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A role of Prickle 1 in crosstalking between ocular tissues and its 
adnexa
Chunqiao Liu, Dianlei Guo, Zhaohui Yuan, Hong Ouyang, Yizhi Liu. 
Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, 
China.
Purpose: Accessory ocular tissues including the lacrimal apparatus, 
extraocular muscles, eyelids, eyelashes and conjunctiva are 
collectively called ocular adnexa. Malformation of such structures 
would lead to congenital vision dysfunction or loss. The main 
purpose of this study is to characterize the crosstalking points 
between ocular adnexa and its adjacent tissues, cornea and lens 
during normal development and pathogenic processes.
Methods: Genetically engineered knockout mouse lacking a Wnt 
signaling component, Prikle 1 was used for histology examination. 
The development of eyelid, cornea, conjunctiva and lens was studied 
at different ages from the embryo to the adulthood. Scanning EM was 
used for detection of morphological changes of the eyelid surface. 
In situ hybridization and immunohistochemistry were used for 
monitoring molecular changes of each ocular tissue.
Results: We found that eyelid development underwent severe 
disruption in the Prickle 1 mutant mice in that the closure process 
is much late compared to the normal, whereas the opening became 
earlier. Massive cell proliferation was detected in tarsal and bulbar 
conjunctiva and atop the cornea. Accordingly, differentiation of 
several cell types was hampered in the mutant adnexa tissues. In 
some cases, we also found significantly increased infiltration of 
inflammatory cells in between the cornea and conjunctiva, and that 
several altered signaling pathways could count for the developmental 
anomalies.
Conclusions: The results indicated that 1) Wnt signaling is 
an important platform on which ocular tissues and its adnexa 
communicate and interact; 2) Crosstalk between signaling pathways 
drives multi-aspects of ocular development; 3) Tissue interactions 
directed by Prickle-mediated Wnt pathway are crucial for 
environment-stimulated pathogenesis.
Commercial Relationships: Chunqiao Liu, None; Dianlei Guo, 
None; Zhaohui Yuan, None; Hong Ouyang, None; Yizhi Liu, None
Support: NSFC from China; Hundred People Plan from Sun Yat-sen 
University

Program Number: 1724 Poster Board Number: A0202
Presentation Time: 11:00 AM–12:45 PM
Glutathione is Required for Ocular Surface Development
Ying Chen1, Nicholas Apostolopoulos1, David Orlicky2, 
David M. Anderson3, Kevin L. Schey3, David Thompson2, 
Richard A. Lang4, Vasilis Vasiliou1. 1Yale University, New Haven, 
CT; 2University of Colorado, Aurora, CO; 3Vanderbilt University, 
Nashville, TN; 4University of Cincinnati Children’s Hospital, 
Cincinnnati, OH.
Purpose: Glutathione (GSH) maintains cellular redox balance and 
acts as a redox-signaling molecule. It is actively synthesized at 
millimolar levels in the developing eye during embryonic and early 
postnatal stages. The current study tests the hypothesis that GSH 
plays a pivotal role in the development of ocular surface.

