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CXCL13, an aging-related microglial-derived cytokine, promotes 
epithelial-mesenchymal transformation (EMT) in RPE cells
Wenxin Ma1, Lian Zhao1, Lijin Dong2, Maria M. Campos3, 
Robert N. Fariss4, Wai T. Wong1. 1UNGIRD, National Eye Institute, 
Bethesda, MD; 2Genetic Engineering Facility, NEI, Bethesda, MD; 
3Histopathology Core Facility, NEI, Bethesda, MD; 4Biological 
Imaging Core, NEI, Bethesda, MD.
Purpose: Age-related macular degeneration (AMD) has been 
associated with neuroinflammatory changes in the outer retina and 
as well as RPE disorganization that is evident as pigment clumping. 
Retinal microglia, the primary resident immune cell, demonstrate 
multiple aging changes, including changes in cytokine expression. 
In previous gene profiling experiments in retinal microglia, we 
had identified CXCL13 as a cytokine whose expression increased 
progressively with aging. As its cognate receptor, CXCR5, is 
expressed by RPE cells, we explored the ability of CXCL13 to drive 
interactions between microglia and RPE cells in ways potentially 
relevant to AMD pathogenesis.
Methods: RPE responses to recombinant CXCL13 stimulation were 
investigated using ARPE19 cells and mouse RPE-sclerochoroidal 
explants. A transgenic mouse model involving the use of a  
microglia-specific tamoxifen-inducible Cre recombinase  
(CX3CR1-CreER) was used to drive the overexpression of CXCL13 
in microglia via a flox-STOP-flox-CXCL13 transgene. In vitro and in 
vivo responses were evaluated with rt-PCR, western blot and ELISA 
analyses, and immunohistochemistry.
Results: In vitro CXCL13 stimulation of RPE cells in (1) the 
ARPE19 cell-line and (2) in RPE-sclerochoroidal explants increased 
mRNA and protein expression of epithelial-to-mesenchymal 
transformation (EMT) gene markers (snail1, vimentin, fibronectin) 
and decreased RPE-expressed genes such as ZO1 and RPE65. In 
transgenic mice, tamoxifen-induction resulted in increased CXCL13 
mRNA expression in retinal microglia and increased CXCL13 
protein levels in the retina. Increased CXCL13 expression in vivo was 
correlated with RPE changes including structural disorganization, 
decreased RPE65 expression, and increased EMT marker (snail1, 
vimentin, fibronectin) expression.
Conclusions: Increased CXCL13-CXCR5 signaling from microglia 
to RPE cells was associated with in vitro and in vivo RPE changes 
and disorganization resembling features observed in AMD.  
CXCL13-CXCR5 signaling may be a potential mechanism 
connecting aging-related immune changes to retinal degeneration  
in AMD.
Commercial Relationships: Wenxin Ma, None; Lian Zhao, None; 
Lijin Dong, None; Maria M. Campos, None; Robert N. Fariss, 
None; Wai T. Wong, None
Support: NEI intramural research
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Human lipofuscin induces a distinct immune reaction and 
elevated VEGF levels in microglial cells in vitro
Martin Dominik Leclaire1, Peter Heiduschka1,  
Gerburg Nettels-Hackert1, Jeanette Koenig2, Tilman Grune2, 
Constantin Uhlig3, Uwe Hansen4, Nicole Eter1. 1Research 
Laboratory of the Department of Ophthalmology, University of 
Muenster Medical Center, Muenster, Germany; 2German Institute 
of Human Nutrition, Potsdam-Rehbruecke, Germany; 3Cornea 
Bank of the Department of Ophthalmology, University of Muenster 
Medical Center, Muenster, Germany; 4Institute of Experimental 
Musculoskeletal Medicine, Faculty of Medicine, University of 
Muenster, Muenster, Germany.
Purpose: Uptake of lipofuscin (LF) in microglial cells has been 
reported in subretinal microglia in older mice, which suggests a link 
to AMD pathology where microglia also accumulate in the subretinal 
space. The detailed reaction of the microglia towards LF is not known 
yet. We therefore studied effects of LF on microglial cells in vitro.
.
Methods: Human LF was extracted from human donor eyes. 
Immortalized BV-2 microglial cells and primary cells (PC) from 
murine CNS were incubated with a mixture of medium and 
lipofuscin in different concentrations for 24 hours. Further samples 
were additionally treated with hydrocortisone, minocycline and the 
tripeptide TKP. We analyzed the phagocytosis of LF by detecting 
its autofluorescence. Immunohistochemical stainings for microglial 
surface markers (CD-11b, F-4/80 and Iba-1) and also for VEGF were 
performed. In order to analyze cytokine release, we used a multiplex 
immunoassay for 17 pro-inflammatory cytokines and also an ELISA 
for VEGF.
Results: Apart from morphological changes in the microglial cells 
(all CD-11b+, F-4/80+, Iba-1+) treated with LF, autofluorescence 
signals from inside these cells demonstrated phagocytosis of 
the LF. Immunohistochemical staining revealed elevated VEGF 
expression in BV-2 cells treated with LF. Highly elevated levels of 
pro-inflammatory cytokines in the supernatants for both, BV-2 cells 
and primary cells, were found by the multiplex assay, in particular 
IL-6, IL-1α and TNF-α (Fig. 1). Highly elevated VEGF levels in the 
supernatants of BV-2 cells after LF stimulation correlating with the 
LF concentration were found by ELISA (Fig. 2). However, in our 
primary cell culture, VEGF-levels were not significantly elevated 
(p=0.06).
Hydrocortisone significantly inhibited the immune reaction 
suppressing, among others, the cytokines that had the greatest 
increase after the exposure to LF (i.a. IL-6, IL-1 and TNF-α; all 
at least p<0.05). TKP and minocycline suppressed microglial 
proliferation but had less impact on cytokine levels.
Conclusions: We were able to demonstrate for the first time that 
microglial cells phagocytose fast and completely human LF in vitro. 
Our results demonstrate the inflammatory potency of the microglia 
upon interaction with LF and hence, point to their potential role in 
degeneration. Elevated VEGF levels more specifically present a link 
to neovascularization in AMD.
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Novel Characterization of Resident Plasmacytoid Dendritic Cells 
in the Retina and Choroid
Aakash Gupta1, Arsia Jamali1, Maria J. Lopez1, Victor G. Sendra1, 
Tomas Blanco1, Deshea L. Harris1, Hamid-Reza Moein1, 
Pedram Hamrah1, 2. 1Center for Translational Ocular Immunology, 
Department of Ophthalmology, Tufts Medical Center, Tufts 
University School of Medicine, Boston, MA; 2Cornea Service, New 
England Eye Center, Department of Ophthalmology, Tufts Medical 
Center, Tufts University School of Medicine, Boston, MA.

Purpose: Plasmacytoid dendritic cells (pDCs), as a major 
orchestrator of innate and adaptive immune responses, are typically 
not present in peripheral tissues during steady state. This study aimed 
to evaluate if pDCs are present in naïve retina and choroid.
Methods: Retina and choroid of naïve 6-8 week-old male wild-type 
C57BL/6 mice were digested via collagenase and DNase. Single 
cell suspensions of retina/choroid underwent immunofluorescence 
(IF) staining with CD45 (pan-leukocyte marker), PDCA-1 (specific 
pDC marker), B220/CD45R, Gr-1 (both expressed by pDCs), CD11c 
(conventional and pDC marker), CD3 (T cell marker), CD19 (B 
cell marker), or their respective isotype controls, followed by flow 
cytometry. Retina/choroid of 6-8 week-old DPE-GFP×RAG1-/- 
(pDC-GFP) transgenic mice (with GFP-tagged pDCs) underwent 
fluorescent microcopy (Nikon Eclipse) to assess distribution of pDCs 
in these tissues. Further, to assess if retinal/choroidal pDCs express 
Toll-like Receptor (TLR)-7 and TLR-9, GFP+ cells were isolated 
from the choroid and retina, and splenic macrophages were sorted as 
controls via IF staining with F4/80 (macrophage marker) using flow 
cytometry. Isolated cells underwent single cell qRT-PCR using TLR7, 
TLR9, and GAPDH (house-keeping gene control) primers. ANOVA 
with Bonferroni correction was applied to compare the groups. 
p<0.05 was considered statistically significant.
Results: Flow cytometric analysis showed presence of resident 
CD45+PDCA-1+B220/CD45RA+ pDCs in naïve retina (3.6% of 
CD45+ leukocytes) and choroid (5.1% of CD45+ leukocytes). Identity 
of pDCs in these tissues was confirmed by expression of CD11clow 
and Gr-1 as well as lack of expression of B and T cell markers 
of CD19 and CD3, respectively. Presence of resident pDCs was 
confirmed by observing GFP+ cells in the retina/choroid of pDC-
GFP mice via fluorescent microscopy (n=4). Retinal and choroidal 
GFP-tagged pDCs expressed 34.1±16.1 and 153.3±73.6-folds higher 
TLR-7 mRNA transcripts compared to splenic macrophages (p=0.04 
and p<0.001, respectively). Similarly, mRNA levels of TLR9 were 
295.1±9.0 and 276.3±80.3 times higher in retinal and choroidal  
GFP-expressing pDCs compared to splenic macrophages (p=0.002 
and p=0.006, respectively).
Conclusions: The naïve retina and choroid host resident pDCs, 
which express high levels of TLR7 and TLR9. Unraveling the roles 
of these cells require further studies.
Commercial Relationships: Aakash Gupta, None; Arsia Jamali, 
None; Maria J. Lopez, None; Victor G. Sendra, None; 
Tomas Blanco, None; Deshea L. Harris, None;  
Hamid-Reza Moein, None; Pedram Hamrah, None
Support: NIH-R01- EY022695 (PH), NIH-R21-EY025393, Tufts 
Medical Center Institutional Support
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Characterization of the Response of Microglia in a Rodent Model 
of Retinal Detachment
Bing Ross, Jingyu Yao, Sumathi Shanmugam, Steven Abcouwer, 
David N. Zacks. Department of Ophthalmology and Visual Science, 
University of Michigan, Ann Arbor, MI.
Purpose: Retinal detachment (RD) causes a delayed apoptotic death 
of photoreceptors (PRs) and can trigger the activation of components 
of the immune system. The mechanism involved in the shifting of 
the PRs from survival to death following RD remains obscure and 
the role of microglia in this process is unknown. The purpose of this 
study was to examine the response of retinal microglia to RD.
Methods: C57BL/6 mice were sub-retinally injected with 1% 
hyaluronic acid to create an acute RD model. Immunohistochemistry 
(IHC) with antibodies to Iba1 and Ki67 on retinal whole mounts was 
used to evaluate the morphology and proliferation of microglia after 
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RD. Flow cytometry with CD45, CD11b, Ly6C and Ly6G markers 
was used to quantify the number of microglia. IHC on 30 µm thick 
retinal sections was used to identify the location and migration of 
microglia in the retina.
