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Towards precision medicine in AMD: Genome-wide association 
study reveals genetic variants in CFH and CFHR4 that are 
strongly associated with complement activation levels
Laura Lorés de Motta1, Constantin Paun1, Jordi Corominas1, 2, 
Maartje Geerlings1, Lebriz Altay3, Tina Schick3, Bjorn Bakker1, 
Joannes Groenewoud4, Mohamed Daha5, Sascha Fauser6, 3, 
Anneke I. Den Hollander1, 2, Eiko de Jong1. 1Department of 
Ophthalmology, Donders Institute for Brain, Cognition and 
Behaviour, Radboud university medical center, Nijmegen, 
Netherlands; 2Department of Human Genetics, Radboud 
university medical center, Nijmegen, Netherlands; 3Department of 
Ophthalmology, University Hospital of Cologne, Cologne, Germany; 
4Department for Health and Evidence, Radboud university medical 
center, Nijmegen, Netherlands; 5Department of Nephrology, Leiden 
University Medical Center, Leiden, Netherlands; 6Ophthalmology, 
Roche, Basel, Switzerland.
Purpose: Several lines of evidence point towards an over-activation 
of the complement system in age-related macular degeneration 
(AMD). Consequently, new therapies are being developed that 
aim to inhibit complement activity. Most likely, patients with the 
highest levels of complement activation will benefit most from such 
therapies. Therefore, the purpose of this study was to identify genetic 
variants associated with complement activation, which could help to 
select patients for complement inhibition therapies.
Methods: A genome-wide association study on serum C3d/C3 
levels was performed in 1548 AMD patients and controls. Linear 
regression analysis of ln(C3d/C3) was conducted adjusting for age, 
sex, body mass index, triglyceride levels, AMD status and the first 
two ancestry principal components. After imputation and quality 
control procedures, 9,972,920 variants were included in the analysis. 
For replication and meta-analysis, 697 additional individuals were 
genotyped for rs3753396 and rs6685931. FH serum levels were 
measured in 350 of the study participants using ELISA. Haplotype 
analysis was performed for eight SNPs across the CFH/CFHR locus.
Results: Complement activation levels were independently 
associated with rs3753396 located in the CFH gene  
(p-value discovery=1.10x10-15 meta=3.66x10-21, β=0.141, 
SE=0.015) and rs6685931 located in the CFHR4 gene (p-value 
discovery=8.18x10-7 meta=6.32x10-8, β=0.054, SE=0.010). 
Moreover, rs3753396 in CFH was associated with lower FH levels 
(p-value=1,33x10-4, β(AG)=-24.55, SE=6.36 µg/ml). Haplotype 
analysis revealed several common haplotypes with stronger effects on 
complement activation compared to the single variant analysis.  
In addition, a rare haplotype (frequency 0.4%) not carrying any of the 
previously identified common risk variants, showed a strong effect on 
complement activation (p-value=0.001, β=0.405, SE=0.129).
Conclusions: Common genetic variation in CFH and CFHR4 
is associated with variability in complement activation, possibly 
through alteration of FH levels. Moreover, a rare haplotype in the 
CFH/CFHR locus was identified, which might carry a rare genetic 
variant with a strong effect on complement activation. Genotypes are 
robust markers and, therefore, the results of this study may be used 
to select AMD patients that would benefit most from complement 
inhibition therapies.
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Ablation of endothelial TGF-β signaling causes choroidal 
neovascularization
Barbara M. Braunger1, Anja Schlecht1, Sarah Leimbeck1, 
Herbert Jaegle2, Annette Feuchtinger3, Ernst R. Tamm1. 1Anatomy, 
University of Regensburg, Regensburg, Germany; 2Department 
of Ophthalmology, University Clinic Regensburg, Regensburg, 
Germany; 3German Research Center for Environmental Health, 
Helmholtz Zentrum München, Institute of Pathology, München, 
Germany.
Purpose: The molecular pathogenesis of choroidal 
neovascularization (CNV), an angiogenic process that critically 
contributes to vision loss in age-related macular degeneration 
(AMD) is unclear. To identify the role of TGF-β signaling for CNV 
formation, we generated mice with a conditional deletion of the TGF-
β type II (TβRII) receptor which is essential for TGF-β signaling.
