
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.

508 Biochemistry and Molecular Biology of AMD II
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Program Number: 5228 Poster Board Number: B0115
Presentation Time: 8:30 AM–10:15 AM
Non-histone nuclear protein play important roles for 
photoreceptor function and experimental choroidal 
neovascularization
Toshiaki Abe, Aya Katsuyama, Shinji Yamada, Nobuhiro Nagai, 
Reiko Daigaku, Kenta Ishida, Yuki Katsukura. Division of Clinical 
Cell Therapy, Tohoku Univ School of Medicine, Sendai, Japan.
Purpose: We reported an important role of a non-nuclear protein, 
high-mobility group protein N1 (HMGN1) that enhances endothelial 
growth factor (VEGF) in retinal pigment epithelium (RPE). We 
planned to examine the retinal function using genetically modified 
mice model and various age of normal control mice.
Methods: HMGN1 knockout mice, HMGN1tm1/tm1 was used in this 
study. Electroretinogram (ERG), optical coherence tomography 
(OCT), and histological examination (HE) as well as routine 
ophthalmological examinations were performed in young and 
old mice. These mice were also used for laser-induced choroidal 
neovascular (CNV) experiments and evaluated by fluorescein 
angiography (FA), flat mount, histological examinations and gene 
expressions.
Results: Statistically significant less amplitude of cone a and b waves 
were observed on ERG in HMGN1tm1/tm1 mice if compared to those 
of normal control. The tendency was clearer when we examined 
older HMGN1tm1/tm1 mice. HE showed significant less outer nuclear 
layer thickness at some points. Statistically significant less VEGF 
expression was observed in RPE/choroid/sclera of HMGN1tm1/tm1 
when we made CNV. Statistically significant decrease of the size 
of laser-induced CNV was also observed in the HMGN1tm1/tm1 mice 
when compared to those of age-matched control mice in both FA and 
measurement of flat mount CNV areas.
Conclusions: HMGN1 may play important roles in some of the 
physiological and/or pathological conditions, such as cone function 
and CNV generation.
Commercial Relationships: Toshiaki Abe; Aya Katsuyama, None; 
Shinji Yamada, None; Nobuhiro Nagai, None; Reiko Daigaku, 
None; Kenta Ishida, None; Yuki Katsukura, None
Support: Grants 15ek0109073h0001 and 16ek0109073h0002 from 
the Japan Agency for Medical Research and Development (AMED) 
and Novartis Pharma K.K. (Tokyo, Japan)
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RPE targeted overexpression of mutant S163R C1QTNF5 in 
various mouse models of RPE/photoreceptor dysfunction
Astra Dinculescu, Frank M. Dyka, Seok-Hong Min, 
Rachel M. Stupay, W. Clay Smith, William W. Hauswirth. 
Ophthalmology, University of Florida, Gainesville, FL.
Purpose: The S163R mutation in complement C1qTNF5 causes 
an autosomal dominant late-onset retinal degeneration (L-ORD) 
disorder, which shares several key features with AMD, including the 
presence of extracellular deposits between the RPE and choroid. We 
have previously shown that the S163R mutant exhibits a reversely 
polarized distribution, being routed towards the basal rather than 
apical RPE, where it forms thick deposits in-vivo. Here, we extend 
our previous study and characterize the behavior of the S163R mutant 

in mouse models of retinal degeneration following its AAV-mediated 
expression in the RPE.
Methods: We generated scAAV vectors (AAV2 quad YF) containing 
the mutant S163R C1QTNF5 tagged with HA epitope, driven by an 
RPE-specific BEST1 promoter (1012 vector genomes/mL). The viral 
vectors were injected subretinally into one eye of mice undergoing 
retinal degeneration, including rd10, rd12, ABCA4 KO and  
wild-type A/J. Retinal function was assessed periodically by full-field 
electroretinography (ERG) under scotopic and photopic conditions. 
The eyes were also examined by other non-invasive imaging 
methods, including digital fundus imaging and spectral-domain 
optical coherence tomography (SD-OCT). Transgene expression 
was detected by immunohistochemistry using an anti-HA antibody 
and by Western blotting. Hematoxylin and eosin (H & E) staining as 
well as various antibody markers for RPE and photoreceptor proteins 
were used to examine the morphology of photoreceptor/RPE/Bruch’s 
membrane/Choroid interface, and the associated extracellular S163R 
C1QTNF5 deposits.
Results: The RPE-targeted overexpression of S163R C1QTNF5 
mutant in all mice led to the accumulation of the S163R mutant 
as thick extracellular deposits between the RPE and choroid, 
independent of the mouse strain or the underlying pre-existing 
RPE or photoreceptor dysfunction analyzed. The presence of basal 
S163R deposits affected not only the RPE and photoreceptor cells, 
based on morphological and ERG analysis, but also the underlying 
choriocapillaris.
Conclusions: Every AAV-S163R injected mouse developed 
widespread RPE basal laminar deposits in a reliable, consistent 
manner. This system offers a unique opportunity to uncover 
pathological mechanisms associated with the extracellular basal 
deposit formation, and may represent a novel platform for developing 
therapeutic strategies for AMD and L-ORD.
Commercial Relationships: Astra Dinculescu, None; 
Frank M. Dyka, None; Seok-Hong Min, None; Rachel M. Stupay, 
None; W. Clay Smith, None; William W. Hauswirth, AGTC (F), 
AGTC (P), ACTC (C)
Support: NIH grants EY021721 and EY018331, FFB, MVRF, and 
RPB, Inc.
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Serum lipidomic analysis showed a dysregulation of sphingolipids 
in AMD patients, which may reflect the response of cells to lipid 
peroxidation products
Luciana Pujol-Lereis1, Gerhard Liebisch3, Tina Schick2, 
Sascha Fauser2, Felix Graßmann1, Bernhard H. Weber1. 1Institute of 
Human Genetics, University of Regensburg, Regensburg, Germany; 
2Department of Ophthalmology, University Hospital of Cologne, 
Cologne, Germany; 3Institute of Clinical Chemistry and Laboratory 
Medicine, University of Regensburg, Regensburg, Germany.
Purpose: Lipid related-genes, accumulation of lipids in drusen and 
high density lipoprotein (HDL) levels have been associated with 
age-related macular degeneration (AMD), although analyses of serum 
total fatty acids, cholesterol, triglycerides, and phospholipids in 
patients provided no further supporting evidence. To search for novel 
lipid biomarkers in AMD, we measured serum lipid species from 
lipid classes associated with inflammation and oxidative stress. In 
addition, we evaluated the effects of malondialdehyde-acetaldehyde 
(MAA) adducts in the gene regulation of lipid metabolism in retinal 
cell lines.
Methods: Serum samples of healthy controls (n=129) and AMD 
patients with geographic atrophy (GA, n=47) and choroidal 
neovascularization (CNV, n=197) were used. Lipids were extracted 
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according to the Bligh and Dyer method, and lipid species were 
quantified by electrospray ionization tandem mass spectrometry. 
Statistical significance was determined by linear regression adjusted 
for age, gender and batch, with corrections for multiple comparisons 
within each lipid class. Weri Rb-1 and ARPE-19 cells were incubated 
with MAA-BSA or BSA (n=6). RNA was extracted and quantitative 
PCR performed with the Universal Probe Library from Roche and 
Taqman reagents. Expression data was analyzed using paired t-tests.
Results: We found four lipid species with a significant increase in 
AMD patients compared to controls (Hexocylceramide d18:1/16:0, 
p=0.008; Phosphatidylcholines PC O-38:5, PC O-38:4, PC 
O-40:6, all with p=0.049), and two lipid species with higher levels 
specifically for GA (Ceramide d18:1/16:0, p=0.037) or CNV 
(Cholesteryl ester 18:0, p=0.027). Also, for Weri Rb-1 cells we found 
an upregulated expression of genes in the ceramide metabolism under 
MAA-BSA treatment, specifically for SPTLC1, DEGS1, CERS2, 
CERS6 and UGCG (all p<0.001). For ARPE-19 cells, we observed a 
decrease in the expression of SMPD2 and SMPD3 with MAA-BSA 
addition (both p<0.05). The latter finding implies a downregulation 
of genes involved in the synthesis of sphingomyelin from ceramides, 
while the former data point to an upregulation of ceramide and 
glucosylceramide synthesis pathways.
Conclusions: Specific lipid species were found to be significantly 
altered in AMD patients. Moreover, our findings suggest that 
dysregulation of sphingolipid metabolism may play a role in AMD 
etiology.
Commercial Relationships: Luciana Pujol-Lereis, None; 
Gerhard Liebisch, None; Tina Schick, None; Sascha Fauser, 
None; Felix Graßmann, None; Bernhard H. Weber, None
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Guanidine hydrochloride treatment of rat isolated eye tissues for 
quantification of amyloid-beta
Wangfei Wang, Tara Nguyen, Dingcai Cao, David R. Pepperberg. 
Ophthalmology and Visual Sciences, University of Illinois at 
Chicago, Chicago, IL.
Purpose: Amyloid-beta (Aβ), a group of aggregation-prone peptides 
(lengths: 38-43 amino acids), is found in tissues of eye and brain. In 
brain, dysregulated Aβ metabolism is thought to promote Alzheimer’s 
disease progression. Recent studies suggest that Aβ dysregulation 
may also accelerate the progression of age-related macular 
degeneration (AMD), raising interest in developing approaches that 
efficiently recover Aβ from eye tissues. Aβ-containing brain tissues 
possess soluble (i.e., extractable by phosphate-buffered saline; PBS) 
and insoluble (aggregated) Aβ; the denaturing agent guanidine 
hydrochloride (GuHCl) has been used in brain studies to facilitate 
recovery of insoluble forms (ref. 1). We have investigated the use 
of GuHCl extraction to recover Aβ40 (length: 40 amino acids), a 
principal Aβ form, from eye tissues.
Methods: Sprague-Dawley rats (ages: 9-12 months) were used. 
Following euthanasia, lens/vitreous, retina and RPE/choroid were 
separately recovered from the enucleated eye (2). Tissues from 
one eye of each animal were homogenized (as single or pooled 
samples) in PBS supplemented with 5 M GuHCl (pH: 7.4), incubated 
overnight, then centrifuged. The supernatant was de-salted  
(PBS-equilibrated column), and the filtrate analyzed for Aβ40 
(ELISA) and protein (Bradford). Tissues of the fellow eye were 
homogenized in PBS lacking GuHCl (“PBS-only”) (pH 7.4) and 
centrifuged, for similar analysis of the supernatant. Both the GuHCl/
PBS and the PBS-only media contained 2% (v/v) EDTA-free protease 
inhibitor.