Results: RD promptly induced loss of process ramification and soma 
enlargement of microglia in detached retina, indicating activation. 
The appearance of Ki67 antigen indicated microglia entering the cell 
cycle at 2 days post RD. Total number of microglia was significantly 
increased at 3 days after RD. Furthermore, migration of microglia 
from the inner retinal layers into the outer nuclear layer was observed 
at 2 days following RD.
Conclusions: Retinal detachment induces the activation, 
proliferation, and migration of microglia from the inner retina 
towards the PRs. Microglia may therefore play important roles in PR 
survival and death after retinal detachment.
Commercial Relationships: Bing Ross, None; Jingyu Yao, 
None; Sumathi Shanmugam, None; Steven Abcouwer, None; 
David N. Zacks, None
Support: NEI R01-EY-020823
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Microglia and immune factors during retinal regeneration in the 
zebrafish
Diana Mitchell, Anna G. Lovel, Samantha Roberts, 
Deborah L. Stenkamp. Biological Sciences, University of Idaho, 
Moscow, ID.
Purpose: A thorough understanding of the process of retinal 
regeneration in zebrafish is critical to our goal to regenerate damaged 
retinas in humans, as mammals are not able to achieve successful 
regeneration of the retina. During peripheral nerve regeneration and 
wound healing, immune cells such as macrophages, along with key 
immune factors, coordinate a successful regenerative response. In the 
case of retinal regeneration in zebrafish, the roles of immune cells 
and factors during the course of a successful regenerative response 
remain poorly characterized. Here we examine microglia and 
expression of selected immune genes during retinal regeneration.
Methods: Intravitreal injection of the neurotoxin ouabain was 
used to induce death of inner retinal neurons, while control retinas 
were injected with saline. At selected times post injury, microglial 
numbers, expression of specific markers, morphology, and 
location were analyzed in whole retinas by confocal microscopy. 
Characteristics of microglia were correlated with the reemergence 
of histological features and reexpression of bipolar cell markers. 
Expression of selected immune genes was measured by qPCR at 
selected times relative to saline injected controls.
Results: Ouabain-induced neuronal cell death results in a robust 
increase of macrophages/microglia in the retina. Elevated microglial 
numbers and morphologies associated with activation remain for 
several weeks after initial injury, even when microglia begin to return 
to their initial retinal locations. Extensions of microglial processes 
suggest increased motility and contact with regenerating neurons 
compared to those in controls. Transcripts corresponding to putative 
zebrafish C1q proteins and complement receptor subunits were 
amplified in both undamaged and regenerating whole eyes, with a 
significant increase in expression at 3 days post lesion (p< 0.001). 
Further, complement C9 expression was detected in whole eyes at 
day 21 of regeneration (Ct=31.0+/-1.94, n=3), whereas C9 transcript 
was undetectable in undamaged and saline controls.
Conclusions: Characteristics of microglia during retinal regeneration 
suggest that they play active roles in the regenerative process well 
beyond time of neuronal cell death and progenitor proliferation. 
Further, expression of C9 during regeneration suggests that 

complement components could be involved in the regenerative 
process.
Commercial Relationships: Diana Mitchell, None; Anna G. Lovel, 
None; Samantha Roberts, None; Deborah L. Stenkamp, None
Support: NIH R21 EY026814, NIH INBRE P20GM103408, UI 
Faculty Seed Grant
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Microglia are maintained by retinal ganglion cells
Emily Okoren1, Rose Mathew1, Miriam Merad2, Daniel Saban1, 3. 
1Ophthalmology, Duke University School of Medicine, Durham, NC; 
2Oncology, Icahn School of Medicine at Mount Sinai, New York, NY; 
3Immunology, Duke University School of Medicine, Durham, NC.
Purpose: We recently reported that retinal microglia in adult 
mice are maintained locally without significant contribution from 
hematopoiesis. An important emerging question is whether local 
paracrine factors in the retina are needed to help maintain normal 
microglia. We addressed this problem by focusing on CSF1R – a 
receptor required for microglia development and survival. By 
focusing on CSF1 and IL34, the known cognate ligands for CSF1R, 
we were able to expose important clues on how microglia are 
sustained under normal physiologic conditions.
Methods: RNA was extracted from retina, skin, and lymph nodes of 
C57Bl/6 mice and used to measure mRNA levels of CSF1, IL34, and 
GAPDH. Separately, retinas from IL34 deficient mice (IL34LacZ/LacZ) 
and littermate controls (IL34LacZ/+) were harvested and fixed/frozen 
for immunofluorescence analysis. Cryosections were stained for Iba-1 
(microglia) or Brn3a (retinal ganglion cells) and β-gal. Confocal 
images were collected for analysis.
Results: For mRNA levels, IL34 was >10-fold compared to CSF1 
in the skin, as previously reported. The inverse relationship was 
observed in the lymph node where IL34 was <5-fold compared to 
CSF1. Strikingly, we report that mRNA levels of IL34 were >5-fold 
compared to CSF1 in the retina. To identify the cell type producing 
IL34, we stained for β-gal in retinal cross-sections from IL34LacZ/+ 
mice. Interestingly, β-gal staining was confined to the nerve fiber 
layer and, more specifically, Brn3a+ retinal ganglion cells. This 
localization suggests that retinal ganglion cells are the sole producers 
of IL34 in the normal retina. To determine the effect on microglia, we 
stained for Iba-1 in IL34 deficient mice. Remarkably, we observed 
a very striking reduction of microglia in IL34 deficient mice as 
compared to heterozygous mice.
Conclusions: Our data identify IL34 expression in the retina and the 
key role for this factor in local maintenance of microglia, which is 
consistent with recent work shown in the brain. Furthermore, our data 
suggest that IL34 expression is restricted to retinal ganglion cells. 
Collectively our data implicates a novel neuronal-microglia crosstalk 
mechanism that preserves immune homeostasis of the retina.
Commercial Relationships: Emily Okoren, None; Rose Mathew, 
None; Miriam Merad, None; Daniel Saban, None
Support: NEI-R01EY021798, Research to Prevent Blindness Career 
Development Award, Research to Prevent Blindness – 2015 Duke’s 
Unrestricted Grant award, and P30EY005722 (Duke Ophthalmology 
Department; Durham, NC, USA).
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Targeting NF-κB signaling reduces retinal neovascularization by 
inhibiting MMP-2/9 expression and promoting cell apoptosis and 
macrophage polarization shift via integrinα5β1
AILING SUI, BING XIE. ophthalmology, ruijin hospital, shanghai 
jiao tong university school of medicine, Shanghai, China.
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Purpose: Anti-VEGF treatment can reduce retinal neovascularization 
(NV) and tumor NV, but this treatment is effective in only some 
patients with ocular NV and has some side effect. Nuclear  
Factor-κB signaling participates in regulating tumor angiogenesis 
and metastasis. However, its mechanism of action in retinal 
neovascularization remains unclear. We hypothesize that targeting 
NF-κB signaling reduces retinal neovascularization by inhibiting 
matrix metalloproteinase-2/9 (MMP-2/9) expression, promoting cell 
apoptosis and macrophage polarization shift via integrin α5β1.
Methods: 7-day-old mice with a C57BL/6 genetic background were 
exposed to 75% ± 3% oxygen for 5 days to establish the mice model 
of oxygen-induced retinopathy (OIR). At postnatal day 12(P12), 
both eyes injected intravitreously with 1 µL of different concentrate 
pyrrolidinedithiocarbamate (PDTC), ATN-161, or PBS. The retinas 
were used to carry out immunofluorescence and retinal flat-mount, 
examine expression of NF-κB signaling, integrin α5β1, MMP-2/9 
and macrophage polarization-associated genes by RT-PCR and 
western blot. TUNEL were used to explore cell apoptosis of retinal 
neovascularization
Results: In OIR mice, the protein expression of phosphorylated 
IκBα (p-IκBα) and p-p65 increased significantly compared with 
that in age-matched controls (n=3, P<0.01). The mice given PDTC, 
an inhibitor of NF-κB signaling activation, had significantly 
reduced retinal NV(RNV) (n=14, p<0.05), expression of integrin 
α5β1 (n=6, p<0.001), MMP-2(n=6, p<0.001) and MMP-9(n=7, 
p=0.048). Blocking integrin α5β1 by ATN-161 strongly inhibited 
expression of MMP-2(n=6, p=0.04), MMP-9(n=7, p=0.001) and 
RNV(n=10,p<0.01). PDTC and ATN-161 promoted cell apoptosis of 
NV in mice with OIR. The expression of M1 macrophage associated 
cytokines decreased and M2 macrophage associated cytokines 
increased in OIR mice treated with either PDTC or ATN-161.
Conclusions: Our results were consistent with our hypothesis: In 
ocular NV, NF-κB signaling activation via integrin α5β1 promoted 
expression of MMP-2/9. Blocking activation of NF-κB signaling 
and expression of integrin α5β1 promoted cell apoptosis of ocular 
NV and polarization of M1 macrophage to M2 macrophage. These 
findings could potentially results in the development of a novel 
therapy to treat NV eye diseases as an adjuvant to anti-VEGF therapy.
Commercial Relationships: AILING SUI, None; BING XIE, None
Support: National Nature Science Foundation of China 81470639 
and 81570853
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Lipopolysaccharide Induced Microglial Activation Exacerbates 
Retinal Degeneration in Animal Models of Retinitis Pigmentosa
Pedro Lax1, Agustina Noailles1, Laura Campello1, Oksana Kutsyr1, 
Victoria Maneu2, Nicolás Cuenca1, 3. 1Physiology, Genetics and 
Microbiology, University of Alicante, Alicante, Spain; 2Optics, 
Pharmacology and Anatomy, University of Alicante, Alicante, Spain; 
3Institute Ramón Margalef, University of Alicante, Alicante, Spain.
Purpose: Activated microglia has been associated with 
neurodegenerative diseases, where it can exert beneficial or 
detrimental effects depending on the pathophysiological context. The 
objective of this work was to study the effect of lipopolysaccharide 
(LPS)-induced activation of retinal microglia on the progression 
of morphological and functional alterations associated with retinal 
neurodegeneration.
Methods: Twelve homozygous P23H-3 and twelve wild-type 
Sprague-Dawley rats were injected twice weekly with LPS (60 µg/
Kg, i.p.) or vehicle (PBS) from P20 to P60. Electroretinograms, flow 
cytometry and vertical retinal cryostat sections were used to evaluate 
the morphological and functional state of the retinal tissue.

Results: LPS administration to control SD rats did not induce 
significant changes in the function or morphology of the retina. 
