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106 Development of the Retina
Sunday, May 07, 2017 8:30 AM–10:15 AM
Exhibit/Poster Hall  Poster Session
Program #/Board # Range: 103–126/A0210–A0233
Organizing Section: Retinal Cell Biology

Program Number: 103 Poster Board Number: A0210
Presentation Time: 8:30 AM–10:15 AM
Oxytocin Receptor Ontogeny in the Mouse RPE
Nathaniel York2, 4, Allison Lutz2, De-Ann M. Pillers3, 4, 
Bikash R. Pattnaik1, 4. 1Pediatrics, Ophthalmology and Visual 
Sciences, University of Wisconsin, Madison, WI; 2Pediatrics, 
University of Wisconsin, Madison, WI; 3Pediatrics, Genetics, 
University of Wisconsin, Madison, WI; 4McPherson Eye Research 
Institute, Madison, WI.
Purpose: We have previously localized oxytocin receptor (OXTR) 
to the retinal pigment epithelium and oxytocin (OXT) to the cone 
photoreceptors, and have shown that RPE cells exposed to oxytocin 
activate OXTR signaling that may modulate the function of the RPE 
Kir7.1 channel. To further elucidate the role of OXTR signaling 
in the retina, and whether it is key during eye development or at 
maturity, we sought to determine the ontogeny of OXTR expression 
in the postnatal mouse RPE.
Methods: We considered the mouse eye at birth equivalent to 25 
weeks of human gestation and each day thereafter to represent a 
week of gestation based on published vascular development studies. 
C57BL6/J mice were used, with eyes obtained from newborn 
(p0), p5, p10 p15, p20 and adult mice (7 weeks). We adopted 
the simultaneous RPE isolation and RNA stabilization method 
previously described by Wang et al. to isolate mRNA from RPE 
cells. Superscript III first scribe transcription kit (Thermo-Fisher) 
was used to synthesize cDNA and PCR was performed using MyTaq 
Red Mix (Bioline) with primers designed for mouse OXTR and 
RPE-65 (control to verify RPE cell lineage). Following agarose 
gel electrophoresis relative expression in RPE was determined by 
comparing OXTR band intensity with RPE65 (I-OXTR/I-RPE65) 
using Image Studio Lite (Li-Cor Bioscience).
Results: mRNA we isolated from RPE cells showed OXTR 
expression in only 1 animal at p10 (n=4, 25%), 3 animals at p15 
(n=5, 60%) and all animals by p20 (n=5, 100%). No animal showed 
OXTR expression prior to p10. The average expression level was 
0.06 at p10, 0.23 ± 0.04 for p15, 0.48 ± 0.22 for p20 and 0.36 ± 0.18 
for the adult mice (average ± SEM). Despite a trend towards higher 
expression the difference was not significant, likely as a result of the 
large variation in the expression levels within each time point. We 
investigated whether gender was predictive of expression level in 
adult mice but found no correlation as both genders demonstrated 
variable expression.
Conclusions: OXTR expression appears at a developmental stage 
in some mice that is comparable to late gestation in the human fetus, 
with all mice expressing OXTR when the eye reaches developmental 
maturity. Combined with our previous observation of oxytocinergic 
inhibition of the RPE Kir7.1 channel and localization of OXT in the 
cone photoreceptors, we suggest that retinal OXT-OXTR signaling 
plays a role in communication between photoreceptors and RPE 
starting as early as p10 in mice.
Commercial Relationships: Nathaniel York, None; Allison Lutz, 
None; De-Ann M. Pillers, None; Bikash R. Pattnaik, None
Support: NIH EY024995, UnityPoint Health Meriter Foundation
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Yki (YAP-TAZ) promotes non-neural PE fate and is regulated by 
the PP2A phosphatase
Scott J. Neal, Qingxiang Zhou, Dana F. DeSantis, Francesca Pignoni. 
Ophthalmology, SUNY Upstate Medical University, Syracuse, NY.
Purpose: In the developing Drosophila eye (eye disc), the peripodial 
epithelium (PE) is developmentally analogous to the Retinal 
Pigmented Epithelium (RPE) of the vertebrate optic vesicle. In both, 
the Yorkie/Yki (YAP and TAZ in vertebrates) transcriptional cofactor 
promotes the non-neural fate, PE or RPE. Here we investigate the 
molecular mechanism(s) by which Yki controls this fate choice.
Methods: RNAi and a novel conditional loss-of function (cLOF) 
approach were used to impair gene function. Mutants: ykiB5, Ckas1883, 
and Cka05836; RNAi transgenes: UAS-ykiRNAi, UAS-hpoRNAi,  
UAS-CkaRNAi; UAS-StripRNAi; UAS-twsRNAi; UAS-PP2A-B’RNAi;  
UAS-wdbRNAi; overexpression transgenes: UAS-Hpo, UAS-DIAP1,  
UAS-CycE. cLOF was induced via ey-FLP, whereas UAS 
expression was driven by the eye-disc specific constitutive ey-FLP 
act>interruption cassette>GAL4 driver. Tissue was assessed by IHC 
and confocal microscopy for retinal, neuronal, PE markers and DAPI; 
incompletely penetrant phenotypes where statistically analyzed.
Results: We investigated the roles of factors that execute or regulate 
Yki function. As Yki is known to promote cell proliferation and 
survival in Metazoa, we probed whether these functions of Yki 
are concomitant or distinct from its role in cell fate. We found that 
exogenous expression of the cell death inhibitor DIAP1 and the cell 
cycle regulator CycE (known targets of Yki) rescued cell survival 
and proliferation in yki LOF eye discs. Neither alone, nor the two 
together, rescued PE fate, thus showing this to be a distinct function 
of Yki, through other effectors. We also identified the STRIPAK-
PP2A phosphatase complex as a Yki-dependent promoter of PE 
fate. LOF of STRIPAK-PP2A components induced a PE-to-Retina 
transformation that is suppressed by Hpo LOF. Since Hpo is a 
negative regulator of Yki that induces a PE-to-Retina transformation 
when overexpressed, STRIPAK-PP2A likely promotes Yki activity 
and PE fate through the negative regulation of the Hpo kinase.
Conclusions: In the Drosophila eye disc, as in the vertebrate optic 
vesicle, the binary choice between the neural retina and its support 
tissue is dependent on Yki. Yki function in PE fate is independent 
of its role in proliferation and cell survival. In addition, STRIPAK-
PP2A is a positive regulator of Yki function, upstream of Hpo. Given 
the conservation of Yki and YAP-TAZ functions in the eye, these 
mechanisms are likely also at work in the RPE.
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Commercial Relationships: Scott J. Neal, None; Qingxiang Zhou, 
None; Dana F. DeSantis, None; Francesca Pignoni, None
Support: RPB, unrestricted grant to Department of Ophthalmology, 
Upstate Medical University (SUNY)
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Transcription factors of the RPE play a role in choroid 
vascularization
Yamit Cohen1, Hadar Cohen2, Ran Elkon1, Pablo Blinder3, 
Maria Idelson4, Benjamin Reubinoff4, shalev Itzkovitz5, Ruth Ashery-
Padan1. 1Molecular genetics and biochemistry, Tel Aviv University, 
Tel Aviv, Israel; 2Particle physics, Tel Aviv University, Tel Aviv, 
Israel; 3Neurobiology, Tel Aviv University, Tel Aviv, Israel; 
4Gynecology, Hadassah medical center, Jerusalem, Israel; 5Molecular 
cell biology, Weizmann Institute of Science, Rehovot, Israel.
Purpose: Haploinsufficiency of Pax6 leads to a pan-ocular syndrome 
termed aniridia. Neovascularization of the cornea and choroid has 
been reported in patients with aniridia, yet Pax6 involvement in 
this pathogenesis remained elusive. Somatic mutagenesis of Pax6 
in the specified retinal pigmented epithelium (RPE) resulted in a 
phenotype of aniridia and further transcriptomic analysis revealed 
an up-regulation in Sox9, a factor related to late stages of RPE 
differentiation. Both Pax6 and Sox9 are key transcription factors (TF) 
in organogenesis, however their regulatory interaction and influence 
on angiogenesis are yet to be determined.
Methods: To this purpose, conditional mutations are induced in 
mice and quantitative expression levels are measured in situ using 
the novel method of single molecule FISH (smFISH). The choroidal 
phenotype is analyzed using a tool we developed which uses a BDT 
machine learning algorithm and automatically classifies between 
arteries and veins and the choriocapillaries following cardiac 
perfusions of the mice with Albumin conjugated to FITC.
Results: Pax6 and Sox9 expression patterns were determined in 
course of RPE differentiation in wild type mice and mice with 
Pax6 specific ablation from the RPE. Dose-dependent relations 
were further demonstrated using smFISH and supported the notion 