Methods: We developed GclcLe/Le mice, a strain in which GSH 
biosynthesis is selectively abolished in surface ectoderm-derived 
ocular structures. Histology of eye tissues were examined at 
embryonic day (ED) 15, and post-natal days (PND) 1, 21 and 50. 
The ocular phenotypes were further characterized by Imaging Mass 
Spectrometry (IMS) and gene expression analysis around PND25.
Results: GclcLe/Le embryos at ED15 had normal development of 
ocular surface tissues, including lens, cornea, conjunctiva, and 
eyelids. At birth (PD1), GclcLe/Le mice show defective lens featuring 
poor differentiation and vacuolation of fiber cells. Abnormalities 
in other ocular structures, including the cornea and retina, were not 
observed until PD21. GclcLe/Le mice exhibited bilateral small eyes 
(microphthalmia) by PD21. IMS examination of the whole eyes 
around this age revealed distinct changes in the lipid and protein 
profiles in the GclcLe/Le ocular tissues relative to control eyes. Panels 
of genes involved in regulation of eye development (SOX2 and 
SIX3), signal transduction (NOTCH1, CATNB and FGF7) and 
stress response (PTEN, NRF2, and HMOX1) were found to be 
differentially altered in a tissue-specific manner in GclcLe/Le eyes.
Conclusions: Our results show that GSH plays a critical role 
in ocular development, likely by regulating multiple molecular 
pathways. Further studies are underway to identify molecular details 
involved in this process.
Commercial Relationships: Ying Chen, None; 
Nicholas Apostolopoulos, None; David Orlicky, None; 
David M. Anderson, None; Kevin L. Schey, None; 
David Thompson, None; Richard A. Lang, None; Vasilis Vasiliou, 
None
Support: NIH grant EY021688
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Microphthalmia with multiple ocular abnormalities in 11 horses: 
a novel syndrome
Jessica Fragola, Leandro Teixeira. Veterinary Medicine, University 
of Wisconsin, Madison, Madison, WI.
Purpose: To report the clinicopathological features of a previously 
unrecognized ocular syndrome in horses characterized by 
bilateral microphthalmia with severe anterior segment dysgenesis, 
cartilaginous and glandular choristomatous ocular differentiation, 
aphakia, and retinal dysplasia.
Methods: 22 globes from 11 neonatal equines diagnosed with 
congenital blindness secondary to microphthalmia were identified 
in the archives of the Comparative Ocular Pathology Laboratory 
of Wisconsin (COPLOW). Globes were formalin-fixed, paraffin-
embedded, and sections were stained with H&E. Patient signalment, 
clinical history, and gross and histopathological lesions were 
reviewed and summarized.
Results: All affected animals were euthanized for congenital 
blindness shortly after birth. 6/11 animals were female and 2/11 were 
male; the sex of 3/11 animals is unknown. Affected breeds included 
Thoroughbred (3/11), Standardbred (1/11), Paint (1/11), Rocky 
Mountain Spotted Horse (1/11), Quarter Horse (1/11), Arabian cross 
(1/11) and unknown (3/11). The malformation was bilateral in all 
cases. All globes were small, aphakic, and exhibited poorly defined 
corneal tissue, choristomatous differentiation of the anterior segment, 
and retinal dysplasia. In all globes the corneal stroma blended with 
or was replaced by skin-, conjunctiva-, or sclera-like tissue often 
containing sebaceous glands or hair follicles. The anterior uveal 
tract, anterior chamber, and posterior chamber were poorly formed 
or absent in all globes and replaced by choristomatous tissue. The 
choristomas presented cartilage in 21/22 eyes, gland in 18/22 eyes, 
and myxomatous and/or dense connective tissue in 22/22 eyes. All 
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eyes exhibited some degree of retinal dysplasia, characterized by 
disorganization of retinal layers and/or rosettes, and 19/22 globes 
exhibited partial or diffuse retinal detachment.
Conclusions: This investigation describes a novel ocular 
syndrome in horses characterized by bilateral microphthalmia 
and aphakia associated with multiple ocular abnormalities. Given 
the predominance of anterior segment lesions, a defect during the 
embryological development of the lens placode is suspected. A 
specific genetic mutation and the role of toxic and/or infectious 
agents is yet to be determined. Increasing recognition and better 
understanding of this novel syndrome may help contribute to the 
understanding of the pathogenesis of microphthalmia with aphakia.
Commercial Relationships: Jessica Fragola; Leandro Teixeira, 
None

