentes - Novartis
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Statins decreases vascular epithelial growth factor (VEGF) 
expression in experimental age-related macular degradation 
(AMD) model by down-regulation of receptor for advanced 
glycation end-products (RAGE)
Hiroki Tsujinaka1, 2, Asako Itaya-Hironaka2, Akiyo Yamauchi2, 
Sumiyo Sakuramoto-Tsuchida2, Mai Makino2, Ryogo Shobatake2, 
Naonori Masuda1, Hiromasa Hirai1, Shin Takasawa2, Nahoko Ogata1. 
1Ophthalmology, Nara Medical University, Kashihara, Japan; 
2Biochemistry, Nara Medical University, Kashihara, Japan.
Purpose: Statins (atorvastatin and lovastatin etc.), cholesterol lowing 
medications, are inhibitors for 3-hydroxy-3-methylglutaryl coenzyme 
A reductase, and are recently reported to be useful for decreasing the 
risk of wet-type age-related macular degeneration (AMD). However, 
the molecular mechanisms how statins reduce the risk of AMD 
remains unclear. In this study, we examined the effects of statins on 
the expression of vascular endothelial growth factor (VEGF) and 
receptor for advanced glycation end-products (AGE) (RAGE) in 
retinal pigment epithelial (RPE) cells.
Methods: h1RPE7, human RPE cells, damaged by 20 µM 
hydroquinone (HQ)+300 µg/mL AGE, were treated with atorvastatin 
(100 nM) or lovastatin (2 µM) for 24 hours. After the treatment, the 
expression of VEGF and RAGE was evaluated by real-time reverse 
transcription polymerase chain reaction (RT-PCR). VEGF, secreted in 
the culture medium, was measured by enzyme-linked immunosorbent 
assay. To know the impact of RAGE in VEGF expression, small 
interfering RNA (siRNA) for RAGE (siRAGE) was introduced into 
h1RPE7 cells by lipofection method and VEGF expression was 
measured by real-time RT-PCR.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Results: Real-time RT-PCR revealed that the mRNA levels of VEGF 
and RAGE in h1RPE7 cells were increased by HQ+AGE (P=0.0026 
and P=0.03, respectively). The level of VEGF in the culture medium 
was concomittently elevated (P<0.001). Both the addition of 
atorvastatin and lovastatin attenuated the HQ+AGE-induced VEGF 
and RAGE expression (P<0.002 and P<0.03, respectively). The 
addition of atorvastatin and lovastatin also decreased VEGF levels in 
HQ+AGE treated cell culture medium (P= 0.02). RNA interference 
of RAGE attenuated the up-regulation of VEGF in the HQ+AGE 
treated cells (P< 0.05).
Conclusions: Statins attenuated the HQ+AGE-induced VEGF 
expression via decreasing RAGE expression. As VEGF is an 
important factor for developing wet AMD. Statins could decrease the 
risk of wet-type AMD and be a preventive medicine.
Commercial Relationships: Hiroki Tsujinaka, None;  
Asako Itaya-Hironaka, None; Akiyo Yamauchi, None; 
Sumiyo Sakuramoto-Tsuchida, None; Mai Makino, None; 
Ryogo Shobatake, None; Naonori Masuda, None; Hiromasa Hirai, 
None; Shin Takasawa, None; Nahoko Ogata, None
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Effect of the serine protease HtrA1 overexpression on RPE 
phagocytosis in an in vitro disease model
Carolyn Trepp1, 2, Esther Melo Herráiz3, Roberto Iacone3, 
Volker Enzmann1, 4. 1Department of Ophthalmology, Inselspital Bern, 
Bern, Switzerland; 2Department of Clinical Research and Graduate 
School for Cellular and Biomedical Sciences, University of Bern, 
Bern, Switzerland; 3Roche Pharma Research & Early Development, 
Roche Innovation Center, Basel, Switzerland; 4Department of 
Clinical Research, University of Bern, Bern, Switzerland.
Purpose: Recent studies have shown a strong association between 
the serine protease HtrA1 and age-related macular degeneration 
(AMD). Increased HtrA1 expression in retinal pigment epithelium 
(RPE) has been shown to cause extracellular matrix degradation 
and destabilization of the Bruch’s membrane. However, little is 
known about functional effects of HtrA1 overexpression on RPE. To 
investigate these effects we established an in vitro model of polarized 
RPE overexpressing HtrA1 where phagocytic activity, a key function 
of RPE, could be assessed.