of regulatory relations. Moreover, visualization of the choroid 
vasculature and automatic analysis of choroidal different layers 
revealed pathologic choroidal vascularization following Pax6 somatic 
mutagenesis and was also represented by changes in transcription 
levels of angiogenesis markers.
Conclusions: This is the first time a specific TF is shown to play 
a role in the common pathology of choroidal neovascularization. 
Moreover, this Study demonstrates regulatory relations between 
two master regulators of the RPE. This regulation dictates tissue 
maturation and thus may contribute to the highly studied field of 
developing differentiation protocols from stem cells to RPE cells for 
transplantations.
Commercial Relationships: Yamit Cohen, None; Hadar Cohen, 
None; Ran Elkon, None; Pablo Blinder, None; Maria Idelson, 
None; Benjamin Reubinoff, None; shalev Itzkovitz, None; 
Ruth Ashery-Padan, None
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Contribution of multiple MITF gene family members to RPE 
development in zebrafish
James Lister, Samantha A. Spencer. Human and Molecular Genetics, 
Virginia Commonwealth University, Richmond, VA.
Purpose: The microphthalmia-associated transcription factor 
(MITF) is required for development of the retinal pigment epithelium 
(RPE) of the eye in mammals and birds. However, null mutations 
in the zebrafish MITF ortholog mitfa display normal development 
of the RPE. Zebrafish possess a second MITF ortholog, mitfb, but 
mitfa;mitfb double mutants also undergo normal RPE development. 
The purpose of this study was to determine if a third member of 
the zebrafish MITF/MiT family, tfec, expressed strongly in the 
presumptive RPE, may function in its development, alone or in 
conjunction with mitfa and mitfb.
Methods: Wild-type zebrafish embryos, and embryos bearing 
mutations in mitfa and/or mitfb, were injected with antisense 
morpholino oligonucleotides targeting the tfec gene to induce a 
transient knockdown of Tfec protein, and observed through early 
development (up to 5 days post-fertilization.) Wild-type embryos 
were also injected with mRNA encoding Cas9 endonuclease along 
with a CRISPR guide RNA targeting tfec. CRISPR/Cas9-injected 
embryos were raised to adulthood and screened for germline 
transmission of mutation of the locus, followed by outcrossing of 
prospective founders and sequencing of lesions. Stable tfec CRISPR 
lines were established and bred to mitfa and mitfb mutants to generate 
double and triple mutants. Morphogenesis of the eye of mutant 
embryos was analyzed by microscopy and expression of marker 
genes was examined by whole-mount in situ hybridization and 
immunocytochemistry.
Results: Single tfec morphants/mutants display delayed melanization 
of the RPE, with tfec mutants showing a more dramatic effect. In 
comparison to tfec single mutants, tfec;mitfa double mutants have 
more severe defects in pigmentation and in ocular morphogenesis, 
with variable colobomata not observed in the tfec single mutants. 
Finally, eye development appears to be most severely compromised 
in mitfa;mitfb triple mutants. Expression of a subset of RPE markers 
show alterations as a result of manipulations of MiT gene activity.
Conclusions: Knockdown of tfec with antisense morpholino 
oligonucleotides, or by a CRISPR/Cas9 approach, indicates that tfec 
is vital for the development of the RPE. Together our data indicate 
that these three MiT factors make overlapping but differential 
contributions to RPE and eye development, with tfec surprisingly 
being the most important of the three, followed by mitfa, and mitfb 
having the least significance.
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Commercial Relationships: James Lister, None; 
Samantha A. Spencer, None
Support: NIH Grant 2R01NS045883 (co-investigator)
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Conserved Pathways Govern Formation of the Non-Neural 
Ocular Epithelium: RPE Determinants Specify PE fate in the eye 
disc of Drosophila.
Francesca Pignoni, Qingxiang Zhou, Dana F. DeSantis, 
Scott J. Neal. Ophthalmology, SUNY Upstate Medical University, 
Syracuse, NY.
Purpose: The peripodial epithelium (PE) of the Drosophila eye disc 
is developmentally analogous to the retinal pigmented epithelium 
(RPE) of the optic vesicle (Fig.A-B). In vertebrates, five genes  
(Mitf, β-Catenin, Tead, Yap and Taz) prevent transdifferentiation of 
RPE into retina. We show that the fly homologues Mitf, arm, sd and 
yki also function to prevent transdifferentiation of PE into retina. Our 
studies investigate how these and other factors promote PE fate and 
suppress Retina fate.
Methods: Loss and gain-of function genotypes (alone or in 
combination) were generated to assess the effect of gene inactivation 
and/or hyperactivation in vivo. Changes in fate within the eye disc 
were assessed by IHC and confocal microscopy with statistical 
analysis of incompletely penetrant phenotypes.
Results: We have identified the fly homologue of the 
Microphthalmia-associated Transcription Factor, Mitf, as a promoter 
of PE fate and a suppressor of Retina fate. Loss of Mitf results in 
the transdifferentiation of the PE into a second mirror image Retina 
(Fig.C), and conversely, overexpression in developing retinal cells 
leads to loss of retinal markers. Furthermore, Mitf shares this role 
with two signaling pathways, WNT and Hippo-Yki. Loss of  
β-catenin, yki or other pathway components results in PE-to-Retina 
transdifferentiation, and conversely, loss of retinal markers occurs 
when they are hyperactivated in developing retinal cells. Further, 
the Mitf-, β-catenin- and Yki-induced gain-of-function phenotypes 
are modified by loss of STRIPAK-PP2A phosphatase, which 
independently leads to PE-to-Retina transformation. This suggests 
a role for STRIPAK-PP2A as a common regulator of PE fate. We 
present here a first outline of the PE Determination Gene Network.
Conclusions: One of the earliest fate-specification events in the 
eye epithelium of Drosophila and vertebrates is the binary choice 
between neural retina and a non-neural support tissue. Strikingly, 
homologous factors play parallel roles in the RPE of the optic vesicle 
and the PE of the eye disc, suggesting an evolutionary conservation 
of gene networks for RPE/PE fate determination.

