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Presentation Time: 8:30 AM–10:15 AM
Characterization of gene mis-splicing events in Fuchs endothelial 
corneal dystrophy primary cell cultures
Tommy A. Rinkoski1, Cindy K. Bahler1, Xiaojia Tang2, 
Krishna R. Kalari2, Keith Baratz1, Sanjay V. Patel1, 
Michael P. Fautsch1, Eric Wieben3. 1Ophthalmology, Mayo Clinic, 
Rochester, MN; 2Division of Biostatistics and Bioinformatics and 
Department of Health Sciences Research, Mayo Clinic, Rochester, 
MN; 3Biochemistry and Molecular Biology, Mayo Clinic, Rochester, 
MN.
Purpose: We have previously identified a mis-splicing gene 
signature in Fuchs endothelial corneal dystrophy (FECD) tissue that 
associates with the CTG trinucleotide repeat (TNR) expansion in the 
transcription factor 4 (TCF4) gene. In this study, we characterized 
RNA splicing events in primary cultures of FECD cells to determine 
if this model retains the characteristic mis-splicing gene signature of 
FECD.
Methods: Human Fuchs corneal endothelial cells were obtained 
from tissue removed at endothelial keratoplasty. Control corneal 
endothelial cells were obtained from normal donor eyes. Cells were 
dissociated from Descemet membrane in 0.02% EDTA and placed 
in 6-well collagen IV coated plates with Joyce’s media. Upon 
confluence, Joyce’s media was replaced with maturation media 
(50:50 F12 and M199 with 5% fetal bovine serum, 20ug/ml ascorbic 
acid, 1X ITS and 1X Pen/Strep) for a minimum of 5 days. Total RNA 
isolated from confluent control (n=2) and FECD cell cultures (n=4) 
were processed into cDNA libraries using the TruSeq Stranded Total 
RNA Library kit. The resulting libraries were minimally amplified 
and quantified for sequencing at 3 samples/lane using a HiSeq4000 
(Illumina) sequencer and paired end 101 bp reads. The paired-end 
FASTQ format sequence was analyzed using Mayo Analysis Pipeline 
for RNA Sequencing (MAP-RSeq) to generate alignment files. 
Pairwise comparisons were performed with MISO software.
Results: RNASeq analysis of FECD cultured cells revealed mis-
splicing of 15 genes that were previously identified in FECD corneal 
endothelial tissue containing a TCF4 TNR expansion sequence. 
These genes included MBNL1, MBNL2, NUMA1, PPFIBP1, 
VEGFA, FGFR1, CD46, BZRAP1 and NHSL1. Pathway analysis of 
the mis-spliced gene set showed statistically significant enrichment 
of genes associated with cytoskeletal binding proteins SYNE1, ABI1, 
CLASP1, INF2, KIF13A and PLEKHM2. Cell lines from FECD 
patients without TCF4 TNR expansion did not share these  
mis-splicing events.
Conclusions: Primary Fuchs corneal endothelial cell lines containing 
a TCF4 TNR expansion sequence exhibit an RNA mis-splicing 
profile similar to Fuchs corneal endothelial tissue. These results 
lend validity to using FECD primary cell culture models to study 
molecular aspects of the disease.
Commercial Relationships: Tommy A. Rinkoski, None;  
Cindy K. Bahler, None; Xiaojia Tang, None; Krishna R. Kalari, 
None; Keith Baratz, None; Sanjay V. Patel, None; 
Michael P. Fautsch, None; Eric Wieben, None
Support: NIH Grants EY26490 and EY25071, MN Partnership 
for Biotechnology and Medical Genomics, Research to Prevent 
Blindness, and Mayo Foundation

Program Number: 1434 Poster Board Number: B0084
Presentation Time: 8:30 AM–10:15 AM
Feasibility of TGF-β inhibition for the treatment of Fuchs 
endothelial corneal dystrophy
Naoki Okumura1, Keisuke Hashimoto1, Hirokazu Okuda1, 
Emi Ueda1, Theofilos Tourtas2, Ursula Schlotzer-Schrehardt2, 
Friedrich E. Kruse2, Noriko Koizumi1. 1Biomedical Engineering, 
Doshisha University, Kyotanabe, Japan; 2Ophthalmology, University 
of Erlangen-Nürnberg, Erlangen, Germany.
Purpose: Endoplasmic reticulum (ER) stress is thought to be 
involved in the pathophysiology of Fuchs endothelial corneal 
dystrophy (FECD). We reported that the corneal endothelium 
in FECD is hyper responsive to TGF-β, resulting in excessive 
extracellular matrix (ECM) production. In this study, we investigated 
whether TGF-β signaling causes ER stress and evaluated the 
feasibility of TGF-β signaling as a therapeutic target of FECD.
Methods: Descemet’s membrane including corneal endothelial cells 
(CEC) were obtained from 30 patients during Descemet’s membrane 
endothelial keratoplasty (DMEK), and from 30 donor corneas as 
a control. TGF-β1, TGF-β2, TGFβR1, and TGFβR2 expression 
was evaluated by RT-PCR. As cellular models, CEC were isolated 
from 3 FECD-patient corneas and 3 donor corneas, then cultured 
and immortalized (henceforth: iFECD and iHCEC). ECM proteins 
fibronectin and collagen type 1, ER stress sensors ATF6, IRE1, 
and PERK, and apoptosis related proteins CHOP, caspase3, and 
PARP were examined by western blotting. Unfolded protein was 
evaluated by aggresome staining. SB431542, TGFβR1 siRNA, and 
Smad3 inhibitor was used to evaluate the effect of inhibiting TGF-β 
signaling on ER-stress-mediated apoptosis. Mitochondrial membrane 
potential was evaluated by flow cytometry.