Methods: Human fetal RPE cells cultured on laminin-coated 
transwell membranes were infected either with the wild type 
HtrA1- or the HtrA1 Serine-Alanine mutation (S328A)-GFP IRES 
construct two weeks after seeding. After five weeks of growth in vitro 
phagocytosis assay was performed. Thereby, cells were incubated 
with CY5-labelled photoreceptor outer segments (POS) isolated from 
porcine retinas for six hours. POS internalization was observed by 
live cell imaging and uptake was quantified by confocal microscopy. 
Cells containing at least three particles where considered to actively 
phagocyte POS.
Results: Transfection efficiencies of the constructs were assessed by 
quantification of GFP positive cells. In both conditions transfection 
efficiencies reached at least 70%. Live cell imaging revealed a 
polarized phenotype of S328A cells with longer and more abundant 
microvilli compared to HtrA1 cells. In the HtrA1 condition POS 
uptake concentrated on the non-transfected cells. Furthermore, the 
HtrA1 transfected cells showed a significantly reduced phagocytic 
activity reaching values of 9.7 % ± 6.8% compared to 21.2 % ± 
11.4 in S328A cells (mean % of activity compared to control cells, 
p=0.0002).
Conclusions: The established model has proven to be a reliable tool 
to assess phagocytic activity in RPE cells overexpressing HtrA1. Our 
results confirm the hypothesis that diseased RPE have an impaired 

phagocytic activity and this is directly associated to the apical 
membrane condition. This model could be employed in the functional 
readout of possible therapeutic modalities targeting HtrA1.
Commercial Relationships: Carolyn Trepp, F. Hoffmann-La 
Roche (F); Esther Melo Herráiz, F. Hoffmann-La Roche (E); 
Roberto Iacone, F. Hoffmann-La Roche (E); Volker Enzmann, 
None
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The PPAR-γ Agonist Troglitazone Protects RPE Cells from 
Oxidized LDL Induced NLRP3-inflammasome–Mediated Cell 
Death
Ashley Mackey, Gopalan Gnanaguru, Eun Young Choi, 
Dhanesh Amarnani, Patricia A. D’Amore, Yin Shan Eric Ng. 
Ophthalmology, Schepens Eye Research Institute/Mass Eye and Ear, 
Boston, MA.
Purpose: The retinal pigment epithelium (RPE) plays a critical 
role in lipid homeostasis in the retina. A growing body of evidence 
suggests that dysfunctional lipid metabolism, accumulation of 
oxidized low-density lipoprotein (ox-LDL) and inflammasome 
activation are associated with RPE dysfunction and the pathogenesis 
of dry AMD. We have previously shown that ox-LDL is cytotoxic 
for RPE by inflammasome-mediate pyroptosis. We hypothesize that 
activation of the peroxisome proliferator-activated receptors (PPARs) 
will increase lipid metabolism and suppress inflammation, and 
thereby rescue RPE cells from ox-LDL induced cell death.
Methods: ARPE-19 and/or primary human fetal RPE cells were 
treated for 48 hours with a range of concentrations of ox-LDL in the 
presence or absence of different agonists that selectively activate 
the three different PPAR isoforms: PPAR-α (fenofibrate 30 µM), 
PPAR-γ (troglitazone 0.55 µM), and PPAR-β/δ (bezafibrate 60 µM). 
Cell death was measured by lactate dehydrogenase release into the 
conditioned media. ARPE-19 cells were treated for 18 and 36 hours 
with ox-LDL in the presence or absence of the PPAR-γ agonist 
troglitazone, and fluorescent labeling with a LysoTracker probe and 
an anti-NF-kB antibody were used to examine lysosomal integrity 
and NF-kB activation by immunofluorescent staining. NLRP3-
inflammasome activation was assessed by protein blot for cleaved 
caspase-1 and using the FAM-FLICA caspase-1 fluorescent probe 
assay.
Results: The PPAR-γ selective agonist troglitazone significantly 
protected primary human RPE and ARPE-19 cells from ox-LDL 
induced dysfunction and cell death, while agonists selective for 
the PPAR-α and PPAR-β/δ isoforms did not protect the RPE. 
Troglitazone protected against ox-LDL induced lysosomal 
destabilization and suppressed the nuclear translocation and 
activation of NF-kB and inflammation induced by ox-LDL. 