Results: Data were obtained from the eyes of 8 male and 4 female 
rats. For treatment with PBS-only, Aβ40 in pmol per g protein 
(pmol/g) was 1.72 ± 1.52 (mean ± SEM) for RPE/choroid, 0.61 
± 0.34 for retina, and 0.11 ± 0.03 for lens/vitreous. For overnight 
treatment with GuHCl/PBS, Aβ40 in pmol/g was 9.90 ± 2.27 for RPE/
choroid, 6.88 ± 1.80 for retina, and 1.70 ± 0.67 for lens/vitreous.
Conclusions: The substantially higher recovery of Aβ40 obtained 
with GuHCl treatment encourages the use of GuHCl-supplemented 
extraction medium in studies that investigate how eye tissue 
abnormalities (induced genetically or pharmacologically) that model 
AMD-associated features correlate with changes in Aβ metabolism.
References: (1) Youmans et al. (2011) J. Neurosci. Meth. 196:51-59. 
(2) Parthasarathy et al. (2015) Exper. Eye Res. 138:134-144.
Commercial Relationships: Wangfei Wang, None; Tara Nguyen, 
None; Dingcai Cao, None; David R. Pepperberg, None
Support: BrightFocus Foundation (Clarksburg, MD), NIH grant 
EY001792, Research to Prevent Blindness (New York, NY) and 
Daniel F. and Ada L. Rice Foundation (Skokie, IL)
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Relationship between aqueous humor 25-hydroxyvitamin D and 
age related macular degeneration
Sung Pyo Park, Seonghwan shin. Hallym University Medical Center, 
KangDong Sacred Heart Hospital, Seoul, Korea (the Republic of).
Purpose: Inflammation had been found to play an underlying role in 
age related macular degeneration (AMD). Vitamin D, a circulating 
steroid hormone, has properties that counteract inflammation. We 
aimed to determine the association between the aqueous humor 
25-hydroxyvitamin D and age related macular degeneration.
Methods: We selected the AMD patients who were subdivided into 
the two groups based on pigmented epithelial detachment (PED) type 
(serous and mixed PED; group1, fibrovascular PED; group2). The 
both groups were injected with ranibizumab or aflibercept in vitreous 
cavity and aqueous humor were sampled by anterior chamber 
paracentesis. The humor 25-hydroxyvitamin D was analyzed by 
colorimetric and competitive assay with ELISA kit.
Results: The humor 25-hydroxyvitamin D level in AMD patients was 
significantly lower as compared to controls (10.03ng/mL vs 40.8ng/
mL; p < 0.001). And the humor 25-hydroxyvitamin D level in group 
1 was lower as compared to that in group 2 (6.38ng/mL vs 14.65ng/
mL; P = 0.002). The macrophage induced protein-1α (MIP-1α) 
seemed to be similar with humor vitiamin D level.
Conclusions: This is the first study which analyzes the humor 
25-hydroxyvitamin D level in AMD patients. The results were 
inversely associated with wet AMD which was compared of the 
patients without any macular degeneration. These associations 
suggest that further research is necessary regarding vitamin D 
deficiency as a potentially modifiable risk factor for the development 
of AMD.
Commercial Relationships: Sung Pyo Park, None; 
Seonghwan shin, None
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Complement Membrane Attack Complex Release Basic 
Fibroblast Growth Factor from Human RPE Cells
Ping Yang1, Muhammad Abu-Rmaileh1, Peter Baciu2, Glenn J. Jaffe1. 
1Ophthalmology, Duke University Eye Center, Durham, NC; 
2Biology, Allergan, Inc, Irvine, CA.
Purpose: Complement activation has been increasingly implicated 
in the pathogenesis of AMD. Complement activation products such 
as membrane attack complex (MAC) have been detected in Bruch’s 
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membrane (BrM), choriocapillaris intercapillary pillars and on RPE 
in advanced neovascular and non-neovascular AMD. Basic fibroblast 
growth factor (bFGF) regulates the activity of vascular endothelial 
growth factor and is found in choroidal neovascular membranes 
removed from patients with AMD. Herein, we investigate the effect 
of complement activation on bFGF release in culture human  
RPE cells.
Methods: Cultured human RPE cells were primed with an anti-
RPE antibody (S58) and then treated with 6% C1q-depleted human 
serum (C1q-Dep) to elicit cell surface MAC formation. Controls 
included treatment of serum with an anti-C5 antibody (10 µg/ml) 
to block MAC formation, a heat-inactivated (Hi) C1q-Dep to block 
complement activation, and C6-depleted human serum (C6-Dep) 
with or without purified C6 protein (a complement cascade protein 
downstream of C5a formation) to exclude the possibility that C5a 
solely accounted for bFGF release. ELISA was conducted on 
conditioned media. Western blot was conducted on total protein 
extracts and conditioned media. mRNA expression of bFGF was 
evaluated by qPCR. Interleukin 6 (IL-6) expression was used as a 
positive control.
Results: By Western blot, bFGF (18 kDa) in conditioned media 
was increased in 4.5 hour- and 6 hour-complement-challenged 
conditioned media, but not in cell lysates when compared with 
controls that included S58+HiC1q-Dep, and C1q-Dep alone. By 
ELISA, the bFGF concentration was significantly increased in 
conditioned media when C6-Dep was reconstituted with C6 but 
not in C6-Dep alone. Anti C5 antibody significantly attenuated 
complement-mediated bFGF release. bFGF mRNA levels were not 
affected, while IL-6 mRNA levels were increased by complement 
activation.
Conclusions: RPE cell release of bFGF is MAC dependent. 
Complement-mediated RPE cell release of bFGF may be a co-factor 
that accounts for neovascularization in AMD. This information will 
enhance our understanding of the role that complement activation 
plays to mediate neovascularization, and may elucidate potential 
therapeutic targets.
Commercial Relationships: Ping Yang, None; Muhammad  
Abu-Rmaileh, None; Peter Baciu, Allergan, Inc (E); Glenn J. Jaffe, 
None
Support: NIH 5P30EY005722 (Core grant) and Research to Prevent 
Blindness
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The Small Heat Shock Protein αB-crystallin is Essential for the 
Organization of Detergent-Resistant Membrane Microdomains in 
Human Retinal Pigment Epithelial Cells in Culture
Rajendra K. Gangalum3, Dennis Mock3, Ishanee Dighe3, 
Karthik Ranganathan3, Larry L. David2, Suraj P. Bhat3, 1. 1Molecular 
Biology & Brain Research Institute at UCLA, Los Angeles, CA; 
2Biochemistry and Molecular Biology, Oregon Health & Sciences 
University, Portland, OR; 3Stein Eye Institute, UCLA,  
Los Angeles, CA.
Purpose: The small heat shock protein αB-crystallin (αB) is an 
important component of the endolysosomal pathway and protein 
homeostasis in the human retinal pigment epithelial cells (RPE). It 
is secreted out of the cells via exosomes (ARVO 2009; J Biol Chem, 
286:3261, 2011) and the expression of this small heat shock protein 
is required for exosome secretion (J Biol Chem, 291, 12930, 2016). 
We have previously reported that αB associates with detergent-
resistant membrane microdomains (DRMs), also known as lipid 
rafts (JBC, 2011). DRMs/lipid rafts are known to be localized 
proteolipid assemblies that may compartmentalize specific signaling 

complexes on the plasma membrane and inside the cells, possibly 
within the nucleus. Here we investigated the role (if any) of αB in the 
organization and physiology of DRMs/lipid rafts in human RPE19 
(hRPE) cells in culture.
Methods: The DRMs/lipid raft fractions were isolated by 
centrifugation using Iodixanol (Optiprep density gradient medium, 
Sigma-Aldrich) gradients and identified by immunoblotting 
using known protein markers (Caveolin1, Hsp90, Enolase1 and 
Flotillin1). Specific DRM/lipid raft fractions were isolated from wild 
type and from hRPE cultures where αB expression was silenced 
(employing αBshRNA) and subjected to proteomic analysis by Mass 
spectrophotometry.
Results: Silencing of αB-crystallin expression leads to loss of 
lipid raft fractions from the Iodixanol gradients. Interestingly, we 
also found that exposure of hRPE19 cells to methyl β-cyclodextrin 
(MBCD), an inhibitor of cholesterol biogenesis also leads to the loss 
of lipid raft fractions from these gradients; αB-crystallin is known 
to bind cholesterol. Proteomic analysis reveals highly significant 
alterations in the composition and concentration of the proteins 
associated with the lipid raft complexes isolated from WT and  
αB-crystallin silenced cells.
Conclusions: The organization and dynamics of the assembly of the 
lipid rafts have thus far remained focused on the lipid components in 
the plasma membrane that may offer disparate substrates for proteins 
with differential lipid affinities. Our data suggest that proteins 
like αB-crystallin may have an important and a direct role in the 
functional organization of DRMs and the physiological status of lipid 
rafts in the RPE.
Commercial Relationships: Rajendra K. Gangalum, None; 
Dennis Mock; Ishanee Dighe, None; Karthik Ranganathan, None; 
Larry L. David, None; Suraj P. Bhat, None
Support: NIH Grant to SPB 1R01EY024929

Program Number: 5235 Poster Board Number: B0122
Presentation Time: 8:30 AM–10:15 AM
Accumulation of damaged nDNA promotes RPE cellular 
senescence and pro-inflammation
Haijiang Lin1, 2, Bo Tian2, Ahmad Al Moujahed2, Joan W. Miller2, 
Demetrios G. Vavvas2. 1Ophthalmology and Visual Science, 
University Of Massachusett, Newton Highlands, MA; 
2Ophthalmology, Mass Eye and Ear, Harvard Medical School, 
Boston, MA.
Purpose: There is increasing evidence to support a role for chronic 
inflammation in the pathogenesis of age-related macular degeneration 
(AMD). Dysfunction of Retinal pigment epithelium (RPE) cell is 
a critical event in molecular pathways leading to clinical relevant 
AMD changes. We have reported that mitochondrial DNA (mtDNA) 
induces human RPE cell line to secrete inflammatory cytokines 
IL-6 and IL-8, which have been associated with AMD onset and 
progression. To study the effect of accumulation of damaged DNA on 
RPE cell senescence and pro-inflammation, we established an in vitro 
RPE cell model by knocking out DNase 2a, which codes a lysosomal 
enzyme responsible for degrading damaged double stranded DNA.
Methods: ARPE-19 cells were infected with lentiviral vector co-
expressing Cas9 nuclease and sgRNA targeting the DNA sequence 
in exon 4 of Dnase 2a gene or control lentiviral vector co-expressing 
scamble sgRNA. Validation of Dnase 2a deletion was performed 
by western blot. Damaged nDNA accumulation was detected by 
immumofluorescence staining using both anti-dsDNA and anti-
γH2AX antibody. Senescence was analyzed via SA-β-Gal staining as 
well as Western blot analysis of senescence pathway-associated gene 
expressions p16, pRB and Apo-J. Expression level of  
pro-inflammatory cytokines IL-6, IL-8 and IP-10 were assessed by 
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either qPCR or western blot. Finally, levels of pro-IL-1β and  
pro-caspase 1 were evaluated by western blot.
Results: DNase 2a deletion resulted in accumulation of endogenous 
damaged nDNA. RPE cells with accumulation of nDNA showed 
larger size, higher levels of positive SA-β-Gal staining, higher 
expression levels of the p16, APO-J, and lower expression levels 
of pRb compared to scramble sgRNA control cells. This indicates 
that accumulation of nDNA promotes RPE cellular senescence. 
Futhermore, multiple cytokines and chemokines such as IL-6, 
IL-8 and interferon gamma-induced protein 10 (IP-10) expression 
levels are increased in Dnase 2a -/- cells. DNase 2a deletion 
increased levels of pro-IL1β and pro-caspase 1, indicating that the 
inflammasome is primed in these cells.
Conclusions: Our studies demonstrated that accumulation of 
endogenous damaged nDNA promotes RPE cellular senescence and 
pro-inflammation. This study contributes to our understanding of the 
molecular mechanism in the development of AMD
Commercial Relationships: Haijiang Lin, None; Bo Tian, 
None; Ahmad Al Moujahed, None; Joan W. Miller, None; 
Demetrios G. Vavvas, None
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The breakdown of tight junction in retinal pigment epithelium by 
Aβ via RAGE signaling pathway
Chung Young Kim1, Sung Wook Park2, 3, Hyoung-Oh Jun2, Jin 
Hyoung Kim2, Jeong Hun Kim2, 3. 1Department of Ophthalmology, 
Seoul National University College of Medicine, Seoul National 
University Hospital, Seoul, Korea (the Republic of); 2Fight against 
Angiogenesis-Related Blindness Laboratory, Biomedical Research 
Institute, Seoul National University Hospital, Seoul, Korea (the 
Republic of); 3Department of Biomedical Sciences, College of 
Medicine, Seoul National University, Seoul, Korea (the Republic of).
Purpose: Amyloid beta (Aβ) has been implicated in the pathogenesis 
of age-related macular degeneration (AMD). Although Aβ is 
predominantly secreted from the neuronal cells, the mechanism how 
extracellular Aβ decrease tight junction in RPE remain to be fully 
elucidated. This study is aimed to demonstrate the role of receptor for 
advanced glycation end products (RAGE) signaling pathway in Aβ 
induced breakdown of tight junction in RPE.
Methods: To evaluate in vivo effect of exogenous Aβ on tight 
junction in RPE, subretinal injection of Aβ42 or PBS was performed 
in C57BL/6J mice. Then, Aβ and ZO-1 were evaluated in RPE/
choroid/scleral complex. Using immunocytochemistry and western 
blot, we determined the signaling pathway after Aβ42 treatment in 
ARPE-19 cells. We also evaluate the effect of RAGE siRNA and  
NF-Kb inhibitor in Aβ induced tight junction breakdown. To 
determine the role of RAGE signaling in vivo, we evaluated tight 
junction after Aβ treatment with NF-Kb inhibitor.
Results: Aβ induced breakdown of tight junction in the RPE after 
subretinal injection of Aβ into the mouse eye. We also presented 
evidence that various downstream signaling of RAGE was activated 
by Aβ in the RPE. siRNA mediated RAGE knockdown or NF-KB 
inhibitor prevented tight junction breakdown in RPE. Blockade of 
NF-Kb protected Aβ induced breakdown of tight junction in RPE.
Conclusions: Our data demonstrates that Aβ activated RAGE 
signaling pathway and induced breakdown of tight junction in RPE. 
Thus, we suggest that RAGE could be a potential therapeutic target 
for Aβ induced outer BRB breakdown in AMD.
Commercial Relationships: Chung Young Kim, None; Sung 
Wook Park, None; Hyoung-Oh Jun, None; Jin Hyoung Kim, 
None; Jeong Hun Kim, None