Results: RT-PCR demonstrated that TGF-β1, TGF-β2, TGFβR1, 
and TGFβR2 expression was significantly higher in FECD-patient 
corneal endothelium than in controls (p<0.01). In cell models, TGF-
β2 induced production of ECM proteins and activation of PERK 
and CHOP at a higher level in iFECD than in iHCEC. In iFECD, 
SB431542, TGFβR1 siRNA, and Smad3 inhibitor suppressed 
expression of fibronectin and formation of unfolded protein. 
ATF6, IRE1, and PERK were activated in iFECD, but SB431542 
downregulated activation of those sensor proteins. Flow cytometry 
showed that SB431542 significantly suppressed the percentage of 
mitochondrial membrane demoralized cells (p<0.01). Consistently, 
cleavage of caspase 3 (apoptosis executor molecule) and PARP was 
suppressed by SB431542.
Conclusions: The expression level of TGF-β isoforms and  
TGF-β receptors is high in FECD-patient corneal endothelium, 
which maybe induces high responsiveness to TGF-β and leads to ER 
stress. Inhibition of TGF-β signaling might be a therapeutic target by 
suppressing ER-stress-mediated cell death as well as accumulation of 
ECM of FECD.
Commercial Relationships: Naoki Okumura; Keisuke Hashimoto, 
None; Hirokazu Okuda, None; Emi Ueda, None; 
Theofilos Tourtas, None; Ursula Schlotzer-Schrehardt, None; 
Friedrich E. Kruse, None; Noriko Koizumi, Doshisha University 
(P), Senju Pharmaceutical Co. (P)
Support: Program for the Strategic Research Foundation at Private 
Universities from MEXT (Koizumi N and Okumura N).
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Activation of an intrinsic pathway by endoplasmic reticulum 
stress in corneal endothelial cells
Okuda Hirokazu, Naoki Okumura, Miu Kitahara, Keisuke Hashimoto, 
Noriko Koizumi. Biomedical Engineering, Doshisha University, 
Kyotanabe, Japan.
Purpose: The involvement of endoplasmic reticulum (ER) stress 
and functional alteration of mitochondria is suggested to play an 
important role in Fuchs endothelial corneal dystrophy (FECD), yet 
the pathophysiology is currently not well elucidated. The purpose of 
this present study was to investigate how ER stress and mitochondria 
are related to cell death in corneal endothelium.
Methods: Immortalized human corneal endothelial cells (iHCECs) 
established from donor corneas were treated with ER stress inducer 
thapsigargin (TG, 10 μM) and proteasome inhibitor MG132 (20 
uM) to induce ER stress. The expression levels of ER-stress sensor 
proteins (i.e., ATF6α, PERK, and IRE1α), CHOP (transcription 
factor), and apoptosis-involved mitochondrial proteins (bcl-2, caspase 
9, and caspase 3) were evaluated by western blotting. Mitochondrial 
membrane potential (MMP) was determined by JC-1 staining, and 
siRNA was use to knock down CHOP.
Results: Western blotting showed that TG phosphorylated PERK, 
cleaved ATF6α and IRE1α in a time dependent manner. TG 
suppressed MMP, downregulated bcl-2 expression, increased the 
release of cytochrome c to cytoplasm, and cleaved caspase 9 resulting 
in caspase 3 cleavage, thus suggesting an ER-stress-activated intrinsic 
pathway. The knock down of CHOP counteracted TG mediated-MMP 
decrease and caspase 9 cleavage. MG132 induced unfolded protein, 
and MG132 activated ER stress sensors, as with TG. Flow cytometry 
showed that MG132 significantly increased the percentages of MMP 
demoralized cells in comparison to control cells (21.2±0.9% and 
5.6±0.5%, respectively) (p<0.01). In addition, MG132 increased the 
cleavage of caspase 9 and 3.
Conclusions: The findings of this study indicate that three ER stress 
sensors, i.e., ATF6α, PERK, and IRE1α, are conserved in corneal 
endothelium and are activated by ER stress. Moreover, CHOP was 
found to be expressed by ER-stress-sensor activation and transduced 
ER stress to mitochondria, thus resulting in intrinsic pathway 
activation. ER stress mediated apoptosis by an intrinsic pathway 
might play a central role in cell death in FECD.
Commercial Relationships: Okuda Hirokazu, None; 
Naoki Okumura, None; Miu Kitahara, None; Keisuke Hashimoto, 
None; Noriko Koizumi, None

Program Number: 1436 Poster Board Number: B0086
Presentation Time: 8:30 AM–10:15 AM
Feasibility of caspase inhibitor to treat Fuchs endothelial corneal 
dystrophy
Mako Endo1, Naoki Okumura1, Theofilos Tourtas2,  
Ursula Schlotzer-Schrehardt2, Friedrich E. Kruse2, Noriko Koizumi1. 
1Biomedical Engineering, Doshisha University, Kyoto, Japan; 
2Ophthalmology, University of Erlangen-Nürnberg, Erlangen, 
Germany.
