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Program Number: 2999
Presentation Time: 11:00 AM–11:15 AM
Ocular motor nerve development in the presence and absence of 
extraocular muscle
Suzanne M. Michalak2, 1, Jong Park2, Mary Whitman2, 
Max Tischfield2, Elizabeth Engle2. 1University of North Carolina 
School of Medicine, Chapel Hill, NC; 2Boston Children’s Hospital, 
Harvard Medical School, Boston, MA.
Purpose: Spatially and temporally define ocular motor nerve 
development in the presence and absence of extraocular muscles 
(EOMs).
Methods: Myf5cre mice, which in the homozygous state lack EOMs, 
were crossed to an Isl:GFP reporter line to fluorescently label motor 
neuron cell bodies and axons. Embryonic day (E) 11.5 to E15.5 
wildtype and Myf5cre/cre whole mount embryos or dissected orbits 
were imaged by confocal microscopy to visualize the developing 
oculomotor, trochlear, and abducens nerves in the presence and 
absence of EOMs. E18.5 brainstems were serially sectioned and 
stained for Islet1 to determine the fate of ocular motor neurons.
Results: At E11.5, all three ocular motor nerves in mutant embryos 
approach the orbit with a trajectory identical to that of wildtype. 
Subsequently, while wildtype nerves send terminal branches that 
contact target EOMs, the Myf5cre/cre ocular motor nerves fail to form 
terminal branches, regress, and their corresponding motor neurons 
die. Comparisons between mutant and wildtype embryos reveal 
unique aspects of trochlear and oculomotor nerve development.
Conclusions: We have delineated ocular motor nerve spatial and 
temporal development in unprecedented detail. We find that EOMs 
are not necessary for initial outgrowth and guidance of ocular motor 
axons from the brainstem to the orbit but are required for their 
terminal branching and survival. These data suggest that intermediate 
targets in the mesenchyme provide cues necessary for appropriate 
targeting of ocular motor axons to the orbit, while EOM cues are 
responsible for terminal branching and motor neuron survival.
Commercial Relationships: Suzanne M. Michalak, None; 
Jong Park, None; Mary Whitman, None; Max Tischfield, None; 
Elizabeth Engle, None
Support: S.M.M. and J.G.P. were supported by the Howard Hughes 
Medical Institute (HHMI) Medical Research Fellows Program. 
M.C.W. is supported by the Harvard-Vision Clinical Scientist 
Development Program [5K12EY016335], the Knights Templar 
Eye Foundation [Career Starter Grant], and the Children’s Hospital 
Ophthalmology Foundation [Faculty Discovery Award].

Program Number: 3000
Presentation Time: 11:15 AM–11:30 AM
Mouse orbital fat has a unique transcriptome compared to 
visceral, cutaneous, and brown fat depots, consistent with distinct 
developmental origins
Fatemeh Rajaii1, Seth Blackshaw2. 1Ophthalmology, Johns Hopkins 
University, Baltimore, MD; 2Neuroscience, Johns Hopkins 
University, Baltimore, MD.
Purpose: Thyroid associated orbitopathy (TAO), the most common 
orbital inflammatory disease, causes significant ocular morbidity 
due to orbital soft tissue fibrosis and adipogenesis. Mechanisms 
underlying orbital adipogenesis in TAO are not well-understood, 
however it is clear that orbital fat (OF) responds differently in TAO 