Neural vs non-neural fate in Drosophila and vertebrate eye epithelia. 
(A-B) Diagrams of developing eye disc (A) and optic cup (B). In 
both, the RPE/PE supports normal retina formation, and loss of gene 
function results in PE-to-RET transformation (C).
Commercial Relationships: Francesca Pignoni; Qingxiang Zhou, 
None; Dana F. DeSantis, None; Scott J. Neal, None
Support: RPB, unrestricted grant to Department of Ophthalmology, 
Upstate Medical University (SUNY)
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Severe retinal dysplasia and detachment in mice lacking Maturin
Michael Zuber, Galina Bachay, Reyna Martinez-De Luna, 
William J. Brunken, Andrea S. Viczian. Ophthalmology, SUNY 
Upstate Medical University, Syracuse, NY.
Purpose: We originally identified Maturin in a screen for genes 
required for normal eye formation. Knockdown of Maturin in 
the Xenopus laevis neural plate blocks cell cycle exit, while 
overexpression drives neurogenesis. Maturin has been highly 
conserved through evolution and is expressed in the developing X. 
laevis and mouse eye. The purpose of this study was to determine 
if Maturin loss alters retinal neurogenesis during mammalian eye 
formation.
Methods: The effect of Maturin loss on retinal histogenesis was 
determined by comparing the postnatal retinal development of 
wild-type animals and Maturin null mice using histology and 
immunohistochemistry.
Results: The postnatal consequence of Maturin loss was retinal 
dysplasia. In mild cases, dysplasia manifest as a localized thickening 
of the retinal layers. In severe cases, dysplasia resulted in buckling of 
the retina to form multiple folds sometimes extending through half of 
a retinal section, and resulted in detachment from the RPE. Finger-
like projections were also observed, which formed retinal tubes that 
extended into the vitreous, then folded back onto the retina proper. 
Immunohistochemistry to detect photoreceptors, inner nuclear and 
retinal ganglion cells indicates retinal cell types differentiated and are 
positioned in the expected retinal layers - even in areas where retinal 
dysplasia is severe. Calretinin is expressed in the soma and processes 
of amacrine and retinal ganglion cells, which synapse on bipolar 
cells in the inner plexiform layer. In controls, calretinin-positive 
projections form three distinct synaptic layers in the inner plexiform 
layer. Although calretinin-positive processes were present, synaptic 
layers were disrupted in dysplastic regions of retinas lacking Maturin. 
Dysplasia was detected in animals as young as P22 and as old as 13 
months.
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Conclusions: Maturin is required for normal retinal neurogenesis 
during mouse eye development. In X. laevis, Maturin is required 
for normal cell cycle exit and neural differentiation. Therefore, our 
working hypothesis is that the dysplasia observed in mice lacking 
Maturin is due to excessive proliferation of retinal progenitor cells 
during retinal histogenesis. Experiments to determine the mechanism 
and if the additional cells are generated pre- and/or post-natal are in 
progress.
Commercial Relationships: Michael Zuber, None; Galina Bachay, 
None; Reyna Martinez-De Luna, None; William J. Brunken, 
None; Andrea S. Viczian, None
Support: NIH Grants EY015748 (MEZ), EY019517 (ASV), 
EY012676 (WJB), Research to Prevent Blindness (WJB), Hendricks 
Bridge Grant Award (MEZ), and the Lions Club of Central New York
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Immature photoreceptor layer and inner retinal layers in full 
term neonates identified with optical coherence tomography
David Xu1, Daniel Su1, Madeline Del Signore2, Sherwin Isenberg1, 2, 
David Sarraf1. 1Stein Eye Institute, Los Angeles, CA; 2Los Angeles 
Biomedical Research Institute, Torrance, CA.
Purpose: The purpose of this study was to determine the 
morphologic structure of the human fovea in healthy, full term 
neonates using spectral-domain optical coherence tomography  
(SD-OCT).
Methods: A total of 19 full term newborns were enrolled in this 
prospective observational study. Patients were excluded if they were 
premature or had a complicated antenatal or perinatal course. Healthy 
newborns 1 to 3 days of age underwent macular and optic nerve 
imaging using a tabletop SD-OCT system (Heidelberg Spectralis, 
Franklin, MA). Twenty-four eyes of 14 patients yielded SD-OCT 
cross sectional B scans of the fovea of adequate quality and were 
included in the final analysis. Scans were assessed for presence of the 
central ellipsoid zone (EZ) band, external limiting membrane (ELM) 
and inner retinal layers (IRL), and any evidence of cystoid macular 
edema (CME). The central macular thickness (CMT) and width of the 
foveal depression (WFD) were measured.
Results: Median gestational age was 39 weeks (range 38 to 41 
weeks). The central EZ band was not identified in 17 of 24 eyes 
(71%) while the central ELM band was absent in 21 eyes (88%). 
In eyes without a central EZ band, this band could be identified 
in the parafoveal macula with gradual thinning and disappearance 
approaching the central fovea. The presence of inner retinal layers 
was identified in 19 eyes (79%). CME was present in 3 eyes (13%). 
The mean CMT was 97 ± 20 microns and the mean width of the 
foveal depression was 2.08 ± 0.37 mm.
Conclusions: Spectral domain OCT studies of the central macula 
in healthy, full-term newborn eyes are lacking. OCT analysis of 
the fovea at birth demonstrated findings of immaturity including 
incomplete development of the photoreceptor inner and outer 
segments while the inner retinal layers were well developed in the 
majority of cases. We demonstrate the feasibility of imaging neonates 
with a tabletop SD-OCT system.
Commercial Relationships: David Xu, None; Daniel Su, 
None; Madeline Del Signore, None; Sherwin Isenberg, None; 
David Sarraf, Novartis (C), Genentech (C), Regeneron (F), Bayer 
(C), Optovue (C), Heidelberg (F), Allergan (F)
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The effect of rhythmic activity on neurite outgrowth of 
developing retinal explants in rd1 mice
Chuan-Chin Chiao1, 2, Meng-Jung Lee2, Pin-Yuan Chen1. 1Dept of 
Life Science, National Tsing Hua University, Hsinchu, Taiwan; 
2Institute of Systems Neuroscience, National Tsing Hua University, 
Hsinchu, Taiwan.
Purpose: In normal retinal development, the retinal waves stop 
at around the time of eye opening. However, the rd1 mice which 
have rapid onset of photoreceptor degeneration and are effectively 
blind by 3 weeks of age show rhythmic activity in RGCs and this 
hyperactivity is sustained well into adulthood. If the increased 
spontaneous activity is important in driving axon growth of RGCs 
in the developing retina, then these rd1 mice may extend their axon 
growth capacity long after the cessation of retinal waves. The present 
study was aimed to examine the effect of rhythmic activity on neurite 
outgrowth of developing retinal explants in rd1 mice.
Methods: Retinal explants from P11, P15, and P22 mice were 
cultured with BDNF on the membrane inserts for 5 days to study the 
capacity of RGC neurite outgrowth. To quantify the extent of neurite 
outgrowth which was labeled by beta III tubulin (TUJ1) staining, 
images of the retinal explants from the confocal microscope were 
analyzed. The extent of neurite outgrowth was then characterized by 
dividing the total neurite area by the circumference of the explant.
Results: While the extent of neurite outgrowth from retinal 
explants of P11 rd1 mice was not significantly different from that 
of the control, the axon growth capacity of RGCs was significantly 
enhanced in P15 and P22 rd1 mice when compared with the wildtype 
control, though the neurite outgrowth in P22 rd1 mice was still much 
less than that in P15 rd1 mice.
Conclusions: The rhythmic activity of RGCs observed in rd1 mice 
is advantageous in promoting neurite outgrowth of retinal explants. 
Thus, enhancing the endogenously occurred neural activity may 
extend the axon growth capacity of RGCs into adulthood. This 
finding could lead to a therapeutic strategy that is able to prevent 
the gradual loss of the axon growth ability of RGCs in more mature 
retinas.
Commercial Relationships: Chuan-Chin Chiao, None; Meng-
Jung Lee, None; Pin-Yuan Chen, None
Support: The Ministry of Science and Technology of Taiwan  
MOST-105-2311-B-007-010
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Elucidating the roles of homeodomain transcription factors Six3 
and Six6 in retinal differentiation
Raven Diacou1, Xue Li3, Ales Cvekl1, Guillermo Oliver2, Wei Liu1. 
1Opthalmology and Visual Sciences, Albert Einstein College of 
Medicine, Bronx, NY; 2Center for Vascular and Developmental 
Biology, Northwestern University Feinberg School of Medicine, 
Chicago, IL; 3Surgery, Harvard Medical School, Boston, MA.
Purpose: Homeodomain transcription factors Six3 and Six6 (also 
known as Optx2) are largely co-expressed and play key roles 
in retinal development. Previously, we generated Six3 and Six6 
compound mutant retinae in which Six3 was conditionally deleted 
in retinae using Pax6 alpha-Cre or CAGG-CREER at the time when 
retinal progenitors were just specified. The compound mutant retinae 
displayed novel retinal phenotypes that were not observed in any of 
the single mutant retinae. In this study, we aim to elucidate the roles 
of Six3 and Six6 in retinal differentiation at molecular levels.
Methods: 1) To evaluate candidate targets of Six3 and Six6 through 
genetic rescue of the retinal phenotypes in mice; 2) To identify 
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genome-wide targets of Six3 and Six6 in retinal differentiation 
through transcriptional profiling of the compound mutant 
retinae, single mutant retinae, and control retinae using RNA-seq 
experiments.
Results: This is an ongoing project. Previously, we demonstrated 
that cell fate determination and laminar structure were disrupted in 
Six3 and Six6 compound mutant retinae. Importantly, the expression 
of Sox2 and Math5 was significantly down-regulated. Meanwhile, 
Wnt/b-catenin signaling was up-regulated. Here, our preliminary 
results show that forced Sox2 expression or reduction of Wnt/b-
catenin signaling in compound mutant retinae partially rescues the 
retinal phenotypes. We found that Math5 expression was restored in 
the compound mutant retinae either by forced Sox2 expression or 
by reduction of Wnt/b-catenin signaling (n=3). Ongoing RNA-seq 
experiments will identify genome-wide targets of Six3 and Six6 in 
retinal differentiation.
Conclusions: Homeodomain transcription factors Six3 and Six6 play 
essential roles in retinal differentiation partially through maintaining 
Sox2 expression and suppressing Wnt/b-catenin signaling.
Commercial Relationships: Raven Diacou, None; Xue Li, None; 
Ales Cvekl, None; Guillermo Oliver, None; Wei Liu, None
Support: NH Grant EY022645, EY012200, EY012162, RPB 
unrestricted grant
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Laminin β2 Chain Regulates Retinal Progenitor Cell Behavior 
Via Dystroglycan
Dmitri Serjanov1, 2, Galina Bachay1, 2, Dale D. Hunter1, 2, 
William J. Brunken1, 2. 1Upstate Medical University, Syracuse, NY; 
2SUNY Eye Institute, Syracuse, NY.
Purpose: Laminin, a heterotrimeric molecule, is an indispensable 
organizational component of the extracellular matrix; mutations 
in laminin genes lead to defective CNS and ocular development 
in mice and humans. This study investigates the role of laminin 
β2 chain in regulation of the retinal progenitor cell (RPC) polarity 
and subsequent proliferation and cell fate adoption. The role of the 
laminin receptor dystroglycan (DG) was also investigated.
Methods: WT and laminin β2-/- retinas were used. IHC was 
performed using centrosomal and mitotic markers along with DG 
and integrin β1 (intβ1). RPC mitotic spindles were visualized via 
3D-reconstruction of the dividing RPCs and spindle angles were 
calculated for each nucleus. DG and integrin β1 expression patterns 
were assayed and quantified digitally. Organotypic cultures were 
prepared from P0 retinas. Addition of recombinant b2-containing 
laminin to the retinal surface was used to rescue Lamb2 deletion ex 
vivo. Reciprocally, addition of DG function-blocking antibodies was 
used to block DG-mediated signaling in WT cultures.
Results: Laminin β2 chain deletion results in decreased proliferation 
and premature RPC pool depletion by P5 (down by 70%; p≤0.01), 
resulting in underproduction of bipolar cells (down by 38%; p≤0.002) 
and Müller glia (down by 39%; p≤0.003). This is accompanied by a 
significant shift of the RPC mitotic spindle pole orientation towards 
asymmetric (neurogenic) cell divisions at P0 and P3 (p≤0.01). 
Additionally, down-regulation of DG and intβ1 at the retinal vitreal 
surface was observed. Addition of exogenous β2-containing laminin 
trimers to the retinal surface ex vivo restored the normal receptor 
distribution, spindle orientation, and increased RPC proliferation. 
Addition of dystroglycan-blocking antibodies to WT organotypic 
cultures phenocopied laminin β2 deletion, resulting in decreased 
proliferation and asymmetric mitotic spindle orientation, while intβ1-
blocking antibodies had no effect.

