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Program Number: 1996
Presentation Time: 3:45 PM–4:00 PM
Eye Field Differentiation and Generation of Corneal Organoids 
from Human Induced Pluripotent Stem Cells
PRAVEEN JOSEPH SUSAIMANICKAM1, Savitri Maddileti1, 
Sreedhar Rao Boyinpally2, Ramavat Ravinder Naik3, Milind 
N Naik4, Dilip Kumar Mishra2, 5, G Bhanuprakash Reddy3, 
Virender S. Sangwan1, 5, Indumathi Mariappan1, 5. 1Sudhakar and 
Sreekanth Ravi Stem Cell Biology Laboratory, Prof. Brien Holden 
Eye Research Centre, Hyderabad Eye Research Foundation, L.V. 
Prasad Eye Institute, Hyderabad, India; 2Ophthalmic Pathology 
Laboratory, L.V. Prasad Eye Institute, Hyderabad, India; 3National 
Institute of Nutrition, Hyderabad, India; 4Department of Ophthalmic 
Plastic and Facial Aesthetic Surgery, L.V. Prasad Eye Institute, 
Hyderabad, India; 5Tej Kohli Cornea Institute, Centre for Ocular 
Regeneration, L.V. Prasad Eye Institute, Hyderabad, India.
Purpose: To generate and differentiate human iPSCs into eye field 
precursors and to establish enriched cultures of corneal epithelium.
Methods: Human dermal fibroblasts were reprogrammed into 
iPSCs by lentiviral method using the Yamanaka factors. Stably 
reprogrammed iPSC colonies were characterized for stemness, 
genomic stability and pluripotency by immunostaining, RT-PCR, 
FACS, karyotyping and teratoma assay. Direct differentiation of 
80% confluent cultures were done using the differentiation medium 
(DM: DMEM/F12, 4% KOSR, 4% FBS, 1X NEAA, 1X Glutamax, 
1X Pen-Strep) for 3 days. Subsequently, the cultures were shifted to 
retinal differentiation medium (RDM: DM + 2% B27) for a month to 
induce eye field specification. The distinct eye field primordial (EFP) 
clusters that emerged at 4 weeks were either continued as adherent 
cultures or excised for suspension cultures. In adherent cultures, 
rare EFPs gave rise to whole eye ball like structure with transparent 
corneal primordia on the surface and neuro-retinal cup on the basal 
side, at 8 weeks. In suspension cultures, about 30-40% of the EFPs 
gave rise to distinct retinal primordial (RP) and transparent, bubble-
like corneal primordial (CP) structures, at 6 weeks. The delicate CPs 
are manually dissected out of EFP clusters and cultured separately for 
further 8-10 weeks in CDM (DM + 1% N2 + 5 μg/mL Insulin + 5 ng/
mL FGF + 10 ng/mL EGF) for further tissue maturation or grown on 
human amniotic membrane (hAM) as explant cultures.
Results: The dermal fibroblast derived hiPSC lines exhibited the 
properties of pluripotent stem cells by forming teratomas in nude 
mice. Our optimized eye field differentiation protocol resulted 
in 40.05±3.89 EFPs per million cells in a 6-well plate (n=3). 
The EFPs could further mature and gave rise both retinal cups 
and corneal primordial structures more efficiently in suspension 
cultures. The isolated and maturing CPs at 8-10 weeks displayed 
similar anatomical features and marker expression profiles as that of 
developing corneal tissues and expanded well on hAM. IHC and  
RT-PCR evaluation confirmed the expression of PAX6, p63, K3/12, 
K13, K15, K19, VIM, COL1A1, COL4A1, MUC5AC and CD200.
Conclusions: Human iPSCs can be efficiently differentiated into 
complex three dimensional corneal tissues and offers an alternative 
tissue source for regenerating different layers of the cornea.
Commercial Relationships: PRAVEEN 
JOSEPH SUSAIMANICKAM; Savitri Maddileti, None;  
Sreedhar Rao Boyinpally, None; Ramavat Ravinder Naik, None; 
Milind N Naik, None; Dilip Kumar Mishra, None; 

G Bhanuprakash Reddy, None; Virender S. Sangwan, None; 
Indumathi Mariappan, None