compared to other fat depots. We hypothesized that the distinct 
embryologic origin of OF is associated with unique properties in the 
adult and performed fate-mapping of neural crest in the mouse orbit 
to demonstrate that OF is neural crest-derived. We further performed 
comparative transcriptome analysis of murine OF and other fat depots 
to identify genes that are differentially expressed in OF.
Methods: Fate-mapping of craniofacial neural crest was performed 
using adult male Wnt1:Cre,Rosa26tdTomato mice. For transcriptome 
analysis, RNA was isolated from orbital, inguinal, epididymal, 
and brown fat of 9-week old CD-1 male mice. RNA sequencing 
performed on samples with RIN>7 using Illumina Nextseq500. 
Gene expression levels were compared across tissue samples. In situ 
hybridization was performed on adult CD-1 male orbits to validate 
gene expression.
Results: tdTomato is expressed in OF in adult 
Wnt1:Cre,Rosa26tdTomato mice. Transcriptome analysis reveals that 306 
genes are upregulated in OF compared to the other fat depots, and 29 
genes are downregulated. Using in situ hybridization to validate gene 
expression demonstrates that selected genes identified in the screen 
are expressed in OF.
Conclusions: Murine orbital and periorbital fat are derived from 
neural crest and has a unique transcriptome compared to inguinal, 
epididymal, and brow fat. The distinct properties of OF may 
contribute to the unique response seen in OF in TAO.

Anti-RFP staining of Wnt1:Cre Rosa26tdTomato mouse orbits 
demonstrates that tdTomato is expressed in OF (arrowhead in A) and 
periorbital fat (arrowhead in C).

A. Heatmap of OF-specific gene expression.
B. In situ hybridization on 9 week old CD-1 males demonstrates 
expression of Fbxo40, IL20, Ky, Phex, Reep1, and Serpinb6d in OF.
Commercial Relationships: Fatemeh Rajaii; Seth Blackshaw, 
None
Support: NIH Grant K08EY027093
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Program Number: 3001
Presentation Time: 11:30 AM–11:45 AM
Periocular Mesenchyme delineate into sub-populations during 
targeting to the anterior segment
Jakub Famulski. Biology, University of Kentucky, Edmonton, KY.
Purpose: Establishment of the anterior segment is an essential event 
during formation of the visual system. Failure of anterior segment 
formation is likely to results in anterior segment dysgenesis and or 
predisposition to glaucoma. Thus, understanding the developmental 
events and regulatory mechanisms governing anterior segment 
formation are crucial for any significant advancement in screening 
or treatment of anterior segment disorders. The anterior segment 
is largely assembled from neural crest derivatives generally 
identified as periocular mesenchyme (POM). In order to uncover 
the developmental underpinnings likely to drive anterior segment 
dysgenesis we have begun to comprehensively characterize POM 
identity, behavior and function during formation of the zebrafish eye.
Methods: Quantification of POM cell targeting to the anterior 
segment was performed using 3D confocal imaging of zebrafish 
POM transgenic reporter lines, Tg[FoxC1b:GFP], Tg[FoxD3:GFP] 
and Tg[Pitx2:GFP]. We collected 3D images of anterior segment 
associated GFP expressing cells at 24, 26, 28, 32, 48 and 54hpf 
and counted the number of cells found within four quadrants of the 
anterior segment. (dorso-nasal DN, dorso-temporal DT, ventral-nasal 
VN, ventral-temporal VT). Migration dynamics in FoxC1b and 
FoxD3 expressing cells was assessed by performing in vivo time-
lapse confocal imaging of transgenic embryos from 22-48hpf. Sex of 
the embryos could not be determined and was therefore random.
Results: Our preliminary findings indicate that during early 
colonization of the eye, FoxC1b expressing POM preferentially 
target the dorsal-temporal (53.7% +/- 5.3, n=25) and ventral-temporal 
regions (25.6% +/- 4.5, n=25) of the eye followed by targeting to 
the ventral regions, while FoxD3 expressing POM primarily target 
dorsal-temporal (52.5% +/- 6.2, n=24) and dorsal-nasal regions 
(39.6% +/- 3.3, n=24) with much lower affinity for the ventral regions 
(8.1%+/- 4.4, n=24). Migration tracking in live imaging studies 
confirms our quantification results.
Conclusions: Overall, our work aims to re-define the population 
of POM that specifically target the anterior segment as the Anterior 
Segment Mesenchyme (ASM) and comprehensively characterize 
their molecular, migratory and targeting signatures.
Commercial Relationships: Jakub Famulski, None
Support: Knights Templar Eye Foundation Career Starter Award