Conclusions: These data demonstrate that b2-containing laminins 
at the ILM regulate critical developmental patterning by regulating 
matrix receptor expression and RPC behavior such as cytokinesis 
dynamics and proliferation. DG in particular appears to play an 
important role in laminin β2-mediated ECM-to-RPC signaling. 
To our knowledge, this is the first report of dystroglycan signaling 
affecting mitotic spindle orientation.
Commercial Relationships: Dmitri Serjanov, None; 
Galina Bachay, None; Dale D. Hunter, None; William J. Brunken, 
None
Support: NEI R01 EY12676 (WJB)
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Characterization of zebrafish her9 regulation and function in 
retinal development
Ann C. Morris1, Cagney E. Coomer1, Stephen G. Wilson1, 2. 1Biology, 
University of Kentucky, Lexington, KY; 2Biology, University of 
Missouri, Columbia, MO.
Purpose: Her9 is a bHLH-O transcriptional repressor and is the 
zebrafish homolog of mammalian Hes1. Previously, we found that 
Her9 expression is upregulated in a background of chronic rod 
photoreceptor specific degeneration and regeneration in the adult 
zebrafish retina. In this study, we investigated the function of Her9 in 
retinal development, identified signaling pathways upstream of her9 
expression, and characterized the phenotypes of her9 homozygous 
mutants.
Methods: All animal procedures were performed in accordance 
with guidelines established by the ARVO Statement for the Use of 
Animals in Ophthalmic and Vision Research. The XOPS:mCFP and 
fli1:EGFP transgenic lines have been previously described. Wild 
type or fli1:EGFP embryos were treated with 1 µM retinoic acid 
(RA), 100 µM of the RA inhibitor DEAB, or 0.3% DMSO alone 
until 36 hpf and then processed for in situ hybridization (ISH), 
immunohistochemistry (IHC) or qPCR, which were all performed as 
previously described. Single strand guide RNA (sgRNA) targeting 
the her9 locus and Cas9 mRNA were microinjected into zebrafish 
embryos at the single-cell stage. High resolution melt curve (HRMA) 
and RFLP analyses were performed to screen for and genotype 
mutations in her9. Retinal cell type differentiation in wild type and 
her9 mutants was analyzed by IHC and using fluorescent reporter 
transgenic lines. Gene expression in control and mutant zebrafish 
embryos was analyzed by qPCR and by ISH. The visual background 
adaptation (VBA) assay was performed as previously described. VBA 
results were analyzed by chi-square analysis.
Results: We found that her9 expression in the developing retina was 
induced by RA, but not by Notch-Delta signaling. Expression of her9 
co-localized with retinal blood vessels, and overexpression of her9 
resulted in ectopic retinal vasculature. We recovered a her9 mutant 
allele that results in a frame-shift and premature termination codon 
upstream of the bHLH domain. Homozygous her9 mutants diplayed 
abnormal vasculature, reduced numbers of photoreceptors, a thin or 
absent retinal ciliary marginal zone, and a poor visual background 
adaption (VBA) response. Her9 homozygous mutants also failed to 
develop a swim bladder and did not survive past 10 dpf.
Conclusions: Taken together, our results demonstrate that Her9 
is regulated by RA signaling, is required for proper vasculature 
and retinal development, and loss of Her9 may result in visual 
impairment.
Commercial Relationships: Ann C. Morris, None; 
Cagney E. Coomer, None; Stephen G. Wilson, None
Support: NIH Grant EY021769
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Program Number: 114 Poster Board Number: A0221
Presentation Time: 8:30 AM–10:15 AM
Semaphorin 6A (Sema6A) elaborates direction-selective (DS) 
circuits by an unexpected mechanism
Rebecca James1, Matthew Brown1, Alex Kolodkin1, 2. 1Solomon H. 
Snyder Department of Neuroscience, The Johns Hopkins School of 
Medicine, Baltimore, MD; 2Howard Hughes Medical Institute, Chevy 
Chase, MD.
Purpose: DS circuitry enables object motion detection, a critical 
task for survival. Sema6A, a repulsive guidance cue, is required for 
DS circuit elaboration both locally in the retina and also in the brain, 
but how Sema6A guides local DS circuit refinement is unclear since 
it is expressed by both presynaptic starburst amacrine cells (SACs) 
and postsynaptic DS retinal ganglion cells (RGCs). As part of a 
comprehensive study of Sema6A function in DS circuit wiring, we 
tested the hypothesis that Sema6A in SACs enables retinal DS circuit 
development.
Methods: We made a mouse N-terminal HA-tagged Sema6A 
conditional allele (HA-Sema6AF). Expression of HA-Sema6A in the 
retina and brain of postnatal day 4 (P4), P10, and juvenile (~4 weeks) 
mice was studied. The source of HA-Sema6A in retinorecipient 
nuclei was probed by enucleation at P12 (tissue collection at P21). To 
ask if Sema6A in SACs drives SAC dendrite lamination and radial 
morphology, roles previously ascribed to Sema6A, recombination of 
HA-Sema6AF was performed using the SAC-specific ChatCre driver. 
Controls were heterozygous or Cre negative littermates. Conditional 
knockout (CKO) was also performed using panretinal Six3Cre and 
germline Sox2Cre drivers. SAC lamination was assayed by anti-
ChAT immunolabeling, and scored as the relative frequency (±SEM) 
of parallel ChAT+ S2/S4 bands in CKO tests compared to control. 
Statistical significance was calculated by one-way ANOVA and 
Tukey HSD test. SAC morphology in SAC-specific CKO retinas was 
assessed by intravitreal injection of dilute AAV2-LSL-eGFP.
Results: HA-Sema6A is broadly expressed in the retina and the 
brain. Many more RGCs express HA-Sema6A than expected, and 
HA-Sema6A+ RGCs project to major image-forming retinorecipient 
nuclei. Contrary to our hypothesis, Sema6A is not required in SACs 
for SAC lamination and morphology. However, SAC lamination 
is greatly impaired by germline (0.15±0.01, p=0.001) and retinal 
(0.24±0.02, p=0.001) CKO compared to control (0.99±0.01).
Conclusions: Our unexpected results suggest that RGCs interact 
with SACs during development to regulate the elaboration of SAC 
dendritic arbors. Further study of Sema6A function in SACs is 
required to define how SAC-derived Sema6A contributes to wiring 
DS circuitry. Preliminary studies suggest that Sema6A in SACs 
specifically regulates synaptogenesis by a novel mechanism.