Program Number: 1726 Poster Board Number: A0204
Presentation Time: 11:00 AM–12:45 PM
Noninvasive monitoring of embryonic chick eye development in 
ovo using 7 Tesla MRI
Oliver Stachs1, Ronja Klose1, Tobias Lindner2, Felix Streckenbach1, 
Thomas Stahnke1, Stefan Hadlich3, Jens-Peter Kühn3, 
Rudolf F. Guthoff1, Andreas Wree4, Anne-Marie Neumann4, 
Marcus Frank5, Sönke Langner3. 1Department of Ophthalmology, 
University of Rostock, Rostock, Germany; 2Core Facility Multimodal 
Small Animal Imaging, University of Rostock, Rostock, Germany; 
3Institute for Diagnostic Radiology and Neuroradiology, University of 
Greifswald, Greifswald, Germany; 4Institute of Anatomy, University 
of Rostock, Rostock, Germany; 5Medical Biology and Electron 
Microscopy Centre, University of Rostock, Rostock, Germany.
Purpose: The avian embryo serves as an excellent model for 
monitoring embryonic development. Ultrahigh field magnetic 
resonance imaging (UHF-MRI) is an invaluable tool for noninvasive 
and high resolution tissue imaging. The purpose of this study was 
to characterize the embryonic eye development during incubation 
in ovo and to analyze the putative influence of repetitive UHF-MRI 
measurement procedure on ocular developments.
Methods: A total population of 38 fertilized chicken eggs has been 
divided into two sub-groups: 36 eggs were examined pairwise only 
on one day, starting at embryonic day 3 (E3) to day 20 (E20) and 
have been sacrificed immediately after MR imaging (Group A). For 
comparison, the second group of two eggs (Group B) was examined 
repeatedly on daily manner during the developmental time course E3 
to E20 to evaluate the influence of daily MRI-scanning. Moderate 
cooling of the eggs was performed before and during UHF-MRI at 
7.1 Tesla for about 50-70 minutes to reduce possible artifacts due to 
natural embryo movements. Ganglion cell counting was performed 
using HE-staining at E20 in both groups.
Results: Using fast T2 weighted MR-sequences, we could provide 
a biometry of the eye with an in-plane resolution of 74 μm starting 
from E5. Data show a rapid growth of the chicken eye with a steep 
increase of intraocular distances and of bulbus volume during initial 
development until E10, followed by a phase of reduced growth rate 
in later developmental stages. The length of the pecten, a nutritive 
structure specific to the bird eye, could be evaluated from E12. No 
differences in ocular development could be determined comparing 
the two sub-groups A and B.
Conclusions: We conclude that UHF-MRI provides a powerful 
imaging technique for noninvasive and longitudinal studies of 
avian eye development. The technique allows an investigation of 
the maturation of the chicken eye in ovo from E5 onwards. Daily 
MR scanning in combination with moderate cooling of chicken 
eggs during MR imaging does not alter ocular development. The 

MR based imaging technique could become a routine approach for 
longitudinal embryonic studies.
Commercial Relationships: Oliver Stachs, None; Ronja Klose, 
None; Tobias Lindner, None; Felix Streckenbach, None; 
Thomas Stahnke, None; Stefan Hadlich, None; Jens-Peter Kühn, 
None; Rudolf F. Guthoff, None; Andreas Wree, None;  
Anne-Marie Neumann, None; Marcus Frank, None; 
Sönke Langner, None