Program Number: 5237 Poster Board Number: B0124
Presentation Time: 8:30 AM–10:15 AM
Tubedown Regulation of Retinal Blood Vessel Permeability 
During Aging and Age-related Macular Degeneration
Damien Pike, Helene Paradis, Maria Whalen, Bimal Tennakoon, 
Robert Gendron. Department of Biomedical Sciences, Memorial 
University of Newfoundland, St. John’s, NL, Canada.
Purpose: Tubedown (Tbdn) is a regulatory subunit of the 
acetyltransferase Ard1 that is specifically expressed in retinal blood 
vessels and necessary for retinal health through control of blood 
vessel permeability. Tbdn is suppressed during aging and even more 
so in wet age-related macular degeneration. Previous work indicates 
that loss of Tbdn causes pathological changes driving retinopathy. 
Maintenance of Tbdn expression during aging and age-related 
retinopathy as a potential therapeutic approach for preventing 
pathology has not been explored and the impact of Ard1 on retinal 
blood vessel permeability is unknown.
Methods: The impact of the maintenance of Tbdn expression in the 
vasculature on retinal pathology during aging in transgenic mice 
was studied using histomorphometry, optical coherence tomography 
(OCT), quantitative immunohistochemistry and Western blotting. The 
role of Ard1 on retinal endothelial cell permeability was studied using 
both knockdown and overexpression.
Results: Overexpression of Ard1 in retinal endothelial cells led to 
an increased permeability to Albumin. Ard1 knockdown led to a 
modest reduction in Albumin permeability. Retinal pathology and 
thickness was reduced in aged mice which overexpressed Tbdn in the 
vasculature. Moreover, Tbdn overexpression in aged mice decreased 
the hyperpermeability of retinal blood vessels to Albumin.
Conclusions: Our results have shown that Tbdn dampens 
permeability while Ard1 promotes it. As a regulatory subunit of the 
acetyltransferase complex Ard1/Tbdn, Tbdn possibly reduces the 
efficacy of the complex to acetylate a target which would promote 
permeability, or inversely, Tbdn could facilitate the acetylation of a 
substrate which would dampen permeability. Our results also imply 
that the maintenance of Tbdn expression in retinal blood vessels 
could serve as a useful strategy to prevent retinal pathology during 
aging.
Commercial Relationships: Damien Pike; Helene Paradis, None; 
Maria Whalen, None; Bimal Tennakoon, None; Robert Gendron, 
None
Support: Canadian Institutes of Health Research/NL-Research and 
Development Corporation (CIHR/NL-RDC), Canada Foundation for 
Innovation (CFI) and Medical Research Foundation  
(MRF-Memorial)
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Cigarette Smoke induced autophagy-impairment regulates AMD 
pathogenesis mechanisms in RPE cells
Viren Govindaraju1, Neeraj Vij1, 2. 1Central Michigan University 
College of Medicine, Mt. Pleasant, MI; 2School of Medicine, Johns 
Hopkins University, Baltimore, MD.
Purpose: Cigarette smoke and aging are leading risk factors for 
age-related macular degeneration (AMD) pathogenesis. Based on 
our recent studies, we hypothesize that cigarette smoke exposure 
and aging mediated proteostasis/autophagy-impairment serves as a 
central mechanism for AMD pathogenesis and autophagy-inducing 
drugs could mitigate these AMD pathogenesis mechanisms in retinal 
pigment epithelial (RPE) cells.
Methods: ARPE-19 cells were incubated with cigarette smoke 
extract (CSE), cysteamine (250µM) and/or fisetin (40µM). Ubiquitin 
(Ub) and SQSTM1/p62 expression and peri-nuclear co-localization 
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was evaluated via western blot analysis and immunocytochemistry 
respectively to quantify changes in proteostasis/autophagy. CSE/
drug induced changes in autophagy activity were quantifying by 
co-localization of LC3-GFP/Ub-RFP reporter. Cell proliferation 
was analyzed via MTS assay and reactive oxygen species (ROS) 
production was assessed via CMH2DCFDA-dye based assay. Cellular 
senescence was measured by counting SA-b-galactosidase positive 
(blue) cells under the light microscope.
Results: Increases in insoluble ubiquitinated-proteins and p62 
(impaired-autophagy marker) were observed on western blot in 
response to 5% (p<0.01-Ub, p<0.05-p62) or 10% (p<0.01-Ub, 
p<0.05-p62) CSE treatments, which was reduced with cysteamine 
(p<0.01-Ub) or fisetin (p<0.05-Ub) treatment. Next, we found that 
10%-CSE treatment (p<0.05) induces peri-nuclear co-localization of 
p62 (red) and Ub (green) that was also ameliorated by cysteamine 
(p<0.05) or fisetin (p<0.05). Furthermore, CSE induced  
autophagy-impairment (p<0.01) was significantly decreased with 
cysteamine (p<0.05) or fisetin (p<0.05) treatment, which was 
quantified by a significant (p<0.05) decrease in LC3-GFP/Ub-RFP 
co-localization. In addition, cysteamine (p<0.05) or fisetin (p<0.001) 
were also shown to mitigate CSE induced ROS production (p<0.001). 
However, only cysteamine (p<0.05) rescued CSE impaired RPE 
cell proliferation (p<0.0001). Lastly, CSE induced RPE-cellular 
senescence (p<0.0001) that was ameliorated by cysteamine 
(p<0.0001) or fisetin (p<0.0001) treatment.
Conclusions: Cigarette smoke induced proteostasis/ 
autophagy-impairment regulates mechanisms associated with AMD 
pathogenesis in RPE cells. Moreover, autophagy-inducing drugs 
such as cysteamine and fisetin can ameliorate AMD pathogenesis 
mechanisms that warrant further investigation in pre-clinical models.
Commercial Relationships: Viren Govindaraju, None; Neeraj Vij, 
None
Support: FAMRI Grant YCSA-082131
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Aβ induced dysregulation of autophagy in retinal pigment 
epithelium contributes to the pathogenesis of dry age-related 
macular degeneration
Sung Wook Park1, 2, Hyoung-Oh Jun1, Jin Hyoung Kim1, Byung 
Joo Lee1, 2, Kihwang Lee3, Woo Jin Park4, Jeong Hun Kim1, 2. 1FARB, 
Department of Ophthalmology, Seoul National University Hospital, 
Seoul, Korea (the Republic of); 2Biomedical Sciences, Seoul National 
University College of Medicine, Seoul, Korea (the Republic of); 
3Ophthalmology, Ajou University School of Medicine, Seongnam-
si, Korea (the Republic of); 4Life Sciences Concentration GIST, 
Gwangju, Korea (the Republic of).
Purpose: Intracellular amyloid beta (Aβ) in retinal pigment 
epithelium (RPE) has been implicated in the pathogenesis of 
age-related macular degeneration (AMD). This study is aimed 
to demonstrate that autophagic dysfunction by Aβ contributes to 
autophagic cell death in RPE as a possible pathogenesis of dry AMD.
Methods: After Aβ42 treatment in ARPE-19 cells, we evaluated 
cell viability and cell death mechanism by Western blot and 
immunocytochemistry. In addition, we performed an intravitreal 
injection of Aβ to induce dry AMD mouse model.
Results: Intracellular Aβ induced non-apoptotic cell death in a dose 
dependent manner. Dysfunction of autophagic flux by Aβ leaded to 
autophagic cell death. In addition, Aβ induced lysosomal depletion as 
well as mitochondrial depletion. Inhibition of Aβ uptake by blocking 
RAGE or enhancement of autophagic flux with rapamycin effectively 
rescued RPE from Aβ induced cell death. In vivo, intravitreal 

injection of Aβ induced autophagy and cell death. Rapamycin 
prevents Aβ induced RPE degeneration in mouse.
Conclusions: Aβ induced dysregulation of autophagy (lysosomal 
impairment) and autophagic cell death in retinal pigment epithelium. 
We suggested autophagic dysfunction by Aβ as a pathogenesis of dry 
AMD.
Commercial Relationships: Sung Wook Park, None; Hyoung-
Oh Jun, None; Jin Hyoung Kim, None; Byung Joo Lee, None; 
Kihwang Lee, None; Woo Jin Park, None; Jeong Hun Kim, None
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Might retinal degeneration in the CFH-/- mouse have a 
developmental footprint?
Chrishne Sivapathasuntharam1, Matthew Hayes1, 
Harpreet Shinhmar1, Jaimie Hoh Kam1, Sobha Sivaprasad2, 
Glen Jeffery1. 1Institute of Ophthalmology, UCL, London, United 
Kingdom; 2Moorfields Eye Hospital, London, United Kingdom.
Purpose: AMD is linked in 50% of cases to polymorphisms of 
CFH. But some young individuals with polymorphisms have deficits 
in choroidal blood flow before disease presents (Told, et al.2013). 
Further, complement is critical in refining neuronal connections 
(Stephan, et al.2012) in development and impacts on mitochondrial 
function. Here we ask if complement dysfunction in the retina might 
have a developmental footprint in a murine model.
Methods: We examine mitochondria in young (3 and 8 weeks)  
CFH-/- and C57 mice with EM (N=5 per group). Relative retinal 
mtDNA content was measured by spectrophotometry (N=4 per 
group). We also undertake scotopic ERG recordings of retinal 
function (N=5 per group). The CFH-/- is on a C57 background.
Results: Retinal mitochondria in both the neural retina and RPE 
of CFH-/- mice show abnormalities at 3 weeks when the retina has 
achieved its adult architectural configuration. Many mitochondria 
are enlarged in both the retina and RPE. Enlarge mitochondria 
in photoreceptors are commonly located distally in the inner 
segment. Giant mitochondria are associated with senescence and 
reduced fission. They are also associated with reduced mtDNA. 
Measurements of mtDNA at this stage confirmed a significant 
decline in the CFH-/- animals compared to the C57 animals. ERGs 
undertaken at 3 weeks in CFH-/- are similar in amplitude to those in 
C57 mice. However, at 8 weeks there are significant reductions in the 
magnitude of the b-wave in CFH-/-.
Conclusions: CFH-/- mice have retinal abnormalities present from 
the time the retina adopts a mature form, although this does not 
translate immediately into a decline in retinal function. This may be 
due to the dysregulation of C3 during development in these animals 
which is key to signaling refinement on neuronal connections. 
Hence, AMD may have a youthful origin. It is also possible that 
the fine structure of the retina in CFH-/- deficient animals may be 
significantly different from normal because their refinement will not 
have been moderated by normal C3 expression which is regulated by 
CFH.
Stephan, A.H., et al. 2012. Annu Rev Neurosci 35, 369-89.
Told, R., et al. 2013. PLoS One 8(4), e60424.
Commercial Relationships: Chrishne Sivapathasuntharam; 
Matthew Hayes, None; Harpreet Shinhmar, None; Jaimie Hoh 
Kam, None; Sobha Sivaprasad, None; Glen Jeffery, None
Support: BB/N000250/1
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Oxidative stress impacts the AMD pathology through modulating 
Wnt signaling pathway
Peter Shaw1, Hongjun Du2, Diay Ho1, Theodore Chin1, 
Mike Matsumo1, Adam May1, Jingyao Chen1, Xu Xiao3. 1UC San 
Diego, La Jolla, CA; 2Xijing Hospital, Xi’an, China; 3Sichuan 
Provintial Hospital, Chengdu, China.
Purpose: The canonical Wnt signaling plays a role in the 
pathogenesis of age-related macular degeneration (AMD). We 
hypothesize that insufficient systemic Wnt antagonist Dickkopf WNT 
signaling pathway inhibitor 1 (DKK1) would be associated with 
AMD status and oxidative stress would change the level of DKK1, 
and in turn impacts the AMD pathology. We tested the hypothesis 
by examining the plasma DKK1 level of diagnosed choroidal 
neovascular (CNV) patients and unaffected individuals. We also 
compared the DKK1 expression level of an experimental mouse 
model of oxygen-induced retinopathy (OIR) with untreated controls.
Methods: The peripheral blood of twenty-five CNV patients were 
obtained along with same sample size of unaffected individuals. 
We collected separate sets of peripheral blood from twenty-five 
individuals who currently smoke cigarettes and same sample size of 
individuals who never smoke. The plasma DKK1 level was measured 
by ELISA and analyzed using student t-test. We also performed the 
OIR on C57B/6 mice and untreated controls (n=8 in each group) 
and examined the expression of DKK1 gene in the retinas using 
quantitative PCR.
Results: We have found that the plasma DKK1 level in control 
group (n=25) is significantly higher than CNV-affected group 
(n=25) (154348 ± 7322 vs. 126830 ± 4921, mean ± SEM measured 
by relative light units (RLU), p-value = 0.004). We also found that 
plasma DKK1 level in non-smoking group (n=25) is significantly 
higher than smoking group (n=25) (162737 ± 3772 vs. 139323 ± 
5767, mean ± SEM measured by relative light units (RLU), p-value 
= 0.002). In addition, the expression of DKK1 gene in OIR treated 
mouse retinas is significantly lower than control untreated mouse 
retinas (n=8 in each group, 0.62 ± 0.15 vs. 1.06 ± 0.07, p=0.0025, 
measured DKK1 mRNA fold change after normalized with GAPDH).
Conclusions: We showed that plasma DKK1 level is decreased in the 
CNV patients in comparison to unaffected control subjects. Smoking, 
the major oxidative stress related environmental risk for AMD also 
decreases plasma DKK1. The oxidative stress responses in OIR 
model represses the expression of DKK1. These data indicate that 
oxidative stress may affect the expression of Wnt pathway inhibitors 
such as DKK1 resulting in less regulation of canonical Wnt signaling 
and leading to AMD pathogenesis and progression.
Commercial Relationships: Peter Shaw, None; Hongjun Du, 
None; Diay Ho, None; Theodore Chin, None; Mike Matsumo, 
None; Adam May, None; Jingyao Chen, None; Xu Xiao, None
Support: NIH Grant EY-025693
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Phagocytosis Assay to Measure Function of Human RPE Cells 
with AMD vs Normal Mitochondria
Thomas Vo, Sina Abedi, Marilyn Chwa, Cristina M. Kenney. 
Ophthalmology, Gavin Herbert Eye Instititute, Buena Park, CA.
Purpose: A critical biological function of RPE cells is phagocytosis 
of photoreceptor outer segments (POS) disc membranes. Each 
RPE cell ingests thousands of discs per day and incomplete 
digestion of POS leads to accumulation of lipofuscin granules, 
which are photo-inducible generators of reactive oxygen species. 
Mitochondrial damage and dysfunction are associated with RPE cells 