Retinal expression of HA-Sema6A.

Conditional knockout of HA-Sema6AF.
Commercial Relationships: Rebecca James, None; 
Matthew Brown, None; Alex Kolodkin, None
Support: NEI Grant 5F32EY025114-02 to REJ
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Program Number: 115 Poster Board Number: A0222
Presentation Time: 8:30 AM–10:15 AM
Temporal and spatial inhibition of Mab21L2 as a model system 
for coloboma and anophhtalmia
Lena Gunhaga. Umeå Centre for Molecular Medicine, Umea, 
Sweden.
Purpose: During development Mab21L2 has been shown to 
be expressed in eye, midbrain, branchial arches and forelimb. 
Different missense mutations in Mab21L2 have been identified in 
unrelated families with various bilateral eye malformations, such as 
coloboma, microphthalmia and anophthalmia, and often associated 
with intellectual disability and skeletal dysplasia. Mouse Mab21L2 
knockout embryos exhibit rudimentary retina and aphakia due to 
improper invagination of the optic vesicle, and die around embryonic 
day (E) 13.5 because of disrupted heart formation. Since the temporal 
requirement of Mab21L2 cannot be studied in knockout mice, there 
is a need to develop other Mab21L2 eye disease model systems. This 
would allow for molecular studies concerning Mab21L2 downstream 
mechanisms.
Methods: To inhibit Mab21L2 activity, we have in ovo electroporated 
long double strand Mab21L2-RNA in the prospective optic region in 
chick embryos at early stages, and incubated the embryos to a range 
of stages. The morphology of the viable embryos has been analyzed 
in relation to molecular markers using in situ hybridization and 
immunohistochemistry.
Results: Our preliminary results show that inhibition of Mab21L2 
around neural fold stages (stage 8-9) results in anophthalmia (Fig).  
In contrast, inhibition of Mab21L2 at early optic cup stages  
(stage 10-11) results in coloboma (referred as coloboma eyes) 
(Fig). 24 hours after inhibition of Mab21L2, coloboma eyes exhibit 
a decrease in cell proliferation, whereas cell death appears to be 
unaffected. Moreover, the basal accumulation of F-actin, important 
for cytoskeletal rearrangement, is disrupted. 48 hours after inhibition 
of Mab21L2, our preliminary data indicate a decrease in Pax6+ 
proliferative retinal cells. Together this might explain the improper 
invagination of the optic vesicle observed in Mab21L2-/- mice. 
In E6 coloboma eyes, our preliminary data suggest a delay or 
disruption of the differentiation of retinal ganglion cells. In relation 
to this, the development of the optic nerve head is disrupted, and 
the neurofilament marker NFM was severely reduced or completely 
absent in this region.
Conclusions: We have developed a chick model system to analyze 
downstream effects of Mab21L2 inhibition in a temporal manner, and 
conclude that early inhibition of Mab21L2 leads to anophthalmia, and 
slightly later blockage generate coloboma formation.

Mab21L2 inhibition by dsRNA electroporation
Commercial Relationships: Lena Gunhaga, None
Support: KMA Foundation, Swedish Eye Foundation

Program Number: 116 Poster Board Number: A0223
Presentation Time: 8:30 AM–10:15 AM
Loss of Macf1 abolishes ciliogenesis and disrupts apicobasal 
polarity establishment in the retina
Helen May-Simera1, Jessica Gumerson2, Chun Gao2, 
Maria M. Campos2, Tiansen Li2. 1Johannes Gutenberg University, 
Mainz, Germany; 2National Eye Institute, Bethesda, MD.
Purpose: Microtubule actin crosslinking factor 1 (Macf1) plays a role 
in coordinated actions of actin and microtubules in multiple cellular 
processes. It is widely known for its coordination of microtubules 
and actin at focal adhesions. A previous study identified Macf1 as an 
interacting partner with ciliary protein Mkks (Bbs6). We therefore 
sought to examine whether Macf1 is required for cilia function, 
particularly in the ciliated photoreceptor cells of the retina.
Methods: We ablated Macf1 in select tissues and show that 
Macf1 is essential for cilia biogenesis and maintenance. We used 
multiple conditional knockout strains to examine functional and 
developmental defects in brain, cochlear, and retinal tissues upon loss 
of Macf1. A Macf1 null cell line was also generated to study Macf1 
involvement in ciliogenesis and potential interactions with other 
ciliary proteins.
Results: We show that Macf1 is critical for ciliogenesis in multiple 
cell types. Ablation of Macf1 in the developing retina abolishes 
ciliogenesis, and basal bodies fail to dock to ciliary vesicles or 
migrate apically. Photoreceptor polarity is randomized while inner 
retinal cells laminate correctly, suggesting that photoreceptor 
maturation is guided by polarity cues provided by cilia. Deletion of 
Macf1 in adult photoreceptors causes reversal of basal body docking 
and loss of outer segments, reflecting a continuous requirement for 
Macf1 function. Macf1 also interacts with the ciliary proteins Mkks 
and Talpid3.
Conclusions: We found that MACF1 is required for apical basal 
body docking and ciliogenesis, and is thereby critical for maintenance 
of the photoreceptor sensory cilium. Thus primary cilia may provide 
positional cues for apicobasal polarization of photoreceptors. We 
also propose that a disruption of trafficking across microtubles to 
actin filaments underlies the ciliogenesis defect in cells lacking 
Macf1, and that Mkks and Talpid3 are involved in the coordination of 
microtubule and actin interactions.
Commercial Relationships: Helen May-Simera; 
Jessica Gumerson, None; Chun Gao, None; Maria M. Campos, 
None; Tiansen Li, None
Support: NEI Intramural

Program Number: 117 Poster Board Number: A0224
Presentation Time: 8:30 AM–10:15 AM
Title: Characterization of Capn5 expression and function in the 
zebrafish retina
Cagney Coomer, Ann C. Morris. Biology, University of Kentucky, 
Lexington, KY.
Purpose: Purpose: Autosomal dominant neovascular inflammatory 
vitreoretinopathy (ADNIV) is a devastating inherited autoimmune 
disease of the eye that displays features commonly seen in other eye 
diseases, such as retinitis pigmentosa and diabetic retinopathy. A 
gain of function mutation in Calpain-5 (capn5), a calcium dependent 
cysteine protease, has been implicated as the cause of ADNIV. Very 
little is known about the normal function of capn5 in the adult retina, 
and there are conflicting results regarding its role during embryonic 
development. In this study, we characterized the expression of 
capn5 in the developing and adult zebrafish retina as well as during 
photoreceptor degeneration and regeneration.
Methods: Methods: All animal procedures were performed in 
accordance with guidelines established by the ARVO Statement 
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for the Use of Animals in Ophthalmic and Vision Research. The 
XOPS:mCFP and TaC:GFP transgenic lines have been previously 
described. Zebrafish embryos were staged and collected at various 
time points encompassing retinal development. Expression of capn5 
was analyzed by rt-PCR, qPCR, whole mount in situ hybridization 
(WISH) and fluorescent in situ hybridization (FISH). Light damage 
procedures were performed as previously described.
Results: Results: We found that capn5 is expressed in the central 
nervous system (CNS) during embryonic development, and we 
observed expression in the outer nuclear layer (ONL) of the 
developing retina starting at 3 dpf. Expression of capn5 co-localized 
with expression of cone specific genes in the adult zebrafish  
retina. We observed an increase in expression of capn5 in the  
XOPs-mCFP transgenic zebrafish retina, which experiences chronic 
rod photoreceptor degeneration and regeneration, compared to wild 
type controls. Acute light damage to the zebrafish retina resulted in 
photoreceptor degeneration, which was accompanied by an increase 
in expression of capn5.
Conclusions: Conclusions: Our results demonstrate that capn5 
is expressed in the CNS and retina of the adult and developing 
zebrafish. This expression is possibly cone specific in the retina 
and is upregulated in response to rod photoreceptor degeneration. 
These studies suggest that Capn5 may play a role in photoreceptor 
development and maintenance.
Commercial Relationships: Cagney Coomer, None; 
Ann C. Morris, None
Support: NIH Grant EY021769, Lyman T. Johnson Fellowship