Troglitazone also suppressed activation of caspase-1, suggesting 
that its protective effect is mediated by inhibition of inflammasome 
activation.
Conclusions: The PPAR-γ selective agonist troglitazone protects 
RPE cells from ox-LDL–induced cell death by suppressing 
inflammation, preserving lysosomal integrity and ultimately 
preventing NLRP3-inflammasome activation. These preliminary data 
highlight PPAR-γ as a potential therapeutic target for protecting RPE 
in AMD.
Commercial Relationships: Ashley Mackey, None; 
Gopalan Gnanaguru, None; Eun Young Choi, None; 
Dhanesh Amarnani, None; Patricia A. D'Amore, None; Yin Shan 
Eric Ng, None
Support: Grimshaw Foundation AMD Research Grant
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A Rat Model of RPE Atrophy Resembling Human Geographic 
Atrophy
Imran A. Bhutto1, Siva Pramodh Kambhampati2, D Scott McLeod1, 
Malia Edwards1, Gerard A. Lutty1. 1Ophthalmology, Johns Hopkins 
Hosp Wilmer Eye Inst, Baltimore, MD; 2Biomedical Engineering, 
Wilmer Eye Institute, Baltimore, MD.
Purpose: Geographic atrophy (GA) is considered the late stage of the 
dry form of age-related macular degeneration (AMD). While dietary 
supplements have been shown to reduce the risk of progression in 
some subcategories of the disease, there is currently no proven drug 
treatment for dry AMD. The lack of animal models that faithfully 
mimic all features of the human disease have hampered treatment 
efforts. In this study, we present a rat model of GA using subretinal 
injection of sodium iodate (NaIO3).
Methods: Athymic nude rats were given bilateral subretinal 
injections of NaIO3 (5 µg/µl) solution using a pico-injector. 
Fundus photographs (Micron 3 imaging) and spectral-domain OCT 
(Heidelberg Engineering Inc.) were collected at post-injection day 
1 and 3 as well as 1, 2, 4 and 6 weeks, at which time rats were 
euthanized and eyes were enucleated. Gross images were taken 
before isolating retina and choroid. Eyes were either cryopreserved 
for cross section analysis or dissected to analyze the retina and 
choroid as flatmounts. Immunohistochemistry (IHC) was used to 
label retinas for vimentin (Müller cells) and peanut agglutin lectin 
(PNA). Choroids were immunolabeled with an antibody to RPE65 
and GS-IB4 isolectin to label blood vessels. Tissues were assessed on 
a Zeiss 510 confocal microscope.
Results: Fundus photos, SD-OCT and IHC revealed circumscribed 
and well-demarcated RPE/photoreceptor/CC lesions in rats treated 
with subretinal NaIO3. At post-injection day 1, swollen RPE and 
some photoreceptor loss with activation of Müller cells were clearly 
visible in the injected area. By day 3, patchy necrotic loss of RPE and 
majority of the photoreceptors were degenerated in the bleb area and 
glia had begun entering the subretinal space. RPE and photoreceptors 
were completely degenerated in the bleb region by day 7. A large 
subretinal glial membrane occupied the area of photoreceptor and 
RPE loss. At week 4, in the bleb area lacking RPE underneath CC 
had begun to attenuate. By week 6, retinal and CC degeneration 
resembling GA were present in all NaIO3 injected rats.
Conclusions: Using sodium iodate, we have created a reproducible 
rat model that mimics many aspects of GA including photoreceptor 
cell loss, RPE atrophy and CC degeneration. Such models are 
crucial for developing and testing drug treatments and therapeutic 
interventions such as autologous or stem cell derived treatments for 
GA.
Commercial Relationships: Imran A. Bhutto, None; Siva 
Pramodh Kambhampati, None; D Scott McLeod, None; 
Malia Edwards, None; Gerard A. Lutty, None
Support: NIH grants EY016151 (GL), EY01765 (Wilmer); 
the Choroideremia Research Foundation, the Altsheler-Durell 
Foundation, Foundation Fighting Blindness, and an RPB Unrestricted 
Grant (Wilmer)
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Phagocytosis Activity is Reduced in AMD Retinal Pigment 
Epithelium in Vitro
George Inana1, Chris Murat1, Weijun An1, Ian Harris2, Jing Cao2. 