Purpose: Fuchs endothelial corneal dystrophy (FECD) causes 
apoptosis of corneal endothelial cells (CECs) and is a major cause 
of corneal endothelial dysfunction. Though the pathophysiology of 
FECD has yet to be clarified, the involvement of transforming growth 
factor beta (TGF-β) signaling, endoplasmic reticulum (ER) stress, 
and apoptosis has been posited. To date, the only therapeutic modality 
is corneal transplantation, and no pharmaceutical treatment exists. 
In this study, we investigated the feasibility of caspase inhibitor as a 
possible treatment candidate for FECD.

Methods: Cell damage was induced as FECD mimic in vitro models; 
i.e., 1) immortalized FECD cells (iFECD) treated with TGF-β2 (10 
ng/mL), 2) immortalized human CECs (iHCECs) treated with  
ER-stress-inducer thapsigargin (TG, 10 μM), and 3) iHCECs treated 
with ultraviolet (UV, 100 J/m2) irradiation. Caspase inhibitors 
(Z-VD-FMK or Emricasan) were used to evaluate the anti-apoptotic 
effect. Cell damage was examined by phase-contrast microscopy. The 
cleavage of caspase 3 and poly (ADP-ribose) polymerase (PARP) 
was determined by western blotting. Apoptotic cell population was 
determined with Annexin V-positive cells using flow cytometry.
Results: Phase contrast images showed that cells were damaged and 
the existence of floating cells among the TGF-β2-treated iFECD,  
TG-treated iHCECs, and UV-treated iHCECs. On the other hand, 
caspase inhibitors suppressed the number of floating cells in those 
three cell damage models. Western blotting showed that cleavage of 
caspase 3 and PARP was induced in all three models, but caspase 
inhibitors suppressed the cleavage of those apoptotic proteins. Flow 
cytometry demonstrated that Annexin V-positive apoptotic cells 
were increased in iFECD with stimulation of TGF-β2 (20.4±0.5%), 
but Z-VD-FMK significantly suppressed Annexin V-positive cell 
numbers (8.9±0.5%) (p<0.01). Similarly, Annexin V-positive cells in 
TG-treated iHCECs and UV-treated iHCECs were downregulated by 
Z-VD-FMK (from 27.2±1.2% to 4.8±0.3% and from 17.3±1.4% to 
1.2±0.3%, respectively) (p<0.01).
Conclusions: Our findings indicate that caspase inhibitor suppresses 
apoptosis in in vitro FECD mimicking models; i.e., TGF-β signaling 
activation, ER stress, and UV irradiation. We propose that caspase 
is a therapeutic target, and that caspase inhibitors might be clinically 
applicable pharmaceutical agents for treating FECD.
Commercial Relationships: Mako Endo, None; Naoki Okumura, 
Doshisha University (P); Theofilos Tourtas, None; 
Ursula Schlotzer-Schrehardt; Friedrich E. Kruse, None; 
Noriko Koizumi, Doshisha University (P)

Program Number: 1437 Poster Board Number: B0087
Presentation Time: 8:30 AM–10:15 AM
Primary cultures of Fuchs corneal endothelial cells harboring the 
TCF4 repeat expansion in the transcription factor 4 gene have 
increased susceptibility to oxidative stress
David M. Holmes1, Tommy A. Rinkoski1, Cindy K. Bahler1, 
Keith Baratz1, Sanjay V. Patel1, Eric Wieben2, Michael P. Fautsch1. 
1Ophthalmology, Mayo Clinic, Rochester, MN; 2Biochemistry and 
Molecular Biology, Mayo Clinic, Rochester, MN.
Purpose: Fuchs endothelial corneal dystrophy (FECD) is associated 
with a trinucleotide repeat (TNR) expansion found within the 
transcription factor 4 (TCF4) gene. Additionally, in vitro studies 
performed with FECD cultured cells suggests a role for oxidative 
stress in disease pathogenesis. To understand the interaction of these 
factors, we hypothesized that oxidative stress would induce a greater 
reduction in the proliferation rate of cultured endothelial cells from 
corneas affected by FECD harboring the TCF4 TNR expansion 
compared with control corneal endothelial cells.
Methods: Four independent primary FECD cell lines harboring 
TCF4 TNR expansions and four normal corneal endothelial cell 
lines were grown on collagen IV coated 6-well plates and plated at 
5000 cells/well in a 96-well plate. Cells were exposed to either 5 μM 
menadione (oxidative stress agent) or vehicle (DMSO). Cell growth 
rate was assessed using the Vybrant MTT cell proliferation assay kit, 
and was calculated as a percent increase in cell number from 24 to 72 
hours. For each cell line, assays were completed in triplicate under 
oxidative stress and control conditions. Susceptibility to oxidative 
stress was calculated as the percent decrease in growth rate from 
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control conditions to oxidative stress conditions for each cell line, 
and averages were compared.
Results: Large variability in growth rates was identified between cell 
lines. Growth rates of FECD cell lines in control media ranged from 
36% to 109%, whereas the growth rate of control cell lines ranged 
from 34% to 248% (mean ± SD: 65% ± 31% vs 135% ± 88%, p=0.2). 
Under conditions of oxidative stress (5 μM menadione), growth rates 
were slower: FECD growth rate ranged from 8% to 48% and controls 
19% to 151%. (mean ± SD: 27% ± 19% vs 94% ± 55%, p=0.09). 
Susceptibility to oxidative stress conditions was 62% ± 18% in FECD 
cells and 30% ± 29% in control cells (n=4, p=0.04).