Program Number: 3002
Presentation Time: 11:45 AM–12:00 PM
The Presence of Accommodative Tissues Influences the Shape of 
the Developing Eye
Nguyen K. Tram1, Matthew A. Reilly1, 2, Katelyn E. Swindle-Reilly1, 3. 
1Biomedical Engineering, The Ohio State University, Columbus, 
OH; 2Ophthalmology & Visual Science, The Ohio State University, 
Columbus, OH; 3Chemical and Biomolecular Engineering, The Ohio 
State University, Columbus, OH.
Purpose: In the early developmental stages of the vertebrate eye, 
the cornea and sclera have similar radii. Through normal growth, 
the radius of the cornea becomes smaller than that of the sclera, 
resulting in the usual corneal bulge in the anterior of the eye. 
Previous experiments demonstrated that intraocular pressure drives 
eye growth and plays a role in corneal morphogenesis. This study 
investigates the hypothesis that accommodative tissues (e.g. lens, 
ciliary body, and iris) are contributing mechanical determinants of 
ocular morphogenesis, using both an experimental porcine model and 
a finite element method.

Methods: The pressures in porcine eyes were controlled using a 
custom apparatus consisting of an eye holder, a pressure transducer 
system, and a saline column to control the pressure. The lens, ciliary 
body, and iris were removed using a blunt surgical probe inserted 
into the posterior of the eye. Corneal curvature maps were obtained 
using a Keratron Scout before and after ocular tissue removal. An 
idealized axisymmetric representation of the ocular geometry was 
constructed in COMSOL Multiphysics v5.2. The unloaded corneo-
scleral shell was assumed to be spherical with an inner radius of 11.5 
mm and outer radius of 12.5 mm. A representative ciliary body was 
juxtaposed about 2/3 of the length of the eye from the anterior pole, 
protruding several millimeters into the eye. A uniform pressure was 
placed on the entirety of the interior corneo-scleral boundary.
Results: Experimental data show that the average corneal radius of 
the intact eye (8.59 ± 0.10 mm) seemed to be lower than that of the 
eye with the annular tissues removed (8.70 ± 0.37 mm). Computer 
simulations show that, without the ciliary body, the corneo-scleral 
shell remains spherical under intraocular pressure. In contrast, the 
presence of the ciliary body causes increased corneal curvature, 
resulting in the characteristic corneal bulge required for appropriate 
refractive power.
Conclusions: Accommodative tissues seem to have a key role in the 
proper geometric development of the eye under intraocular pressure. 
This study shed some light on the mechanical interactions between 
the corneo-scleral shell and the annular tissues.

Figure 1: Experimental (top) and computational (bottom) curvature 
maps for the intact (left) and dissected (right) eye.
Commercial Relationships: Nguyen K. Tram, None; 
Matthew A. Reilly, None; Katelyn E. Swindle-Reilly