1Ophthalmology, Bascom Palmer Eye Institute, Miami, FL; 2Janssen 
R&D, Spring House, PA.

Purpose: Diurnally regulated phagocytosis of the outer tips of 
photoreceptor outer segments (POS) is a critically important function 
of the retinal pigment epithelium (RPE). Its importance is well 
demonstrated in the RCS rat model in which the retina degenerates 
as a result of a genetic defect in POS phagocytosis and in retinitis 
pigmentosa in humans who have the same genetic defect. Since age-
related macular degeneration (AMD) is a disease that is characterized 
by slow RPE degeneration with accumulation of intra- and extra-
cellular deposits, phagocytosis may be involved in its pathogenesis. 
In order to investigate this hypothesis we had set up an in vitro 
phagocytic function assay of human RPE. We have now used this 
assay system to compare phagocytosis in the normal and AMD RPE 
obtained from post-mortem eyes.
Methods: Harvesting of human RPE, culture, isolation of rod outer 
segments (ROS) and labeling with fluorescein, and phagocytosis 
assay were mostly based on the methods used for rat RPE 
phagocytosis. RPE was obtained from 4 post-mortem human AMD 
eyes in addition to 8 normal eyes. ROS was prepared from human 
retinas.
Results: Feeding of fluorescently labeled ROS to cultured AMD RPE 
demonstrated phagocytosis as we have previously shown with normal 
human RPE with the same appearance and kinetics. When the levels 
of phagocytosis in the 4 AMD RPE cultures were compared to those 
of 8 human normal RPE cultures, a decrease in the phagocytosis level 
was seen in the AMD RPE to 50-75% of normal RPE. The level of 
decrease was approximately the same in the dry and wet forms of 
AMD. The reduction in phagocytosis level was consistent in more 
than 20 total experiments.
Conclusions: The finding that phagocytosis level is reduced in AMD 
RPE is significant in that it is consistent with our long-standing 
hypothesis that RPE phagocytosis activity may be involved in the 
pathogenesis of AMD.
Commercial Relationships: George Inana, Janssen R&D (F), 
Janssen R&D (R); Chris Murat, None; Weijun An, None; 
Ian Harris, Janssen R&D (E); Jing Cao, Janssen R&D (E)
Support: NIH Center Core Grant P30EY014801, Research to 
Prevent Blindness Unrestricted Grant to the University of Miami
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Epithelial-Mesenchymal Transition (EMT) predeposition in Aged 
related macular degeneration (AMD) pathology with immune 
infiltrate - a triad interplay
Chang Kao-Jung. National Yang-Ming University, Taichung, Taiwan.
Purpose: The pathology upstream to aged related macular 
degeneration (AMD) is still largely unclear. Judging from the 
Hypoxia condition alongside reactive oxygen species (ROS) 
insult in AMD, we postulate an oxidative stress driven Epithelial-
Mesenchymal transition (EMT) took place in the retinal pigmented 
epithelium (RPE) layer, and this conversion crucialy alters RPE with 
its obligatory function, such as phagocytosis and blood retinal barrier. 
A condition mimicing experiment was carried out to investigate how 
oxidative stress may have perturbate RPE operations, so as to lead to 
aged related macular degeneration (AMD).
Methods: In aim to mimic oxidative challenges in AMD conditions, 
500µM H2O2 additioned medium and hypoxic chamber cultures 
were established. EMT phenomenon was confirmed by western, 
immunoflourescence, and qPCR results. Immune engagement 
following RPE EMT was investigated by invert transwell migration 
assay and ELISA quantification of supernatant cytokines. FITC-
conjugated of porcine photoreceptor outer segment (POS) was fed to 
the RPE cultures in order to quantify RPE phagocytic ability under 
EMT perturbations.
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Results: Under oxidative challenges, western blots of RPE cultures 
showed a full expression of canonical EMT trancription factors, 
including Snail/ Slug/ Twist. Immune infiltrate was confirmed by 
the migration assay, and was noted to enhance EMT predepositions 
in RPE cultures. Phagocytic capability was also tested in such EMT 
conditions, finding a general decreased POS engulfment in both H2O2 
treated and hypoxia conditions (p=0.023 and p=0.0086 respectively).