Program Number: 118 Poster Board Number: A0225
Presentation Time: 8:30 AM–10:15 AM
Identification and characterization of long noncoding RNAs in 
retinal progenitor cell competence
Brian S. Clark1, Thuzar Thien1, Cristina Zibetti1,  
Erik Aranda-Michel1, Fion Shiau1, Seth Blackshaw1, 2.  
1Department of Neuroscience, Johns Hopkins University, Baltimore, 
MD; 2Department of Ophthalmology, Johns Hopkins University, 
Baltimore, MD.
Purpose: Despite extensive profiling of retinal progenitor cells 
(RPCs), only a few RPC-expressed transcription factors have been 
identified that both directly regulate and whose expression patterns 
track with changes in cellular competence. Therefore, we hypothesize 
that dynamically expressed long noncoding RNAs (lncRNAs) are 
likely candidates to regulate the temporal specification of cell fates 
as they can regulate both transcription factor activity and chromatin 
conformation. We tested this hypothesis through the identification 
and characterization of lncRNAs during retinal development.
Methods: RNA-seq was performed on sorted RPC and post-mitotic 
cells from E14 and P2 Chx10:GFP mouse retinas. Differential 
expression analysis was performed and validated through in situ 
hybridization and qRT-PCR. The regulation of cell fate specification 
by candidate lncRNAs was tested through in vivo electroporation into 
P0 mouse retinas.
Results: We have identified >100 lncRNAs that are enriched in 
RPCs and display differential expression between early and late-
stage RPCs. We have validated the spatial and temporal expression 
patterns of >30 lncRNAs within the developing retina and have 
begun examining the consequence of altered lncRNA expression 
on cell fate specification. In particular, we have identified that the 
intergenic lncRNA Gm11454 is expressed in the neuroblast layer of 
the postnatal retina. Overexpression of Gm11454 results in decreased 
expression of the neighboring protein-coding gene, Tox2, and results 
in an increased production of photoreceptors at the expense of 
amacrine, bipolar and Müller glial cells. CRISPRi/dCas9-KRAB 

mediated knockdown of Tox2 expression phenocopies the observed 
changes in cell fate resulting from Gm11454 overexpression. 
Additional experiments are addressing the mechanisms by which 
Gm11454 functions to control cell fate decisions.
Conclusions: These experiments indicate that we can readily identify 
and characterize lncRNAs whose expression tracks with changes in 
RPC competence, and, therefore, are positioned to contribute to the 
temporal specification of retinal cell fates. Studies of the lncRNA 
Gm11454 suggest that Gm11454 regulates RPC cell fate specification 
by controlling Tox2 expression. Together, these results provide 
support for novel, RNA-mediated mechanisms that impact the 
instructive competence program governing retinal cell fate decisions.

Commercial Relationships: Brian S. Clark, None; Thuzar Thien, 
None; Cristina Zibetti, None; Erik Aranda-Michel, None; 
Fion Shiau, None; Seth Blackshaw, None
Support: NIH Grant F32EY024201
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Age-dependent post-translational modification of neuronal 
activity-regulated pentraxin (Narp) in the mouse retina
Ushananthini Shanmugalingam, Abigail E. Morris, Patrice D. Smith. 
Neuroscience, Carleton University, Ottawa, ON, Canada.
Purpose: Neuronal activity-regulated pentraxin (Narp) expression 
varies in the mouse eye; however, very little is known about the 
developmental regulation of Narp in the visual system. The goal 
of this study was to determine the expression pattern and post-
translational modification of Narp protein across retinal development.
Methods: Immunofluorescence was used to determine the time 
course of Narp protein expression in the retina. The localization of 
Narp in glia versus retinal ganglion cells (RGCs) was determined 
by double immunofluorescence with specific markers of RGCs 
or glial cell markers. Briefly, fresh enucleated embryonic 18 
(E18), postnatal 7, postnatal 14 and adult mouse eyes (n=4) were 
perfused and then fixed in 4% paraformaldehyde, and 14µm 
tissue sections were collected using a cryostat. Sections were 
immunostained with β-III-tubulin (βIIIT), RNA binding protein 
with multiple splicing (RBPMS), glial fibrillary acidic protein 
(GFAP) and Narp. The number of Narp-positive cells was quantified 
in the retina and co-labeled cells were analyzed. To examine post 
translational modification state of Narp, protein samples from the 
different developmental stages (n=4) were denatured and treated 
with N-glycosidase F (PNGase F), an enzyme which specifically 
deglycosylates N-glycoproteins. Previous work has shown that Narp 
can undergo N-glycosylation, however the developmental regulation 
of this modification is not known. SDS-PAGE was used to determine 
the expression levels of glycosylated Narp in protein samples isolated 
from the retina.
Results: Narp is predominantly co-localized with β-III- tubulin in the 
ganglion cell layer, suggesting an RGC-specific expression pattern 
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of Narp in the retina. Western blot analysis of E18 retina samples 
resulted in a unique band that was not present in adult retina samples. 
PNGase F treatment of protein samples resulted in a lower band that 
likely represents the deglycosylated Narp form. Interestingly, the 
prominent low molecular weight band was predominantly expressed 
in the adult samples.
Conclusions: Narp is predominantly expressed in RGCs and is 
developmentally regulated. Narp glycosylation (post-translational 
modification) is differentially regulated across development of the 
retina.
Commercial Relationships: Ushananthini Shanmugalingam, 
None; Abigail E. Morris, None; Patrice D. Smith, None
Support: NSERC Postgraduate Scholarships-Doctoral

Program Number: 120 Poster Board Number: A0227
Presentation Time: 8:30 AM–10:15 AM
Dopamine is an Opsin 5-dependent modulator of vascular 
development in the eye
Richard A. Lang1, Russell N. Van Gelder3, P. Michael Iuvone4, 
Shruti Vemaraju1, Ethan Buhr3, Sujata Rao2, Minh-Thanh Nguyen1. 
1Cincinnati Children’s Hospital Medical Center, Cincinnati, 
OH; 2Cole Eye Institute, Cleveland Clinic, Cleveland, OH; 
3Ophthalmology, University of Washington, Seattle, WA; 
4Departments of Ophthalmology and Pharmacology, Emory 
University School of Medicine, Atlanta, GA.
Purpose: The non-canonical opsin OPN5 (Neuropsin) is known 
to be expressed in multiple tissues and to mediate light-dependent 
signaling. We have recently shown that OPN5 is expressed in a subset 
of retinal ganglion cells and is required for photoentrainment of the 
local circadian clock. We analyzed Opn5 null mice to determine 
whether there were changes in vascular development of the eye.
Methods: To analyze the eye phenotype of Opn5 null mice, we 
quantified hyaloid vessel regression and retinal angiogenesis over 
the first eight postanal days. This required flat-mount preparations 
of hyaloid vessels and retina and labeling of the vascular strctures 
with fluorescently-tagged isolectin. We also labeled the retina 
with antibodies to tyrosine hyroxylase and performed detection of 
dopamine in retina and vitreous using a sensitive ELISA.
Results: Our analysis shows that Opn5 null mice show vascular 
development anomalies in the eye. These include a precocious 
regression of the hyaloid vessels and a mild overgrowth of the retinal 
vascular network. We also identified changes in the regulation of 
dopamine levels in the Opn5 null mouse. At day 5, Opn5 null mice 
show tyrosine hydoxylase expression anomalies and higher-than-
normal levels of dopamine in the vitreous. To test the possibility 
that dopamine might directly regulate vascular development, we 
performed a conditional deletion of the dopamine receptor Drd2 in 
vascular endothelial cells. This produced a persistent hyaloid vessel 
network.
Conclusions: These data identify dopamine as a light- and  
Opn5-dependent mediator required for normal vascular development 
of the eye. These findings may explain why use of dopamine to 
treat hypotension in premature infants is a risk factor for severe 
retinopathy of prematurity.
Commercial Relationships: Richard A. Lang, None; 
Russell N. Van Gelder, None; P. Michael Iuvone, None; 
Shruti Vemaraju, None; Ethan Buhr, None; Sujata Rao, None; 
Minh-Thanh Nguyen, None
Support: EY021636, EY021636, EY027077