of AMD retinas. We hypothesize that RPE cells that contain AMD 
mitochondria will demonstrate different phagocytosis properties 
when compared to RPE cells with normal mitochondria.
Methods: Our lab created cytoplasmic hybrids (cybrids) by first 
isolating platelets from the blood of AMD and age-matched  
non-AMD patients. ARPE-19 cells, a cell line derived from human 
retinal epithelia (ATCC, Manassa, VA, USA), are converted to Rho0 
(deficient of mtDNA) by serial passage in ethidium bromide. The 
cybrids are produced by fusion of platelets with Rho0 ARPE-19 cells. 
The resulting cells have unique mtDNA, but shared nuclear DNA. 
For experimentation, the cells were plated onto 6-well plates at a 
density of 800,000 cells/well. A bead solution was created by adding 
10µL of yellow-green fluorescent beads (Polysciences Inc, diameter 
1-µm) to 30mL media; reducing the initial concentration of 4.55 
x 1010 beads/mL to 1.52 x 107 beads/mL. 2 mL of the solution was 
added to each well. Following 16 hours of incubation at 37o C, the 
cells were washed to remove unbound beads. Flow cytometry was 
performed with the ImageStreamX Mark II Imaging Flow Cytometer 
(EMD Millapore). Acquisition was set to a 5000 cell count per 
sample. Data analysis and image capture were additionally performed 
with the ImageStreamX software. Triplicate samples of the AMD and 
normal cybrids were evaluated for mean and standard deviation of the 
mean.
Results: 37.3% of the AMD cybrids versus 44% of the normal 
cybrids demonstrated phagocytosis of the beads at 16 hours. The 
standard deviation was 5.97 and 5.03, respectively. The results for 
this unpaired t-test were not statistically significant with a p-value of 
0.2181.
Conclusions: Our initial findings suggest that the cybrids possessing 
AMD mitochondria have equivalent phagocytosis capacity to those 
with age-matched normal mitochondria. However, further studies 
will be undertaken to vary time exposures and concentration of 
fluorescent beads to characterize the role of mitochondria in the 
phagocytosis functions.

Cybrids showing bead intake
Commercial Relationships: Thomas Vo, None; Sina Abedi, None; 
Marilyn Chwa, None; Cristina M. Kenney, None
Support: Funding Supported by Discovery Eye Foundation, Polly 
and Michael Smith, Iris and B. Gerald Cantor Foundation, Max 
Factor Family Foundation. Supported by an RPB Unrestricted Grant
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βA3/A1-crystallin modulates endolysosomal acidification in 
astrocytes by preventing phosphorylation of the V0 a1 subunit of 
V-ATPase
Subrata H. Mishra, Meysam Yazdankhah, Peng Shang, J. 
Samuel Zigler, Jr., Debasish Sinha. Ophthalmology, Wilmer Eye 
Institute, Johns Hopkins University, School of Medicine, Baltimore, 
MD.
Purpose: Our studies have shown that the abnormal migration of 
astrocytes, implicated in Persistent Fetal Vasculature (PFV) disease, 
is correlated to elevated endolysosomal pH, decreased autophagy 
and enhanced mTORC1 signaling. We have previously shown that 
the interaction between βA3/A1-crystallin and V0 a1 subunit of the 
V-ATPase, the lysosomal proton pump, is key in maintaining pH in 
astrocytes and mutations in this crystallin result in elevated pH. Here 
we investigated whether phosphorylation of V0 a1 is compromised 
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due to a spontaneous mutation (Nuc1) in the Cryba1 gene (encoding 
βA3/A1-crystallin), leading to elevated pH in astrocytes.
Methods: The assembly/disassembly of the V-ATPase in wild type 
(WT) and Nuc1 astrocytes was evaluated by quantitating the presence 
of V1A and V0d1 subunits of V-ATPase and vinculin by western 
blotting. The phosphorylation state of the V-ATPase V0 a1 subunit 
was determined by the electrophoretic mobility of V0a1 from WT 
and Nuc1 rat astrocytes. The migration of V0 a1 was compared by 
SDS-PAGE, with or without Phos-tag. V0a1 in the aforementioned 
experiments was detected by western blotting.
Results: The assembly of the V-ATPase was significantly reduced 
in Nuc1 compared to WT astrocytes. We have previously shown that 
the endolysosomal pH in Nuc1 astrocytes is abnormally elevated 
compared to WT. Here we show that this elevated pH results 
from reduced V-ATPase assembly. We also observed a substantial 
decrease in the amount of V0 a1 in Nuc1 compared to WT astrocytes. 
Furthermore, SDS PAGE with Phos-tag indicated phosphorylated and 
non-phosphorylated forms of V0 a1 in Nuc1, while only the  
non-phosphorylated form could be detected in WT astrocytes.
Conclusions: Our results show that the elevated pH in the lysosomes 
of Nuc1 astrocytes is due to decreased level of V-ATPase assembly, 
which is affected by the phosphorylation status of V0 a1. This 
suggests that interaction of βA3/A1-crystallin with V0 a1 subunit of 
V-ATPase in WT astrocytes is responsible for preventing the V0a1 
from being phosphorylated. These studies further corroborate the 
importance of βA3/A1-crystallin-V0 a1 interaction in maintaining 
endolysosomal pH, thereby providing a unique opportunity to treat 
PFV disease by rejuvenating V-ATPase activity in astrocytes.
Commercial Relationships: Subrata H. Mishra, None; 
Meysam Yazdankhah, None; Peng Shang, None; J. Samuel Zigler, 
Jr., None; Debasish Sinha, None
Support: Research to Prevent Blindness (an unrestricted grant to the 
Wilmer Eye Institute)

Program Number: 5244 Poster Board Number: B0131
Presentation Time: 8:30 AM–10:15 AM
Role of Glutaredoxin 2 (Grx2) in protecting the retina from  
light-induced damage
Hongli Wu1, 2, Xiaobin Liu2, Yang Liu1, Sandra Maansson1, 
Christy Xavier2. 1North Texas Eye Research Institute, University of 
North Texas Health & Science Center, Fort Worth, TX; 2UNT System 
College of Pharmacy, Fort Worth, TX.
Purpose: Glutaredoxin 2 (Grx2), a glutathione-dependent 
oxidoreductase, is known to repair oxidative damage of protein thiol 
groups and also serve as electron donors for ribonucleotide reductase. 
Grx2 is highly expressed in tissues with high energy demand like 
heart, brain, liver, and kidney. Our previous study has shown that 
Grx2 is highly expressed in the neural retina where its physiological 
functions remain completely unknown. In this study, we evaluated the 
role of Grx2 in protecting the retina from light-induced damage by 
using Grx2 gene knockout (KO) mice as a model.
Methods: Wild type (WT) and Grx2 KO mice were exposed to 
white light at 12,000 lux for 1 hour after dark adaptation. The 
retinal damage was evaluated by the electroretinogram (ERG) 
recording, spectral domain optical coherence tomography (SD-OCT) 
measurement, and fundus examination. Hematoxylin and Eosin 
(H&E) staining was used to analyze the morphological changes in the 
retina. To better understand the molecular basis of how Grx2 protects 
the retina from light induced damage, we performed the whole 
transcriptome shotgun sequencing (RNA-seq) to analyze the full 
transcriptome of the retinal tissue in light-exposed Grx2 KO mice. 
The gene network was explored using DESeq2 pathway analysis 