However, in P23H rats LPS administration increased the activation of 
microglia, evidenced by a significant increase (ANOVA, Bonferroni’s 
test, P<0.05) in the expression of MHCII and CD45 antigens in 
CD11b-positive cells detected by flow cytometry analysis. Moreover, 
immunohistochemistry assays revealed that in P60 LPS-treated P23H 
rats microglial cells were located not only in the plexiform layers of 
the retina, but also in both the inner and outer nuclear layers. LPS-
induced microglial activation in P23H rats was accompanied by a 
greater deterioration in the a- and b-wave amplitudes  
(34% lower in both cases; ANOVA, Bonferroni’s test, P<0.05 
and P<0.001, respectively), a higher loss of photoreceptor (3 to 
4 photoreceptor rows less; ANOVA, Bonferroni’s test, P<0.001) 
and a worsening of synaptic connectivity, as compared to vehicle-
administered P23H rats.
Conclusions: Chronic administration of LPS exacerbates microglial 
activation and accelerates photoreceptor cell death and retinal 
dysfunction in retinitis pigmentosa.
Commercial Relationships: Pedro Lax, None; Agustina Noailles, 
None; Laura Campello, None; Oksana Kutsyr, None; 
Victoria Maneu, None; Nicolás Cuenca, None
Support: Prometeo2016/158, ISCIII RETICS-FEDER 
RD12/0034/0010, MINECO-FEDER-BFU2015-67139-R.
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MiR-30a-5p inhibition prevents neovascularization through 
CCL2 upregulation and microglia activation in a model of 
ischemic retinopathy
Salome Murinello1, Yoshihiko Usui1, 2, Susumu Sakimoto1, 
Maki Kitano1, Edith Aguilar1, Martin Friedlander1. 1Cell and 
Molecular Biology, The Scripps Research Institute, La Jolla, CA; 
2Tokyo Medical University, Tokyo, Japan.
Purpose: The vast majority of blinding diseases are associated 
with abnormal angiogenesis. MicroRNA-30a-5p (miR-30a) was 
previously identified as a pro-angiogenic miRNA. Interestingly 
this miRNA is highly expressed in the retina, particularly by 
microglia. We hypothesized that miR-30a-5p inhibition may prevent 
neovascularization (NV) in the oxygen-induced retinopathy (OIR) 
model of ischemic injury by modulating microglial function.
Methods: The relevance of miR-30a in the OIR model was 
confirmed by determining its expression levels at several key 
time points (p12, p14, p17, p21) by qPCR. To assess the effects of 
inhibiting miR-30a in OIR, a single intravitreous injection of  
anti-miR-30a or a scramble control was performed at p12 and retinas 
were collected for immunohistochemical quantification of NV at p17. 
Changes in microglia activation were assessed by IHC for CD11b. 
Changes in potential miR-30a targets were assessed by qPCR.
Results: MiR-30a was upregulated at p12 and p14, and 
downregulated at p17 and p21 in OIR mice, when compared to 
normoxic controls. Injection of anti-miR30a significantly inhibited 
neovascularization in OIR. Surprisingly, anti-miR-30a injection 
resulted in microglial activation and migration towards vaso-
obliterated areas. Consistently, retinal levels of a chemokine known 
to mediate recruitment of myeloid cells, CCL2, were upregulated.
Conclusions: The data presented here show that inhibition of a  
miR-30a can lead to reduced levels of retinal angiogenesis in a 
model of ischemic retinopathy by inducing microglia activation 
and increasing CCL2 levels, a known pro-inflammatory 
chemokine. These paradoxical results highlight the need for a better 
understanding of neuroinflammatory mechanisms in the retina, and 
suggest anti-miR-30a as a key modulator of microglia function.
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NF-κB signaling prevents the formation of Müller glia-derived 
progenitor cells in avian retina
Isabella Palazzo, Kyle Deistler, Andrew J. Fischer. Neuroscience, 
The Ohio State University, Columbus, OH.
Purpose: Müller glia have the potential to regenerate retinal neurons. 
However, this regenerative potential is diminished in birds and 
mammals compared to that of fish. Thus, exploring the molecular 
mechanisms and cell-signaling that controls the formation of 
neurogenic Müller glia-derived Progenitor Cell (MGPC) is essential 
for harnessing the regenerative potential of these cells. The goal 
of this study is to determine the role of NF-κB signaling in the 
formation of MGPCs in the chick retina.
Methods: Intraocular injections of Sulfasalazine (SSZ), an inhibitor 
of NF-κB signaling, and Prostratin, an activator of NF-κB signaling, 
were administered in accordance to experimental paradigms in 
postnatal 7-14 day chicks. NMDA or FGF2 were applied to stimulate 
Müller glia to become proliferating MGPCs. EdU was injected 
to label proliferating cells. Tissues were harvested and processed 
for immunohistochemistry and photomicroscopy. TUNEL assay 
was used to identify dying cells. Significance of difference was 
determined using a 2-tailed-T-test.
Results: We find that NF-κB signaling is activated following NMDA 
damage, evidenced by accumulation of phospho-p65 subunit of 
NF-κB in the nuclei of Müller glia. Inhibition of NF-κB signaling 
in damaged retinas promotes the formation of MGPCs (NMDA 
control-25.2±16.1 vs. NMDA+SSZ treated-81.4±32.0, n=5, p=0.022), 
and increased the expression of the retinal stem cell transcription 
factor Pax6 (n=6, p=0.005). Inhibition of NF-κB signaling following 
NMDA damage diminished numbers of dying retinal cells at 4 hrs 
(NMDA control-99.5±19.0 vs. NMDA+ SSZ treated-40.6±28.0, n=6, 
p=0.002) and 24 hours (NMDA control-113.1±45.0 vs. NMDA+ SSZ 
treated-56.6±21.6, n=7, p=0.011) after damage. Activation of NF-κB 
with Prostratin following NMDA damage suppressed the formation 
of MGPCs (NMDA control-101.3±29.3 vs. NMDA+Prostratin 
treated-49±11.9, n=6, p=0.002). Inhibition of NF-κB signaling in 
FGF2-treated retinas, in the absence of damage, increased the number 
of proliferating MGPCs (FGF2 control-16.0±10.8 vs. FGF2+SSZ 
treated-71.8±46.6, n= 5, p=0.03).
Conclusions: Results suggest that NF-κB signaling interferes 
with MGPC formation in vivo in the chick retina, and we find 
that elimination of NF-κB signaling has a neuroprotective affect 
following excitotoxic damage. This points to NF-κB signaling as a 
promising therapeutic target to enhance neuronal survival and retinal 
regeneration through MGPCs.
Commercial Relationships: Isabella Palazzo, None; Kyle Deistler, 
None; Andrew J. Fischer, None
Support: EY022030-4
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Role of 24-S-hydroxycholesterol in membrane dynamics during 
retinal gliosis in glaucoma
Pierre-Henry GABRIELLE1, 2, Ségolène Gambert2, Lionel Bretillon2, 
Alain M. Bron1, 2, Catherine P. Creuzot Garcher1, 2. 1Ophthalmology, 
University Hospital DIJON, DIJON, France; 2INRA, CNRS, 
University of Burgundy, Eye & Nutrition Research Group, Dijon, 
France.
Purpose: Glaucoma is a severe and irreversible ocular disease 
characterized by progressive optic neuropathy with the loss of 
retinal ganglion cells (RGC). One of the established causes of RGC 
apoptosis is Müller Glial Cell (MGC) activation, called “retinal 
gliosis”. MGC are the most numerous glial cells in the retina and 
one of their roles is to maintain cholesterol homeostasis. A lack or 
an excess of cholesterol in neurons can cause neuro-degeneration. 
Cholesterol 24S-hydroxylase (CYP46A1) is present in RGC where 
it catalyses the formation of 24S-hydroxycholesterol (24S-OHC), 
and thereby participates to cholesterol elimination. CYP46A1 is 
overexpressed during glaucoma, suggesting that 24S-OHC would 
be a potent inducer of retinal gliosis. We hypothesize that 24S-OHC 
homeostasis impairs MGC membrane dynamics involving lipid rafts 
and as a consequence induces retinal gliosis.
Methods: MGC were grown in vitro from retinas of young rats. 
They were treated with 10µM 24S-OHC or ethanol for 2 min or 6 h. 
Lipid-rafts of MGC membranes were obtained after lysis with 1% 
Lubrol and 20 h of ultracentrifugation at 180,000 g. Western-blotting 
of GFAP, Vimentin, Nestin, Connexin43, Kir4.1, Aquaporine 1, 
Crystalline alpha B, phosphorylated and non-phosphorylated p38 
MAPK and p42-44 MAPK was done for each sample. Ganglioside 
GM3 (monosialodihexosylganglioside), a marker of lipid rafts, in 
the MGC membrane in raft and non-raft fractions was quantitated 
by liquid-chromatography-mass spectrometry (LC-MS). MGC 
membrane fluidity was evaluated by fluorescence spectrospcopy 
using an anisotropy probe (TMA-DPH).
Results: In vitro treatment of MGC with 24S-OHC tended to increase 
vimentin expression and p38 and p42-44 MAPK. No difference on 
GFAP expression was observed. Following the treatment, connexin43 
tended to be increased and localized in the raft fractions. LC-MS 
analysis showed that the treatment increased the proportion of GM3 
in the raft fractions. Treatment with 24S-OHC also increased MGC 
membrane anisotropy.
Conclusions: The over-expression of 24S-OHC by RGC during 
glaucoma may disturb lipid raft organization and trigger different 
cellular signaling pathways including p42-44 and p38 MAPK which 
may contribute to retinal gliosis.
Commercial Relationships: Pierre-Henry GABRIELLE, None; 
Ségolène Gambert, None; Lionel Bretillon, None; Alain M. Bron, 
None; Catherine P. Creuzot Garcher, None
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Reduction of CRB2 Specifically in Mouse Photoreceptors with 
Concomitant Loss of CRB1 in Müller Glial Cells Mimics Early-
onset Retinitis Pigmentosa
Celso Alves, Peter M. Quinn, Jan Wijnholds. Ophthalmology, Leiden 
University Medical Center, Leiden, Netherlands.
Purpose: Mutations in the Crumbs homologue-1 (CRB1) gene cause 
early-onset Retinitis pigmentosa (RP) in children. Mice lacking 
CRB1 show moderate retinal degeneration limited to one quadrant of 
the retina while in retinas lacking CRB2 the entire retina is affected. 
In the mouse retina, CRB1 is localized in Müller glial cells (MGCs) 
and CRB2 in MGCs and photoreceptors, at the subapical region, at 
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the outer limiting membrane (OLM). We generated and analysed 
the phenotype of a new CRB1-RP mouse model with reduced levels 
of Crb2 in photoreceptors and complete ablation of Crb1 in MGCs, 
which can be used to test the efficacy of adeno-associated-viral 
(AAV) CRB1 and CRB2 gene augmentation vectors.