Program Number: 1727 Poster Board Number: A0205
Presentation Time: 11:00 AM–12:45 PM
Characterization of a knockout pitx2 zebrafish model
Kathryn E. Hendee1, 2, Elena Sorokina2, Sanaa Muheisen2, 
Elena Semina2, 1. 1Cell Biology, Neurobiology, and Anatomy, Medical 
College of Wisconsin, Milwaukee, WI; 2Pediatrics, Medical College 
of Wisconsin, Milwaukee, WI.
Purpose: Mutations in Paired-like homeodomain transcription 
factor 2 (PITX2 [MIM 601542]) have been implicated in Axenfeld-
Rieger syndrome (ARS [MIM 180500]), yet the pathways by which 
disrupted PITX2 causes the disease phenotype have yet to be fully 
elucidated. To address the question of downstream targets of PITX2, 
we generated and characterized zebrafish pitx2 knockout lines and 
utilized tissues from said mutant lines and wild-types for comparative 
transcriptome analyses.
Methods: TALEN-mediated genome editing produced four mutant 
alleles within the conserved homeobox domain of both pitx2 
isoforms; all alleles were predicted to be complete or partial loss-of-
function. The c.190_197delATGTCGAC, p.(Met64*) frameshift line 
was selected for further studies. Phenotypic analysis of homozygous 
pitx2M64* mutant embryos and adults included gross morphology/
light microscopy, Alcian blue staining, in situ hybridization/
immunohistochemistry, histology, and transmission electron 
microscopy (TEM). Microarray analysis of RNA from 23 hours post 
fertilization (hpf) wild-type vs. homozygous pitx2M64* mutant whole 
eyes was performed and potential targets verified by quantitative 
PCR.
Results: The pitx2M64* homozygous mutant phenotype involves 
a severely underdeveloped anterior chamber (100% of embryos) 
with a gap in the ventral ocular tissues (94-100%) and craniofacial 
abnormalities (60-70%). TEM of 72-hpf and 14 days post 
fertilization (dpf) pitx2M64* homozygous embryos indicated delayed 
differentiation of periocular mesenchyme-derived structures, 
including corneal endothelium, iris stroma, and iridocorneal angles, 
as well as defects in the neighboring tissues including corneal 
epithelium and ciliary zone non-pigmented epithelium. Comparison 
of whole eye mutant versus whole eye wild-type transcriptome 
identified 2226 downregulated and 2044 upregulated transcripts. 
RNA transcripts of seven wnt signaling pathway components and 
four collagens were confirmed to be reduced at 24-hpf, and nine of 
these transcripts were also down-regulated through 48- and 72-hpf.
Conclusions: Disruption to the pitx2 homeodomain in zebrafish 
produced a mutant phenotype consistent with the features found 
in patients with ARS. The observed changes may be caused by 
disruption of localized Wnt signaling or reduced levels of some 
collagens during early stages of eye development.
Commercial Relationships: Kathryn E. Hendee, None; 
Elena Sorokina, None; Sanaa Muheisen, None; Elena Semina, 
None
Support: NIH grant R01EY015518; NEI Training Grant 
5T32EY014537-13
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Migratory neural crest cells provide crucial extracellular matrix 
factors to regulate optic cup morphogenesis
Kristen Kwan, Chase Bryan. Human Genetics, University of Utah, 
Salt Lake City, UT.
Purpose: Although migratory neural crest contributes to mature 
eye structures such as cornea and iris, its role in controlling early 
stages of eye development, specifically optic cup morphogenesis, is 
poorly understood. In mouse, optic cup defects have been described 
in a neural crest mutant, but the cellular and molecular mechanisms 
underlying aberrant early eye development are unknown. Using 
zebrafish 4-dimensional live imaging and molecular genetics, we set 
out to ask exactly when and how do optic cup defects arise? When 
does neural crest start to contact the optic vesicle? Importantly, 
what molecule(s) is the neural crest providing to control optic cup 
morphogenesis?
Methods: 4D imaging datasets of eye morphogenesis are acquired 
via confocal microscopy. To test the role of neural crest, we use 
zebrafish tfap2a;foxd3 double mutants, which exhibit a complete loss 
of neural crest. Neural crest migration is visualized using transgenic 
embryos (sox10:mRFP or sox10:GFP). Optic cup patterning is 
assayed via antibody staining for pSmad3 or Pax2a.
Results: Zebrafish neural crest mutants display defective optic cup 
invagination. Neural crest cells contact the optic vesicle at the earliest 
stages of morphogenesis, migrating to enwrap the developing optic 
cup, except for the distal, lens-facing side. Somewhat surprisingly, 
RPE development and TGF-β signaling appear unaffected, however, 
expression of the optic stalk marker Pax2a is expanded into the RPE 
layer. Nidogen, a laminin-collagen crosslinking protein expressed 
by neural crest and essential for optic cup morphogenesis in ES 
cells, appears to be a crucial factor: dominant negative nidogen 
disrupts wild type optic cup morphogenesis without affecting 
neural crest migration, whereas wild type nidogen rescues optic cup 
morphogenesis in neural crest mutants.
Conclusions: Our data indicate that during early eye formation, 
neural crest cells provide crucial cues regulating optic cup 
morphogenesis: the laminin-collagen crosslinking protein nidogen 
is deposited in a spatially restricted manner reflective of neural crest 
migration patterns. We hypothesize that nidogen alters extracellular 
matrix superstructure to facilitate specific morphogenetic movements 
underlying optic cup invagination. We are currently acquiring 4D 
imaging datasets of optic cup morphogenesis to pinpoint specific cell 
movements impaired by loss of neural crest.
Commercial Relationships: Kristen Kwan, None; Chase Bryan, 
None
Support: NIH Grant R01EY025378, NIH Grant R01EY025780

Program Number: 1729 Poster Board Number: A0207
Presentation Time: 11:00 AM–12:45 PM
Determining the roles of MAB21L2 during normal eye 
development and how mutations result in eye developmental 
defects
Natalie N. Gath1, 2, Jeffrey M. Gross1. 1Ophthalmology, University 
of Pittsburgh School of Medicine, Pittsburgh, PA; 2Cellular and 
Molecular Biology, University of Texas at Austin, Austin, TX.
Purpose: Mutations in MAB21L2 result in colobomas and associated 
eye defects. The molecular and cellular underpinnings of these 
defects are unknown, and the normal cellular function of MAB21L2 
is likewise enigmatic given that it possesses no recognizable protein 
motifs. Zebrafish mab21l2 mutants possess ocular defects resembling 
those in humans with MAB21L2 mutations and thus, provide an 