Program Number: 1997
Presentation Time: 4:00 PM–4:15 PM
Anterior Segment Dysgenesis (ASD) disorders in a ciliopathy 
mouse model
Carlo Iomini, Laura Grisanti, Qing Liu. Ophthalmology, Icahn 
School of Medicine at Mount Sinai, New York, NY.
Purpose: ASD represents one of the main causes of congenital 
corneal opacity, and leads to glaucoma in ~50% of the cases. 
Although, few causative genes have been identified, little is known 
about the molecular and cellular mechanisms underlying tissue 
malformation in this class of disease. Several ciliopathies including 
Meckel, Bardet Biedl and Joubert syndromes display conditions 
affecting tissue of the AS. Here we investigate the role of cilia during 
development of the AS in mice.
Methods: Phenotypic analysis of the AS in conditional ciliary 
mutants was performed using light and transmission electron 
microscopy. Genes expression in AS tissues was assessed by using 
qRT-PCR and immunostaining approaches and using reporter mouse 
lines. Cell proliferation of periocular mesenchyme (POM) was 
assessed by BrdU incorporation and immunostaining.
Results: Null mutations that prevent cilia assembly such as Ift88-/-

 are lethal at E9.5-10.5. In Ift88-/- embryos the optic vesicle, although 
defective, is present. In contrast, the optic cup observed in wild-type 
embryos at E10.5 does not form. To overcome mid-gestation lethality 
generated a conditional KO mouse Wnt1-Cre;IFT88flox/- (cKO) in 
which the Ift88 gene is excised in all migrating POM cells of neural 
crest origin. CKO mice display strong craniofacial defects and 
die at birth (P0). Early eye patterning appears normal. However, 
later in development cKO mice display significant reduction of the 
anterior chamber a thinner stromal ECM and corneal endothelial 
malformations. Interestingly, although migration of neural crest-
derived cells appears normal, we detected reduction of mesenchymal 
cells at the angle between the stroma and the optic cup at E17.5. 
Mechanistically, we found that the Hedgehog (Hh) signaling and 
cell proliferation were impaired in a subpopulation of POM cells 
surrounding the optic nerve, the retinal pigment epithelium up to the 
iridocorneal angle of cKO mice. Gene expression analysis confirmed 
disruption of the Hedgehog pathway and revealed reduction Ptx2 
but not Foxc1, both encoding for transcription factors linked to the 
Axenfeld-Rieger Syndrome.
Conclusions: We have uncovered a pivotal role of primary cilia in 
the development of the AS and highlighted their involvement in the 
etiology of ocular disorders derived from ASD.
Commercial Relationships: Carlo Iomini; Laura Grisanti, None; 
Qing Liu, None
Support: NH Grant EY022639

Program Number: 1998
Presentation Time: 4:15 PM–4:30 PM
Chick corneal morphogenesis: A new role for keratocytes
Elena Koudouna2, 1, Eric Mikula2, Donald J. Brown2, 
Robert D. Young1, Carlo Knupp1, Andrew J. Quantock1, 
James Jester2. 1School of Optometry and Vision Sciences, Cardiff 
University, Cardiff, United Kingdom; 2Gavin Herbert Eye Institute, 
University of California Irvine, Irvine, CA.
Purpose: Recent embryonic chick corneal studies have identified 
“fibropositors/keratopodia” supporting the hypothesis that keratocytes 
direct collagen organization during development. This hypothesis is 
contrary to conventional wisdom, which indicated a key role of the 
corneal epithelium through deposition of an orthogonally arranged, 
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rotating primary stroma. The purpose of this study was to test this 
novel keratocyte hypothesis by revisiting the morphologic and 
structural changes in the corneal stroma during development using 
state-of-the-art 3-D collagen imaging through second harmonic 
generation (SHG) microscopy.
Methods: Collagen fiber and cell organization was examined in 
developing chick corneas from embryonic day 8 (E8) through E19 
(N=4-6) using en face SHG and confocal imaging combined with 
3D-Fast Fourier Transform (FFTs) reconstructions and Image J 
Directionality analysis. Cross-sectional vibratome sections extending 
from limbus to limbus were also imaged.
Results: Morphology and orientation of presumptive keratocytes 
changed dramatically during corneal development. On E8, 
keratocytes were randomly organized in the anterior-mid stroma, 
but tended to orient parallel to the choroid fissure in the posterior 
stroma. By E9, keratocytes became orthogonally arranged and 
showed a clockwise rotation in the anterior stroma. On E10 and 
thereafter, cells became progressively more orthogonally arranged 
showing greater rotation. Before complete keratocyte invasion 
(E8-E9), 3D reconstructions of collagen showed the primary 
stroma to be orthogonally organized with no angular displacement. 
Vibratome section imaging similarly showed no evidence of collagen 
rotation prior to complete cell invasion. Importantly, appearance of 
orthogonal, rotated collagen was evident on E10, after cells had fully 
invaded the corneal stroma and showed an orthogonal and rotational 
organization. During primary stroma deposition (E7-E10) there was a 
strong SHG signal in the epithelial layer that significantly decreased 
(p < 0.025) after keratocyte invasion and deposition of rotating 
collagen fibers.
Conclusions: Contradictory to earlier studies, rotation of collagen 
fibers in the anterior stroma occurred after deposition of primary 
stroma and complete invasion by keratocytes. Furthermore, rotation 
of collagen fibers was preceded by earlier rotation of keratocytes, 
suggesting that the adult corneal stroma is deposited and organized 
predominantly by keratocytes.
Commercial Relationships: Elena Koudouna, None; Eric Mikula, 
None; Donald J. Brown, None; Robert D. Young, None; 
Carlo Knupp, None; Andrew J. Quantock, None; James Jester, 
None
Support: Biotechnology and Biological Sciences Research Council 
(BBSRC)