Methods: Crb1-/-Crb2flox/+Crx-Cre mice were generated by crossing 
Crb1Crb2 with Crx-Cre mice driving the expressing of Cre in 
photoreceptors. Animals from embryonic day (E)15.5 till 8 months of 
age were analysed. To investigate the possible ectopic localization of 
proteins and cell types immunohistochemistry (IHC) was performed. 
Morphology of the retina was analysed using toluidine stained  
ultra-thin sections. In vivo analysis of retinal function was performed 
using electroretinography (ERG).
Results: Retinal disorganization was observed as early as E17.5. 
Progressive retinal disorganization was detected at early post-natal 
days (10 and 14), characterized by gaps at the OLM, photoreceptor 
rosettes and ectopic photoreceptor nuclei in the subretinal space. At 
a later stage (1M), disorganization and degeneration affected mainly 
the ventral area of the retina and the outer retina. IHC experiments 
showed loss of localization of members of the Crumbs complex at 
regions with disrupted OLM. At 3 month of age, severe degeneration 
was observed in the ventral area of the retina, where only very few 
photoreceptors remained. Increased levels of GFAP and CD11b 
were also observed suggesting gliosis and activated microglia. ERG 
performed at 1 month of age showed an attenuation of the a-wave, 
while no effect was observed in b-wave and flicker responses.
Conclusions: Reduction of CRB2 levels in photoreceptors with 
concomitant loss of CRB1 from MGCs leads to an exacerbation of 
the Crb1 phenotype. The retinal phenotype of these mice mimics 
early-onset RP. This new mouse model has a suitable therapeutic 
window to test efficacy of new CRB1 and CRB2 gene therapy vectors 
in photoreceptors.
Commercial Relationships: Celso Alves; Peter M. Quinn, None; 
Jan Wijnholds, None
Support: ZonMw project nr 43200004; FFB project nr  
TA-GT-0715-0665-LUMC.
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Retinal cell death dependent reactive proliferative gliosis in the 
mouse retina
Sheik Pran Babu Sardar Pasha1, 3, Münch Robert1, 2, 
Schäfer Patrick1, 2, Oertel Peter1, Mike O. Karl1, 2. 1Retinal 
Regeneration and Degeneration, Technische Universität Dresden, 
DFG-Center for Regenerative Therapies Dresden (CRTD) & 
Cluster of Excellence, Dresden, Germany; 2Retinal Regeneration 
and Degeneration, German Center for Neurodegenerative Diseases 
e.v. (DZNE), Dresden, Germany; 3Department of Ophthalmology, 
School of Medicine, IUPUI, Eugene & Marilyn Glick Eye Institute, 
Indianapolis, IN.
Purpose: Neurodegeneration is a common starting point of reactive 
gliosis, which may have beneficial and detrimental consequences. 
It remains incompletely understood how distinctive pathologies 
and neuronal cell death processes differentially regulate glia 
responses. Müller glia (MG) in the retina are a prime model, which 
regenerate neurons in some species, whereas in mammals may 
cause proliferative disorders and scarring. Here, we investigated the 
relationship of retinal damage and MG cell cycle re-entry in mouse 
retinal organotypic culture.
Methods: Murine retinas after the end of retinogenesis were cultured 
as explants. Retinal tissue damage was induced by stab wound(SW) 
injury. Retinal cell death was inhibited by application of selected  
cell-death signalling pathway inhibitors, e.g. Z-VAD-FMK, 

Necrostatin-1, and others. Cell death was monitored by TUNEL 
assay and expression of activated caspase 3. MG proliferation 
was determined by co expression of SOX2 with EdU and Ki67 
immunostaining. Gene expression was analyzed by RT-PCR.
Results: Retinal cell death and MG proliferation occur in a defined 
the temporal time course in our previously established retina ex vivo 
explant assay. Hypothermia pre-treatment during eye dissection 
reduced whereas SW injury increased neuronal cell death and MG 
proliferation. Combined (but not single) application of apoptotic 
(Z-VAD-FMK) and non-apoptotic (Necrostatin-1) cell death 
signalling–pathway inhibitors diminished neuron death(TUNEL+ 
cells: Necrostatin-1+Z-VAD-FMK 4 ±0.1 vs. CTRL 31 ±1, N=3, 
P<0.0001) and maintained MG mitotically quiescent (SOX2+KI67+: 
Necrostatin-1+Z-VAD-FMK 0.2 ±0.05 vs. CTRL 2 ±1 cells, N=4, 
P<0.05). Gene expression analysis of single and combined inhibitor 
treatments showed differential changes in cell death related pathways 
suggesting compensatory mechanisms. The level of neuronal cell 
death determined MG activity, indicated by extracellular signal-
regulated kinase (ERK), and proliferation, which both became 
diminished by EGFR–inhibition.
Conclusions: Our results suggest that retinal damage depended cues, 
possibly controlled by both programmed apoptosis or non-apoptotic 
cell death signaling pathways, empower MG to gain competence 
to proliferate upon EGF stimulation via EGFR-MAPK signalling. 
Thus, mouse retina organotypic culture facilitates studies on the 
mechanism governing MG quiescence and neuron death–dependent 
MG reactivation and proliferative gliosis.
Commercial Relationships: Sheik Pran Babu Sardar Pasha, 
None; Münch Robert, None; Schäfer Patrick, None; Oertel Peter, 
None; Mike O. Karl, None
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Comparative effects of Transforming growth factor-β1 and 
Heparin-binding epidermal growth factor on the production of 
anti-oxidants by human Müller glial cells
Weixin Wang, Karen Eastlake, Erika Aquino, G. Astrid Limb. NIHR 
Biomedical Research Centre for Ophthalmology, UCL Institute of 
Ophthalmology and Moorfields Eye Hospital, University College 
London, London, United Kingdom.
Purpose: Müller glia play a major role in providing metabolic 
support to the neural retina and as such, they are known to produce 
anti-oxidant molecules to protect retinal neurons. During retinal 
degeneration, pro-inflammatory cytokines such as transforming 
growth factor-β1 (TGF-β1) and heparin-binding epidermal growth 
factor (HB-EGF) are produced, which may modulate the production 
of neuroprotective molecules by Müller cells. The aim of this study 
was therefore to investigate whether these two cytokines may modify 
the production of antioxidant molecules by Müller cells.
Methods: Müller glial cells (MIO-M1 cell line) were cultured in the 
presence of TGF-β1 (50ng/mL) or HB-EGF (50ng/ml) for 3 days and 
6 days respectively. Cells and culture supernatants were collected 
and examined for the presence of the antioxidants heme oxygenase-1 
(HO1) and NAD(P)H:quinone acceptor oxidoreductase 1 (NQO1) 
using RT-PCR and ELISA methods. Cells cultured in medium alone 
were used as controls. Concentrations of each of these molecules 
were determined by extrapolation to standard curves.
Results: The results showed that MIO-M1 cells express mRNA 
coding for HO1 and NQO1 and that there was a significant 
upregulation in the production and release of HO1 upon treatment 
with TGF-β1. However, this effect was not observed when cells were 
cultured with HB-EGF. In contrast, a significant downregulation of 
NQO1 enzyme activity was identified when cells were cultured in the 
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presence of TGF-β1 when compared with the controls. No changes 
in NQ01 activity were observed in cells cultured in the presence of 
HB-EGF.
Conclusions: The present findings suggest that the antioxidant 
molecules HO1 and NQO1 might work in concert to inhibit 
intracellular reactive oxidative species (ROS) induced by oxidative 
stress during retinal degeneration. Although both TGF-β1 and 
HB-EGF have been linked to retinal gliosis, HB-EGF has also been 
associated with the regenerative response of Müller cells, which may 
prevent antioxidant dysregulation in these cells. The observation 
that HO1 is upregulated by TGF-β1 whilst the NQ01 activity is 
decreased by this cytokine, suggests that Müller glia might possess 
compensatory mechanisms to regulate antioxidant production 
in response to inflammatory stimulus, and this merits further 
investigations.
Commercial Relationships: Weixin Wang, None; Karen Eastlake, 
None; Erika Aquino, None; G. Astrid Limb, None
Support: Moorfields Eye Charity
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TSPO agonist XBD173 protects photoreceptors in a murine 
model of retinal ischemia
Antje Grosche1, Kristin Mages1, Herbert Jaegle2. 1Institute of 
Human Genetics, University of Regensburg, Regensburg, Germany; 
2Department of Ophthalmology, University of Regensburg, 
Regensburg, Germany.
Purpose: Translocator protein (18 kDa) (TSPO) agonists could 
be neuroprotective and promote regeneration by modulating the 
glial response to neurodegeneration. We asked how the TSPO 
agonist XBD173 affects the glial response to an experimental 
model of transient ischemia in mouse retina and how this influences 
neurodegeneration.
Methods: Transient ischemia in mice was induced by raising the 
intraocular pressure interrupting retinal blood supply for 60 min. 
XBD173 (10 mg/kg body weight) or vehicle was i.p. injected twice 
a day starting one day before surgery and once each day thereafter. 
Cells were quantified by DAPI and TUNEL staining of retinal slices. 
Microglia were investigated by Iba1, Il-1β and CD206 labeling 
in retinal flatmounts. Glial activation markers were analyzed by 
quantitative PCR on samples from microglia, neurons, endothelial, 
Müller cells and retinal pigment epithelium (RPE) enriched by 
magnetic activated cells sorting performed 7 and 14 (d) days after 
ischemia. Retinal function is assessed by electroretinography (ERG) 
in 14d postischemic mice.
Results: TSPO, target of our treatment paradigm, was highest 
expressed in Müller cells and RPE, at moderate levels in endothelial 
cells and microglia, but not in neurons. After ischemia, TSPO was 
up-regulated in micro- and Müllerglia. Photoreceptor degeneration 
stopped after initial loss (7d after surgery, 76.3± 4.3 % surviving 
cells compared to healthy control eye; n=3) in XBD173-treated 
mice 14d after surgery (75.6 ± 6.3%; n=5). In contrast, postischemic 
photoreceptors degeneration proceeded in untreated mice from 70.8 ± 
5.9 % (n=4) 7d compared to 53.3 ± 9.0 % (n=5) at 14d post ischemia. 
Less microglia invaded into the 3d postischemic outer nuclear layer 
under XBD173 treatement. However, several marker genes indicated 
stronger microglia activation after XBD173 treatment (F4/80, 
TSPO; 5.1- and 3.4-fold higher at 14d; n=4-6). Similarly, expression 
profiling implied that XBD173 treatment led to stronger Müller cell 
activation than in untreated postischemic retinae (~3.0-fold higher 
GFAP expression at 7 and 14d post ischemia; n=4-6). Investigations 
on M1 (pro-inflammatory) or M2 (regenerative) microglial 

polarization patterns and assessment of retinal function by ERG are 
work in progress.