Conclusions: In oxidative stressed AMD conditions, EMT occurence 
in RPE layers will disturb ordinary ocular well-beings. Such 
mesenchymal transition deprive epithelium of its obligated functions 
of upholding immune privilege and photoreceptor recycling. Thus, 
the following immune infiltrate, complement body activation, 
and lipid homeostasis breakdown can lead to a worsened drusen 
accumulates. This thickened drusen can feed into oxidative stresses, 
and mediates a secondary EMT in RPE, forming a vicious [hypoxia-
EMT-drusen-hypoxia] cycle in AMD pathology.
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Aging in iPSC-RPE helps understand AMD-initiating events
Fnu Ruchi, Aman George, Zoya Qureshy, Roba Dejene, Qin Wan, 
Justin R. Chang, Kapil Bharti. NEI, NIH, BETHESDA, MD.
Purpose: Age-related macular degeneration (AMD) is the leading 
cause of blindness in the elderly population in the developed world. 
Dysfunction of retinal pigment epithelium (RPE) likely triggers 
early AMD stages, whereas RPE degeneration leads to an advanced 
AMD stage geographic atrophy, eventually leading to photoreceptor 
cell death and vision loss. RPE is a post-mitotic monolayer 
located between photoreceptors and the choroid and maintains the 
homeostasis of these two tissues. With aging, RPE cells are unable 
to perform some of their functions affecting homeostasis in the 
photoreceptors and the choroid, likely triggering the early stages of 
AMD. In order to understand the factors and processes causing RPE 

aging, we developed an in vitro induced pluripotent stem cell (iPSC)-
derived RPE aging model.
Methods: Fibroblast derived from both healthy and AMD patients’ 
skin biopsies were reprogrammed to the pluripotent state using the 
“Yamanaka factors”. Fully-characterized iPS cells were differentiated 
to RPE using a developmentally guided differentiation protocol. 
iPSC-derived RPE were cultured on semi-permeable membranes for 
8 weeks to obtain a functionally mature and polarized monolayer 
tissue. iPSC-derived RPE monolayer was stressed for 48 hours 
with complement competent human serum. The stressed cells were 
checked for RPE-specific functions like measurement of electric 
intactness, ability to digest photoreceptors outer segments, and the 
junctional integrity.
Results: Complement competent human serum stressed RPE 
exhibited several features of “aged” RPE and AMD-like disease 
processes including reduced ability to digest photoreceptor outer 
segments, decreased trans epithelial resistance, and increased APOE 
deposition and intracellular basal protein aggregates. Complement 
competent human serum also decreased autophagy levels, increased 
IL-6 secretion, and caspase-1 activation in iPSC- derived RPE cells. 
This cellular-aging phenotype is associated with the activation of 
NK-kB pathway and STAT3 pathway inhibition.
Conclusions: We propose that this cell culture model of RPE-aging 
provides a basis to discover the mechanism of disease-related RPE 
dysfunction and atrophy, a tool to identify the role of AMD genetics 
in disease initiation and progression, and to discover potential 
therapeutic interventions for AMD.
Commercial Relationships: Fnu Ruchi, None; Aman George, 
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Lipid Handling by RPE Predicts Certain Features of Age-Related 
Macular Degeneration
Qitao Zhang, Feriel K. Presswalla, David N. Zacks, 
Debra A. Thompson, Jason Miller. Kellogg Eye Center, University of 
Michigan, Ann Arbor, MI.
Purpose: The mechanisms and efficiency of lipid processing in the 
retinal pigment epithelium (RPE) are predicted to have profound 
effects on the deposition of intracellular lipofuscin and extracellular 
drusen and reticular pseudodrusen (RSD) that are hallmarks of dry 
age-related macular degeneration (AMD). In this study, cultured 
RPE, with and without lipofuscin-like material, were used to 
track lipid droplet (LD) formation, ketone body (KB) production, 
and secretion of drusen lipids in response to outer segment (OS) 
challenge.
Methods: Highly mature cultures of polarized primary human fetal 
RPE were maintained on transwells and fed photo-oxidized bovine 
OS daily for 4 weeks to generate cells laden with lipofuscin-like 
material, which were compared to cells without lipofuscin-like 
material. Following acute challenge with non-oxidized OS, the 
buildup and dissipation of LDs and KBs were tracked by ADRP 
staining and a fluorometric assay, respectively. The secretion of 
apolipoprotein E (APOE) and apolipoprotein B (APOB) into apical 
and basolateral chambers of the culture system was evaluated by 
western analysis. Cholesterol was assayed using a fluorometric assay.