Conclusions: Primary cultures of FECD cells harboring the TCF4 
TNR expansion sequence had a significantly greater reduction in 
growth rate when exposed to menadione compared with control 
corneal endothelial cells, indicating that FECD cells with the TCF4 
TNR expansion sequence are more susceptible to oxidative stress. 
Our results support the hypothesis that oxidative stress may have a 
role in FECD pathogenesis.
Commercial Relationships: David M. Holmes, None; 
Tommy A. Rinkoski; Cindy K. Bahler, None; Keith Baratz, None; 
Sanjay V. Patel, None; Eric Wieben, None; Michael P. Fautsch, 
None
Support: NIH Grants EY26490 and EY25071, MN Partnership 
for Biotechnology and Medical Genomics, Research to Prevent 
Blindness, and Mayo Foundation

Program Number: 1438 Poster Board Number: B0088
Presentation Time: 8:30 AM–10:15 AM
Expression level of the TCF4 gene in the corneal endothelium of 
Fuchs endothelial corneal dystrophy patients
Ryosuke Hayashi1, Naoki Okumura1, Keisuke Ogata1, 
Masakazu Nakano2, Theofilos Tourtas3, Ursula Schlotzer-Schrehardt3, 
Friedrich E. Kruse3, Noriko Koizumi1. 1Biomedical Engineering, 
Doshisha University, Kyotanabe, Japan; 2Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 3Ophthalmology, 
University of Erlangen-Nürnberg, Nürnberg, Germany.
Purpose: The expansion of a CTG trinucleotide repeat in the third 
intron of transcription factor 4 (TCF4) has commonly been detected 
in FECD patients (Wieben E, et al). Though the importance of 
TCF4 in the pathogenesis in FECD has been theorized, the effect of 
CTG repeat expansion of TCF4 on TCF4 expression has yet to be 
elucidated. The purpose of this study was to determine the expansion 
level of TCF4 in FECD corneal endothelium and the relationship 
between repeat expansion and TCF4 level.
Methods: Genomic DNA was obtained from the blood of 493 
German FECD patients using the DNeasy® Blood & Tissue Kit. The 
expansion of a CTG trinucleotide repeat was analyzed by polymerase 
chain reaction (PCR) and sequence analysis. Corneal endothelium 
tissues were obtained from the FECD patients at the time of corneal 
transplantation via Descemet’s membrane endothelial keratoplasty 
(DMEK). Total RNA was extracted from the corneal endothelium 
using the miRNeasy® Mini Kit. Expression of TCF4 was analyzed by 
real-time PCR.
Results: Corneal endothelium RNA (RIN >5.2) was obtained from 
309 of 493 patients, and then further analyzed. Of the 309 patients, 
235 (76%) possessed CTG trinucleotide repeat lower than 50 repeats. 
On the other hand, 59 patients possessed CTG trinucleotide repeats 
higher than 50 repeats in a single allele (19%) and 15 patients 
possessed them in both alleles (5%). Real-time PCR demonstrated 
that the TCF4 transcript level of the 235 cases without CTG repeat 
expansion was 2.67±0.09 fold higher than that of control corneal 
endothelium (p<0.01). Likewise, the TCF4 transcript level of the 
patients who had CTG repeat expansion in a single allele was 

2.68±0.15 fold higher, and that of the patients who had CTG repeat 
expansion in both alleles was 2.61±0.30 fold higher (p<0.01). No 
significant correlation was observed between the number of CTG 
repeat length and the expression level of the TCF4 gene.
Conclusions: Our findings revealed that 24% of FECD patients in 
Germany possess CTG repeat expansion longer than 50 repeats and 
that the expression level of TCF4 was significantly higher in the 
corneal endothelium of FECD patients than in the control subjects, 
regardless to CTG repeats. Further study regarding the role of TCF4 
will be beneficial for elucidating the pathogenesis of FECD.
Commercial Relationships: Ryosuke Hayashi, None; 
Naoki Okumura, None; Keisuke Ogata, None; Masakazu Nakano, 
None; Theofilos Tourtas, None; Ursula Schlotzer-Schrehardt, 
None; Friedrich E. Kruse, None; Noriko Koizumi, None

Program Number: 1439 Poster Board Number: B0089
Presentation Time: 8:30 AM–10:15 AM
CTG18.1 trinucleotride repeat expansion in African-Americans 
with Fuchs Corneal Dystrophy
Sina Vahedi1, 2, Shivakumar Vasanth1, S Amer Riazuddin1, 
John Gottsch1, Allen O. Eghrari1. 1Wilmer Eye Institute, Johns 
Hopkins University School of Medicine, Philadelphia, PA; 
2Sidney Kimmel Medical College at Thomas Jefferson University, 
Philadelphia, PA.
Purpose: Data suggest differences in corneal thickness between 
African-Americans and Caucasians with Fuchs Dystrophy. 
Differences in genotype across populations have not been fully 
explored.
Methods: Patients with FCD were diagnosed clinically through slit-
lamp biomicroscopy and invited to enroll in a longitudinal cohort. 
Demographic information, including race and gender, were provided 
by patients. Participants provided a blood sample from which we 
extracted genomic DNA. The CTG18.1 trinucleotide repeat length 
was determined using a two-step, triplet repeat primed PCR  
(TP-PCR) protocol. Expansion was defined as >40 CTG repeats. 
Fisher exact test was utilized to test for an association between race 
and repeat expansion.