Program Number: 3003
Presentation Time: 12:00 PM–12:15 PM
An in vivo investigation of the upstream regulatory elements of 
PITX2/pitx2 through generation of large deletions of conserved 
enhancer elements in zebrafish
Eric Weh, Elena Semina. Pediatrics, Medical College of Wisconsin, 
Milwaukee, WI.
Purpose: The molecular mechanisms underlying developmental 
regulation of the transcription factor PITX2/pitx2 remain unknown. 
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In this study we create zebrafish models of large genomic deletions to 
determine the regulatory regions upstream of PITX2/pitx2 critical for 
ocular development.
Methods: CRISPR/Cas9 was used to generate deletions removing 
different conserved elements (CEs) upstream of pitx2, including 
CE4, CE5, CE7, CE10, predicted to be associated with its ocular 
expression/function. Mutant zebrafish were analyzed for abnormal 
phenotypes using light microscopy and alcian blue staining. In situ 
hybridization was used to detect distribution of both pitx2 isoforms 
during development and qPCR to assess their expression level. In 
silico transcription factor binding predictions were performed using 
MatInspector, CONSITE, JASPAR and TRAP.
Results: Zebrafish lines carrying 4.5-kb and 60-kb genomic deletions 
encompassing CE4 and CE5-7, respectively, have been established. 
Embryos homozygous for a deletion encompassing CE4 or  
CE5-7 were grossly normal during the first 5 days of development. 
By 7dpf, embryos displayed significantly reduced volume of the 
anterior chamber: CE4 (24.86 + 3.7, p<0.029, n=10 eyes) or CEs 
5-7 (18.76 + 3.3, p<2.5E-05, n=14 eyes) compared to WT (29.75 + 
5.9, n=16 eyes). Alcian blue revealed no abnormal development of 
craniofacial cartilages. In situ hybridization to detect pitx2 transcript 
did not show any obvious differences in transcript distribution; qPCR 
analyses are ongoing. Bioinformatic analysis of the CE4 and 5-7 
showed enrichment for binding sites for transcription factors from 
the SOX (2, 3, 9, 10) family and retinoic acid binding proteins as 
well as many other ocular factors. Luciferase assays to verify their 
interactions with the regulatory elements is underway.
Conclusions: Our data show that removing conserved sequences 
upstream of pitx2 previously shown to drive reporter expression in 
a pattern consistent with pitx2 ocular activity results in abnormal 
anterior chamber development. This further confirms the important 
role of these elements in the regulation and maintenance of normal 
pitx2 dosage during eye development. Identification of transcription 
factors that interact with these elements will help to dissect the 
upstream signaling cascade leading to proper expression of pitx2 
during ocular development.
Commercial Relationships: Eric Weh, None; Elena Semina, None
Support: R01EY015518

Program Number: 3004
Presentation Time: 12:15 PM–12:30 PM
Ocular neural crest cells are less sensitive to ethanol than 
craniofacial neural crest in a zebrafish model of fetal alcohol 
syndrome
Jessica Eason, Antionette L. Williams, Bahaar Chawla, 
Christian Apsey, Brenda L. Bohnsack. Department of Ophthalmology 
and Visual S, Univ of Michigan Kellogg Eye Center, Ann Arbor, MI.
Purpose: Ethanol (ETOH) exposure during pregnancy is associated 
with craniofacial and neurologic abnormalities, but rarely causes 
anterior segment dysgenesis. In these studies, we used zebrafish 
to investigate the molecular differences in the teratogenic effect of 
ETOH on craniofacial and ocular neural crest.
Methods: Zebrafish eye and neural crest development were analyzed 
via live imaging, TUNEL assay, immunostaining, detection of 
reactive oxygen species, and in situ hybridization.
Results: Treatment with increasing concentrations of ETOH from 
24-48 hours post fertilization (hpf) targeted craniofacial and ocular 
neural crest migration, survival and differentiation. Exposure to 1% 
ETOH increased reactive oxygen species in the periocular and facial 
neural crest (B, arrows) resulting in increased apoptosis  
(E, arrowheads) compared to untreated controls (A, D). In contrast, 
1% ETOH did not induce oxidative stress nor affect survival of 
ocular neural crest cells. As a result, embryos treated with 1% ETOH 

showed delayed pharyngeal arch and jaw formation (K), but normal 
ocular neural crest migration (H, arrow) and iris stroma formation 
(N, arrowheads) compared to untreated controls (G, J, M). Treatment 
with 3% ETOH decreased craniofacial and ocular neural crest 
migration (I, arrow) and survival (F, arrowhead) resulting in severe 
jaw, pharyngeal arch (L), and anterior segment (O) abnormalities. 
3% ETOH increased oxidative reactive species in the periocular and 
facial mesenchyme and in the retina (C), but not in the ocular neural 
crest. Although low concentrations of ETOH did not alter anterior 
segment development, 1% or 3% ETOH inhibited expression of 
pitx2a, foxc1a, foxc1b, and cyp1b1, suggesting that these genes direct 
ocular neural crest development outside the timeframe of ETOH 
exposure.
Conclusions: Ocular neural crest cells are less sensitive to the 
teratogenic effects of ETOH. This difference may be due to a better 
ability to withstand ETOH-induced oxidative stress and suggests that 
ocular neural crest cells are distinct from craniofacial neural crest 
cells. These studies help to explain the rarity of anterior segment 
dysgenesis despite the frequent craniofacial abnormalities in the 
setting of fetal alcohol syndrome.