software. The selected genes of interest were further confirmed by 
real-time PCR and Western Blot.
Results: Light-exposed Grx2 KO mice showed severe loss of both  
a- and b-wave amplitudes and the outer nuclear layer (ONL) in 
the Grx2 deficient mice was significantly thinner compared to that 
of light-exposed WT mice. We identified thousands of genes with 
statistical significant expression changes and classified them into 
cellular processes and molecular pathways. Interestingly, assessment 
of gene expression profile indicated that several nuclear factor 
erythroid 2 (Nrf2) regulated antioxidant genes including SOD1, 
NQO1, and catalase were dysregulated in Grx2 KO mice, which 
indicated that Grx2 may be a novel regulator of the Nrf2 defense 
pathway.
Conclusions: Our results suggest that Grx2 may protect the retina 
from light-induced retinal degeneration. The protective effects of 
Grx2 in the retina may be explained at least in part by its ability to 
control the Nrf2 signaling pathway.
Commercial Relationships: Hongli Wu; Xiaobin Liu, None; 
Yang Liu, None; Sandra Maansson, None; Christy Xavier, None
Support: BrightFocus Foundation for Macular Degeneration (Grant 
No. M2015180)
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Measurements of 11-cis retinal deficiency in human autopsy eyes 
with macular degeneration
Anne M. Hanneken1, Thomas Neikirk1, Jennifer Johnson1, 
Masahiro Kono2. 1Molec & Exp Med, Scripps Research Institute, La 
Jolla, CA; 2Department of Ophthalmology, Medical University of 
South Carolina, Charleston, SC.
Purpose: The clinical findings of delayed dark adaptation in patients 
with age-related macular degeneration has been proposed to be 
due to a deficiency in the availability of 11-cis retinal in rod outer 
segments. To test this hypothesis, we measured the presence of free 
opsin extracted from rod outer segments in human autopsy eyes from 
normal and macular degeneration tissues.
Methods: Human autopsy eyes were harvested within 4-12 hours 
postmortem under low light conditions and dark adapted in black 
canisters. The anterior segments were removed and the retinas were 
protected from light and dissected from the globes under infrared 
lighting. The presence, absence and stage of macular degeneration 
was determined by a careful examination of the RPE layer following 
the dissection of the retinas. Rod outer segments were extracted 
using the protocol of Fulton et al, IOVS, 1999, or purified over a 
discontinuous sucrose gradient according to standard protocols.  
UV-visible scanning spectroscopy was used to measure the 
concentration of rhodopsin before and after bleaching with 520 nm 
orange light. Free opsin was measured by adding an excess of 11-cis 
retinal to the retina extracts and incubating the sample for 20-30 
minutes. Samples were rescanned and the difference in the rhodopsin 
absorption at 498 nm was calculated before and after the addition of 
11-cis retinal.
Results: Human autopsy eyes could be dark adapted following death 
when the tissue was promptly placed into black canisters following 
enucleation. The amount of rhodopsin recovered from the human 
retinas measured 5-6 nmoles under optimal conditions, in good 
agreement with published reports. Addition of 11-cis retinal did not 
result in an increase in rhodopsin in normal human retina extracts. 
Likewise, there was no increase in rhodopsin after the addition of  
11-cis retinal in retina extracts from donors with macular 
degeneration.
Conclusions: While previous assumptions have held that the delayed 
dark adaptation in macular degeneration patients is likely due to a 
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deficiency of 11-cis retinal, our studies did not reveal a deficiency 
of the chromophore in autopsy eyes from either normal donors or 
donors with macular degeneration.
Commercial Relationships: Anne M. Hanneken, None; 
Thomas Neikirk, None; Jennifer Johnson, None; Masahiro Kono, 
None
Support: Directed Research Grant
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Putative biomolecular pathways of retinal pigmented epithelial 
cytochrome c oxidase rescue by 670 nm red light as outlined in a 
virtual study environment
Naryan Sabherwal, Stephen Kovach, Matthew Nelligan, 
Bruce I. Gaynes. Ophthalmology, Loyola University College of 
Medicine, Chicago, IL.
Purpose: Multiple studies have shown low intensity red light, 
typically 670nm in wavelength, reduces oxidative stress and rescues 
function of mitochondrial cytochrome c oxidase (COX). Downstream 
signaling effects of red light exposure have been proposed, however 
putative global effects of red light treatment by identifiable 
biomolecular signatures remain enigmatic. The purpose of this 
study is to identify the interface of mediators of retinal pigmented 
epithelial cell mitochondrial cytochrome c oxidase (COX) inhibition 
with the molecular signature of mitochondrial COX rescue by 
photobiomodulation though use of a machine learning environment.
Methods: An open source concept and content matrix application 
(Visual Understanding Environment v3.3.0, Tufts University) was 
employed to integrate pathways found through literature review that 
influence interactions between reactive oxygen species, oxidative 
stress, COX and retinal degeneration. Connectivity matrices were 
then imported into a predictive pathway analysis program (Ingenuity 
Pathway Analysis, Qiagen Bioinformatics, Hilden, Germany) and 
subjected to iterative sensitivity analysis to determine a legitimate 
biomolecular interface linking oxidative insult, COX inhibition, 
retinal degeneration and red light COX salvage.
Results: The gene MT-TL1 was found to be a key link between 
oxidative stress, retinal degeneration and COX deficiency. 
Complement factors CFHR1, CFH, and CFHR3 and the ATP binding 
cassette ABCA4 were linked to complement component C3 and 
oxidative stress. APOE was linked to production of reactive oxygen 
species (ROS), as well as oxidative stress and HtrA serine peptidase  
1 (HTRA1). Excision repair cross-complementation group 6 
(ERCC6), cystain C (CST3) and APOE were found to contribute 
to oxidative stress but were unrelated to COX inhibition. The 
complement component C3, a marker for inflammation in the retina, 
was found to be a key nodal point in ROS production.
Conclusions: While there were many links between AMD, oxidative 
stress response, and the production of ROS, the most important part 
of this network in terms of photobiomodulation appears to be the 
single link of mutant MT-TL1 between retinal degeneration and 
COX deficiency. MT-TL1 is a mitochondrial gene which codes for 
tRNALeu(UUR) and may be a key signature of photobiomodulation 
induced COX salvage.
Commercial Relationships: Naryan Sabherwal; Stephen Kovach, 
None; Matthew Nelligan, None; Bruce I. Gaynes, None
Support: Richard A. Perritt Charitable Trust
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Cell layer specific proteome of the outer retina: laser capture 
microdissection of drusen and its cellular environment from 
paraffin embedded sections
Elod Kortvely1, Eszter Emri2, 3, Sascha Dammeier1, Marius Ueffing1, 
Imre Lengyel2, 3. 1Centre for Ophthalmology, University of 
Tuebingen, Tuebingen, Germany; 2Centre for Experimental Medicine, 
Queen’s University Belfast, Belfast, United Kingdom; 3Institute 
of Ophthalmology, University College London, London, United 
Kingdom.
Purpose: Drusen deposition is one of the early hallmarks of  
age-related macular degeneration (AMD), a leading cause of 
visual impairment and irreversible blindness. The molecular 
composition of drusen and its immediate surrounding tissues is not 
yet fully understood. In this study we analysed the proteome of 
paraffin embedded sectioned human eye tissues using laser capture 
microdissection to obtain cell layer specific information.
Methods: In this study we used paraffin embedded sections from 7 
human post-mortem eyes (ages between 41 and 91) obtained from the 
pathology archive at UCL Institute of Ophthalmology. We isolated 
outer nuclear layer (ONL), photoreceptor outer segments (POS), 
retinal pigment epithelium (RPE), drusen and the Bruch’s membrane/
choriocapillary complex (BrM) using laser capture microdissection 
(Zeiss PALM). Samples were catapulted into adhesive caps (Zeiss) 
and subjected to alternating cycles of ambient to high pressure 
using a Barocycler 2320EXT machine (Pressure BioSciences) 
in the presence of trypsin for ultra-fast protein digestion. Mass 
spectroscopic analysis was performed an Orbitrap Fusion (Thermo 
Scientific). Acquired spectra were analysed using Scaffold (Proteome 
Software).
Results: We identified 206 proteins in ONL and 131 proteins in 
POS. Amongst these were Rhodopsin (RHO) and Retinal Outer 
Segment Membrane Protein 1 (ROM1) specific for photoreceptors. 
412 proteins were identified in the RPE including the RPE specific 
Na+/H+ Exchange Regulatory Cofactor NHE-RF1 (SLC9A3R1) 
and Retinoid Isomerohydrolase (RPE65). The microdissected BrM 
complex, without drusen, contained 289 proteins with elastin (ELN) 
specifically identified only in this layer. In drusen 124 proteins were 
identified. Amongst these were vitronectin (VTN), clusterin (CLU) 
Tissue Inhibitor of Metallopeptidase 3 (TIMP3), Complement C9 
(C9) and Apolipoprotein E (APOE).
Conclusions: The combination of laser capture microdissection 
and mass spectrometry is a powerful tool to detect cell and tissue 
specific protein profiles even from archived paraffin embedded and 
sectioned tissues. This approach has already enriched our knowledge 
on proteins present in the different layers. This approach, once used 
on tissue sections from diseased eyes, will contribute significantly to 
improve our understanding of the molecular changes underpinning 
the pathogenesis of AMD.
Commercial Relationships: Elod Kortvely, None; Eszter Emri, 
None; Sascha Dammeier, None; Marius Ueffing, None; 
Imre Lengyel, None
Support: EYE-RISK is funded by the European Union’s Horizon 
2020 Research and Innovation Programme under Grant Agreement 
No 634479.
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Inflammasome Activation in Primary RPE Cultures from Human 
Donors with and without Age-related Macular Degeneration
Mara Supik, Marcia Terluk, Sandra Monetzuma, 
Deborah A. Ferrington. Ophthalmology and Visual Neurosciences, 
University of Minnesota, Minneapolis, MN.
Purpose: Inflammasome activation is implicated in mediating the 
degeneration of the retinal pigment epithelium (RPE), which is 
one of the hallmarks of age-related macular degeneration (AMD). 
However, how the presence of AMD affects the response of RPE 
to various stimuli that activate the inflammasome has not been 
previously investigated. We tested the effect of reagents that promote 
inflammasome activation in primary RPE cultures from human 
donors with or without AMD.
Methods: The presence of AMD in donor eyes was determined 
using the Minnesota Grading System (MGS). Primary RPE cell 
cultures were developed from donors (ages 50 to 80 yrs) without 
AMD (MGS1, n=5) and with AMD (MGS2 and 3, early and 
intermediate AMD, n=9). Cells were primed with lipopolysaccharide 
and interleukin-1α, then treated with reagents that activate 
inflammasomes (MG132, Rotenone, Bafilomycin A, or ATP). After 
treatment, the content of inflammasomes (NLRP3, Aim2) and the 
activation product pro-IL1β were measured by Western Blot. The 
response to inflammasome activation was compared between cells 
from MGS1 and AMD donors by t-test analysis.
Results: Basal levels of NLRP3 were detected in all cells. A 3-fold 
increase in NLRP3 content was observed after activation with ATP 
in MGS1 cells compared to no increase in AMD cells (p=0.035). 
MGS1 cells also exhibited a 2-fold increase in NLRP3 after rotenone, 
but MG132 and Bafilomycin induced only minor effects in all 
cells. Basal levels of Aim2 were observed in 50% of all cells. In 
these cells, only rotenone increased Aim2; cells without basal Aim2 
were unresponsive. All reagents tested caused a similar increase in 
expression of pro IL-1β in both MGS1 and AMD cells.
Conclusions: Inflammasome activation was observed in primary 
RPE cultures from both healthy and AMD donors. However, in 
vivo exposure to AMD may alter the cell’s response to select 
inflammasome activators. Our results suggest that primary RPE 
cultures from human donors provide an excellent model system for 
mechanistic studies of inflammasome activation.
Commercial Relationships: Mara Supik, None; Marcia Terluk, 
None; Sandra Monetzuma, None; Deborah A. Ferrington, None
Support: Foundation Fighting Blindness TA-NMT-0613-0620-UMN
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Lipoprotein synthesis and deposition in the eye is regulated by 
the complement system and glycosaminoglycans (GAGs)
Una L. Kelly1, Michael Landowski1, Nikolai Skiba1, Jian Liu2, 
Catherine Bowes Rickman1, 3. 1Ophthalmology, Duke University 
Medical Center, Durham, NC; 2Eshelman School of Pharmacy, 
University of North Carolina, Chapel Hill, NC; 3Cell Biology, Duke 
University Medical Center, Durham, NC.
Purpose: We have shown that aged mice, heterozygous for 
complement factor H (Cfh+/-) and fed a high fat, high cholesterol 
(HFC) diet develop significantly more sub-RPE deposits than age-
matched C57Bl/6J mice. We now show these mice produce higher 
plasma concentrations of VLDL than control mice and demonstrate 
that this is likely due to an increase in complement activation. We 
hypothesize that lipoprotein changes may be responsible for the 
increase in sub-RPE accumulation of lipid/protein aggregates and 
molecules that compete with these larger lipoproteins for binding to 

the glycosaminoglycans (GAGs) in the extracellular matrix (ECM) 
may be useful for reducing these deposits.
Methods: C57Bl/6J mice were fed a HFC diet with or without 
cobra venom factor (CVF) to activate complement. Blood was taken 
1 and 3 days after treatment. Plasma lipoproteins were separated 
by FPLC and fractions assayed for cholesterol. A binding assay 
that coats 96-well plates with primary porcine RPE-derived ECM 
was developed. The heparan sulfate (HS) present in this ECM was 
compared to the HS isolated from human Bruch’s membrane using 
disaccharide analysis with a LTQ Orbitrap-MS. Human Bruch’s 
membrane/choroid tissue was incubated with various GAGs or buffer 
controls and the lipoproteins remaining on the tissue were analyzed 
using FPLC fractionation and cholesterol and apolipoprotein 
measurements.
Results: Activating the complement system in C57Bl/6J mice 
with CVF resulted in cleavage of C3 and an increase in VLDL in 
plasma. ECM derived from primary porcine RPE was found to have 
a similar HS fingerprint to that found in both porcine and human 
Bruch’s membrane making it a valuable binding matrix to model 
molecular binding to Bruch’s membrane. VLDL, LDL and CFH can 
bind to this RPE-derived ECM, the technique is sensitive enough to 
detect differences in oxidized LDL binding versus native LDL and 
subtle CFH variant differences in binding were observed. As shown 
previously CFH does compete with lipoproteins for binding sites 
in the ECM as do short HS oligosaccharides. These GAGs can also 
remove lipoproteins from human donor Bruch’s membrane/choroid.
Conclusions: Short HS oligosaccharides may be a potential new 
class of therapeutic molecule that could disrupt lipoprotein/protein 
aggregates at an early stage in age-related macular degeneration.
Commercial Relationships: Una L. Kelly, None; 
Michael Landowski, None; Nikolai Skiba, None; Jian Liu, None; 
Catherine Bowes Rickman, None
Support: NEI R01 EY026161, NEI P30 EY005722, Research to 
Rrevent Blindness inc. Core Grant
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Identification of microRNA Biomarkers in AMD
David J. Keegan1, 2, Hanan ElShelmani3, Mike Wride3. 
1Ophthalmology, Mater Misericordiae Univ Hospital, Dublin, Ireland; 
2University College Dublin, Dublin, Ireland; 3Zoology, Trinity 
College Dublin, Dublin, Ireland.
Purpose: Can the circulating microRNAs (miRNA) profile identify 
those at risk of age-related macular degeneration (AMD)?
This study investigated whether serum miRNAs have the potential 
to be used as biomarkers in identification of AMD and so may be 
used for rapid screening, early diagnosis, disease sub-typing, and/or 
treatment selection for AMD.
The next objective of this study was to identify the functional roles 
differentially expressed miRNAs in AMD. It also demonstrates the 
miRNAs target genes and signalling pathways using computational 
tools for miRNAs prediction and identification.
Methods: This study initially involved total RNA isolation from 
sera specimens from patients with (i) atrophic AMD (n=10), (ii) 
neovascular AMD (n=10), and (iii) age- and gender-matched controls 
(n=10). 377 miRNAs were co-analysed in each of these specimens 
using array technologies and differentially regulated miRNAs were 
determined.
More extensive validation studies (n=90) (i) atrophic AMD (n=30), 
(ii) neovascular AMD (n=30), and (iii) controls (n=30) were 
performed. 14 miRNAs were selected and co-analysed in each of 
these specimens using quantitative real-time polymerase chain 
reaction (qRT-PCR) in order to validate their expression.
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Finally, resulting differentially expressed miRNAs were investigated 
using bioinformatics approaches such as, DIANA-mirPath and 
miR TarBase. The target genes and signaling pathways data were 
incorporated with the differentially expressed miRNAs in AMD.
Results: Unsupervised hierarchical clustering indicated that AMD 
serum specimens have a different miRNA profile compared to those 
of healthy controls. The study successfully identified and validated 
the differentially regulated miRNAs in serum from AMD patients 
versus controls. The biomarker potential of 3 miRNAs (miR-126, 
miR-19a and miR-410) was confirmed by qPCR, with significantly 
increased expression in serum of AMD patients compared to healthy 
controls.
DIANA lab-mirPath database predicted a number of significant 
pathways that are regulated by these identified AMD circulating 
miRNA biomarkers, e.g. the complement and coagulation cascade.
Conclusions: Increased expression of microRNAs (miR-126,  
miR-410, and miR-19a) in AMD patients hold the potential to  
serve as diagnostic AMD biomarkers for both atrophic and 
neovascular AMD.
Commercial Relationships: David J. Keegan; Hanan ElShelmani, 
None; Mike Wride, None
Support: Fighting Blindness Ireland (FB14SAA), Irish Research 
Council for Science, Engineering & Technology, Mater Vision 
Institute, Libyan Ministry of Higher Education and Scientific 
Research
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Mitochondrial DNA sensing by STING pathway mediates 
complement, inflammation and epigenetic genes
Cristina M. Kenney1, Kevin Schneider1, Shari R. Atilano1, 
Marilyn Chwa1, Sonali R. Nashine1, Stephanie Y. Lu1, 2, 
Anthony B. Nesburn1, Baruch D. Kuppermann1. 1Ophthalmology, 
Gavin Herbert Eye Inst, UC Irvine, Irvine, CA; 2Ophthalmology, 
Long Beach VA Medical Center, Long Beach, CA.
Purpose: Mitochondrial (mt) DNA haplogroups represent 
populations of diverse geographic origins. H is the most common 
European haplogroup, while K haplogroup is highly associated 
with the Ashkenazi Jewish population. Previously we showed that 
although the RPE cybrids (cytoplasmic hybrids) have identical 
nuclei, cybrids with K haplogroup mtDNA have: (1) significantly 
increased expression of ApoE, a critical lipid transporter molecule; 
(2) increased expression of complement inhibitors and inflammation-
related genes; and (3) differential RNA expression of epigenetic 
genes compared to H cybrids (Thaker et al, 2016 Neurobio Dis 
93:64-77). Our study was designed to determine if the STING 
(Stimulator of Interferon Genes) sensor system (TMEM173 gene) is 
involved in retrograde signaling from mitochondria to the nuclei with 
respect to lipid transport, complement and inflammation pathways.
Methods: Cybrids were generated by fusing platelets from either 
H or K haplogroups subjects with Rho0 (lacking mtDNA) human 
ARPE-19 cells. STING was knockdown (KD) in H cybrids (n=5) 
and K cybrids (n=5) by transfecting the cells with 30pmol siRNA or 
Silencer negative control (Lipofectamine RNAiMAX, Invitrogen, 
Life Technologies) according to the manufacturer’s protocol. 
After 48 hrs, RNA was isolated (PureLink RNA Isolation Kit, Life 
Technology). Expression levels of genes were measured by  
qRT-PCR. Statistical analyses were performed using unpaired t-test.
Results: STING expression knockdown (KD) was 87.2%, p=0.0028 
in H cybrids and 90.5%, p<0.0001 in K cybrids. After STING-KD, K 
cybrids showed decreases in CFI (36%, p=0.005) and CFH  
(21%, p=0.036) but increased transcription levels in IL6 (187%, 
p=0.02) and IFNb (148%, p=0.46) compared to K Control cybrids 