Program Number: 1999
Presentation Time: 4:30 PM–4:45 PM
Using template anisotropy to optimize the structure and function 
of corneal stromal substitutes
Ricardo M. Gouveia1, Elena González-Andrades2, Juan Cardona3, 
Ana Ionescu3, Miguel Alaminos2, Miguel González-Andrades4, 5, 
Che J. Connon1. 1Institute of Genetic Medicine, Newcastle 
University, Newcastle-upon-Tyne, United Kingdom; 2Faculty of 
Medicine and Dentistry, University of Granada, Granada, Spain; 
3Department of Optics, University of Granada, Granada, Spain; 
4Schepens Eye Research Institute, Boston, MA; 5Department of 
Ophthalmology, Harvard Medical School, Boston, MA.
Purpose: The impact of anisotropy on tissue performance constitutes 
an important parameter in biofabrication. This is particularly 
critical for corneal stromal tissue with its highly-organized collagen 
fibrils. Our aim was to create stromal substitutes with native-like 
composition and structure through a bottom-up strategy. For this, 
we used smart templates with distinct anisotropies to control cell 
alignment and subsequent deposition of corneal stromal extracellular 
matrix (ECM). The templates were also designed to allow the 

physiological self-release of tissues thereby designated as corneal 
stromal Self-Lifting Analogous Tissue Equivalents (SLATEs).
Methods: Human keratocytes were cultured on templates with 
different anisotropies made from peptide amphiphiles containing a 
protease-responsive sequence followed by the integrin-binding amino 
acid motif RGDS. SLATEs fabricated by keratocytes during 3 months 
in serum-free conditions were allowed to self-detach by removing 
retinoic acid from the medium for increased protease expression. The 
scaffold-free SLATEs were analyzed for their structure, composition, 
mechanics, and biological function.
Results: SLATEs generated on anisotropic templates showed a dense, 
native-like ECM with aligned collagen (A-SLATEs). In contrast, 
tissues on isotropic templates comprised cells and matrix oriented 
at random (R-SLATEs). Both A- and R-SLATES were highly 
transparent and maintained high cell viability after self-release, which 
allowed create thicker constructs through stacking (S-SLATEs). 
However, A-SLATEs were significantly (p<0.01) denser, thicker, 
and stiffer than R-SLATEs, making them easier to handle and more 
resistant to degradation, both in vitro and after implantation in rabbit 
corneas. Importantly, SLATEs also supported attachment and growth 
of corneal limbal epithelial cells, but elicited distinctive effects on 
their phenotype. Specifically, stiffer A-SLATEs promoted epithelial 
cell differentiation and stratification, whereas the softer R-SLATEs 
maintained their limbal phenotype.
Conclusions: We show that the intrinsic properties of artificial tissues 
can be controlled solely through surface templating, and that these 
properties can in turn define tissue function, such as the ability to 
support the growth and differentiation of other cell types, or to resist 
enzymatic degradation. Such finding has evident impact in devising 
more sophisticated corneal substitutes.
Commercial Relationships: Ricardo M. Gouveia;  
Elena González-Andrades, None; Juan Cardona, None; 
Ana Ionescu, None; Miguel Alaminos, None;  
Miguel González-Andrades, None; Che J. Connon, None