Methods: We generated a series of mutant mouse models with 
induced conditional deletion of TGF-β signaling in the entire eye, 
the retinal pigment epithelium (RPE) or the vascular endothelium. 
To activate Cre recombinase, mice were treated with tamoxifen or 
doxycycline eye drops either as newborns or at the age of 3 weeks. 
The successful deletion of TβRII was confirmed by real time  
RT-PCR, Western blotting and immunohistochemistry. Retinal/
choroidal structure and function were studied by light and 
transmission electron microscopy (TEM), immunohistochemistry, 
FITC-dextran perfusions, fluorescence angiography, CLARITY 
imaging, real time RT-PCR, and electroretinography.
Results: Deletion of TGF-β signaling in the entire eye of newborn 
mice resulted in a significant upregulation of retinal Vegf-a, Fgf-2, 
Angpt2 and Igf expression levels, and markers for reactive microglia 
such as Cd68, iNos and Tnf-α. At the age of 6 weeks, CNV was 
detected by CLARITY imaging of the eyes of isolectin B4 injected 
animals and on meridional sections of dextran perfused eyes. 
Deletion of TGF-β signaling in the entire eye of three week old mice 
did not cause obvious changes of the retinal vasculature. However, 
CNV were still observed. TEM analyses showed the thickening of 
the Bruch’s membrane (BM) and fine fibrillar extracellular material 
between the basal lamina of the choriocapillaris and the elastic layer 
of BM. At the age of 6 months, ERG analyses showed functional 
deficits, and marked degenerative changes of the retinae were 
observed. While the specific deletion of TGF-β signaling in the RPE 
caused no obvious changes, specific deletion in vascular endothelial 
cells caused CNV and a phenotype quite similar to that observed after 
the deletion in the entire eye.
Conclusions: Impairment of TGF-β signaling in the vascular 
endothelium of the eye is sufficient to trigger CNV formation. Our 
findings highlight the importance of TGF-β signaling as key player in 
the development of CNV and indicate a fundamental role of TGF-β 
signaling in the pathogenesis of AMD.
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Elevated Angiogenin levels associated with both forms of 
age-related macular degeneration is regulated by hypoxia and 
telomerase
Arkasubhra Ghosh2, Priyanka Chevour2, Santosh Gopi Krishna1, 
Shivani Sinha1, Debasish Sinha3, Swaminathan Sethu2. 1Vitreo Retina, 
Narayana Nethralaya, Bangalore, India; 2Molecular Signaling and 
Gene Therapy, Narayana Nethralaya Foundation, Bangalore, India; 
3Johns Hopkins University, Baltimore, MD.
Purpose: Angiogenin (ANG) is a potent pro-angiogenic factor with 
ribonuclease activity shown to regulate a variety of cellular functions 
including the formation of stress granules, neovascularization, 
survival and proliferation. Advanced forms of AMD present with 
geographic atrophy and neovascularization that leads to irreversible 
visual loss, necessitating deeper understanding of molecular 
mechanisms and identification of novel therapeutic targets.
Methods: All human samples for study were obtained with written 
patient consent and approved by the Institutional Ethics Committee. 
Plasma samples were obtained from 20 age-matched control, 20 wet 
AMD and 30 dry AMD subjects. Levels of VEGF, ANG and a panel 
of 12 pro-angiogenic and inflammatory factors were determined in 
plasma (20 age-matched control, 20 wet AMD and 30 dry AMD) and 
aqueous humor (6 control and 7 wet AMD) by cytometric bead array 
(CBA). Blood leukocytes were obtained from 11 healthy adults. Gene 
expression in cultured cells and blood leukocytes was determined by 
quantitative PCR. TERT (Telomerase) was ectopically expressed in 
human RPE and HeLa cells. Hypoxia was induced by culturing cells 
in a hypoxic chamber (2% O2, 72 hrs).
Results: Amongst the 12 factors tested by CBA array, plasma 
levels of ANG were higher in both dry AMD(16592+4442, 
p=0.003) and wet AMD(23789+4775, p<0.0001) compared to 
controls(3321+1550). However, VEGF was significantly higher 
in wet AMD(109+19, p=0.04), but not in dry AMD(63.8+7.8) 
compared to controls (55.5+4.6). In patient aqueous humor, both 
VEGF levels (625+257; p=0.001) and ANG (9007+1386; p=0.02) 
were significantly higher than controls (50.5+5.5 and 4161+620 
respectively). In cells with 11-fold TERT overexpression, ANG 
levels were reduced by more than 50%. TERT and ANG levels in 
leukocytes correlated inversely (r= -0.618; p=0.04). RPE cells under 
hypoxic stress induced ANG by 4.5-fold and VEGF by 10-fold.