excellent model through which the role of mab21l2 during normal 
eye development can be identified.
Methods: Eyes from mab21l2 mutants and wild-type siblings were 
examined over time through histological methods to determine the 
onset and progression of ocular defects. Chromatin fractionation was 
used to determine cellular localization of the mab21l2 protein. Yeast-
2-hybrid analysis was used to determine possible binding partners for 
mab21l2. Finally, RNA carrying mutations in MAB21L2 detected in 
patients was injected into zebrafish to determine how the mutations 
affect normal MAB21L2 function.
Results: Histological analysis shows some mab21l2 mutants 
appear to fail to initiate lens morphogenesis, while others begin 
morphogenesis with a slight delay and possess an overall slower 
growth rate, leading to dramatic differences in lens size at later ages. 
In addition, preliminary results show that mab21l2 is localized to 
the nucleus and is in the chromatin fraction, suggesting that it could 
be involved in transcriptional regulation. Yeast-2-hybrid results 
identified putative interactions with proteins that function in nuclear 
transport, cytoskeletal remodeling, and transcriptional regulation, 
among others, suggesting a variety of potential cellular functions. 
Preliminary expression of mutant MAB21L2 constructs suggest that 
MAB21L2R51C and MAB21L2R51H may act as dominant negative or 
gain of function alleles, while MAB21L2E49K and MAB21L2R247Q are 
non-functional.
Conclusions: Our data suggest that mab21l2 may have a 
transcriptional regulatory function, perhaps affecting cell 
proliferation or survival during early eye development. Expression 
of MAB21L2R51C and MAB21L2R51H in zebrafish suggests that this 
amino acid is critical for normal MAB21L2 function, and, when 
mutated, displays dominant negative or gain of function activity. 
Potential binding partners for mab21l2 have been identified and 
further characterization should shed light on the function of this 
enigmatic protein during normal eye development.
Commercial Relationships: Natalie N. Gath, None; 
Jeffrey M. Gross, None
Support: NIH Grant EY025831

Program Number: 1730 Poster Board Number: A0208
Presentation Time: 11:00 AM–12:45 PM
Abnormal Development and Differentiation of the Periocular 
Mesenchyme in AP-2β Neural Crest Cell Knockout Mice
Monica Akula1, Vanessa Martino1, Trevor Williams2, Judith A.  
West-Mays1. 1Pathology and Molecular Medicine, McMaster 
University, Toronto, ON, Canada; 2Molecular Biology, University of 
Colorado, Denver, CO.
Purpose: Previously, our lab showed that deletion of AP-2β 
transcription factor in neural crest cells contributing to the periocular 
mesenchyme (POM) (AP-2β NCC KO) resulted in anterior segment 
defects, including absence of a corneal endothelium, iridocorneal 
adhesions and outflow pathway defects accompanied by raised 
intraocular pressure (IOP). To better understand the cause of these 
defects this study purports to examine the embryonic patterns and 
differentiation of the POM in AP-2β NCC KO mice.
Methods: Wnt1Cre+/-/Tcfap2b+/- mice were bred with Tcfap2blox/