Conclusions: We demonstrate that XBD173 leads to an altered glial 
response pattern in the postischemic retina and specifically prevents 
secondary photoreceptor loss.
Commercial Relationships: Antje Grosche, None; Kristin Mages, 
None; Herbert Jaegle, None
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Vitreal cytokines stimulate glial membrane formation
Manasee Gedam, Imran A. Bhutto, Gerard A. Lutty, 
Malia M. Edwards. Wilmer Eye Institute, Johns Hopkins University, 
Baltimore, MD.
Purpose: We recently described membranes on the vitreoretinal 
surface of aged human retinas with increased severity associated with 
advanced AMD. This study tested the roles of vitreous and individual 
cytokines elevated in AMD vitreous in promoting glial membrane 
formation.
Methods: The vitreous and retina were isolated from normal aged 
control and AMD donor eyes. The vitreous was homogenized, spun to 
remove debris and frozen. Retinas were stained for vimentin (Müller 
cells). The MIOM-1 immortalized human Müller cell line was used 
to analyze Müller cell membrane formation in vitro. Vitreous (diluted 
1:1 in media) or individual cytokines (VEGF or IL-6 at 1-50 ng/
ml) were assessed in the Boyden chamber migration assay. After 24 
hrs, migrated cells were fixed and stained for vimentin and DAPI. 
Wells were imaged at low magnification and migrated cells counted 
in Image J. The effects of cytokines [VEGF or IL-6 (0.1-100 ng/
ml)] on proliferation were determined by counting cells 48 hrs after 
treatment. A minimum of nine wells per treatment were analyzed for 
each assay. Müller cells exposed to VEGF or IL-6 (100 ng/ml) were 
stained for GFAP, vimentin, glutamine synthetase and nestin to check 
for activation or morphology changes. Images were collected on a 
Zeiss 710 confocal microscope.
Results: Retinas from donors with no ocular disease had a few 
glial cells on the vitreo-retinal surface. The corresponding vitreous 
stimulated glial migration but the migrated cells were rounded 
and clustered. By contrast, retinas with advanced AMD had large 
preretinal membranes. The vitreous from these eyes stimulated 
MIOM1 migration. Migrated cells had extensive processes which 
often overlapped. VEGF and IL-6 both caused a significant, dose-
dependent increase in MIOM1 migration. Migrated cells had 
elongated processes typical of Müller cells but lacked the  
membrane-like appearance seen in wells treated with vitreous 
samples. Neither VEGF nor IL-6 stimulated MIOM1 proliferation or 
changes in protein expression or morphology.
Conclusions: The vitreous from eyes with advanced AMD contains 
factors which stimulate Müller cell membrane formation in vitro, 
which could explain the increased incidence of glial membranes on 
the vitreoretinal surface. VEGF and IL-6, which are elevated in AMD 
vitreous, may contribute to glial migration through the inner limiting 
membrane. Other factors, or a combination of factors, are required to 
stimulate proliferation and membrane formation.
Commercial Relationships: Manasee Gedam, None; 
Imran A. Bhutto, None; Gerard A. Lutty, None; 
Malia M. Edwards, None
Support: BrightFocus Foundation (ME), NIH EY016151 (GL), NIH 
EY01765 (Wilmer Core), Research to prevent blindness (Unrestricted 
funds to Wilmer Eye Institute), Wilmer Pool Professor Fund (ME)
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Elevated homocysteine (Hcy) upregulates the NRF2 antioxidant 
pathway in retinal Müller cells
Soumya Navneet1, 2, Jing Wang1, 2, Xuezhi Cui1, 2, Sylvia B. Smith1, 2. 
1Cellular Biology and Anatomy, Medical College of Georgia at 
Augusta University, Augusta, GA; 2James & Jean Culver Vision 
Discovery Institute, Augusta University, Augusta, GA.
Purpose: Hcy, a sulfur containing, non-proteinogenic amino acid, 
is implicated in some retinal neurovascular diseases (e.g. glaucoma, 
diabetic retinopathy); whether Hcy is a biomarker or pathogenic is 
unknown. Studies of two hyperhomocysteinemic (HHcy) mouse 
strains revealed modest ganglion cell (RGC) loss, diminished nerve 
fiber layer thickness & mild-moderate vasculopathy (Markand et 
al, 2015; Tawfik et al, 2014). Interestingly, when primary RGCs are 
exposed to slightly elevated Hcy [50µM] for 18h, 50% of RGCs 
die. Clearly, the intact retinal milieu invokes mechanisms that buffer 
excess Hcy. Given that Müller glial cells (MCs) maintain retinal 
homeostasis & NRF2, which regulates >500 antioxidant genes, plays 
a key role in cellular antioxidant responses, we hypothesized that 
HHcy upregulates the NRF2-mediated stress response in MCs.
Methods: 1°MCs isolated from C57BL/6J mice were exposed 3-24h 
to L-Hcy-thiolactone [50µM – 10mM] and assessed for: (a) viability 
using a resazurin-based reagent; (b) gliosis detected by measuring 
GFAP; (c) reactive oxygen species (ROS) using DCFDA & CellRox; 
(d) glutathione (GSH) using the Enzo calorimetric assay. Gene/
protein levels of Nrf2 & levels of NRF2-regulated antioxidants 
(NQO1, CAT, SOD2, HMOX1, GPX1) were assessed by qRT-PCR 
& immunoblotting in 1°MCs exposed to [50µM] Hcy. Experiments 
were performed in triplicate & data analyzed by ANOVA.
Results: Unlike 1°RGCs, 1°MCs are viable when exposed to  
[50µM-1mM] Hcy, though significant dose-dependent cell death 
occurs at high (>2mM) Hcy concentrations. GFAP levels increased 
2 fold in 1°MCs exposed to 50µM Hcy compared to controls, 
indicating gliosis. Interestingly, ROS levels decreased 10-15% 
in 1°MCs exposed 3h to [50µM or 1mM] Hcy and GSH levels 
increased 20% within 24h exposure to [50µM or 1mM] Hcy. 
Molecular analyses of 1°MCs exposed 3-8h to 50µM Hcy revealed 
2 fold increase in Nrf2 gene expression. Expression of antioxidant 
genes Nqo1, Cat, Sod2, Hmox1, Gpx1 increased significantly as did 
protein levels of HMOX1 & CAT.
Conclusions: The apparent buffering within retinas of HHcy mice 
(versus marked vulnerability of primary RGCs) may reflect a 
‘beneficial’ gliosis induced by Hcy. Our data indicate that at least 
short term, mild HHcy exposure induces a cytoprotective response 
mediated by NRF2 in Müller cells, the duration of which in vivo is 
unknown, but is being investigated.
Commercial Relationships: Soumya Navneet, None; Jing Wang, 
None; Xuezhi Cui, None; Sylvia B. Smith, None
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Withferin-A can modulate Müller cell gliosis in the mouse retina
Vijay P. Sarthy1, V. Joseph Dudley1, Jie Zhu2, Deepak A. Lamba2. 
1Ophthal-Feinberg Med Sch, Northwestern University, Chicago, IL; 
2Buck Institute for Aging, Novato, CA.
Purpose: In response to injury or disease, Müller cells undergo 
‘reactive gliosis’, which is accompanied by changes in their 
morphology, upregulation of various markers such as glial 
fibrillary acidic protein (GFAP), de-differentiation and sometimes 
proliferation. In the present study, we have investigated whether 
Müller cell gliosis can be modulated by the small molecule inhibitor, 
Withaferin-A (WFA).

Methods: Balb/c or 129S6 mice were pretreated with WFA by 
i.p. injection and exposed to 13K Lux light for 2 hr to induce 
photoreceptor degeneration and gliosis. Gliosis was monitored 
by examining GFAP expression in histological sections. In other 
experiments, 1-month old Crx-mutant mice were treated with WFA 
and gliosis was examined by determining changes in transcript levels 
for several gliosis-associated genes using qPCR. To examine the 
mechanism of WFA action, the Müller cell line, rMC-1, was treated 
with WFA and cell extracts were immunoblotted using anti-STAT3 
antibody.
Results: WFA pretreatment suppressed GFAP appearance in Müller 
cells in mice exposed to intense light. In the Crx-mutant mice, there 
was significant gliosis and intravitreal WFA injection resulted in 
a 2 to 4-fold reduction in transcript levels for the gliosis-markers 
-- CD44, Gfap, Lgals3 and S100b. Interestingly, GFAP expression 
in histological sections was not significantly altered in WFA treated 
mice. Finally, immunoblotting analysis indicated that pSTAT3 level 
was significantly lower in WFA treated Müller cells.
Conclusions: WFA can suppress Müller cell gliosis associated with 
induced- or inherited- photoreceptor degeneration. WFA suppresses 
Müller cell gliosis by blocking activation of the JAK/STAT signaling 
pathway.
Commercial Relationships: Vijay P. Sarthy, None; V. 
Joseph Dudley, None; Jie Zhu, None; Deepak A. Lamba, None
Support: NIH Grant EY019325 and RPB, Inc.
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Differential effect of corticosteroids on Müller glial cells
Audrey Giocanti Auregan1, 2, Lourdes Siqueiros-Marquez2, 
Hugo Charles-Messance2, Romain Bénard2, Cecilia Montañez3, 
José Alain sahel2, Florian Sennlaub2, Xavier Guilloneau2, 
Bahram Bodaghi2, 4, Ramin Tadayoni2, 5, Alvaro Rendon2. 
1Ophthalmology, Hospital Avicenne, Bobigny, France; 2Institut de 
la Vision, Paris, France; 3Cinvestav, Mexico city, Mexico; 4Pitié 
Salpétrière, Ophthalmology department, Paris, France; 5Lariboisiere, 
Ophthalmology department, Paris, France.
Purpose: Dexamethasone (dex), Triamcinolone (TA) and 
Fluocinolone acetonide (FA) are corticosteroids used for the 
treatment of macular edema, however their exact mechanisms on 
ocular tissues remain imperfectly understood.
As dystrophin Dp71 is a protein expressed in Müller glial cells 
(MGC), and its absence has been related to blood retinal barrier 
permeability, and retinal osmotic alterations, through delocalization 
and down-regulation of the AQP4 and Kir4.1 channels, that 
dystrophin may contribute to edema formation. The purpose of this 
study was to analyze the ex vivo effect of MGC swelling on Dp71, 
AQP4, and Kir4.1 and assess the role of dex, TA, and FA at different 
doses to prevent the swelling and its effects.