Results: 61 African-Americans and 549 Caucasian patients with 
Fuchs Corneal Dystrophy enrolled in the longitudinal study and 
provided clinical and genetic data. Among 61 African-Americans, 
21 (34%) demonstrated expansion, of which 1 case was biallelic. 
In comparison, among 549 Caucasians, 343 (62.5%) demonstrated 
expansion; 3.8% of expanded cases were biallelic. A strong 
association existed between race and repeat expansion  
(p= 3.0 x 10^-5). The proportion of bilallelic expansion was not 
different between groups (P=0.57).
Conclusions: A strong association exists between CTG18.1 allele 
expansion and race in FCD patients. Further study is required to 
clarify its contribution to distinctions in phenotype across races.
Commercial Relationships: Sina Vahedi, None; 
Shivakumar Vasanth, None; S Amer Riazuddin, None; 
John Gottsch, None; Allen O. Eghrari, None
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Program Number: 1440 Poster Board Number: B0090
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Transcription factor 4 Regulates Mitochondrial Function and 
Energy Metabolism in cultured Human Corneal Endothelial 
Cells
Young Joo Shin1, Tae-Young Chung3, Soonil Kwon1, Joon-
Young Hyon2. 1Ophthalmology, Hallym University College of 
Medicine, Hallym Medical Center, Seoul, Korea (the Republic of); 
2Seoul National University Bundang Hospital, Seongnam, Korea  
(the Republic of); 3Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, Korea (the Republic of).
Purpose: To investigate the role of TCF4 in the mitochondrial 
functions of human corneal endothelial cells (HCECs).
Methods: HCECs were cultured, and TCF4 was blocked by siRNA 
(si-TCF4) or activated using CRISPR/dCas9 systems for TCF4 
(pl-TCF4). Cell viability was assessed using a WST-8 assay kit, and 
mitochondrial membrane potential (ΔΨm) was measured using the 
JC-1 dye. Intracellular reactive oxygen species (ROS) formation was 
measured using a DCF-DA probe. Protein expression was evaluated 
by western blotting. Induction of autophagy and apoptosis were also 
evaluated.
Results: A mitochondrial viability stain demonstrated that 
mitochondrial viability was reduced by blocking TCF4 and elevated 
by its overexpression (p <0.05). ΔΨm was measured using JC-
1, and was decreased by blocking TCF4 and elevated by TCF4 
overexpression (p <0.05). Intracellular ROS production was 
evaluated by dichlorofluorescein (DCF) fluorescence. Intracellular 
ROS formation increased with TCF4 inhibition and decreased 
with its overexpression (p < 0.05). Relative adenosine triphosphate 
(ATP) production decreased upon TCF4 inhibition, but was elevated 
by its overexpression (p = 0.009 and 0.026). Activation of AMP-
activated protein kinase (AMPK) decreased with inhibition of TCF4 
expression, however TCF4 overexpression has the opposite effect 
(p < 0.05). In contrast, sirtuin 1 (SIRT1) expression was elevated by 
blocking TCF4 and reduced by its overexpression (p <0.05).
Conclusions: TCF4 regulates mitochondrial function and energy 
production in cultured HCECs.
Commercial Relationships: Young Joo Shin, None;  
Tae-Young Chung, None; Soonil Kwon, None; Joon-Young Hyon, 
None
Support: This research was supported by the National Research 
Foundation (NRF) grant funded by the Korea government (NRF-
2015R1D1A1A09058505) and by Hallym University Research Fund 
2016 (HURF-2016-12).

Program Number: 1441 Poster Board Number: B0091
Presentation Time: 8:30 AM–10:15 AM
Macular drusen in Fuchs endothelial corneal dystrophy: a 
retrospective study using spectral-domain optical coherence 
tomography
Mario Matthaei1, Elena Elsner1, Albert Caramoy1, Werner Adler2, 
Sebastian E. Siebelmann1, Friederike Schaub1, Yongwei Guo1, 
Bjoern Bachmann1, Claus Cursiefen1, Ludwig M. Heindl1. 1Anterior 
Segment / Cornea, University of Cologne, Cologne, Germany; 
2Department of Medical Informatics Biometry and Epidemiology, 
University of Erlangen-Nuremberg, Erlangen-Nuremberg, Germany.
Purpose: Putative pathogenic parallels have been suggested between 
guttae in Fuchs endothelial corneal dystrophy (FECD) and drusen in 
dry age-related macular degeneration. Hallmarks of both pathologies 
may include cellular degeneration accompanied by deposition and 
accumulation of extracellular matrix of the basal membrane both 
preferentially located within the central ocular lightpath. The present 
preliminary study aimed to find first evidence regarding a potenially 

increased incidence of macular drusen in FECD eyes compared to 
normal controls using spectral-domain optical coherence tomography 
(SD-OCT).
Methods: Retrospective, nonrandomized, case series. Clinically 
diagnosed FECD patients undergoing posterior lamellar keratoplasty 
at the Department of Ophthalmology, University of Cologne, 
Cologne, Germany were included. Patients without corneal 
pathologies served as controls. An evaluation of SD-OCT images 
was performed by independent investigators. Existence of drusen 
served as main outcome measure. Due to the dependency in the 
data structure, as both eyes per patient were examined, the effect 
of FECD, age, gender and previous cataract surgery on drusen was 
modelled with Generalized Estimating Equations (GEE).
Results: A total of n=221 consecutive FECD patients and n=235 
normal corneal control patients were included in this study. 