lox mice to generate Wnt1Cre+/-/Tcfap2b-/lox mice (AP-2β NCC 
KO) with Tcfap2b, encoding AP-2β, deleted in the neural crest. 
Immunohistochemistry of paraffin embedded AP-2β NCC KO and 
control littermate eyes was done at embryonic day (E) 10.5, E15.5 
and in postnatal mice using antibodies against phospho-histone H3, 
Pitx2, α-smooth muscle actin (α-SMA) and myocilin, an extracellular 
matrix component.
Results: At E10.5 the POM was more loosely arranged in AP-2β 
NCC KO mice compared with control littermates (n=3). At E15.5 
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proliferation (n=2) and Pitx2 localization (n=2) were reduced in 
the corneal endothelium of mutant mice, and the 2nd wave of newly 
migrated Pitx2 positive POM cells appeared adhered to the cornea 
in AP-2β NCC KO mice, which was not observed in controls (n=2). 
Furthermore, myocilin (n=1) and α-SMA (n=3) expression were 
substantially reduced in the trabecular meshwork of postnatal mutant 
mice as compared to controls.
Conclusions: The loose arrangement of the POM at E10.5, and 
reduced corneal endothelium proliferation and Pitx2 localization 
at E15.5 in the mutant mice suggests that POM cells are not 
differentiating appropriately into corneal specific cell types. The fact 
that at E15.5 the 2nd wave of POM cells in the mutants were adhered 
to the corneal endothelium suggests that this may be contributing to 
the iridocorneal adhesions observed at postnatal stages. Additionally, 
reduced expression of α-SMA and myocilin suggests that POM 
cells in the mutants are not differentiating into the appropriate cell 
types when compared to control littermates. Together, the observed 
defects in both POM placement and differentiation likely underlie 
the anterior segment defects that contribute to the increased IOP 
observed in the mutant mice.
Commercial Relationships: Monica Akula, None; 
Vanessa Martino, None; Trevor Williams, None;  
Judith A. West-Mays, None
Support: NIH EY025789
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Retinoic acid regulates collagen alpha chains associated with 
Sticklers syndrome in the zebrafish cranial neural crest
Antionette L. Williams. Ophthalmology and Visual Sciences, 
University of Michigan Kellogg Eye Center, Ann Arbor, MI.
Purpose: Tight control of retinoic acid (RA) levels regulates 
neural crest contributions to the jaw, pharyngeal arches, and 
anterior segment of the eye. Few downstream targets of RA have 
been defined. In these studies, we used zebrafish to identify and 
characterize additional downstream targets of RA in the cranial neural 
crest.
Methods: Tg(sox10::EGFP) embryos were treated with 
0.1% dimethylsulfoxide, 25 nM all-trans RA or 10 mM 
diethylaminobenzaldehyde (DEAB) from 24 to 48 hours post 
fertilization (hpf). Deep sequencing was performed on RNA 
isolated from EGFP-positive cells obtained from the heads of 48 
hpf Tg(sox10::EGFP) embryos (A) using fluorescence-activated 
cell sorting. In situ hybridization and the injection of morpholino 
oligonucleotides (MO) were used for further gene analysis.
Results: Deep sequencing of sox10-positive cranial neural crest 
cells showed that RA regulated the expression of col2a1, col11a1, 
col11a2, col9a1a, and col9a3 genes, for which human mutations are 
associated with Sticklers Syndrome. Treatment with the pan-aldehyde 
dehydrogenase inhibitor, DEAB, which decreases endogenous RA 
synthesis, significantly inhibited the expression of these genes  
(2.48-fold decrease in col2a1a, 2.22-fold decrease in col11a1a,  
3.08-fold decrease in col11a2, 2.62-fold decrease in col9a1a, and 
2.12-fold decrease in col9a3) in sox10-positive cranial neural 
crest cells. In situ hybridization demonstrated that these genes 
are expressed in the optic vesicle and periocular mesenchyme in 
sox10-positive cells. Knockdown of Col2a1a through MO injections 
delayed neural crest-derived jaw and pharyngeal arch formation and 
ocular fissure closure and decreased ocular neural crest migration 
into the anterior segment. Moreover, knockdown of Col11a1a or 
Col11a2 inhibited jaw and pharyngeal arch formation. Furthermore, 
decreased Col11a1a or Col11a2 resulted in abnormal ocular neural 
crest migration and small eyes.

Conclusions: Col2a1, col11a1a, col11a2, col9a1a, and col9a3 are 
downstream targets of RA in the cranial neural crest and are required 
for craniofacial and eye development. These findings provide insight 
into the mechanisms underlying Sticklers Syndrome, which in the 
ocular form, is associated with vitreous degeneration, high myopia, 
anterior segment dysgenesis and glaucoma.

Commercial Relationships: Antionette L. Williams, None
Support: K08EY022912-01

Program Number: 1732 Poster Board Number: A0210
Presentation Time: 11:00 AM–12:45 PM
Retinoic acid maintains the structure and function of aqueous 
outflow pathways in the adult zebrafish eye
Bahaar Chawla, William Swain, Brenda L. Bohnsack. Ophthalmology 
and Visual Science, University of Michigan Health System, Ann 
Arbor, MI.
Purpose: Retinoic acid (RA) regulation of cranial neural crest 
migration, survival and differentiation is critical for development 
of the anterior segment of the eye. However, the role of RA in the 
maintenance of the structure and function of the cornea, iris, and 
iridocorneal angle in the post-embryonic eye is unknown. In these 
studies, we use zebrafish to elucidate the role of RA in the adult 
anterior segment.
Methods: Adult zebrafish (1-2 yr old) were exposed to the pan-
aldehyde dehydrogenase inhibitor, 4-diethylaminobenzaldehyde 
(DEAB, 10uM) to inhibit RA synthesis, all-trans RA (100nM), or 
dimethylsulfoxide (DMSO) control for 5 days. Optokinetic reflex 
(OKR) was used as assessment of functional vision pre- and post-
treatment. Aqueous outflow through the ventral canalicular network 
was assessed in vivo. Fish were sacrificed and ocular structures were 
analyzed using TUNEL assay, phosphohistone-3 immunostaining, 
methylacrylate sections, and in situ hybridization.
Results: Tight control of RA levels was required for visual function 
and maintenance of adult ocular structures. Treatment with DEAB, 
which inhibits endogenous RA synthesis, or exogenous RA disrupted 
smooth pursuit and saccadic eye movements on OKR testing. 
Decreased RA levels induced apoptosis throughout all layers of the 
retina and anterior segment of the eye resulting in loss of cellular 
architecture (H, arrow), corneal edema (I) and overall decreased eye 
size (G) compared to controls (A, B, C). This resulted in decreased 
aqueous outflow through the ventral canalicular network. Exogenous 
RA did not induce apoptosis in the anterior segment (D), but caused 
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remodeling of the cornea (F, arrow) and ventral angle structures (E, 
arrow)) such that there was complete inhibition of aqueous outflow 
from the anterior chamber.
Conclusions: Tight control of RA levels was required for the 
maintenance of adult zebrafish ocular structures and visual function. 
Both increased and decreased RA levels disrupted aqueous outflow 
from the anterior chamber indicating that proper regulation of RA 
synthesis and degradation in the eye is key for visual function. Thus, 
RA may play a role in the adult eye in the pathogenesis of open angle 
glaucoma.