Conclusions: ANG is elevated in the plasma of both dry and wet 
AMD in comparison to VEGF which is high only in wet, suggesting 
an early role for ANG in disease progression. The in vitro data 
support a hypoxia mediated mechanism of ANG induction which 
may be a possible pathway driving the effects of ANG on the human 
retina. In addition, the inverse relationship of TERT with ANG in 
human samples may be a novel regulatory axis in this age-related 
disease.
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Reduced autophagy dynamics and flux, dilated LAMP-1 vesicles 
and dysfunctional mitochondria in RPE of AMD donor eyes
Nady Golestaneh2, 3, Yi Chu2, Yang-Yu Xiao2, Gianna Storelu2, 
Alexander C. Theos1. 1Human Science, Georgetown University, 
Washington, DC; 2Ophthalmology, Georgetown University Medical 
Center, Washington, DC; 3Neurology, Georgetown University 
Medical Center, Washington, DC.
Purpose: Purpose: Age-related macular degeneration (AMD) is 
a major cause of blindness. Drusen formation beneath the RPE 
is a hallmark of AMD. However, the mechanisms inducing lipid 
accumulation and drusen formation remain elusive. We hypothesize 
that dysfunctional autophagy causes lipid accumulation and 
subsequently induces mitochondrial dysfunction and disintegration 
resulting in drusen formation and RPE degeneration in AMD.
Methods: Methods: RPE from AMD and normal donor eyes (n=5) 
were isolated, purified with MACS, and cultured on transwells 
to generate RPE monolayers. Electron microscopy (EM) was 
performed. Cell viability and reactive oxygen species (ROS) were 
measured under oxidative stress conditions. Mitochondrial activity 
was analyzed by measuring ATP production in the presence and 
absence of hexokinase inhibitor to measure ATP produced by 
mitochondria or glycolysis respectively. Autophagy dynamics was 
analyzed using LC3-II/LC3-I ratios, and flux determined using p62 
antibody in RPE pre-treated with IGF-1 and starved in HBSS in 
the presence or absence of IGF-1, and in the presence of lysosomal 
protease inhibitors. Anti-LAMP-1 staining was performed for 
cytological analysis of autophagolysosomes.
Results: Results: EM analysis revealed distinct disease phenotypes 
including autophagosome accumulation, disintegrated mitochondria, 
lipid and glycogen accumulation in AMD compared to normal RPE. 
Functional studies revealed increased susceptibility to oxidative stress 
and higher levels of ROS production in AMD compared to normal 
RPE. ATP produced by mitochondria was significantly lower in AMD 
RPE. Whereas, glycolytic ATP production was significantly higher in 
AMD compared to normal RPE, suggesting that in AMD RPE, ATP is 
produced primarily through glycolysis. Autophagy analysis revealed 
that normal RPE rapidly induced autophagy after starvation in the 
absence of IGF-1, whereas AMD RPE failed to increase the ratio 
of LC3-II/LC3-I, under the same conditions. Autophagic flux was 
reduced in AMD RPE as shown by their inability to reduce p62 levels 
under starvation. LAMP-1-positive organelles were swollen in AMD 
RPE, as compared with normal cells.
Conclusions: Conclusions: Our data are consistent with our 
hypothesis that dysfunctional autophagy contributes to AMD-like 
phenotypes in RPE of AMD donor eyes, and propose autophagy as a 
contributor factor in AMD pathophysiology.
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Improving autophagy rescues pathologic angiogenesis and vision 
in a murine model of AMD
Emilie HECKEL2, Sheetal Pundir3, jin sung-kim3, Jean-
Sebastien Joyal3, 1. 1Pharmacology, CHU Sainte-Justine, Montreal, 
QC, Canada; 2Pharmacology, Montreal University, MONTREAL, 
QC, Canada; 3Pharmacology, McGill University, MONTREAL, QC, 
Canada.
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Purpose: Drivers of pathological angiogenesis that contribute 
to vision loss in age related macular degeneration (AMD) are 
not well understood. Dysregulated glucose and lipid metabolism 
in photoreceptors create a fuel shortage that attract pathological 
neovessels in an attempt to reinstate energy homeostasis in AMD. 