Results: Primary human fetal RPE cultures responded to an OS 
bolus by temporary formation of LDs, which quickly dissipated. 
We hypothesize that dissipated lipid is partly shunted into KB 
production while other lipid is secreted in the form of APOE. The 
comparable levels of APOE secreted apically and basolaterally in 
our cultures is consistent with the presence of APOE in both apical 
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RSD and basolateral drusen. The levels of esterified vs. unesterified 
cholesterol, as well as APOB, were different between the apical 
and basolateral chambers, again consistent with the compositional 
differences between RSD and drusen seen in AMD patients. APOB 
secretion appeared to be constitutive, as it did not change in response 
to OS challenge. Both APOE and APOB secretion required the 
presence of lipid in the culture media, and was absent in cultures 
grown in standard media without serum. Surprisingly, lipofuscin has 
only limited influence on RPE processing of OS lipid.
Conclusions: Our findings suggest that degradation and 
redistribution of OS lipid accounts for some, but not all, of the 
compositional features of drusen and RSD seen in AMD patients. 
While APOE-based secretion is responsive to OS ingestion, APOB-
based secretion is constitutive and dependent on external lipid.
Commercial Relationships: Qitao Zhang, None; 
Feriel K. Presswalla, None; David N. Zacks, None; 
Debra A. Thompson, None; Jason Miller, None
Support: Research to Prevent Blindness Core Facility Grant, Kellogg 
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Deletion of Mitochondrial Antioxidant Enzyme Sod2 Induces 
Light-Dependent Retinal Degeneration with Aging
Emily Brown1, John D. Ash1, Alfred S. Lewin2. 1Ophthalmology, 
University of Florida, Gainesville, FL; 2Molecular Genetics and 
Microbiology, University of Florida, Gainesville, FL.
Purpose: Conditional deletion of the gene encoding the 
mitochondrial antioxidant enzyme, superoxide dismutase 2 (SOD2) 
was induced in the retinal pigment epithelium (RPE) of albino 
BALB/c J mice to determine whether elevated mitochondrial 
oxidative stress causes age-related retinal degeneration and whether 
normal or dim lighting conditions affect the rate of degeneration.
Methods: VMD2Cre;SOD2ff BALB/c J mice were housed in <150 
lux red light from birth until wean. Upon wean, mice were either 
housed in 12-hour dark, 12- hour 200 lux white lighting (normal 
light), or 12-hour dark, 12-hour <10 lux red lighting (dim light). 
Electroretinography (ERG) was performed to assess retinal function 
and spectral-domain optical coherence tomography (SD-OCT) was 
utilized to examine retinal morphology and outer nuclear layer 
(ONL) thickness in vivo with aging. IHC was used to examine 
protein expression; Quantitative RT-PCR was used to measure gene 
expression.
Results: SOD2 knockout (KO) mice housed in 12-hour 200 lux white 
lighting had decreased retinal function compared to wild type (WT) 
littermates as early as 1 month of age. Retinal function continued to 
decrease with aging in SOD2 KO mice housed in 200 lux lighting, 
with a statistically significant reduction in the c-wave by 5 months 
of age (2-way ANOVA, p<0.01,), with no significant differences in 
the a-wave, b-wave or ONL thickness. Interestingly, there were no 
differences in retinal function between WT and KO mice housed in 
dim lighting.
Conclusions: Under normal lighting conditions (~200 lux), but not in 
dim light, the absence of SOD2 in the RPE resulted in elevated levels 
of oxidative stress in the RPE and age-related RPE degeneration, 
suggesting that deletion of SOD2 does not cause oxidative stress 
and RPE degeneration in the absence of additional stress. These 
results demonstrate that mild light stimulation, found in a normal 
animal housing setting, induces biochemical changes in RPE that 
promote oxidative stress that is normally managed by SOD2. Future 
studies will aim to determine the mitochondrial mechanism of light-
dependent degeneration in the RPE, and how this mechanism plays a 
role in age-related macular degeneration.
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Photooxidative damage-induced NLRP3 inflammasome 
activation in eye cup organ cultures of Abca4 -/- mice
Carolina Brandstetter, Susannah M. Kleeberger, Frank G. Holz, 
Tim U. Krohne. Ophthalmology, University of Bonn, Bonn, Germany.