Commercial Relationships: Jessica Eason, None; Antionette 
L. Williams, None; Bahaar Chawla, None; Christian Apsey, None; 
Brenda L. Bohnsack, None
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Program Number: 3005
Presentation Time: 12:30 PM–12:45 PM
Cellular interactions during closure of the optic fissure in the 
embryonic mouse eye
Amrita Pathak1, Katrina S. Hofstetter1, Jonathon Kuntz1, 
Dylan Burnette2, Sabine Fuhrmann1. 1Department of Ophthalmology 
and Visual Sciences, Vanderbilt University Medical Center, 
Nashville, TN; 2Cell and Developmental Biology, Vanderbilt 
University, Nashville, TN.
Purpose: Optic cup morphogenesis is a critical step for proper eye 
development. The morphogenetic process includes invagination 
of the ventral optic cup and the optic stalk, which leads to the 
formation of the optic fissure. The fissure margins subsequently 
fuse together leaving only a small opening for ganglion cells axons 
exiting the neural retina. Defects in closure of the optic fissure result 
in coloboma, which accounts for up to 10% of childhood blindness. 
However, the cellular and molecular mechanisms underlying the 
closure process are still obscure. Early electron microscopic studies 
suggest that thin cytoplasmic extensions arise from the fissure 
margins across the gap during optic fissure closure. We hypothesized 
that these extensions could represent filopodia-like structures. As the 
Rho GTPase CDC42 can induce filopodia formation, we predicted 
that CDC42 is critical for proper contact between the fissure margins 
through regulation of filopodia assembly.
Methods: We used a tamoxifen-inducible mouse line, Hes1CreERT2, 
for temporally controlled and tissue-specific CDC42 inactivation. 
Normal optic fissure starts closing around embryonic day 11 (E11) 
and fusion is completed by E12.5. To avoid potential effects on other 

functions of CDC42 such as apicobasal polarity, we disrupted CDC42 
as late as possible by activating Hes1CreERT2 for 18-24 hours before 
closure. Analysis of markers for tissue patterning and apicobasal 
polarity was performed using immunohistochemistry. To observe the 
formation of filopodia extensions and cell-cell interactions during 
optic fissure closure, we used high-resolution confocal microscopy 
with Airyscan.
Results: Our immunohistochemistry data with a variety of markers 
shows that tissue patterning and apicobasal polarity appears 
unchanged during the closure process at E11.5. However, CDC42 
mutant eyes consistently exhibit coloboma, detectable at E12.5. 
Using Airyscan imaging, our data in control eyes so far has revealed 
that we can visualize cytoplasmic bridges and filopodia-like 
structures extending between the optic fissure margins. Currently, 
we are analyzing CDC42 mutant optic cups to determine whether 
the formation of cytoplasmic bridges and filopodia-like structures is 
affected.
Conclusions: Our studies will reveal how the optic fissure margins 
make contact and whether Cdc42 is required during closure of the 
optic fissure in the mammalian eye.
Commercial Relationships: Amrita Pathak, None; 
Katrina S. Hofstetter, None; Jonathon Kuntz, None; 
Dylan Burnette, None; Sabine Fuhrmann, None
Support: NIH Grant R01EY024373, Core Grant EY008126, 
Unrestricted grant from Research to Prevent Blindness to the Dept of 
Opthalmology and Visual Sciences