Retrospective analysis of FECD images demonstrated, that presence 
of FECD and age had significant impact on the incidence of drusen of 
the macula with odds ratios of 1.643 (p=0.020) and 1.091 (p<0.001), 
respectively. Gender and previous cataract surgery did not show any 
corresponding impact.
Conclusions: Our data provides preliminary evidence that there may 
be a potential association between FECD and an increased incidence 
of drusen of the macula. However, these comparably early results will 
need further validation by future prospective studies in larger cohorts.
Commercial Relationships: Mario Matthaei; Elena Elsner, 
None; Albert Caramoy, None; Werner Adler, None; 
Sebastian E. Siebelmann, None; Friederike Schaub, None; 
Yongwei Guo, None; Bjoern Bachmann, None; Claus Cursiefen, 
None; Ludwig M. Heindl, None
Support: German Research Foundation (FOR 2240 "(Lymph)
Angiogenesis And Cellular Immunity In Inflammatory Diseases Of 
The Eye" to CC and LMH; MA 5110/5-1 to MM; HE 6743/2-1 and 
HE 6743/3-1 to LMH; CU 47/6-1, CU 47/9- 1, CU 47/12-1 to CC), 
FORTUNE Program University of Cologne (to MM and to LMH); 
GEROK Program University of Cologne (to LMH), EU COST 
BM1302 "Joining Forces in Corneal Regeneration" (to CC), and Dr. 
Gabriele Lederle Foundation, Taufkirchen (to LMH).

Program Number: 1442 Poster Board Number: B0092
Presentation Time: 8:30 AM–10:15 AM
Implication of oxidation and mitochondrial alterations in Fuchs 
endothelial corneal dystrophy
Sébastien J. Méthot2, 1, Sébastien P. Gendron2, 1, Mathieu Theriault2, 1, 
Stephanie Proulx2, 1, Patrick J. Rochette2, 1. 1Université Laval, 
Québec, QC, Canada; 2Axe médecine régénératrice, Centre de 
recherche du CHU de Québec, Québec, QC, Canada.
Purpose: The exact aetiology of the Fuchs endothelial corneal 
dystrophy (FECD) is not well determined but evidence clearly shows 
that oxidative stress is a contributing factor. Previous work in our lab 
has shown that endothelial cells from FECD patients have shorter 
telomeres and higher mitochondrial levels, indicators of an oxidative 
stress. We have also shown that FECD cells are not equally affected, 
with a sub population of cells presenting a normal mitochondrial 
level. We hypothesised that, due to mitochondrial dysfunction, 
mitochondrial transmembrane potential (ΔΨ) is reduced in FECD 
cells, but not all cells are equally affected.
Methods: JC-1 dye has been used to measure ΔΨ on corneal 
endothelial explants and cultured cells form healthy and FECD 
patients. Mitotracker has been used to control for previously observed 
difference in mitochondria level. JC-1 and Mitotracker fluorescence 
intensities have been quantified in individual cell.
Results: ΔΨ is generally lower in endothelial explants from FECD 
patients when compared to healthy individuals. However, ΔΨ is 
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unevenly distributed in FECD explants. Indeed, 3 distinct cell 
populations can be described: one with high level of mitochondria 
and high ΔΨ, one with high level of mitochondria and medium 
ΔΨ and one with low level of mitochondria and low ΔΨ. When 
endothelial FECD cells are cultured in vitro, the ΔΨ returns to a level 
comparable to healthy cells.
Conclusions: FECD corneal endothelial cells have a reduced ΔΨ 
possibly due to oxidative stress causing mitochondrial alteration, 
which would lead to the opening of mitochondrial permeability 
transition pores.
Commercial Relationships: Sébastien J. Méthot; 
Sébastien P. Gendron, None; Mathieu Theriault, None; 
Stephanie Proulx, None; Patrick J. Rochette, None

Program Number: 1443 Poster Board Number: B0093
Presentation Time: 8:30 AM–10:15 AM
The involvement of microRNA-29b in Endoplasmic Reticulum 
stress triggered apoptosis in Fuchs’ endothelial corneal dystrophy
Tetsuya Toyono1, Takashi Miyai1, Yukako Taketani1, Albert S. Jun2, 
Tomohiko Usui1. 1Ophthalmology, University of Tokyo, Bunkyo-ku, 
Japan; 2Wilmer Eye Institute, Johns Hopkins University, Baltimore, 
MD.
Purpose: The unfolded protein response (UPR) caused by 
endoplasmic reticulum stress (ER stress) is one of the important 
factors of developing Fuchs endothelial corneal dystrophy (FECD) 
pathogenesis. Our previous work showed the expression level of 
microRNA-29 (miR-29) was decreased in corneal endothelial cells 
derived from FECD patients. In this study, to analyze the role of 
miR-29b for ER stress triggered apoptosis in FECD, we evaluated 
expressions of UPR and apoptosis markers in immortalized FECD 
corneal endothelial cells (iFECD) and miR-29b overexpressed iFECD 
(iFECD+miR29b).
Methods: Transfecting mimic miR-29b to iFECD, 50% confluent 
iFECD was cultured with mimic miR29b and RNAiMAX 
(Invitrogen) complex for 48 hours. The mRNA expression levels 
of UPR markers (BIP, PERK, ATF6, IRE-1, ATF4, XBP1, JNK, 
CHOP), pro-apoptotic markers (CytC, CASP9, CASP3, CASP7) 
and anti-apoptotic markers (BCL-2, BCL-XL) were evaluated with 
qPCR. Protein expression of BIP and ATF4 were assessed by Western 
blotting. Immortalized normal corneal endothelial cells (from donor 
cornea) were cultured as control samples.