Commercial Relationships: Bahaar Chawla, None; 
William Swain, None; Brenda L. Bohnsack, None
Support: Alcon Research Institute Young Investigators Grant

Program Number: 1733 Poster Board Number: A0211
Presentation Time: 11:00 AM–12:45 PM
Retinal neuroepithelium-derived BMP4 is dispensable for 
anterior and posterior ocular development
Rebecca L. Rausch1, 2, Amy Kiernan1, 2, Richard T. Libby1, 2. 
1Ophthalmology, University of Rochester, Rochester, NY; 2Flaum Eye 
Institute, University of Rochester, Rochester, NY.
Purpose: Heterozygous Bmp4 mutations in humans and mice 
cause anterior and posterior ocular dysgenesis, such as iridocorneal 

adhesions, variable IOP, abnormal retinal vasculature, and optic nerve 
head malformation. BMP4 is expressed in several ocular tissues 
including the developing retina, but the precise spatiotemporal source 
of BMP4 required for eye development is undefined. Here, we test 
whether retinal neuroepithelium-derived BMP4 is required for ocular 
development.
Methods: Either αCre (anterior segment; AS) or Six3Cre (posterior 
segment) was used to conditionally delete Bmp4 from murine 
embryonic ocular neuroepithelium. An inducible transgenic line 
(CMVCreER) was also used to remove Bmp4 from the adult eye. 
All conditional mutants were compared to Bmp4 heterozygous mice 
and wild-type littermates. Morphological, molecular, and functional 
assays were performed on adult mice, including plastic histology 
(n≥3), immunohistochemistry (n≥3), slit lamp imaging (n≥24), 
fluorescein angiography (n≥6), and IOP measurement (n≥14). 
Significance was defined as p≤0.05.
Results: As previously reported, Bmp4+/- mice had abnormalities 
in both the anterior and posterior eye. In contrast, Bmp4fl/fl; 
αCre+ mutants had normal AS development. Slit lamp images 
and histological analysis (3μm plastic sections) showed standard 
morphology of all AS structures. α-SMA staining indicated normal 
trabecular meshwork development. There was no statistical difference 
in IOP between mutant (15.89±0.53 mmHg, n=82) and control mice 
(15.62±0.45 mmHg, n=84), implying normal ciliary body, trabecular 
meshwork, and Schlemm’s canal function. Similarly, Bmp4fl/fl; 
Six3Cre+ mutants appeared to have normal posterior development. 
Histological analysis showed typical gross morphology of the retina 
and optic nerve head. Retinal vasculature was also unaffected. 
Despite sustained expression of BMP4, its removal from adult eyes 
using Bmp4fl/fl;CMVCreER+ mice had no impact on structural or 
functional maintenance. Slit lamp images, morphology, α-SMA 
staining, retinal vasculature, and IOP (2-way-ANOVA, n≥14 per 
group per time point) were all indistinguishable from controls.
Conclusions: Though BMP4 is clearly crucial for eye development, 
these results suggest that embryonic retinal neuroepithelium-derived 
BMP4 is not a critical source. Moreover, the adult deletion studies 
indicate that BMP4 is not required for ocular maintenance.
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Distribution Defects of PI(4,5)P2 in Primary Cilium of Lowe 
Syndrome Cells
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Purpose: Lowe syndrome is a rare X-linked disorder, caused by 
mutations in gene OCRL1, characterized by bilateral congenital 
cataracts and glaucoma, mental retardation, and proximal renal 
tubular dysfunction. Previously, we showed OCRL, an inositol 
polyphosphate 5-phosphatase which dephosphorylates PI(4,5)
P2 to PI(4)P, localizes to the primary cilium. However, the role of 
phosphoinositides in primary cilium is not defined. The purpose of 
this study is to determine the distribution of phosphoinositides in the 
primary cilium of Lowe syndrome cells.