Fuel deficient photoreceptors are capable of autophagy, the 
mechanism by which cells recycle intracellular nutrients to fuel 
mitochondria. We hypothesize that deregulated autophagy in a mice 
model of AMD exacerbates the energy failure of photoreceptors 
leading to pathological angiogenesis and blindness.
Methods: Subretinal vascular lesions of Vldlr-/- mice were 
characterized by confocal imaging of lectin-stained retinal flat 
mounts. Markers of autophagy and energy metabolism were assessed 
by qRT-PCR, Western blot and immunofluorescence. Retinal 
metabolite profiling was quantified by liquid chromatography and 
tandem mass spectrometry (LC/MS/MS). Electroretinograms (ERG) 
were recorded from Vldlr-/- and WT mice, treated or not with various 
autophagy enhancing drugs (P7 to P30). Scotopic recordings were 
performed under increasing light intensities. Photopic recordings 
were performed following 3 min light adaptation intervals.
Results: Very low-density lipoprotein receptor (VLDLR) is 
expressed in photoreceptors and facilitates the uptake of triglyceride-
derived fatty acids. Vldlr-/- mice therefore present a relative fuel 
shortage in lipid. Paradoxically, markers of autophagy (Atg5, LC3-II, 
p62) and lipid metabolism (PPARα) were suppressed in Vldlr-/- mice 
compared to control (P<0.0006, n=7-12). Moreover, key Krebs cycle 
metabolite α-ketoglutarate (KG) was suppressed (P<0.007, n=11-
15). We confirmed previous findings that low α-KG levels promote 
hypoxia-induced factor-1α (Hif1α) stabilization and vascular 
endothelial growth factor (Vegfa) secretion by starved Vldlr-/- 
photoreceptors, attracting neovessels to reinstate energy  
homeostasis. Pharmacological agonist that improve autophagy 
significantly reduced neovascular lesions in Vldlr-/- mice  
(57%; p<0.05) and improved their vision by ERG (32% higher 
a-wave and 28% reduction in a-wave latency; p<0.05).
Conclusions: Dysregulated autophagy may therefore contribute 
to the onset of AMD-like lesions by decreasing fuel supply to 
mitochondria. Means of regulating autophagy may offer a novel 
therapeutic strategy to alleviate neovascular AMD and improve 
vision.
Commercial Relationships: Emilie HECKEL; Sheetal Pundir, 
None; jin sung-kim, None; Jean-Sebastien Joyal, None
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Protein sumoylation decreases in aging retina and premature 
senescent retinal pigment epithelial cells
Qian Sun1, Lili Gong1, Ruili Qi1, 2, Fang-yuan liu1, Zhong-wen Luo1, 
QIAN Nie1, 2, Xiao-Dong Gong1, Yun-Fei Liu1, Lan Zhang1, 
Xiangcheng Tang1, Yizhi Liu1, David W. Li1, 2. 1Zhongshan Ophthalmic 
Center, Sun Yat-sen University, GUANGZHOU, China; 2College of 
Life Siences, Hunan Normal University, Changsha, China.
Purpose: Advanced age is the largest risk factor for age-related 
macular degeneration (AMD). Sumoylation is a reversible post-
translational modification that conjugates small peptide SUMO 
(small ubiquitin-like modifier) to a target protein. Dysregulation of 
sumoylation is recently found to be critically involved in several 
age-related disorders, such as Alzheimer’s disease and Parkinson’s 
disease. How sumoylation pathway is regulated during retina aging 
remains elusive. This study is aimed to investigate sumoylation 
pathway in the aging retina and premature senescent retinal pigment 
epithelial (RPE) cells.

Methods: In vivo sumoylation regulation was assessed in retina 
obtained from C57BL/6 mice of 1.5-month to 10-month old. The 
premature senescence RPE model was established by exposure of 
ARPE-19 cells to 3.6 mM tert-butylhydroperoxide for 1 h daily 
for 3 days. The cellular senescence was confirmed by senescence-
associated β-galactosidase activity, growth arrest, and cell cycle 
arrest in G1. Global SUMO1 and SUMO2/3 modifications, the 
major sumoylation substrate RanGAP1 and the protein levels of 
sumoylation enzymes E1, E2 and E2 were analyzed by western blot. 