Results: Compared with iHCEC, miR29b expression in iFECD was 
1.8 ± 1.2% and in iFECD+miR29b was 957.1 ± 441.7%. In iFECD, 
mRNA expression of BIP (molecular chaperone), PERK, ATF6 (ER 
stress-sensors) and BCL-XL (anti-apoptotic factor) were significantly 
higher than in iHCEC, but there were no significant difference in 
expression of these molecules at the protein level between iFECD 
and iHCEC.
Otherwise, in iFECD+miR29b, mRNA expression of CASP7  
(pro-apoptotic factor) was significantly suppressed and that of BCL-2 
(anti-apoptotic factor) was significantly increased compared with in 
iFECD.
Conclusions: These findings suggest that overexpression of miR-29b 
may suppress endothelial cells apoptosis in FECD.
Commercial Relationships: Tetsuya Toyono; Takashi Miyai, 
None; Yukako Taketani, None; Albert S. Jun, None; 
Tomohiko Usui, None

Program Number: 1444 Poster Board Number: B0094
Presentation Time: 8:30 AM–10:15 AM
Development of corneal endothelial cell-specific reporter 
constructs and a CRISPR-Cas9 genome editing approach to 
study Fuchs Dystrophy
Luke A. Wiley1, Laura R. Bohrer1, Erin R. Burnight1, 
Elizabeth L. Kennedy1, Edwin M. Stone1, Mark A. Greiner1, 2, 
Michael D. Wagoner1, 2, Budd Tucker1. 1Opthalmology & Visual 
Sciences, University of Iowa, Iowa City, IA; 2Iowa Lions Eye Bank, 
Coralville, IA.
Purpose: Fuchs dystrophy is the most common corneal endothelial 
cell disease and the leading indication for corneal transplantation. 
Fuchs is characterized by loss of corneal endothelial cells (CECs), 
thickening of Descemet’s membrane, corneal edema and impaired 
vision. Several genetic mutations have been shown to be associated 
with Fuchs including COL8A2 and TCF4. The aim of this study 
was to: 1) design promoter constructs suitable to monitor the 
differentiation of induced pluripotent stem cells (iPSCs) to CECs and 
2) design CRISPR-Cas9 genome editing strategies to correct  
Fuchs-causing genetic mutations.
Methods: To generate iPSCs, fibroblasts from an individual with 
normal ocular history were virally transduced with OCT4, SOX2, 
KLF4 and c-MYC. We cloned lentiviral promoter constructs that 
were upstream of fluorescent reporter genes that are turned on at 
different stages of the iPSC to CEC differentiation: neural crest cells 
(NGFR/p75-E2-Crimson) and CECs (COL8A1-GFP and CHD2-
tRFP). Constructs were transfected to HEK293 cells to test promoter 
activity. SgRNAs were designed to target the trinucleotide repeat 
expansion in TCF4 or mutations in COL8A2. The sgRNA oligos 
were cloned into bicistronic AAV vectors expressing a chimeric small 
guide and tracrRNA transcript and a human codon-optimized S. 
aureus Cas9. CRISPR-Cas9 constructs were transfected to HEK293 
and tested for targeting efficiency using the T7E1 assay, TA cloning 
and Sanger sequencing.
Results: Transfected promoter constructs were robustly expressed 
in HEK293 cells, including membrane localization of the reporter 
for CDH2. Efficient targeting specificity of the TCF4 and COL8A2 
CRISPR-Cas9 constructs in HEK293 cells were shown using the 
T7E1 assay and cleaved PCR products, indicating CRISPR-Cas9-
mutated DNA, were imaged on agarose gels. The cutting efficiency 
for an sgRNA targeting COL8A2 was 27%.
Conclusions: We have engineered promoter constructs that will be 
used in future experiments aimed at developing an efficient method 
to generate iPSC-derived CECs from control patients and those with 
Fuchs caused by genetic mutations in COL8A2 or TCF4. Use of 
CRISPR-Cas9-mediated genome editing to correct the mutations in 
Fuchs patient-specific iPSCs will yield corrected control lines for 
comparison to diseased iPSC-derived CECs.
Commercial Relationships: Luke A. Wiley, None; 
Laura R. Bohrer, None; Erin R. Burnight, None; 
Elizabeth L. Kennedy, None; Edwin M. Stone, None; 
Mark A. Greiner, None; Michael D. Wagoner, None; 
Budd Tucker, None
Support: The Stephen A. Wynn Foundation, Research to Prevent 
Blindness, The Florence and Beulah Usher Chair
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Program Number: 1445 Poster Board Number: B0095
Presentation Time: 8:30 AM–10:15 AM
A new tool for transfection of corneal endothelial cells: 
minicircle-based AAV-vectors
Thomas A. Fuchsluger1, Marco Schmeer2, Martin Schleef2, 
Maria Schnoedt3, Hildegard Buening3, 4, Friedrich E. Kruse1, 
Anja K. Gruenert1. 1Department of Ophthalmology, Friedrich-
Alexander-University, Erlangen, Germany; 2PlasmidFactory, 
Bielefeld, Germany; 3Center for Molecular Medicine Cologne 
(CMMC), University of Cologne, Cologne, Germany; 4Institute of 
Experimental Hematology, Hannover Medical School, Hannover, 
Germany.