Purpose: Activation of the NLRP3 inflammasome has been reported 
in the RPE of patients with age-related macular degeneration and 
may contribute to disease pathogenesis. In RPE cells in vitro, 
inflammasome activation is induced by lipofuscin-mediated 
photooxidative damage to lysosomal membranes. We investigated 
this mechanism in an eye cup organ culture model.
Methods: Pigmented mouse strains with increased lipofuscin 
accumulation within the RPE (Abca4 -/-) and deficiency of NLRP3 
inflammasome function (Nlrp3 -/-) were employed. Eyes were 
harvested from 6 months-old wildtype, Abca4 -/-, Nlrp3 -/-, and 
Abca4 -/- /Nlrp3 -/- mice. Following removal of anterior segment 
and retina, the resulting posterior eye cups (RPE, choroid, sclera) 
were cultured in phenol red-free DMEM/F12 medium with 1 % FBS. 
Photooxidative stress was induced by blue LED light irradiation 
(448 nm, 0.8 mW/cm2) for 90 min. Photooxidative damage and 
inflammasome activation were assessed by means of release of LDH 
and IL-1β, respectively. Small molecule NLRP3 inhibitor MCC950 
was applied in control experiments.
Results: In wildtype eye cups, blue light irradiation induced 
photooxidative damage as evident from disruption of ZO-1 pattern 
of the RPE and release of LDH into the medium (16.5-fold increased 
compared to non-irradiated controls; p<0.001). LDH release after 
irradiation was amplified in Abca4 -/- eye cups (36.0-fold increased 
compared to controls; p<0.001). RPE cells of irradiated Abca4 
-/- eye cups exhibited lysosomal membrane permeabilisation (loss 
of acridine orange staining) and caspase-1 activation (FAM-YVAD-
FMK staining). Irradiation resulted in inflammasome activation in 
wildtype eye cups with release of IL-1β into the medium (77.3 pg vs. 
1.8 pg in non-irradiated controls; p=0.007) that was further increased 
in irradiated Abca4 -/- eye cups (174.4 pg; p<0.001). Irradiation-
induced IL-1β release was suppressed in both MCC950-treated 
Abca4 -/- eye cups (8.8 pg) and Abca4 -/- /Nlrp3 -/- eye cups (7.8 pg).
Conclusions: In blue light-irradiated Abca4 -/- eye cups, increased 
lipofuscin accumulation within the RPE is associated with augmented 
photooxidative damage that results in lysosomal membrane 
permeabilisation, NLRP3 inflammasome activation, and release of 
IL-1β. This organ culture model can be employed for preclinical 
evaluation of pharmacological inhibitors of inflammasome activation 
in the RPE.
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(F), Boehringer-Ingelheim (C), Roche (F), Allergan (F), Thea (C), 
Allergan (R), Bioeq (C), Optos (F), Zeiss (F), Genentech (F), Acucela 
(F), Novartis (C), Heidelberg Engineering (F), Roche (C), Novartis 
(R), Bayer (C), Bayer (R), Heidelberg Engineering (C), Novartis 
(F), Pixium (F), Merz (C), Genentech (C), Acucela (C), Bioeq (F), 
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How genetic instability in choroideremia-specific iPSc uncovered 
a segregating translocation
Nejla Erkilic1, Pauline Bouret2, Simona Torriano1, 
Krishna Damodar1, Christian P. Hamel1, Franck Pellestor2, 
Vasiliki Kalatzis1. 1Inserm U1051, Montpellier, France; 2CHRU, 
Montpellier, France.
Purpose: Induced pluripotent stem cells (iPSc) have revolutionised 
the field of retinal research. In particular, iPSc-derived retinal 
pigment epithelium (RPE) has been shown to be morphologically and 
functionally characteristic of the RPE in vivo. Furthermore, we have 
shown that iPSc-derived RPE from a choroideremia patient mimics 
the biochemical phenotype and represents a powerful model to test 
the efficacy of novel therapies. Choroideremia is an X-linked disorder 
due to mutations in the CHM gene. We recently generated iPSc from 
two affected brothers carrying a deletion of the CHM gene. As the 
iPSc reprogramming and culture is known to generate chromosomal 
rearrangements, karyotype analysis was systematically performed 
prior to retinal differentiation.
Methods: We performed a punch skin biopsy of two brothers with 
choroideremia. We used Sendai viral vectors carrying the Yamanaka 
transcription factor cocktail to reprogram the fibroblasts into iPSc. 