Program Number: 121 Poster Board Number: A0228
Presentation Time: 8:30 AM–10:15 AM
Tbx3 expression in the eye field is induced by inhibition of the 
BMP and Activin/TGFβ signaling pathways
Andrea S. Viczian, Kimberly A. Wong, Michael Zuber. 
Ophthalmology, SUNY Upstate Medical Univ, Syracuse, NY.
Purpose: We previously reported that the T-box transcription factor, 
Tbx3, is required for normal retina formation. Tbx3 is required 
downstream of the BMP inhibitor Noggin, maintains eye field neural 
progenitors in a multipotent state, and with Pax6, drives neural 
progenitors to form retina. Understanding how Tbx3 expression is 
regulated during retinal determination will provide insight into the 
signaling system(s) that direct pluripotent cells to a retinal progenitor 
fate. In this study, we asked if the BMP and Activin/TGFβ signaling 
pathways could control tbx3 expression in the eye field.
Methods: Cycloheximide was used to block protein translation 
in pluripotent Xenopus laevis animal cap cells. Cap cells and 
embryos were also treated with chemical inhibitors that repress 
BMP (Dorsomorphin) and Activin (SB431542) signaling, or both 
(LDN193189). BMP and Activin/TGFβ signaling were assayed by 
western blot to detect changes in SMAD phosphorylation. Changes 
in the expression of tbx3 and other eye field markers were detected 
using RT-PCR and whole mount in situ hybridization.
Results: Blocking protein synthesis inhibited the phosphorylation 
of SMAD1,5,9 (BMP signaling) and induced tbx3 expression 
in pluripotent animal cap cells, suggesting a link between 
BMP signaling and tbx3 repression. Inhibition of either BMP 
(Dorsomorphin) or Activin/TGFβ (SB431542) signaling in the 
developing embryo, resulted in an expansion of the tbx3 expression 
domain and the eye field. LDN, which represses both signaling 
pathways, also expanded the eye field-specific tbx3 expression 
domain, but also repressed the more anterior cement gland-specific 
tbx3 expression domain.
Conclusions: Our results suggest that tbx3 transcription is repressed 
by BMP and Activin/TGFβ signaling. Noggin blocks BMP and 
Activin/TGFβ signaling and induces Pax6. Our working hypothesis 
is that during neural induction, Noggin represses BMP and Activin/
TGFβ signaling in the anterior neural plate, resulting in eye field 
expression of Tbx3, and with Pax6, Tbx3 drives neural progenitors 
to form retina. Future studies will determine whether downstream 
targets of these signaling pathways directly regulate tbx3 expression.
Commercial Relationships: Andrea S. Viczian, None; 
Kimberly A. Wong, None; Michael Zuber, None
Support: National Eye Institute of the National Institutes of Health 
under award numbers R01EY015748 (MEZ) and R01EY19517 
(ASV), Hendricks Bridge Grant, and the Lions Club of Central New 
York.
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β-catenin promotes non-neural cell fate in the developing 
Drosophila eye through canonical Wnt signaling
Dana F. DeSantis1, 2, Qingxiang Zhou2, Scott J. Neal2, 
Francesca Pignoni1, 2. 1Neuroscience and Physiology, SUNY Upstate 
Medical University, Syracuse, NY; 2Ophthalmology and Center for 
Vision Research, SUNY Upstate Medical University, Syracuse, NY.
Purpose: The the eye disc of Drosophila, the peripodial epithelium 
(PE) is a support tissue, that, like the RPE of the vertebrate optic 
vesicle, supports development of the neural retina. We have identified 
Armadillo (Arm), the fly homolog of β-catenin, as a key regulator of 
fate in the eye disc epithelium. Here, we explore the role of Arm in 
suppressing retina fate and promoting PE fate.
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Methods: The GAL4/UAS system was used to induce loss  
(UAS-RNAi) and gain (UAS-cDNA) of function in either the entire 
eye disc (ey-FLP, Act>IC>GAL4) or in the PE alone  
(odd-GAL4). Changes in fate within the eye disc were assessed 
by immunohistochemistry for retinal, neuronal, and PE markers, 
followed by confocal microscopy and statistical analysis for <100% 
penetrant phenotypes.
Results: We show that, in the eye disc, loss of Arm function results in 
the transformation of PE into neural retina (4 independent transgenic 
RNAi lines), and, conversely, overexpression of constitutively active 
ArmAct is sufficient to suppress retinal fate. We confirm that Arm 
function is required in the presumptive PE by inducing tissue-specific 
loss-of-function. In addition, we find that loss of canonical Wnt-
pathway components, including Wnt4 (4 RNAi lines), Hyx (3 RNAi 
lines), and Pygo (1 RNAi line), induces PE-to-retina transformation. 
Lastly, overexpression of the GSK3-β kinase homolog, Sgg, results 
in PE-to-retina transformation, whereas depletion of Sgg results in 
suppression of retinal fate. This is consistent with known regulation 
of β-catenin activity by phosphorylation.
Conclusions: In the Drosophila eye disc, as in the vertebrate optic 
vesicle, the binary choice between the neural retina and its support 
tissue is dependent on Arm/β-catenin. We show that this fate choice 
in the fly occurs via canonical Wnt signaling, which activates Arm in 
order to promote PE formation and suppress retinal fate.
Commercial Relationships: Dana F. DeSantis, None; 
Qingxiang Zhou, None; Scott J. Neal, None; Francesca Pignoni, 
None
Support: Research to Prevent Blindness, Unrestricted Grant to 
Department of Ophthalmology, SUNY Upstate Medical University
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Identification of an enhancer that regulates Otx2 expression 
during early retinal differentiation
Punita Bhansali, Ales Cvekl, Wei Liu. Ophthalmology, Albert Einstein 
College of Medicine, New York, NY.
Purpose: Photoreceptors are critical for proper functioning of the 
eye and their dysfunction is the cause of various retinal disorders. 
Transcription factor Otx2 is at the top of a gene regulatory network 
for photoreceptor differentiation. To dissect the regulatory elements 
that guide expression of Otx2, we focus our attention on a highly 
conserved enhancer upstream of this gene. We hypothesize that 
this enhancer directs proper expression of Otx2 during early retinal 
development and aim to dissect the core regulatory elements of this 
enhancer and identify regulators of this enhancer.
Methods: The enhancer sequence was identified using the VISTA 
Enhancer Browser. We generated and characterized a transgenic 
reporter mouse line to assess whether this enhancer, which we will 
refer to as ERDE (early retinal development enhancer), is active 
in Otx2-positive cells fated to become photoreceptors. Moreover, 
we generated two additional lines to assess which regions of 
the enhancer are critical for its regulation of Otx2. Thus, LacZ 
was expressed under the control of the full-length 2kb enhancer 
(2K-ERDE), or distinct fragments of the enhancer that exhibit 
evolutionary conservation across species (0.4kb region and 1.2kb 
region, referred to as 0.4K-ERDE and 1.2K-ERDE, respectively). To 
ascertain whether reporter expression can replicate Otx2 expression 
in retinal cells during early eye development, we used Xgal staining 
in wholemount embryos and sections through the retina, as well as 
immunohistochemistry in sections through the retina.
Results: These experiments have revealed that LacZ expression in all 
three reporter mouse lines can recapitulate early expression of Otx2 
in the retina during embryonic development. LacZ expression starts 