(100%). DNMT1 expression levels were increased significantly in 
both cybrids (H: 175%, p<0.0001; K: 210%, p=0.0009). There were 
decreased levels in the STING-KD cybrids for DNMT3A (H: 34%, 
p=0.05; K: 36%, p=0.03) and HDAC1 (H; 32%, p=0.016; K: 32%, 
p=0.0009) vs Control cybrids (100%). STING-KD did not affect 
expression levels for APOE, APOC1, CD55, CD59, DNMT3B, 
TRDMT1, HDAC2, HDAC4, HDAC6, HDAC11 or HAT1.
Conclusions: Within cells, the intracellular STING DNA sensor 
system plays a role in regulation of 3 epigenetic genes (DNMT1, 
DNMT3A and HDAC1), 2 complement inhibitors (CFI and CFH) and 
2 pro-inflammatory genes (IL6 and IFNb).
Commercial Relationships: Cristina M. Kenney, None; 
Kevin Schneider, None; Shari R. Atilano, None; Marilyn Chwa, 
None; Sonali R. Nashine, None; Stephanie Y. Lu, None; 
Anthony B. Nesburn, None; Baruch D. Kuppermann, Alcon, 
Allergan, Catalyst, Genentech, Novartis, Ophthotech, Regeneron (C), 
Alcon, Allergan, Apellis, Genentech, GSK, Ophthotech, Regeneron 
(F), Allergan, Genentech, Novartis, Regeneron (R)
Support: Funding Supported by Discovery Eye Foundation, Polly 
and Michael Smith, Iris and B. Gerald Cantor Foundation, Max 
Factor Family Foundation. Supported by an RPB Unrestricted Grant
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CFH and CD46 Knockdown Alters Genes Involving Cell 
Apoptosis, Adhesion, Immune System Processing and Melanin 
Synthesis in Human Retinal Pigment Epithelium (RPE): a 
comparative study
Hui Cai, Mark Fields, Jie Gong, Lucian V. Del Priore. Department of 
Ophthalmology and Visual Science, Yale School of Medicine, New 
Haven, CT.
Purpose: Complement factor H (CFH) has been associated with 
increased risk for age related macular degeneration (AMD). CD46, 
a complement regulatory protein, is located at the same sub-band 
on the same chromosome as CFH and they lie within a complex of 
immunoregulatory genes. The purpose of this study is to elucidate the 
biological function of CFH and CD46 in RPE through CFH or CD46 
knockdown and microarray studies.
Methods: Human ARPE19 cells were cultured to 70% confluence. 
CFH and CD46 siRNAs were used to knock down CFH or CD46 in 
ARPE19. After 48 hours of CFH siRNA transfection, ARPE19 were 
collected and total RNA were isolated, cDNA and Biotin-labeled 
antisense cRNA produced, target hybridization, washing, staining 
and scanning probe arrays were done using standard technique. 
Affymetrix GCOS Manager and other online bioinformatic software 
system were used for data analysis.
Results: 
After 48 hours of siRNA transfection, CFH or CD46 protein 
expression in ARPE-19 cells was decreased to more than 70% 
of the control levels. The analyses of gene expression profiles 
between CHF- and random- siRNA knockdown ARPE-19 point 
to alterations of genes such as cyclin D1 (CCND1), cadherin, 
frizzled class receptor 7 (FZD7), glutathione S-transferase alpha 
5 (GSTA5), interactor of little elongation complex ELL subunit 2 
(ICE2), integrin beta 4 (ITGB4), myelin basic protein (MBP), protein 
kinase, cAMP-dependent catalytic alpha (PRKACA), proteasome 
subunit alpha 5 (PSMA5), SR-related CTD-associated factor 11 
(SCAF11), tyrosinase-related protein 1 (TYRP1) in cellular pathways 
for apoptosis, autophagy, cell adhesion, Krebs-TCA cycle, melanin 
synthesis, proteasome degradation, Wnt signaling. Comparison of 
gene expression profiles from CD46 and CHF siRNA knockdown 
in ARPE-19 cells reveal many common and unique pathways are 
involved.
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Conclusions: The results suggest that CHF and CD46 may play 
important roles in regulating numerous vital cellular activities to 
maintain the normal function in pigment epithelium. Alterations in 
CHF or CD46 expression may lead to secondary changes in other 
genes of the RPE, and may contribute to the pathogenesis of diseases 
such as age related macular degeneration.
Commercial Relationships: Hui Cai, None; Mark Fields, None; 
Jie Gong, None; Lucian V. Del Priore, None
Support: FFB; RPB
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Epigenetic regulation of autophagy by histone deacetylases in 
retinal pigment epithelium
Sushil K. Dubey, Dingyuan Lou, Jacob Roney, Kyung Jung, 
Jennifer Brown, Kabhilan Mohan, Mark E. Kleinman. 
Ophthalmology and Visual Science, University of Kentucky, 
Lexington, KY.
Purpose: Autophagy in retinal pigment epithelium (RPE) plays a 
critical role in regulating retinal homeostasis through the degradation 
of malfunctioning proteins and organelles. Impaired autophagy 
in the RPE contribute to the progression of age-related macular 
degeneration (AMD). However, the underlying mechanism causing 
impaired autophagy in RPE remains unclear. In this study, we show 
the altered expression signatures of specific histone deacetylases 
(HDACs) and the resulting autophagy impairment in the RPE due to 
the altered HDAC function.
Methods: Gene expression analysis of HDAC isoforms was 
performed on human macular RPE/choroid samples from dry AMD 
and normal age-matched eyes (n= 6-8 per group) by qPCR. ARPE19 
(ATCC) and low passage (<P4) primary hRPE cell isolates (three 
independent biological replicates) were treated with class I (MS-
275, 10µM; MGCD0103, 10µM) and class III (Sirtinol, 25µM; 
EX527, 20µM) HDAC inhibitors (HDACi). Quantitative PCR of 
autophagy related genes (ATG7, LAMP1, LC3a, LC3b and p62) was 
performed (n=3, 24 hrs), and HDACi effect on basal autophagic 
flux was further evaluated via Western blot for LC3-II/LC3-I, and 
immunofluorescence assays for GFP-LC3 puncta and P62 levels 
(n=3, 5/12/24 hrs). Statistical significance was determined with 
Student’s unpaired two-tailed t-test to compare the means of the two 
groups (p < 0.05, GraphPad Software).
Results: Gene expression data demonstrated significant loss of 
HDAC1/2/6/7/11 isoforms (*P<0.05) in human macula RPE/choroid 
tissues in advanced dry AMD. Inhibiting HDAC function in vitro 
with class I and class III HDACi showed upregulation of autophagy 
genes (ATG7, LAMP1, LC3a, LC3b and p62 transcripts with class 
I and LC3a, LC3b and p62 with class III HDACi). Evaluation of 
autophagic flux showed induction of autophagy after treatment with 
either class I or class III HDACi.
Conclusions: These observations clearly suggest that HDACs play 
a critical role in autophagy regulation and that altered expression 
of these regulators disrupt the normal autophagy process in the 
RPE. These autophagy disruptions may lead to retinal phenotypes 
associated with AMD.
Commercial Relationships: Sushil K. Dubey, None; 
Dingyuan Lou, None; Jacob Roney, None; Kyung Jung, 
None; Jennifer Brown, None; Kabhilan Mohan, None; 
Mark E. Kleinman, None
Support: International Retinal Research Foundation
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Systemic treatment with xanthohumol protects against  
light-induced retinal degeneration and maintains retinal redox 
potential
Nathaniel F. Henneman, Stephanie Foster, Preston E. Girardot, 
Jeffrey H. Boatright. Ophthalmology, Emory University, Atlanta, GA.
Purpose: The prenylated flavonoid xanthohumol (XN), a 
constituent of hops, is protective in rodent models of stroke. Here 
we investigated whether systemic delivery of XN similarly protects 
in a mouse model of light-induced retinal degeneration (LIRD) and 
whether such treatment maintains the redox potential of the retina.
Methods: 129SV mice were injected with XN (0.8 mg/kg) or vehicle 
(4 PBS: 1 ethanol: 1 cremophor) and dilated with 0.1% atropine prior 
to exposure to 50 or 50,000 lux white light for 4 h. Four weeks after 
light exposure, function was assessed by electroretinogram (ERG) 
and optokinetic tracking (OKT) after which mice were sacrificed and 
retinal morphology assessed. For retinal redox measurement, mice 
were sacrificed after 2 h of light exposure and retinas analyzed by 
HPLC for glutathione (GSH), glutathione disulfide (GSSG), cysteine 
(CYS), and cystine (CYYS).
Results: Mean ERG a- and b-wave amplitudes were significantly 
higher in toxic-light exposed mice treated with XN versus vehicle 
(416+63 and 187+48 uV+SEM; 2-way ANOVA/SNK, p<0.001). 
Acuity was also preserved (OKT cycles per degree+SEM; ANOVA/
SNK, p<0.05). XN treatment preserved redox potential in mice 
exposed to toxic light, with CYSS redox potentials of -52.71+5.13 
and -27.15+2.20 and GSSG redox of -141.97+2.47 and -127.21+1.04 
mV + SEM, XN versus vehicle, respectively; 1-way ANOVA/SNK, 
p<0.05. Outer nuclear layer counts showed significant preservation 
of ONL nuclei with 71.34+25.4 and 176.1+ 19.95 vehicle versus XN, 
respectively; 1-way ANOVA/SNK, p<0.05.
Conclusions: Toxic light exposure is thought to cause retinal 
degeneration by increasing oxidative damage. Here we show that 
XN treatment protects against LIRD, possibly by maintaining retinal 
CYSS and GSSG redox potential. Though further study is needed, 
XN may be acting as an antioxidant response inducer as opposed to a 
direct antioxidant.
Commercial Relationships: Nathaniel F. Henneman, 
None; Stephanie Foster, None; Preston E. Girardot, None; 
Jeffrey H. Boatright, None
Support: The Abraham and Phyllis Katz Foundation (JHB), VA 
RR&D C9246C (Atlanta VA Center of Excellence in Vision and 
Neurocognitive Rehabilitation), VA RR&D C1924P I21RX001924, 
Research to Prevent Blindness (Emory), NIH NEI P30EY06360 
(Emory), NIH NEI R01EY14026 (JHB)
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Effect of High Energy Visible Light on A2E-loaded Retinal 
Pigmented Epithelium in Age-Related Macular Degeneration
Marie-Christine Lambert, Mathieu Ouellette, Quentin Maestracci, 
Elodie Boisselier, Stephanie Proulx, Patrick J. Rochette. Université 
Laval, Quebec, QC, Canada.
Purpose: Age-Related Macular Degeneration (AMD) is the 
leading cause of vision loss in the occidental elderly. This disease 
is characterized by the loss of central vision following the death of 
photoreceptors and of the retinal pigmented epithelium (RPE) in 
the macula. Epidemiological studies brought to light an association 
between lifetime sun exposure and the probability to develop AMD. 
Sunlight contains 30% of high energy visible (HEV) light which 
reach the retina, unlike ultraviolet light. HEV light, also known as 
blue light (400-500 nm) is the most energetic light reaching the RPE. 
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It has been observed that RPE accumulates lipofuscin with age. Its 
predominant component is N-retinylidene-N-retinylethanolamin 
or A2E. This molecule absorbs light at 430 nm, which leads to 
photooxidation. Our hypothesis is that the reactive oxygen species 
(ROS) produced by chronic HEV exposure of cells containing A2E 
would attack cellular structures such as mitochondria and telomeres.
Methods: We used immortalized RPE cells (ARPE-19) in which 
various concentrations of A2E were added for incorporation. We 
measured A2E fluorescence to quantify the A2E uptake of the 
cells. Then, we irradiated the cells with or without A2E with HEV 
to determine the lethal dose of HEV+A2E in ARPE-19 cells with 
the objective to find a sub-lethal dose for chronic irradiations. We 
chronically irradiated the cells with HEV in the presence of A2E 
and we measured by qPCR telomere length and mitochondrial DNA 
deletions and quantity.
Results: Incorporation of A2E in ARPE-19 cells is proportional to 
the concentration in the culture medium. The lethal dose of HEV 
light in A2E-containing cells is 3000 kJ/m2. The chronic irradiation 
regime is done under these conditions: 300 kJ/m2 of HEV light, 100 
µM of A2E, 4 days/week and during 11 weeks. We did not observe 
any variations in telomere length, mitochondrial DNA deletions or 
quantity after 11 weeks of irradiation.
Conclusions: We observed that A2E sensibilize the cells to  
HEV-induced cell death. The chronic irradiation regime does not 
seem to produce enough ROS to affect cellular structures. We also 
bring the hypothesis that HEV irradiation of A2E degrades it or 
modifies the molecular structure, which would inhibit its oxidative 
properties.
Commercial Relationships: Marie-Christine Lambert; 
Mathieu Ouellette, None; Quentin Maestracci, None; 
Elodie Boisselier, None; Stephanie Proulx, None; 
Patrick J. Rochette, None
Support: FRQS-Fondation Antoine-Turmel
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Luteolin decreases mitochondrial damage-associated 
inflammation in human retinal pigment epithelial cells
Maria Hytti1, Eveliina Korhonen1, Niina Piippo1, Kai Kaarniranta1, 2, 
Anu Kauppinen1. 1University of Eastern Finland, Kuopio, Finland; 
2Kuopio University Hospital, Kuopio, Finland.
Purpose: Inflammation is a known key player in the death of retinal 
pigment epithelium (RPE) cells and the development of age-related 
macular degeneration (AMD). Dysfunctional mitochondria, which 
release reactive oxygen species can be at the start of a detrimental 
inflammatory reaction. Here we assessed the effects of luteolin, a 
known anti-oxidant, on antimycin A (AMA)-induced mitochondria 
damage and inflammation in a human RPE cell line.
Methods: Fully confluent ARPE-19 cells were exposed to AMA with 
or without a four-hour pretreatment with luteolin. Medium samples 
and cell lysates were collected and the release of inflammatory 
cytokines interleukin (IL)-6 and IL-8 was measured using ELISA. 
The effect of AMA on mitochondria was determined using 
transmission electron microscopy and mitoTRACKER staining. Cell 
death was determined using the MTT and LDH assays.
Results: AMA induced severe swelling of mitochondria and cell 
death. Additionally, the release of the pro-inflammatory cytokine IL-6 
was increased following AMA exposure. A pretreatment with luteolin 
prevented the release of pro-inflammatory cytokines, IL-6 and IL-8, 
but could not prevent cell death.
Conclusions: Luteolin is an effective, anti-inflammatory agent 
in RPE cells suffering from severe mitochondrial dysfunction. 
Decreasing the release of pro-inflammatory cytokines from stressed 