Methods: According to the ARVO guidelines for animal use for 
research, 8 weeks WT mouse retinas were used in a retinal explant 
model. To reproduce a MGC swelling, the retinas were incubated 8h 
in a hypoosmotic solution and Ba2+, as a potassium channel blocker. 
To assess the swelling of the cells, the soma of MGC was measured 
using Image J software after staining. We quantified by qPCR the 
changes in the expression of Kir4.1, AQP4, β-DG and Dp71 due to 
the swelling of MGC. 
In the same conditions the retinas were treated with dex, FA or TA at 
baseline to assess the preventive effect of the drugs.
Results: We observed a swelling of MGC 8h after incubation in 
hypotonic solution and Ba2+ associated to a down-regulation of 
Dp71, β-DG, AQP4 and Kir4.1. High doses (1780 µM) of dex, TA 
and FA prevented MGC swelling. We found a differential effect of 
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corticosteroids depending on the dose. FA had no significant effect 
on MGC swelling at a dose lower than 5ng but prevent the swelling 
over this dose. At low dose (0.012µM) none of the three corticoids 
prevented down-regulation of Kir4.1 and AQP4. At a higher dose 
(1780 µM), dex did not prevent the down-regulation of Dp71 nor 
Kir4.1, but prevented AQP4 down-regulation, when at the same dose 
FA, and TA prevented the down-regulation of Dp71 and Kir4.1, but 
had no effect on AQP4.
Conclusions: Edema formation and resolution is a complex 
mechanism. In this model, we showed a differential effect of the 3 
corticosteroids usually used in the treatment of retinal edema. We 
highlighted that the effect of corticosteroids on MGC is also dose 
dependent. This work suggests that the already known relative  
anti-inflammatory effect of corticosteroids may probably be different 
in the retina.
Commercial Relationships: Audrey Giocanti Auregan, None; 
Lourdes Siqueiros-Marquez, None; Hugo Charles-Messance, 
None; Romain Bénard, None; Cecilia Montañez, None; José 
Alain sahel, None; Florian Sennlaub, None; Xavier Guilloneau, 
None; Bahram Bodaghi, None; Ramin Tadayoni, None; 
Alvaro Rendon, None
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Sox2 deficiency leads to the abnormal development of retinal 
astrocytes and vasculature in the mouse
Amanda G. Kautzman1, 2, Patrick W. Keeley2, Michael M. Nahmou2, 
Gabriel Luna2, Steven K. Fisher2, 3, Benjamin E. Reese1, 2. 
1Psychological & Brain Sciences, UC Santa Barbara, Santa Barbara, 
CA; 2Neuroscience Research Institute, UC Santa Barbara, Santa 
Barbara, CA; 3Molecular, Cellular, and Developmental Biology, UC 
Santa Barbara, Santa Barbara, CA.
Purpose: Sox2 belongs to the large SRY-related HMG-box 
transcription factor family and is best recognized for its role in early 
development by maintaining embryonic stem cell pluripotency. 
Sox2 is a critical gene for eye development, and its expression 
is maintained in mature glial cells in the retina, in particular, the 
astrocytes, yet its specific role in these cells has yet to be explored. 
The present study has examined a potential role for Sox2 in the 
development of astrocytes within the mouse retina.
Methods: GFAP-Cre mice and Sox2-flox mice were used to generate 
Sox2 conditional knockout mice (CKO). Control (CTL) animals 
were CKO littermates that were Cre-negative and/or Sox2-wildtype. 
Retinal wholemounts were immunolabeled using antibodies to 
Pax2, Sox2, GFAP, and/or Collagen IV, to reveal the astrocytes and 
retinal vasculature. Wholemount retinal mosaics were generated by 
registering individual high-resolution 40X confocal images together. 
Vascular branch points were manually counted from 8 peripheral and 
8 central images per retina.
Results: Developing Pax2-positive astrocytes in CKO retinas migrate 
normally into the retina from the optic nerve head around the time of 
birth, and continue to the retinal periphery during the first postnatal 
week. Their maturation, however, is disrupted relative to CTL 
retinas, as evidenced by their conspicuously late central-to-peripheral 
upregulation in GFAP expression. Astrocytic abnormalities persisted 
into adulthood, including a regional loss of GFAP and the presence of 
aberrant sprouting of processes into the inner plexiform layer.
Given that astrocytes provide a scaffold for retinal blood vessel 
formation, we examined the developing vasculature and found 
significant delays to vascular advancement across the central-to-
peripheral axis in CKO animals that correlated to the delay in GFAP 
upregulation. Vascular defects also persisted into maturity, resulting 

in a significant reduction in vasculature branch point frequency of 
CKO when compared to controls.
Conclusions: These results implicate Sox2 as an important player in 
the development of retinal astrocytes, and suggest that their delayed 
maturation, indicated by their late upregulation of GFAP, is sufficient 
to perturb angiogenesis, yielding lasting changes into maturity.
Commercial Relationships: Amanda G. Kautzman, None; 
Patrick W. Keeley, None; Michael M. Nahmou, None; 
Gabriel Luna, None; Steven K. Fisher, None; Benjamin E. Reese, 
None
Support: NH Grant EY019968
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Cellular stress response in human Müller cells (MIO-M1) after 
bevacizumab treatment
Monique Matsuda1, Paloma G. Krempel1, Mônica V. Marquezini2, 
Alfred Sholl-Franco3, Nádia C. Miguel4, Mario R. Monteiro1. 
1Laboratory of investigation in Ophthalmology (LIM-33), Division of 
Ophthalmology, University of São Paulo Medical School, Sao Paulo, 
Brazil; 2Laboratory of Experimental Air Pollution (LIM-05), Division 
of Pathology, University of São Paulo Medical School, Sao Paulo, 
Brazil; 3Laboratório de Neurogênese, Programa de Neurobiologia, 
Instituto de Biofísica Carlos Chagas Filho, Universidade Federal 
do Rio de Janeiro, Rio de Janeiro, Brazil; 4Program of Cell and 
Developmental Biology, Institute of Biomedical Sciences, Federal 
University of Rio de Janeiro, Rio de Janeiro, Brazil.
Purpose: Bevacizumab, an anti-vascular endothelial growth factor 
(VEGF) agent, is widely used for treatment of retinal vascular 
diseases. However, because Müller cell derived-VEGF plays an 
essential role in retinal neurons and glial cell maintenance, cell 
viability is likely to be affected by VEGF inhibition. We therefore 
evaluated the effect of VEGF inhibition by bevacizumab on human 
Müller cells (MIO-M1) in vitro.
Methods: MIO-M1 cells were cultured for 12 or 24 hours in 
media containing bevacizumab (0.25 or 0.5 mg/mL) or without 
bevacizumab, and cell viability was determined by trypan blue 
exclusion test and MTT assay. Caspase-3, beclin-1, glial fibrillary 
acidic protein (GFAP) and vimentin content were quantified by 
immunohistochemistry. Gene expression was evaluated by real-time 
quantitative PCR.
Results: Bevacizumab did not reduce MIO-M1 cell viability and 
caused increased metabolic activity 24 hours after 0.5 mg/mL 
exposure (137 ± 20%) compared to the same group after 12 hours (89 
± 7%; p = 0.018). Bevacizumab induced apoptosis, as detected by a 
8 to 12-fold increase in caspase-3 content 12 hours after treatment 
at both concentrations (p<0.001) and by autophagy, as indicated 
by a 6-fold increase in beclin content in cells treated with 0.5 mg/
mL bevacizumab after 24 hours (p = 0.002). Caspase-3 mRNA 
levels was upregulated after 12 hours in 0.25 mg/mL, median (IQR) 
of 2.44 (0.32), compared to controls, 0.95 (0.17) (p = 0.022) and 
downregulated after 24 hours of exposure in 0.25 mg/mL, median 
(IQR) of 0.67 (0.19), compared to controls, 0.97 (0.177) (p=0.041). 
Bevacizumab treatment was also associated with structural protein 
abnormalities with decreased GFAP about 2.5 times less after 12 
hours in 0.5 mg/mL bevacizumab (p = 0.025) and a slight decrease 
in vimentin content was found in both concentrations. Upregulation 
of GFAP mRNA expression was detected after 24 hours for 0.25 mg/
mL, median (IQR) of 7.61 (2.71) compared to untreated cells, 1.02 
(0.43) (p = 0.022) and vimentin mRNA expression was significantly 
higher after 24 hours in 0.5 mg/mL bevacizumab (1.83 ± 0.39) 
compared to the evaluation after 12 hours (1.05 ± 0.09; p = 0.03).
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Conclusions: Although bevacizumab did not significantly affect 
MIO-M1 cell viability, it lead to metabolic and molecular changes 
indicative of apoptosis, autophagy and structural abnormalities 
suggesting significant cellular toxicity.
Commercial Relationships: Monique Matsuda; 
Paloma G. Krempel, None; Mônica V. Marquezini, None; 
Alfred Sholl-Franco, None; Nádia C. Miguel, None; 
Mario R. Monteiro, None
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Rapid entry of RPE and Müller glia cells into the cell cycle 
following rod-specific ablation in Xenopus laevis
Reyna Martinez-De Luna1, René Y. Choi2, Christine M. Ly1, 
Andrea S. Viczian1, Michael Zuber1. 1Ophthalmology, SUNY Upstate 
Medical University, Syracuse, NY; 2Ophthalmology and Visual 
Sciences, John A. Moran Eye Center, University of Utah, Salt Lake 
City, UT.
Purpose: The retinal pigment epithelium (RPE) and the ciliary 
marginal zone (CMZ) are established sources of regenerated retina 
in amphibians following retinectomy. However, mechanical removal 
of the retina to initiate regeneration may have concealed other 
potential sources of new retinal cells. We previously demonstrated 
rod photoreceptors regenerate following rod-specific ablation. Here 
we determine which retinal cell types enter the cell cycle following 
rod loss and if only rods are generated as part of the regenerative 
response to rod-specific ablation.
Methods: Rod photoreceptors were specifically ablated by 
metronidazole (Mtz) treatment of XOPNTR transgenic tadpoles, 
which were then allowed to recover for up to 30 days. Cycling cells 
were labeled with EdU or BrdU. The number and identity of EdU+ 
or BrdU+ retinal cells was determined by immunolabeling retinal 
sections at different time points during regeneration with RPE65 
(RPE cells); R5 (Müller glia); XAP2/transducin (rods); calbindin 
(cones); calretinin (Bipolar, subsets of Amacrine and RGCs); Pax6 
(retinal progenitors); PCNA (S-phase).
Results: We identified cycling Müller glia (R5+/BrdU+) and RPE 
(RPE65+/BrdU+) cells in the central retina 7 days after rod ablation. 