The localizations of RanGAP1, SUMO1 and SUMO2/3 were further 
observed by confocal microscopy.
Results: A significantly decreased E1 UBA2, E2 UBC9, E3 PIAS1 
and global SUMO1 modification were detected in both physiological 
aging retina and in premature senescent RPE cells. In senescent RPE 
cells, indirect immunofluorescence of RanGAP1 showed lobulation 
of the nuclear envelope, a hallmark of nuclear structure defects. 
Furthermore, decreased SUMO1 and SUMO2/3 fluorescent signals 
were found in senescent RPE nuclei.
Conclusions: Together, our data suggest sumoylation may critically 
regulate retina aging and AMD.
Commercial Relationships: Qian Sun; Lili Gong, None; Ruili Qi, 
None; Fang-yuan liu, None; Zhong-wen Luo, None; QIAN Nie, 
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Adiponectin mediates dietary omega-3 long-chain 
polyunsaturated fatty acid protection against choroidal 
neovascularization
Raffael Liegl2, 1, Zhongjie Fu2, Zhongxiao Wang2, Yan Gong2, 
Ye Sun2, Steven Meng2, Samuel Burnim2, JohnPaul SanGiovanni4, 
Chatarina Lofqvist3, Ann Hellstrom3, Lois E. Smith2. 1Dpt. of 
Ophthalmology, Ludwig-Maximilians-University, Munich, Germany; 
2Dpt. of Ophthalmology, Harvard Medical School, BCH, Boston, 
MA; 3Ophthalmology/Sahlgrenska Academy, Universitety if 
Gothenburg, Gothenburg, Sweden; 4National Eye Institute, National 
Institute of Health, Bethesda, MD.
Purpose: Neovascular age related macular degeneration (nAMD) 
is the most frequent cause for legal blindness in the elderly. Current 
treatment approaches aim to reduce the amount of macular edema 
and already present neovascularization.
Preventative approaches have been discussed for a long time and 
nutrition optimization, may play a central role in these considerations.
Omega 3 (ω-3) long-chain polyunsaturated fatty acids are 
beneficial in preventing neovascularization. Adiponectin (APN), 
a key metabolic regulator, mediates ω-3 driven decrease of 
neovascularization (NV) in the oxygen induced retinopathy model.
We therefore aimed to investigate if APN may also play a role in ω-3 
driven protection in two models mimicking nAMD.
Methods: Two major components of nAMD are inflammation and 
abberant metabolism. To account for this we used two different 
rodent models: Choroidal neovascularization (CNV) was caused with 
a laser by breaking Bruchs membrane at 4 locations on the mouse 
retina. Vldlr-/- mice develop neovascularization, similar to retinal 
angiomatous proliferations (RAP) due to impaired metabolism. Mice 
were put on either ω-3 or ω-6 enriched diet as control. To investigate 
the role of APN in these mice, we used Apn-/- mice and fed mice on 
either diet with APN.
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Results: C57BL/6J (WT) mice on ω-3 diet showed an improvement 
in the CNV model compared to ω-6 fed mice (p=0.04). Significantly 
larger lesions were observed in ω-3 fed Apn-/- compared to WT mice 
(p=0.003) but not in ω-6 fed Apn-/- when compared to WT mice 
(p=0.16). In Vldlr-/- mice, an ω-3 diet would reduce the number 
of lesions compared to ω-6 (p=0.001). In the ex-vivo choroidal 
sprouting model, choroids from Apn-/- showed an enlarged sprouting 
zone compared to WT choroids(p=0.04). We hypothesized that 
ω-3 increases APN, which in turn might decrease the levels of 
matrix metalloproteinases (Mmp) 2 and 9, leading to increased 
neovascularization. Mmp2 and 9 were downregulated in ω-3 fed  
WT mice (Mmp2:p<0.001; Mmp9:p<0.05) compared to ω-6 controls. 
Apn-/- mice showed no difference for either diet (Mmp2:p=0.7; 
Mmp9: p=0.7).

Conclusions: An ω-3 enriched diet reduces the severity of 
neovascular AMD. We show that Adiponectin is an important 
regulator of these effects and modulating the amount of Adiponectin 
may augment the beneficial effects seen in an ω-3 enriched diet in 
patients suffering from neovascular AMD.
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