in the neuroretina at around E11.5-E12.5, and is co-localized with 
Otx2 expression at its early stages. These results suggest that ERDE 
is active in cells fated to become photoreceptors when Otx2 is first 
turned on. The peak of co-localization between Otx2 and LacZ in the 
neural retina in all three reporter lines occurs between E12.5-E14.5. 
Our data from 1.2K-ERDE and 0.4K-ERDE reporter lines suggest 
redundant mechanisms of these two fragments for regulation of Otx2.
Conclusions: We identified an enhancer that regulates Otx2 
expression in the retina during early photoreceptor specification and 
differentiation.
Commercial Relationships: Punita Bhansali; Ales Cvekl, None; 
Wei Liu, None
Support: NH Grant EY022645, EY012200, RPB unrestricted grant
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Differential Regulation of Tandemly-Duplicated Cone Opsins by 
Thyroid Signaling in the Zebrafish Retina
Robert Mackin, Diana Mitchell, Deborah L. Stenkamp. Biology, 
University of Idaho, Moscow, ID.
Purpose: Human trichromatic color vision requires that the 
tandemly-duplicated LWS/MWS (long- and medium-wavelength 
sensitive) cone opsin genes are differentially expressed in subsets 
of cones. We previously showed that retinoic acid is involved in the 
differential regulation of tandemly-duplicated LWS cone opsins in 
zebrafish. Here we test the hypothesis that thyroid hormone (T3) is 
also involved.
Methods: Embryos were treated with DMSO or 100nM T3  
from 2-4 days post fertilization (dpf) for gain-of-function.  
For loss-of-function, Tg(tg:nVenus-2a-nfnB)wp.rt8 embryos were 
treated with 10mM metronidazole from 3-4dpf, which destroys the 
thyroid gland. To visualize the cellular presence of T3, a thyroid 
receptor β Ligand Trap (T3LT) transgenics were used, in which cells 
express GFP upon binding of T3 to a fusion protein. LWS  
(“red-sensitive”) cones were visualized using trβ2:tdTomato 
transgenics. Expression of LWS1 and LWS2 was measured by qPCR, 
and visualized using LWS:PAC(H) transgenics, in which LWS1 is 
reported by GFP and LWS2 by RFP. Fluorescence was imaged in 
whole mounted eyes and cryosections using confocal microscopy.
Results: In controls, LWS2 showed high levels of expression, while 
LWS1 showed little or no expression at 4dpf. In embryos treated with 
100nM T3, LWS1 increased by 10 fold (p=2.84E-07), while LWS2 
decreased by 5 fold (p=2.16E-07). Thyroid ablation resulted in an 
increase in LWS2 at 6dpf (p=.008) and no significant change in LWS1 
when measured by qPCR. Thyroid-ablated LWS:PAC(H) embryos 
had fewer GFP+ (LWS1+) cones compared to controls, suggesting 
a reduction of LWS1 in individual cones. T3-treated T3LT embryos 
showed GFP (reporting T3) colocalized with the tdTomato reporter 
for trb2 at 3dpf, indicating T3 presence in LWS cones. At 4dpf there 
were fewer co-labeled cones.
Conclusions: These results significantly extend findings that nuclear 
signaling molecules influence differential expression of tandemly-
duplicated cone opsin genes. Exogenous T3 robustly increased LWS1 
expression and decreased LWS2. Thyroid ablation caused the opposite 
outcome, consistent with endogenous roles for T3 in regulating 
differential expression of LWS1 and LWS2. The presence of T3 in 
LWS cones suggests the potential for a cell-autonomous mechanism. 
The shift in T3 localization from LWS cones to a different subset 
of cones suggests complex regulation of T3 metabolism and/or 
localization.
Commercial Relationships: Robert Mackin, None; 
Diana Mitchell, None; Deborah L. Stenkamp, None
Support: R01 EY012146, NSF REU #146096
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CRISPR-mediated Otx2 and OC1 KO in the chicken retina
Miruna Ghinia, Kevin Gonzalez, Mark Emerson. City College of 
New York, CUNY, New York, NY.
Purpose: The precise manner by which retinal cells are born in a 
successive, yet overlapping sequence is still an open question. One 
powerful approach to elucidate the mechanisms of diversification 
in the developing retina is through investigation of the gene 
regulatory networks, specifically in the context of mutations in key 
developmental genes. Genes like Otx2 and OC1 are proven to be 
involved in promoting the cone fate while repressing the rod fate in 
both chicken and mouse. Here we describe a method to permanently 
ablate these genes and simultaneously insert reporter genes into the 
locus in the chick genome using a CRISPR strategy.
Methods: We use a two-step, recombinase-based method to knock 
in reporter genes at the Otx2 and OC1 loci. Chicken embryos at 
Embryonic day 1.5 are electroporated in-vivo with constructs 
carrying the Cas9 gene, guide RNA and a single stranded targeting 
DNA oligo that provides a first recombination site to be knocked 
in. Three days later, the retinas are removed and an ex-vivo 
electroporation is performed with a plasmid harboring the second 
recombination site followed by either GFP or mCherry, along with a 
plasmid carrying the recombinase protein. Upon recombination of the 
two sites, the fluorescent proteins will be expressed under the Otx2 or 
OC1 promoters.
Results: We confirmed the successful knock-in of the first 
recombination site by genotyping PCR, which is illustrated by 
increasing intensity of the knock-in band as the concentration of the 
ssDNA targeting oligo delivered to the retina was raised. Secondly, 
we used immunohistochemistry to confirm the mutant phenotypes 
of the different genes targeted by CRISPR in the retina, which 
were disrupted upon RNA guide-directed Cas9 double stranded 
break. Finally, we were able to efficiently knock in fluorescent 
proteins at the desired location in the genome, allowing for a better 
characterization of the mutant phenotypes, with regards to the 
morphology of the cells affected and their overall impacts to the 
developing retina.
Conclusions: Using electroporation as a fast and reliable delivery 
method, we implemented the bacterial Cas9 to target and modify 
genes that are essential during retinal development. These 
experiments have not only demonstrated that the CRISPR-Cas9 
system is suitable for genomic modifications in the chick retina, 
but they have also enabled us to study the genetic mechanisms that 
regulate retinal development in this organism.
Commercial Relationships: Miruna Ghinia, None; 
Kevin Gonzalez, None; Mark Emerson, None
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Cell cycle gene reactivation in rd1 mouse retina prior to 
degeneration
Jiyao Zhu, Judy M. Ogilvie. Biology, Saint Louis University, St.louis, 
MO.
Purpose: Our work and others suggest that cell cycle gene 
reactivation often precedes neurodegeneration. Using RNA-seq in the 
rd1 mouse retina, we previously reported a pattern of significantly 
up-regulated genes associated with cell cycle progression as early 
as P4, well in advance of photoreceptor cell death at P10 (Zhu and 
Ogilvie, 2016, ARVO#578). Disassembly of the primary cilium is a 
feature of both cell cycle reentry in mitotic cells and of photoreceptor 
cell degeneration. The mechanism linking cilia disassembly to either 
of these events, however, is poorly understood. We hypothesize that 
early cell cycle gene reactivation and activation of cilia disassembly 
contribute to photoreceptor cell death in rd1 mouse.
Methods: Using RNA seq data from retinal samples harvested from 
wild type (wt) and rd1 retinas at either P4 or P6, a gene expression 
heatmap was generated to visualize a subgroup of co-regulated 
genes involved in cell cycle and ciliogenesis. Quantitative real time 
PCR (qRT-PCR), Western blot, and immunohistochemistry were 
used for analysis of gene expression and of protein expression and 
localization.
Results: Heatmap results confirmed cell cycle genes and ciliogenic 
genes share a similar expression pattern. Cdc20, a master regulator 
of the cell cycle and cilia assembly, was confirmed by qRT-PCR to 
be 7.6-fold up-regulated in rd1 retinas at P4 (p<.002). A number 
of other genes associated with disregulation of cell cycle and cilia 
organization were also confirmed to be up-regulated. Western blot 
and immunohistochemistry confirmed up-regulation of protein 
expression and protein mislocalization in rd1 photoreceptors.
Conclusions: Our results are consistent with our hypothesis that cell 
cycle reactivation is tightly coupled with abnormal cilia disassembly 
and may be an early indicator of photoreceptor cell death in the rd1 
retina. Furthermore, this work establishes the rd1 mouse retina as 
a valuable model to investigate the mechanism(s) coupling cilia 
resorption to cell cycle regulation.
Commercial Relationships: Jiyao Zhu, None; Judy M. Ogilvie, 
None
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