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Methods: Lentiviral CRISPR/cas9/OCRL1 was constructed and 
transduced into RPE cells. Two passages of puromycin selection 
were performed to generate stably mediated cells. All mouse 
embryonic fibroblasts (MEFs) were isolated from E14.5 embryos. 
WT or mutated GFP-OCRL were transfected into Lowe patient-
derived fibroblasts or Lowe syndrome mouse model-derived MEFs 
using Lipofectamine LTX. Immunofluorescence was performed to 
investigate the localization of PI(4,5)P2 or PI(4)P in primary cilium.
Results: Increased level of PI(4,5)P2 (30-45%, compared to 5±3% 
in control, p<0.001, student t-test) was exhibited in primary cilia 
of fibroblasts derived from Lowe syndrome patients, and CRISPR/
cas9/OCRL1 stably-mediated RPE cells. Ciliary accumulation of 
PI(4,5)P2 (60±17%, compared to 8±2% in WT MEFs, p<0.001, 
student t-test) was observed in IOB-/- MEFs derived from Lowe 
syndrome mouse (Ocrl-/-:Inpp5b-/-:INPP5B+/+), whereas the 
expression of Ocrl (Ocrl+/Y:Inpp5b-/-:INPP5B+/+) prevented the PI(4,5)
P2 build-up in the cilia. Loss of only Ocrl (Ocrl-/-) in mice resulted 
in an accumulation of PI(4,5)P2 within the ciliary axoneme (40±9%, 
p<0.001, student t-test). Furthermore, expression of WT OCRL 
rescued the elevated PI(4,5)P2 levels in Lowe patient fibroblasts, 
CRISPR/cas9/OCRL1 mediated RPE cells, and IOB-/- & Ocrl-/- MEFs.
Conclusions: Our findings demonstrate that ciliary phosphoinositide 
PI(4,5)P2 is regulated by OCRL and support the role of inositol 
phosphatase in primary cilia signaling.
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Purpose: Closure of the optic fissure, an opening at the ventral 
side of the developing vertebrate eye, is required for normal 
eye development and function. Failure of the two edges of the 
fissure to fuse together results in a potentially blinding congenital 
ocular condition known as coloboma, which accounts for ~10% 
of childhood blindness. Although the embryology of optic fissure 
closure is well understood, the gene networks underlying this process 
are largely unknown. By using laser capture microdissection (LCM) 
of tissues from optic fissure margins in mice embryos (E10.5-E12.5) 
and microarray, we identified 164 annotated candidate genes that 
are dynamically expressed during optic fissure closure. In order 
to investigate the specific roles of the candidate genes with no 
previous association with coloboma, we are generating knockout 
(KO) zebrafish lines using CRISPR/Cas9-mediated genome editing 
technology and screening for ocular coloboma and other eye 
abnormalities.
Methods: We used two different approaches to generate CRISPR-
KO lines. 1) Target-specific single sgRNAs were designed and 
co-injected with Cas9 protein to introduce indels. 2) Pairs of sgRNAs 
were designed to create large exonic deletions (30-1100 bp) in the 
coding sequence. Efficiency of the designed sgRNAs were assessed 
and verified using CRISPR Somatic Tissue Activity Test (CRISPR-
STAT), a fluorescent PCR-based method. Sanger Sequencing was 
used to evaluate the nature of the CRISPR-mediated large deletions.
Results: Genomic DNA isolated from F0 embryos injected with two 
sgRNAs and Cas9 were found to contain large deletions in the exonic 
regions of the targeted genes, suggesting that this deletion strategy 
works in the somatic tissue.
Conclusions: Injected F0 embryos will be raised to adulthood and 
backcrossed to identify founders exhibiting germline transmission. F1 
embryos will be assessed for coloboma and other eye abnormalities. 
This screen will expand our understanding of the molecular 
mechanisms involved in optic fissure closure.
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