RPE cells could potentially prevent the exacerbation of a chronic 
low-level inflammation of the RPE and slow the development of 
AMD.
Commercial Relationships: Maria Hytti, None; 
Eveliina Korhonen, None; Niina Piippo, None; Kai Kaarniranta, 
None; Anu Kauppinen, None
Support: Finnish Cultural Foundation - North-Savo Regional Fund
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Identifying the hydroxyapatite interactome: Involvement of 
serum proteins in the formation of sub-RPE deposits
Swati Arya1, Silvia Synowsky2, Sally Shirran2, Catherine Botting2, 
Imre Lengyel3, Alan Stewart1. 1School of Medicine, University of 
St Andrews, St Andrews, United Kingdom; 2Biomedical Sciences 
Research Complex, University of St Andrews, St Andrews, United 
Kingdom; 3Centre for Experimental Medicine, Queen’s University 
Belfast, Belfast, United Kingdom.
Purpose: A feature of the ageing retina is the formation of sub-retinal 
pigment epithelial (RPE) deposits that block circulatory exchange 
with the retina. Although deposit formation is central to the initial 
steps leading to age-related macular degeneration (AMD), the factors 
that control this are not well understood. Recently, we identified the 
presence of hydroxyapatite (HAP) spherules within sub-RPE deposits 
in human eyes to which several AMD-associated proteins were 
bound including complement proteins that could have originated 
from plasma. Here we tested the hypothesis that circulating plasma 
proteins may contribute to sub-RPE deposits formation by binding to 
HAP spherules in the sub-RPE space.
Methods: We performed Sequential Window Acquisition of all 
THeoretical fragment-ion spectra-Mass Spectrometry (SWATH-MS) 
proteomics on plasma samples from 30 AMD patients. Samples 
with CFH genotypes homozygous to T1277 or C1277 (“at-risk” 
SNP (T1277C)) were depleted of albumin and IgG and incubated 
with HAP-coated ceramic beads (Bio-Rad). Bound proteins 
were eluted and analysed by SWATH-MS using ProteinPilot, 
PeakView and MarkerView software packages. Proteins levels for 
some of the relevant proteins were verified in each sample using 
commercially available ELISA kits. The presence of the relevant 
proteins in deposits in human cadaver eyes was verified using 
immunofluorescence on samples obtained from the Pathology 
Archive at the UCL Institute of Ophthalmology. The study adhered to 
the Helsinki convention and had full ethical permission.
Results: A library of 242 plasma proteins (1% false discovery rate) 
was generated. SWATH-MS revealed significant differences in 
HAP binding of 23 proteins (p≥0.05) between the two homozygous 
groups. These included apolipoproteins and complement factors. 
Those displaying most significantly altered levels of binding between 
groups were verified using ELISA. The presence of new proteins 
like histidine rich glycoprotein in sub-retinal epithelial deposits 
were confirmed by immunolabelling of sectioned archived cadaveric 
tissues.
Conclusions: This study provides qualitative and quantitative 
information relating to the degree by which certain plasma proteins 
may contribute to sub-RPE deposit formation in individuals with 
different genetic backgrounds through binding to HAP. The data also 
strongly supports a role for plasma proteins in drusen formation.
Commercial Relationships: Swati Arya, None; Silvia Synowsky, 
None; Sally Shirran, None; Catherine Botting, None; 
Imre Lengyel, None; Alan Stewart, None
Support: Fight for Sight Project Grant
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High-Energy Collisional Dissociation Fragmentation of CEP and 
CML Peptides
Geeng-Fu Jang1, Jack S. Crabb1, Lei Zhang1, Joe G. Hollyfield1, 2, 
Robert G. Salomon3, John W. Crabb1, 2. 1Ophthalmic Research, 
Cole Eye Institute, Cleveland Clinic, Cleveland, OH; 2Depts of 
Ophthalmology and Molecular Medicine, Cleveland Clinic Lerner 
College of Medicine of Case Western Reserve University, Cleveland, 
OH; 3Department of Chemistry, Case Western Reserve University, 
Cleveland, OH.
Purpose: Carboxyethylpyrrole (CEP) oxidative modifications 
stimulate angiogenesis in vivo and are elevated in ocular tissues and 
blood plasma from donors with age-related macular degeneration 
(AMD). To date, in vivo CEP protein adducts have only been detected 
by and described in full length reports using immunoreactivity. 
Carboxymethyllysine (CML), an advanced glycation end product 
that also stimulates angiogenesis, is also elevated in AMD plasma. To 
demonstrate CEP and CML modified proteins in AMD plasma using 
mass spectrometry, we performed LC MS/MS on tryptic peptides of 
plasma proteins using high-energy collisional dissociation (HCD) 
fragmentation on a Thermo Orbitrap Elite mass spectrometer.
Methods: The 14 most abundant proteins in plasma were enriched 
using Seppro IgY14, digested with trypsin and CEP peptides were 
enriched by anti-CEP chromatography. Alternatively, AMD plasma 
proteins were denatured, reduced, alkylated, and the most abundant 
protein, human serum albumin (HSA), enriched by reverse-phase 
chromatography (RP-HPLC). Albumin-enriched plasma and authentic 
synthetic CEP-BSA were trypsinized and peptides were fractionated 
by RP-HPLC then analyzed by LC MS/MS. CEP peptides were 
identified using the UniProt human or human_EST database and the 
Mascot search engine, search parameters including CEP-K, oxidized 
CEP-K and CML (adducts of 122.0368, 138.0318 and 58.0055 at 
ε-Lys, respectively). Spectra with signature m/z’s were extracted, and 
the resulting spectra were manually sequenced.
Results: 
HCD fragmentation provides high mass accuracy on the Orbitrap 
and informative immonium (IM) and fragment ions of CEP-K 
and CML in < m/z 300. Initially, tryptic CEP-BSA peptides were 
analyzed and three signature CEP-K m/z’s were identified, 251.1396 
(CEP-K+-H2O), 223.1447 (IM) or 206.1181 (IM-NH3). Surprisingly, 
oxidized CEP-K peptides in CEP-BSA were also discovered with 
corresponding signature m/z’s, 267.1345, 239.1396 or 222.1130. 
Five CML peptides from HSA and one from IgG were identified 
with signature CML m/z’s, 187.1083 (CML+-H2O), 159.1134 (IM) or 
142.0868 (IM-NH3).
Conclusions: For the first time, oxidized CEP-K peptides in CEP-
BSA were observed. This finding raises the possibility that these 
oxidized forms of CEP may exist in nature and be associated with 
distinct biological activities yet to be defined. Our CML peptide 
results demonstrate modified forms of HSA and IgG.
Commercial Relationships: Geeng-Fu Jang, None; 
Jack S. Crabb, None; Lei Zhang, None; Joe G. Hollyfield, None; 
Robert G. Salomon, None; John W. Crabb, None
Support: NIH grants EY025388 and EY016813, FFB Center Grant 
to the Cole Eye Institute, NIH-NEI P30 Core Grant  
(IP30EY025585-01A1) and Unrestricted Grant from The Research to 
Prevent Blindness, Inc., awarded to the Cole Eye Institute.