Program Number: 2000
Presentation Time: 4:45 PM–5:00 PM
Alterations in cornea sensory nerves with aging and in response 
to injury in mice lacking the heparan sulfate proteoglycan 
syndecan-1
Mary Ann Stepp, Sonali Pal-Ghosh, Gauri Tadvalkar. Anatomy & 
Regenerative Biology, George Washington University, Washington, 
DC.
Purpose: To determine the impact of the loss of the heparan sulfate 
proteoglycan syndecan-1 (sdc1) on intraepithelial corneal nerves 
(ICNs) during homeostasis, aging, and in response to injury, we 
quantify nerve density and fiber thickness (fasciculation) in male and 
female wt and sdc1 null mice as a function of time after birth through 
40w of age and in response to two types of injury: 1.5mm trephine 
and 1.5 mm debridement.
Methods: Whole flat mounted corneas of BALB/c mice (male and 
female) were stained using antibodies against βIII tubulin to study 
the density of the ICNs using Sholl’s analysis and axon thickness 
using Image J as a function of time after injury (3w-10 mo) and 
after trephine and debridement injury. A minimum of 5 corneas are 
used per time point. Additional studies were performed assessing 
cell proliferation and localization of the regeneration activated gene 
GAP43 and lysosomal marker LAMP1 within subbasal nerves 
(SBNs) and intraepithelial nerve terminals (INTs).
Results: Sdc1 null mice are slower to innervate their corneas; by 
8 w of age sdc null mice have reduced axon density compared 
to wt mice. Both wt and sdc1 null mice lose axon density and 
thickness with aging. GAP43 expression in the intraepithelial nerve 
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terminals of unwounded mice indicates that the ICNs are constantly 
growing. Although sdc1 null ICNs reinnervate the cornea with equal 
efficiency as wt ICNs after injuries requiring cell migration and 
sheet movement, after trephine injuries that leave the epithelium 
intact, they take longer than wt mice to regenerate. Axon fragments 
accumulate within 6 hours in LAMP1+ lysosomes in the corneal 
epithelium after trephine injury.
Conclusions: The intraepithelial corneal nerves (ICNs) in mice 
express the regeneration associated gene GAP43 constituitively; 
within hours after 1.5 mm trephine crush wounds, fragments of axons 
colocalize within lysosomes. Mice lacking the syndecan-1 show 
differnces in axon density and thickness and response of axons to 
trephine injury compared to controls.
Commercial Relationships: Mary Ann Stepp, None;  
Sonali Pal-Ghosh, None; Gauri Tadvalkar, None
Support: NIH R018512

Program Number: 2001
Presentation Time: 5:00 PM–5:15 PM
A NOVEL VIMENTIN PROBE ILLUMINATES 
MITOCHONDRIAL DYNAMICS
Paola Bargagna-Mohan1, Santosh Keshipeddy2, Dennis Wright2, 
Royce Mohan1. 1Neuroscience, University of Connecticut, 
Farmington, CT; 2Pharmaceutical Sciences, University of 
Connecticut, Storrs, CT.
Purpose: WFA-Verde is the first-in-class vimentin-binding imaging 
probe. As vimentin is known to bind to mitochondria, we have 
employed WFA-Verde as a probe to investigate vimentin-dependent 
mitochondrial activity.
Methods: We employed baby hamster kidney (BHK-21) cells 
and primary rabbit corneal fibroblasts (RbCFibros). Cells were 
cultured in glass bottom dishes for 18 h in complete DMEM, prior to 
experiments. BHK-21 cells were treated for 30 min with MitoTracker 
Red CMXRos (50 nM) in the presence or absence of nocodazole 
(10 μM), and then pulsed with WFA-Verde (250 nM) for 5 min. 
WFA-Verde labeled filaments and mitochondria were recorded live 
using epifluorescence. In other experiments, BHK-21 cells were 
treated only with nocodazole, and WFA-Verde labeled cells were 
fixed/permeabilized, and stained with β-tubulin antibody. To follow 
mitochondrial dynamics, BHK-21 cells were starved for 2 h with 
glucose-free DMEM medium, treated with MitoTracker, washed, 
pulsed with WFA-Verde and then treated with sodium azide (NaN3, 
0.05%) and 2-deoxy-glucose (2-DG, 50 mM). Mitochondrial fission 
was followed live as described above. Mitochondria-vimentin 
interactions were also tested in RbCFibros. Cells were treated with 
MitoTracker Red (50 nM) for 30 min, pulsed with WFA-Verde  
(250 nM) for 5 min, and followed live as described above.
Results: WFA-labeled vimentin co-localizes with mitochondria in 
both BHK-21 cells and RbCFibros. Disruption of the microtubules 
(MTs) with nocodazole causes collapse of both WFA-Verde structures 
and mitochondria in BHK-21 cells. Interestingly, WFA-Verde-labeled 
vimentin did not overlap with β-tubulin staining, revealing a specific 
correlation with mitocochondria rather than with MTs. Glucose 
deprivation forces mitochondria to elongate, and MitoTracker labeled 
the tubular structures. WFA-Verde co-stained these long mitochondria 
showing overlap with MitoTracker labeling. The induction of reactive 
oxygen species by treatment with 2-DG and NaN3 caused WFA-
Verde-labelled vimentin filaments to became fragmented, following 
mitochondria fission.
Conclusions: WFA-Verde labels vimentin structures that co-localize 
with mitochondria and faithfully reflects mitochondrial dynamics 
after perturbation of MTs. This probe also affords the monitoring  
of mitochondrial reorganization, and fragmentation after induction of 