Cycling RPE cells were sometimes still pigmented, while cycling 
Müller cells were often clustered with BrdU+ cells not expressing 
the Müller glial marker R5. Müller glia and RPE cells also expressed 
the cell cycle marker PCNA, and the retinal progenitor marker 
Pax6. After 30 days recovery, BrdU+ rods and cones were detected 
in the ONL, while regenerated bipolar cells (Calretinin+/BrdU+) 
were detected in the central INL. BrdU+ mature cell types were 
never detected in the central retina of Mtz-treated wild-type or 
untreated XOPNTR animals. In the CMZ, rod ablation resulted in 
the production of twice as many BrdU+ cells relative to controls. 
Interestingly, we did not observe a significant increase in the 
proportion of rods generated from the CMZ.
Conclusions: We demonstrate for the first time that, following 
rod-specific ablation, Müller glia and RPE enter the cell cycle and 
become Pax6+ in the X. laevis retina. We show rod death is sufficient 
to activate a proliferative response from the retinal progenitors of 
the CMZ. Furthermore, newborn cells are not restricted to a rod fate, 
since other retinal cell types were also generated in the central and 
peripheral retina.
Commercial Relationships: Reyna Martinez-De Luna, None; 
René Y. Choi, None; Christine M. Ly, None; Andrea S. Viczian, 
None; Michael Zuber, None
Support: NIH Grant EY015748 (MEZ) and Lions District 20-Y1 
(CML)
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The regulatory role of hypoxic macroglia on endothelial cells
Kepeng Ou1, 2, Jiahui Wu2, Jian Liu2, Sebastian Wesselborg3, 
Andrew D. Dick2, 4, Stefan Schrader1, 5, Lei Liu2. 1Labor für 
Experimentelle Ophthalmologie, University of Düsseldorf, 
Düsseldorf, Germany; 2Academic Unit of Ophthalmology, School of 
Clinical Sciences, University of Bristol, Bristol, United Kingdom; 
3Institute of Molecular Medicine I, Heinrich-Heine-University, 
Düsseldorf, Germany; 4National Institute for Health Research 
(NIHR) Biomedical Research Centre at Moorfields Eye Hospital and 
University College London Institute of Ophthalmology, London, 
United Kingdom; 5Augenklinik, Universitätsklinikum Düsseldorf, 
Düsseldorf, Germany.
Purpose: In addition to their primary role in supporting neurons 
in the retina, macroglial cell and their activators (Müller cells and 
astrocytes) are involved in the pathogenesis of various retinal 
vascular diseases. However, the extent of their contribution and 
cellular and molecular mechanisms therein are incompletely 
understood. Our initial aim was to characterize the angiogenic 
potential of Müller cells and astrocytes under hypoxic conditions.
Methods: To mimic retinal ischemia in vitro, human Müller cells 
(MIO-M1) and primary retinal astrocytes were cultured under 
hypoxic (1% O2) or normoxic conditions (21% O2) for 24 hours. The 
expression of angiogenic factors was examined using RT-qPCR and 
ELISA. Human Umbilical Vein Endothelial Cells (HUVEC) tube 
formation induced by conditioned medium was used to assess the 
angiogenic effects of macroglia.
Results: The results show that both mRNA and protein levels of 
vascular endothelial growth factor (VEGF) and angiopoietin-like 
4 (ANGPTL4) in both Müller cells and astrocytes were markedly 
increased under hypoxic conditions. In contrast, anti-angiogenic 
factor, soluble fms-like tyrosine kinase-1 (sFlt-1), remained 
unaltered. Furthermore, conditioned medium from hypoxic Müller 
cells resulted in a 65% increase (P<0.01) of HUVEC tube formation 
not exhibited by conditioned medium of hypoxic astrocytes.
Conclusions: Our data infers a regulatory role of retinal macroglia 
on endothelial cells when hypoxic Müller cells but not astrocytes 
enhance angiogenesis. Further investigation is required to define the 
angiogenic role of Müller cells in retinal vascular diseases.
Commercial Relationships: Kepeng Ou; Jiahui Wu, None; 
Jian Liu, None; Sebastian Wesselborg, None; Andrew D. Dick, 
None; Stefan Schrader, None; Lei Liu, None
Support: China Scholarship Council.
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Synergistic effect among BDNF, GDNF, or VEGF on protecting 
Müller cells in hypoxia: implication in neuroprotection in age-
related macular degeneration and diabetic retinopathy and in 
anti-VEGF therapies
Yun-Zheng Le1, Mei Zhu2. 1Departments of Medicine, Cell Biology, 
and Ophthalmology and Harold Hamm Diabetes Center, University 
of Oklahoma Health Sciences Center, Oklahoma City, OK; 
2Department of Medicine, University of Oklahoma Health Sciences 
Center, Oklahoma City, OK.
Purpose: To study the mechanism of Müller glia (MG) in 
neuroprotection in hypoxic retinal diseases, we generated a 
hypoxia-induced MG ablation model by genetic disrupting Vascular 
Endothelial Growth Factor Receptor-2 (VEGFR2) in mice, and 
investigated the effect and mechanism of on VEGFR2 disruption 
on MG loss, trophic factor production, and neuroprotection under 
hypoxic conditions.
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Methods: The mouse model was generated by conditional 
disrupting VEGFR2 in MG. The hypoxia-induced MG ablation 
was achieved by inducing hypoxia with cobalt chloride in 
conditional VEGFR2 knockout mice. MG density was evaluated 
with immunohistochemistry. Retinal morphology was assessed in 
hematoxylin & eosin (H&E) stained sections. Gene expression was 
analyzed with immunoblotting. Interaction of trophic factors in 
promoting MG viability was investigated with a rat cell line rMC1.
Results: While there was no apparent alteration in retinal 
morphology and cell density under normal conditions, the conditional 
VEGFR2 knockout mice demonstrated a significant loss of MG 
and retinal neuronal density in hypoxia, which coincided with a 
substantial reduction of retinal Glial cell line-Derived Neurotrophic 
Factor (GDNF) and Brain-Derived Neurotrophic Factor (BDNF). 
Rescuing MG and neuronal degeneration in hypoxic conditional 
VEGFR2 knockout mice is in progress. Mechanistic investigation 
suggests that BDNF, GDNF, and VEGF may support MG viability act 
in a synergistic fashion under hypoxic condition.
Conclusions: MG are vulnerable in hypoxic retina. VEGF, in 
conjunction with BDNF and/or GDNF, may play a prominent role in 
protecting MG in hypoxic retina, which is critical to neuroprotection 
under this pathological condition. As the degenerative retinas 
in hypoxic conditional VEGFR2 knockout mice bear striking 
resemblance to the abnormally thin retinas in a significant portion 
of patients in 5-year anti-VEGF clinical trials for neovascular 
age-related macular degeneration (AMD), our work may have a 
significant implication in neuroprotective strategies in hypoxic retinal 
diseases, such as AMD and diabetic retinopathy, and in designing 
safer anti-VEGF therapies for these leading causes of blindness.
Commercial Relationships: Yun-Zheng Le, None; Mei Zhu, None
Support: NIH grants P20RR024215, P30EY021725 (NEI Core) and 
Grants from OCASCR, IRRF, PHF and OCAST

Program Number: 5399 Poster Board Number: B0556
Presentation Time: 8:30 AM–10:15 AM
Fluorescent Microglia Imaging and OCT Angiography (OCTA) 
of CNV
Jonathan Luisi1, 2, Wenbo Zhang3, 2, Massoud Motamedi2, 3. 1Graduate 
School of Biomedical Science, University of Texas Medical Branch, 
Galveston, TX; 2Center for Biomedical Engineering, University of 
Texas Medical Branch, Galveson, TX; 3Opthalmology and Visual 
Science, University of Texas Medical Branch, Galveston, TX.
Purpose: CNV is a multi-stage neuroinflammation process with a 
vascular and immune coupling that cannot be noninvasively and 
longitudinally studied with traditional imaging techniques. Microglia 
(MG) are the resident immune cells, and in CNV their activation may 
be neurotoxic. Our longitudinal study of acute and chronic phase of 
laser-induced lesions uses OCTA and fluorescent fundus imaging to 
track the progression of MG activation in correlation to vasculature 
changes.
Methods: AF imaging (Heidelberg Spectralis) was used to track 
transgenic macrophage reporter Cx3Cr1eGFP mice, then correlated to 
OCTA images (Bioptigen). Age-matched C57-BL6 and Cx3Cr1eGFP 
mice were assigned to acute or CNV groups. The L-CNV model was 
induced with an output of 180mw for 70ms, and subthreshold (Sub.) 
with 46mW of power for 200ms (Micron III, 532nm laser). Imaging 
time points were 1h, and days 1, 3, 7, 14 and 21. OCT images were 
processed for both high-resolution B-scans and OCTA. The MG 
localization and morphology were determined in-vivo through the AF 
imaging and confirmed with Confocal imaging of retinal flatmounts.
Results: From the OCT B-scans, the acute phase peaks at 24h and 
in Sub. lesions begins resolving at D3, whereas the L-CNV only 
partially subsides and the process shifts to chronic response of CNV 

formation at 7-14 days. Using OCTA we determined that the swelling 
associated with the CNV lesions corresponds to a loss of inner 
retinal capillaries from 24h to D7, while the Sub. lesions shows no 
net loss in vasculature. In L-CNV a reduction in swelling and inner 
retina revascularization was observed D 7-14. With Sub. lesions, 
MG migrate into the ONL and accumulate at the lesion by D3, then 
returning to the inner retina and resuming resting state around D14. 
However, in L-CNV the MG exhibit delayed migration between D3 
and 7, and with D14 revascularization, the MG remain elevated and 
amoeboid in the CNV lesion through D21.
Conclusions: In this model, we observed a correlation between MG 
activation, inner retinal vascular disruption, and chronic phase CNV. 
The Sub. laser dose, peaks in swelling and MG activation at D3, and 
reaches resolving phase at D7. In contrast, CNV lesions continue to 
progress into the chronic phase D7-21, MG are slower to migrate, 
and they remain activated. Furthermore, CNV causes a retraction of 
capillaries around the lesion, with revascularization at D14.
Commercial Relationships: Jonathan Luisi, None; Wenbo Zhang, 
None; Massoud Motamedi
Support: NIH grant EY022694 (W.Z.)
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Microglia Activation and Polarization Associated with Retinal 
Inflammation and Degeneration in rd1 mouse model
Tian Zhou, Chang He, Zijing Huang, Xiaowei Sun, Xialin Liu. 
Zhongshan Ophthalmic Center, Sun Yat-Sen University, Guangzhou, 
China.
Purpose: Microglia has been recognized to be a special type 
of immune cells in retina. However, the role and mechanism of 
microglia in retinal degeneration disease are poorly understood. This 
study was to explore the activation and phenotype of microglia in rd1 
mice, a widely used animal model of retinitis pigmentosa.