Program Number: 5259 Poster Board Number: B0146
Presentation Time: 8:30 AM–10:15 AM
An exploration of the role of MAB21l1 in MAC-Spectrum 
Anomalies
Sarah DeBehnke1, Brett Deml1, Linda Reis1, Robyn Jamieson2, 
Elena Semina1. 1Medical College of Wisconsin, Milwaukee, WI; 2The 
University of Sydney, Sydney, NSW, Australia.
Purpose: Microphthalmia, anophthalmia and coloboma (MAC 
spectrum) are structural ocular disorders that are sources of childhood 
blindness. These disorders are highly genetically heterogeneous; 
however, many cases remain without genetic diagnoses. Mutations in 
MAB21L2 have been previously associated with MAC phenotypes in 
human patients and confirmed in zebrafish model. This study tested 
the hypothesis that MAB21L family member, MAB21L1, may also 
participate in ocular development and contribute to disorders.
Methods: We examined 276 human patients with developmental 
ocular conditions, including MAC spectrum anomalies. Samples 
were screened by Sanger Sequencing of full-length MAB21L1 coding 
region. To further study MAB21L1, we utilized zebrafish model to 
analyze expression and function in development. To do so, we carried 
out in situ hybridization of 18-72 hpf wild-type embryos using a 
mab21l1 probe. We also generated mab21l1-deficient lines using 
TALENs.
Results: Human samples revealed one patient with a c.184C<T, 
p.(Arg62Cys) variant who exhibited unilateral colobomatous 
microphthalmia in one eye and congenital cataracts in the other. 
ExAC shows the variant present at low levels of the population 
(6/121,398 alleles). A second variant, c.658G>C, p.(G220R), was 
identified in a patient displaying MAC anomalies; this variant is 
novel and not listed in ExAC.
Zebrafish expression data showed mab21l1 transcript early in 
the optic cup and throughout the central nervous system (CNS). 
As development continues, expression remains in the CNS but 
becomes restricted to the inner nuclear and ganglion cell layer of 
the retina and the ciliary marginal zone. For TALEN-generated 
mab21l1-deficient lines, mosaic founders were bred to generate 
progeny with the following germline mutations: p.(Cys35_Val37del), 
p.(Lys36Argfs*7), and p.(Cys35Alafs*5). Heterozygotes were bred 
to generate homozygous mutants/compound heterozygotes that 
were observed for phenotypes at embryonic and adult stages. While 
embryos showed no gross morphological changes, adults had reduced 
survival and features of microphthalmia, misshapen pupils, coloboma 
and corneal defects.
Conclusions: Our human and zebrafish data support a role for 
MAB21L1 in ocular development. However, protein function is 
currently unknown. Further functional studies are in progress, 
including identification of binding partners of wild-type and mutant 
MAB21L1 protein. This data will be presented at the conference.
Commercial Relationships: Sarah DeBehnke, None; Brett Deml, 
None; Linda Reis, None; Robyn Jamieson, None; Elena Semina, 
None
Support: Supported by funds provided by the Children’s Hospital of 
Wisconsin
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Whole and phosphoproteome analysis of epithelial to 
mesenchymal transition in ES derived RPE
Joseph Mertz, Srinivas Sripathi, Xu Yang, Noriko Esumi, Hui Zhang, 
Donald J. Zack. Johns Hopkins Medical School, Baltimore, MD.
Purpose: Age-related macular degeneration (AMD) is a leading 
cause of vision impairment among the elderly worldwide and there is 
evidence that EMT may be involved in AMD pathogenesis in vivo. 
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The advent of embryonic stem (ES) cell-derived RPE cells enables us 
to investigate EMT-related pathways in human RPE cells in a tightly 
controlled and systems-based manner. The experiments outlined here 
seek to discern the key protein actors and phosphorylation events in 
RPE EMT to aid in development of novel therapeutic approaches to 
modulating this process.
Methods: Human ES cells were cultured in mTeSR with fibroblast 
growth factors, followed by differentiation media containing 15% 
KO serum. Differentiated cells matured in RPE medium with B27 
serum free supplement. RPE monolayers under five conditions 
were examined in duplicate: 1) untreated monolayer; 2) enzymatic 
dissociation and replating for 1hr; 3) enzymatic dissociation + 3hr 
replating; 4) treatment with TGFb and TNFa (TGNF) for 1hr; 5) 
TGNF treatment for 3hr. Protein was then harvested and prepared 
for liquid chromatography tandem mass spectrometry (LC-MS/
MS) analysis. Phosphorylated peptides will be extracted with Fe3+ 
immobilized metal affinity chromatography for phosphoproteome 
analysis and flowthrough collected and fractionated for global 
proteome analysis. We will analyze phospho- and global proteome 
fractions on Orbitrap MS machines and perform peptide sequence 
matching and quantification at the CPD at JHMI.
Results: Preliminary proteomics data from dissociation-induced 
RPE EMT quantified over 8000 proteins. These data show significant 
increases in pathways that regulate transcription and translation, and 
in kinases such as mitogen activated protein kinases (MAPKs) and 
aurora kinases. We expect phosphoproteome data to identify >20,000 
phosphorylation sites and to be particularly informative to the key 
signaling events in RPE EMT.
Conclusions: Systems-based analysis of ES-derived RPE cells 
during EMT may provide useful biological insights and help identify 
potential therapeutic targets. The multi-timepoints and dual means of 
EMT induction allow comparison these methods and narrow down 
key players in EMT with higher precision, helping limit erroneous 
associations between proteome perturbations and EMT and bolstering 
those exhibiting stronger association.
Commercial Relationships: Joseph Mertz; Srinivas Sripathi, 
None; Xu Yang, None; Noriko Esumi, None; Hui Zhang, None; 
Donald J. Zack, None
Support: R01EY024580
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Single human retinal pigmented epithelial cells (hRPE) 
transcriptome analysis reveals upregulation of a subset of 
autophagy-related genes in response to uncompensated oxidative 
stress (UOS)
Filipe A. Muhale, Aram Asatryan, Jessica Heap, Marie-
Audrey I. Kautzmann, Nicolas G. Bazan. Neuroscience Center of 
Excellence, School of medicine, Louisiana State University Health 
Sciences Center, New Orleans, LA.
Purpose: To date there is a lack of understanding at the single cell 
level of the differential expression of genes regulating autophagy 
following insults to RPE cells. This study was designed to determine 
if following UOS, changes in the transcriptome for autophagy-
related genes occurs as an homogenous group or subpopulations of 
individual cells.
Methods: hRPE cells were grown and maintained in MEM medium 
supplemented with 10% FBS, 5 % NCS, NEAA and incubated at 
37°C with a constant supply of 5% CO2. hRPE cells were subjected 
to four hours UOS (600µM H2O2/10ng/ml TNFα) then trypsinized 
and loaded on a C1 chip (Fluidigm) for separation in automated 
C1 system utilizing microfluidics technologies. Cells were lysed in 
micro-chambers and pre-amplified with human autophagy gene-panel 

(34 genes and controls). Pre-amplified samples were transferred into 
Biomark HD 96x96 chip for a RT-qPCR amplification. Results were 
analyzed using Fluidigm Real-Time PCR analysis software.
Results: Heatmap analysis shows a first cluster of hRPE cells 
characterized by high expression genes. The remaining individual 
cells cluster into two major groups displaying differential gene 
expression relative to the first control cluster. Interestingly within 
these subpopulations most individual cells, cluster either in  
treated- or control-type of autophagy expression pattern. The violin 
plot shows most of the individual cells display a bimodal expression 
type for the gene panel. In these subgroups bimodal gene expression 
is different between controls and treatments. Differential expression 
of genes ATG12, ATG16, ATG9A, ATG7, SIRT1, ATG2A, ATG2B, 
ATG9B, MAP1LC3A, ATG5 highlights the power and potential of 
this novel technology.
Conclusions: Our study indicates that analysis of transcriptome 
at the single cell level for autophagy-related genes shows clear 
segmentation between control and UOS treated groups of cells. 
Therefore our approach resulted in the generation of a subpopulation 
of cells displaying upregulation of autophagy-related genes that 
provides an opportunity to define networks and molecular principles 
involved.
Commercial Relationships: Filipe A. Muhale, None; 
Aram Asatryan, None; Jessica Heap, None; Marie-
Audrey I. Kautzmann, None; Nicolas G. Bazan, None
Support: Supported by NEI grant EY005121, NIGMS grant 
GM103340 and the Eye, Ear, Nose and Throat Foundation (NGB)
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Endogenous complementary DNA in age-related macular 
degeneration
Shinichi Fukuda1, Tetsuhiro Yasuma2, Benjamin J. Fowler2, 
Bradley D. Gelfand1, Nagaraj Kerur1, Reo Yasuma1, Brian Werner3, 
Jayakrishna Ambati1. 1Department of Ophthalmology and Center for 
Advanced Vision Science, University of Virginia, Charlottesville, 
VA; 2Ophthalmology & Visual Science, University of Kentucky, 
Lexington, KY; 3Department of Orthopaedic Surgery, University of 
Virginia, Charlottesville, VA.
Purpose: The central dogma of molecular biology states that genetic 
information flows sequentially from DNA to RNA to proteins. The 
retrograde flow of genetic information via reverse transcription 
(RT) in the form of retroviruses is one of the exceptions to this rule. 
RT also occurs endogenously in retrotransposons. In geographic 
atrophy (GA), an untreatable late stage of age-related macular 
degeneration (AMD), DICER1 deficiency leads to the accumulation 
of retrotransposon-derived Alu RNA, a potential substrate for 
endogenous RT. Nucleoside reverse transcriptase inhibitors (NRTIs) 
are protective for Alu RNA induced RPE degeneration. The purpose 
of this study was to determine the presence and biological function 
of endogenous complementary DNA (cDNA) derived from Alu RNA 
via RT in GA.
Methods: Alu cDNA was detected by in situ hybridization 
and southern blotting. Alu cDNA or Alu RNA was subretinally 
transfected into wild-type or mice lacking innate immune signaling 
constituents NLRP3 or P2X7. RPE degeneration was assessed by 
fundus photography and ZO-1 staining. Human and mouse RPE cells 
were transfected with synthetic Alu RNA or Alu cDNA. Acitvation 
of the innate immune effector Caspase-1 was monitored by western 
blotting. A retrospective cohort study was performed on an insurance 
claims database and analyzed to determine the incident development 
of AMD in HIV or Hepatitis B diagnosed patients on the basis of 
their NRTI usage (n=7,548) compare to non-NRTI usage (n=21,267). 
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Logistic regression analysis was performed to control for age, sex, 
race, BMI class, tobacco use, and Charlson Comorbidity Index.
Results: We identified endogenous cDNA derived from Alu RNA 
via RT in human cells. RT of Alu RNA into cDNA occurred after 
heat stress, DICER1 depletion or Alu RNA transfection, and could be 
inhibited by lamivudine (3TC), indicating that this was mediated by 
endogenous RT activity. Surprisingly, Alu cDNA was observed in the 
macular but not peripheral RPE of human eyes with GA. Transfection 
of Alu cDNA caused RPE toxicity through P2X7 and NLRP3 
inflammasome in mouse models of GA. NRTI usage was associated 
with reduced incident development of dry AMD (odds ratio = 0.13, 
95% C.I. (0.12,0.15), p<0.0001).
Conclusions: These findings reveal RT-dependent endogenous 
Alu RNA-derived cDNA in human GA patients. Our finding also 
support the therapeutic activity of NRTIs for GA, and provide a novel 
mechanism of action for these drugs in dry AMD.
Commercial Relationships: Shinichi Fukuda; Tetsuhiro Yasuma, 
None; Benjamin J. Fowler, University of Kentucky (P); 
Bradley D. Gelfand, None; Nagaraj Kerur, None; Reo Yasuma, 
None; Brian Werner, None; Jayakrishna Ambati, Olix (R), iVeena 
(P), iVeena (S), Inflammasome Therapeutics (S), Olix (C), University 
of Kentucky (P), Allergan (R), Allergan (C)
Support: NIH, NEI, NIH Director’s Pioneer Award, Ellison Medical 
Foundation, Senior Scholar in Aging Award, John Templeton 
Foundation, Dupont Guerry III Professorship
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Mitochondrial regulation of microRNA and implications for 
macular degeneration
Kevin Schneider1, Cristina M. Kenney1, Mehrnoosh S. Ghiam2. 
1Ophthalmology, University of California Irvine, San Juan 
Capistrano, CA; 2Cedars Sinai Medical Center, Los Angeles, CA.
Purpose: The role of microRNA in age-related macular degeneration 
(AMD) is of great interest for understanding disease progression, 
and the development of possible treatment(s). This study investigates 
the role that mitochondria play in regulation of microRNA. 
The transmitochondrial cybrid model has allowed us to take a 
“personalized” approach because while all our cybrids have identical 
nuclei, each cell line has mitochondria from different individuals. We 

hypothesize that cybrids containing mitochondria from AMD subjects 
will differentially express microRNAs compared to cybrids with  
age-matched normal mitochondria.
Methods: Our experiments utilize a transmitochondrial cybrid 
model in which platelets, containing numerous mitochondria but 
no nuclei, from clinically well-characterized patients, are isolated 
and fused with human retinal pigmented epithelial cells (ARPE-
19) lacking mitochondria (Rho0). Since all cell lines have identical 
nuclei, changes in microRNA patterns between AMD cybrids and 
age-matched normal cybrids can be attributed to the influence of 
the mitochondria. Cybrid cell lines were generated from AMD 
(n=5) and aged-matched normal (n=5) subjects. Normal and AMD 
cybrid cells were cultured and total RNA was extracted, specifically 
enriching for small RNA utilizing the mirVana RNA Isolation kit. 
Isolated microRNA were amplified, sequenced and then compared 
with microRNA database MIRbase. MicroRNA expression levels 
were then calculated and normalized to total read number. Statistical 
analyses were by unpaired t-test.
Results: Cybrids containing AMD mitochondria exhibited a 
statistically significant downregulation of 30-40% in microRNA 
mir125a, mir155, mir146a, mir30d, mir204, mir95 and mir222 
(p<0.05). Decreased expression of the above microRNA have been 
associated with increased inflammation, oxidative stress, increased 
expression of vascular endothelial growth factor (VEGF) and 
increased cell autophagy.
Conclusions: Our results support our hypothesis that there are 
a subset of microRNA whose expression is regulated by the 
mitochondria. Mitochondria from patients with AMD induce 
expression of microRNA consistent with the inflammatory and 
angiogenic characteristics of wet AMD. These microRNA could serve 
as potential biomarkers for AMD, and modulation of their levels 
could provide therapeutic benefits.
Commercial Relationships: Kevin Schneider, None; 
Cristina M. Kenney, None; Mehrnoosh S. Ghiam, None
Support: Funding Supported by Discovery Eye Foundation, Polly 
and Michael Smith, Iris and B. Gerald Cantor Foundation, Max 
Factor Family Foundation. Supported by an RPB Unrestricted 
Grant Kevin Schneider, PhD holds a Mabel and Arnold Beckman 
Foundation Fellowship.