fission. WFA-Verde can be a useful diagnostic tool to study vimentin-
mitochondria interactions in ocular injury and disease.
Commercial Relationships: Paola Bargagna-Mohan, University 
of Kentucky; US patent 8,735,178 (P), University of Connecticut; 
Application No. 62/374,376 (P); Santosh Keshipeddy, University 
of Connecticut; Application No. 62/374,376 (P); Dennis Wright, 
University of Connecticut; Application No. 62/374,376 (P); 
Royce Mohan, University of Kentucky; US patent 8,735,178 (P), 
University of Connecticut; Application No. 62/374,376 (P)
Support: R01EY016782; John A. and Florence Mattern Solomon 
Endowed Chair

Program Number: 2002
Presentation Time: 5:15 PM–5:30 PM
An oxygen-specific optical “electrode” (optrode) directly 
measures oxygen uptake and reveals its dynamics at ocular 
surface
Li Ma1, Fernando Ferreira1, Brian Reid1, Min Zhao1, 2. 1Department 
of Dermatology, University of California Davis, Sacramento, CA; 
2Department of Ophthalmology, University of California Davis, 
Sacramento, CA.
Purpose: Oxygen consumption at the ocular surface determines and 
indicates important physiology. We aimed to use a novel optrode 
(optical “electrode”) to directly measure oxygen uptake and monitor 
its dynamics with high spatial and temporal resolution at ocular 
surface.
Methods: Experiments were performed on isolated whole eyes from 
male mice or male Sprague-Dawley rats. The spatial O2 flux profile 
of cornea was measured by optrode system (PreSens), in cornea 
center, periphery, limbus and conjunctiva. Cornea wounds were 
made by scraping off approximately 1.5–2 mm2 of epithelium with 
an ophthalmologic scalpel. O2 flux were also measured spatially, in 
wound center, wound edge and wound side, as well as temporally, 
during wound healing process. ANOVA and two-tailed Student’s 
t-test were used for statistical analysis.
Results: The optrode is able to detect significantly different O2 
influxes at rat cornea center, limbus and conjunctiva of -33.41±3.89, 
-64.3±4.32 and -66.67 ±1.30 pmol/cm2/s, respectively; and at mice 
cornea center, periphery, limbus and conjunctiva of -34.73±7.60, 
-47.91±6.44, -67.28±5.35 and -55.92 ±9.06 pmol/cm2/s, respectively. 
After wounding, the wound center and wound edge showed 
significant decrease in O2 influxes, while wound side away from 
wound showed similar influx magnitude. O2 influxes changed 
gradually during wound healing process.
Conclusions: Using optrode, we demonstrated significant 
heterogeneity in O2 flux at the ocular surface. Limbus region showed 
higher O2 uptake than cornea center and periphery. Wounding 
reduced the O2 influxes at the wound center and wound edge, but 
not at the intact surface of wound side. The optrode maps O2 fluxes 
with high spatial and temporal resolution, which may offer a novel 
technique with promising potential for both laboratory research and 
clinical application to characterize cornea physiology and pathology.
Commercial Relationships: Li Ma, None; Fernando Ferreira, 
None; Brian Reid, None; Min Zhao, None
Support: NIH 1R01EY019101