Methods: Rd1 (Pde6brd1/rd1) mice were used for study with wild-type 
C57BL/6 mice of the same ages as controls. Retinal degeneration 
condition were observed by the fundus imaging, ERG and OCT. 
Eyeballs and retina of rd1 mice at different postnatal days (P7, 
P14, P21, P28, P56 and P180) were collected and prepared for 
cryosections, whole mount, retinal cells and cell lysate. The microglia 
maker Iba-1, activation marker CD68 and CX3CR1, and phenotype 
markers CD86, CD206 and CD16/32, as well as pro-inflammatory 
cytokines were evaluated by immunofluorescent staining, flow 
cytometry, RT-qPCR, ELISA and Western blot analysis.
Results: The retinal degeneration was observed at early age of P7, 
developed progressively with thinner retina at P14 and P21, and lost 
most photoreceptors at P28 in rd1 mice when compared with C57 
mice. The expression of CD68 and CX3CR1 increased significantly 
with ages at P7, P14, P21 and P28 in rd1 retinae, indicating microglia 
activation at the acute stage. Morphologically, activated microglia 
was characterized by round shape with short dendrites in rd1 mice. 
The number of microglia increased significantly by ages with the 
peak levels at p14. Flow cytometry revealed that the percentage 
of CD86+CD206- microglia (M1 phenotype) increased markedly 
during P14 to P28 in rd1 retinae compared to C57 mice. The 
CD16/32+ (M1 marker) microglia was immune-localized mainly in 
ONL at P14 while in INL at P28, suggesting potential migration to 
the degeneration area. Furthermore, RT-qPCR revealed the higher 
expression of pro-inflammatory cytokines (TNF-a, IL-6 and CCL2) 
in rd1 mice than C57 mice.
Conclusions: Our findings uncover a novel mechanism that microglia 
is activated and polarized to M1 phenotype that is associated with 
stimulated pro-inflammatory cytokines during retinal degenerative 
process in rd1 mice. This study sheds lights on pathogenesis of retinal 
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regeneration disease, and may provide novel targets for therapeutic 
potential.
Commercial Relationships: Tian Zhou, None; Chang He, None; 
Zijing Huang, None; Xiaowei Sun, None; Xialin Liu, None
Support: National Natural Science Foundation of China (No. 
81630022)
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Fgf8a regulates Müller glia proliferation in the uninjured and 
injured retina
Jin Wan, Daniel Goldman. Molecular & Behavioral Neuroscience 
Institute, University of Michigan, Ann Arbor, MI.
Purpose: The teleost retina grows throughout life and exhibits a 
robust regenerative response following injury. Critical to both these 
events are Müller glia (MG) that divide and generate progenitors for 
retina growth and repair. Here, we report that Fgf8a is a MG niche 
factor that regulates both spontaneous and injury-dependent MG 
proliferation.
Methods: Eye lesions were performed by needle poke. Dividing 
cells were labeled with BrdU. RT-PCR was combined with in situ 
hybridization to identify the expression of fgf8a RNA following 
injury. hsp70:fgf8a transgenic fish were used to conditionally express 
Fgf8a with heat shock. Tp1:mCherry fish were used to report Notch 
signaling.
Results: In the uninjured retina, fgf8a RNA is expressed in cells 
residing in the inner nuclear layer. Following retinal injury, fgf8a is 
rapidly suppressed in a pan-retina fashion and returns by 2 days post 
injury (dpi). Heat shock of hsp70:fgf8a transgenic fish showed Fgf8a 
inhibits injury-dependent MG proliferation of older fish retinas, 
while stimulating MG proliferation in younger fish retinas. Using 
Tp1:mCherry fish, we found that Fgf8a mediates its effects on MG 
proliferation by controlling Notch signaling. These transgenic fish 
revealed Notch signaling is active in quiescent MG and inhibited 
in proliferating MG. Remarkably, the effects of Fgf8a on Notch 
signaling switches as MG age from 2-4 month.
Conclusions: Our studies identify a remarkable plasticity in Fgf8a 
signaling that may underlie spontaneous and injury-dependent 
MG proliferation in the uninjured and injured retina. Furthermore, 
we uncovered a switch in Fgf8a signaling as MG age, which may 
contribute to age-related differences in spontaneous MG proliferation 
and help define proliferative and quiescent MG niches.
Commercial Relationships: Jin Wan, None; Daniel Goldman, 
None
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Isquemic Neovascular Retinopathies: Autophagy flux 
deregulation in Glial Müller cells under oxygen deprivation 
conditions
Paula V. Subirada Caldarone, Maria C. Paz, Magali E. Ridano, 
Pablo F. Barcelona, Gustavo A. Chiabrando, Maria C. Sanchez. 
Clinical Biochemistry Department (CIBICI-CONICET), Chemistry 
Science Faculty, Córdoba National University, Córdoba Capital, 
Argentina.
Purpose: It is known that in proliferative retinopathies hypoxia 
increases VEGF expression and other growth factors that 
have an important modulatory role in neovascularization and 
neurodegeneration development. In this pathological scenario, Müller 
glial cells (MGCs) participate in retinal homeostasis maintenance 
by eliminating protein aggregates, activating stress proteins and 
detoxifying mechanisms. The purpose of this study is to explore in 

two experimental models (in vivo and in vitro) whether autophagy 
flux in MGCs is modified under hypoxic conditions.
Methods: In vitro: MIO-M1, a human immortalized cell line of 
GMC, were pre incubated with chloroquine 10 uM and exposed 
to CoCl2 250 uM or incubated in a cell chamber with 0,1%O2 for 
24hs. Westen blot, qPCR and immunofluorescence analysis were 
performed(N=3). In vivo: Oxygen induced retinopathy (OIR) mice 
model. C57/BL6 mice exposed to 75% O2 from postnatal day (P) 
7 to 12, were brought to room air (RA) for additional five(P17) or 
nine days(P26). Age-matched mice maintained in RA were used as 
control (N=4). An intraperitoneal injection of leupeptin 40mg/kg was 
administrated before sacrifice to block autophagy flux. 1 or 2 way 
ANOVA was used for statistical analysis.
Results: Western blot and immunofluorescence analysis revealed 
increased levels of LC3B II and p62/SQTSM1(p=0,01) but reduced 
colocalization of LC3B and lysotracker. No significant changes in 
MAP-1(p=0,38), ATG5(p=0,69) nor BECLIN-1(p=0,94) transcrips 
were observed. Similar results were obtained when MIO-M1 were 
exposed to 0,1%O2. In addition, western blot of neural retinas 
showed significant changes in autophagy flux and glutamine 
syntethase, total caspase 3 and stress protein levels at p12, p17 and 
p26 in OIR mice respect to controls(p<0,05). By immunofluorescence 
staining a distinct pattern of LC3B was visualized at the inner 
limiting membrane in end feet of MGCs.
Conclusions: Altogether the findings indicate that hypoxia is able to 
modify the autophagy flux of MGCs during ischemic retinopathies.
Commercial Relationships: Paula V. Subirada Caldarone, None; 
Maria C. Paz, None; Magali E. Ridano, None; Pablo F. Barcelona, 
None; Gustavo A. Chiabrando, None; Maria C. Sanchez, None
Support: SECYT-UNC (PI: Cecilia Sanchez) 01/03/2016-01/03/2018 
; FONCyT-PICT 1314 (PI: Cecilia Sanchez) 01/03/2016-28/02/2019; 
CONICET
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Neuroretina-Specific Caveolin-1 Depletion Blunts Retinal 
Inflammation: Potential Role of Enhanced TRAF3 Production
Jami Gurley1, Daniel J. Carr1, 2, Stefanie M. Hauck3, 
Michael H. Elliott1. 1Ophthalmology, OU Health Sciences Center/
Dean McGee Eye Institute, Oklahoma City, OK; 2Microbiology 
& Immunology, OU Health Sciences Center, Oklahoma City, 
OK; 3Research Unit Protein Science, Helmholtz Center Munich, 
Neuherberg, Germany.
Purpose: Uncontrolled immune responses in the eye can lead to 
ocular tissue dysfunction and vision loss. Previously, we showed 
that global Caveolin-1 (Cav1) depletion in mice modulates retinal 
inflammation and immune cell recruitment in response to ocular 
lipopolysaccharide (LPS). This study evaluated the effects of local, 
neuroretinal Cav1 ablation on LPS-induced retinal inflammation. We 
also investigated potential mediators of inflammatory protection in 
animals with neuroretinal Cav1 depletion.
Methods: Neuroretina-specific Cav1 knockout (Chx10-KO) mice 
were generated by Chx10-driven Cre-mediated recombination. 
Cav1 deletion efficiency/specificity and TNF receptor-associated 
factor 3 (TRAF3) levels were assessed by immunohistochemistry, 
western blotting, and mass spectrometry. Association of TRAF3 
with detergent-resistant “raft” fractions from Chx10-KO and 
control retinas was evaluated by western blotting. Chx10-KO and 
littermate controls were challenged with intravitreal LPS (0.5 µg/
eye) or vehicle. Twenty-four hours post-challenge, retinal cytokine/
chemokine (Cxcl1/KC, Ccl2/MCP-1, IL-6) production and immune 
cell infiltration were measured by multiplex protein suspension 
array (n=4) and flow cytometry (n=7-9), respectively. Data were 
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represented as mean ± SEM and analyzed by Student’s t-test or 2-way 
ANOVA.
Results: Chx-10 mediated recombination in retinal Müller glia and 
neuronal cells (but not in retinal pigmented epithelium or vasculature) 
resulted in >70% depletion of neuroretinal Cav1. Following LPS 
challenge, Chx10-KO animals had significantly decreased retinal 
inflammatory cytokine/chemokine (~30-80%; p<0.05) and infiltrating 
immune cell (~75-80%; p<0.01) levels compared to controls. 
TRAF3 protein levels were increased 2.7-fold in Ch10-KO retinas 
compared to controls (p < 0.001). TRAF3 co-fractionated with Cav1 
in detergent-resistant membrane fractions from control retinas but 

was predominantly detergent-soluble in Chx10-KOs indicating that 
TRAF3’s association with “rafts” depends on Cav1.
Conclusions: Our results suggest that neuroretinal Cav1 plays a 
key role in modulating local innate inflammatory responses in the 
retina and support a role for Cav1 in modulating TRAF3 protein 
levels. Our results are consistent with the novel hypothesis that Cav1 
inflammatory modulation is mediated through control of TRAF3 
levels.
Commercial Relationships: Jami Gurley, None; Daniel J. Carr, 
None; Stefanie M. Hauck, None; Michael H. Elliott, None
Support: NIH R01EY019494, NIH core grant EY021725, and an 
unrestricted grant from Research to Prevent Blindness, Inc.