Karyotype analyses were performed on selected clones from passage 
10.
Results: In three clones, we detected complex structural 
rearrangements, and/ or aneuploidy involving chromosomes 12 
and 20, as well as, in two of the three clones, chromosome 5. 
Common to these three clones was the balanced translocation 
t(12;20)(q24.3;q11.2). Furthermore, in three additional clones, we 
detected only this translocation. To determine if it arose during 
iPSc generation, we performed a karyotype analysis of the original 
fibroblasts and detected the same translocation. To exclude a culture 
artefact, we performed karyotype analyses on blood samples from all 
the family members (father, mother, three brothers and one sister). 
All four children carry the deletion of the CHM gene inherited from 
their mother. In addition, we detected the translocation t(12;20)
(q24.3;q11.2) in the father, in the two probands, and in their sister. 
Only the remaining son did not carry the translocation.
Conclusions: A genetic instability already present in somatic cells 
leads to further instability following reprogramming into iPSc. This 
allowed us to uncover a previously undetected balanced translocation 
segregating in a choroideremia family. This has important 
implications for genetic counselling as balanced translocations are 
a cause of recurrent miscarriages. This study represents a novel 
outcome following the generation of patient-specific iPSc.
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Glycemic Modulation of Age-related Macular Degeneration in 
Oxidatively-stressed Nrf2-null Mice
Sheldon Rowan1, Shuhong Jiang1, Min-Lee Chang1, Naila Rabbani2, 
Paul J. Thornalley2, Donald Smith1, Allen Taylor1. 1Human Nutrition 
Research Center on Aging, Tufts University, Boston, MA; 2Clinical 
Sciences Research Laboratories, University of Warwick, Coventry, 
United Kingdom.
Purpose: Nrf2 is a transcription factor that coordinates an antioxidant 
response to diverse cellular stresses. Mice lacking Nrf2 (Nfe2l2) 
have increased oxidative stress and are reported to develop age-
related retinopathy by 15 months. We sought to determine whether 
induction of additional glycemic stress would exacerbate retinopathy 
or conversely whether a low glycemia diet would be neuroprotective 
during aging. We also sought to determine whether these diets 
affected levels of advanced glycation end-products (AGEs).
Methods: 3-month old Nrf2-null mice were pair fed high glycemia 
(HG) or low glycemia (LG) diets until mice were 18 months. 
Glycemic stress was determined by glucose tolerance test. Retina 
pathology was assessed via funduscopy, fluorescein angiography, 
histology, and electron microscopy. Glycative stress was assessed by 
measurement of AGEs from plasma and kidney tissue, using high-
sensitivity stable isotopic dilution analysis LC-MS/MS.
Results: Nrf2-null mice fed HG diets became overweight, 
hyperglycemic, and insulin resistant whereas those fed LG diets 
maintained normal weights and insulin sensitivity. Nrf2-null mice 
fed HG diets developed AMD-like features including photoreceptor 
degeneration, RPE atrophy and hypopigmentation, and accumulation 
of lipofuscin and phagosomes in the RPE. Some HG-fed mice 
showed vascular hemorrhages and choroidal neovascularization. 
In addition, large sub-RPE drusenoid deposits or edemas were 
observed. In contrast, LG-fed mice did not develop retinopathies 
and had normal appearing photoreceptors and RPE. Among AGEs, 
methyglyoxal-derived hydroimidazolone (MG-H1) was increased in 
the plasma of Nrf2-null mice relative to WT mice. Pentosidine and 
the AGE precursor fructosyl-lysine were increased in plasma and 
kidney tissue from HG-fed mice relative to LG-fed mice.
Conclusions: Chronic consumption of a HG diet in Nrf2-null mice 
induces AMD-like disease earlier and more severely than in WT 
mice. Despite the absence of Nrf2 function, consumption of a LG 
diet prevented AMD and dramatically improved glycemic control in 
Nrf2-null mice. Loss of Nrf2 was associated with increased glycative 
stress, which could be partially ameliorated by consumption of a 
LG diet. Our studies point to the Nrf2-null mouse as an accelerated 
mouse model of AMD, and add to the accumulating evidence that 
healthy dietary patterns can be used to treat or prevent AMD.
Commercial Relationships: Sheldon Rowan, None; 
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