Purpose: Cell and gene therapy of corneal endothelial cells (EC) is 
a proven concept to alter EC’s functions. Thus, EC resistance against 
apoptosis could be increased by transfection with anti-apoptotic 
DNA. To achieve this, both non-viral and viral vectors can be 
used. If non-viral vectors are used plasmid backbone sequences are 
delivered, as they are an inherent part of the system. However, also 
in viral vectors plasmid backbone sequences can be detected. As such 
contamination may induce innate immune responses, we established 
usage of minicircles instead of plasmids for AAV vector production 
aiming to avoid unintended packaging of backbone sequences. We 
therefore propose a new tool for EC transfection by studying these 
minicircle-based adeno-associated viral vectors.
Methods: Four different constructs of AAV2 vectors containing 
a green fluorescent protein were manufactured (plasmid helper-
minicircle transgene): plasmid-plasmid (p-p), plasmid-minicircle 
(p-m), minicircle-plasmid (mc-p) and minicircle-minicircle (mc-mc). 
Human corneal endothelial cells (SV40 transduced) were treated with 
each construct. Transfection efficacy, induced apoptosis (Po-Pro1, 
7-AAD) and metabolic activity (Cell Counting Kit - 8 (CCK-8)) were 
evaluated by flow cytometry / confocal microscopy.
Results: Transfection efficacy varied significantly amongst the 
specific vector constructs: p-mc constructs showed significantly 
higher GFP-positivity (50,8±7,5%) compared to mc-mc (43,3± 
4,5%), p-p (40,2± 3,8%) and mc-p constructs (32,1± 3,1%) (p=0,03). 
Apoptosis induced by these vectors was low and insignificant 
between all groups (3,5-4,3%). Metabolic activity in the p-mc group 
(104,4± 6,4%) was significantly higher than in the p-p (95,9± 5,8%) 
and in the mc-mc groups (97,6± 4,7%) (mc-p: 97,2± 5,4%) (p<0,05).
Conclusions: Interestingly, we could demonstrate that plasmid-
minicircle AAV2 vectors perform significantly better than p-p, mc-mc 
and mc-p constructs. This is independent of the vector prep solution. 
Notably, cells treated with this vector group also repeatedly showed 
higher metabolic activity. Plasmid-minicircle AAV2 seem to be a 
suitable tool for optimized transduction of corneal endothelial cells.
Commercial Relationships: Thomas A. Fuchsluger; 
Marco Schmeer, PlasmidFactory (E); Martin Schleef, 
PlasmidFactory (E); Maria Schnoedt, None; Hildegard Buening, 
None; Friedrich E. Kruse, None; Anja K. Gruenert, None
Support: BMWI

Program Number: 1446 Poster Board Number: B0096
Presentation Time: 8:30 AM–10:15 AM
Ascorbic acid and hydrogen peroxide levels in the aqueous humor 
in Fuchs Endothelial Corneal Dystrophy
Reena Gupta, Amy E. Ross, Joseph B. Ciolino, Shivakumar Vasanth, 
Ula V. Jurkunas. Ophthalmology, Schepens Eye Research Institute/ 
Massachusetts Eye and Ear/ Harvard Medical School, Boston, MA.
Purpose: Fuchs endothelial corneal dystrophy (FECD) is a 
progressive late-onset disorder of the corneal endothelium. 
Previously we have shown diminished antioxidant capacity that led 
to endothelial cell apoptosis in FECD ex vivo specimens. The goal of 

this study is to determine aqueous humor composition by analyzing 
the oxidant-antioxidant response in the anterior chamber (AC) of 
FECD patients.
Methods: The study was approved by the Institutional Review 
Board of Massachusetts Eye and Ear, Boston, MA. Written informed 
consent was acquired from FECD and cataract patients prior to 
surgery. Aqueous humor was obtained from patients who underwent 
phacoemulsification and did not exhibit endothelial degeneration 
(n=2) and FECD cases that underwent endothelial keratoplasty 
(n=2). Samples were immediately stored on dry ice and hydrogen 
peroxide concentrations was measured with 10ml of each sample 
in triplicates with Amplex Red assay. 10ml of aqueous humor 
samples were diluted with 90ml of 50mM perchloric acid and high 
performance liquid chromatography (HPLC) was used to determine 
the concentration of ascorbic acid at 278nm. Similarly, ascorbate 
was measured by HPLC prepared by mixing 9ml aqueous humor, 
1ml of 10% DL-homocysteine, and 90ml of 50mM perchloric acid. 
Dehydroascorbate levels were calculated by subtracting ascobate 
from total ascorbic acid.
Results: Preliminary data shows a 3-fold increase of hydrogen 
peroxide in the aqueous humor of FECD cases compared to 
control samples. Similarly, ascorbic acid and dehydroascorbate 
concentrations were both elevated by 1.8-fold in FECD compared to 
control samples. The ratio of ascorbic acid (ASA):dehydroascorbate 
(DHA) was consistent between all aqueous humor samples  
(6:1 in control and 5.8:1 in FECD).
Conclusions: Ascorbic acid, dehydroascorbate, and hydrogen 
peroxide were elevated in aqueous humor of FECD patients 
suggesting a possibly aberrant uptake of dehydroascorbate by corneal 
endothelium. Dehydroascorbate is the intracellular reductant that is 
necessary for quenching of intracellular reactive oxygen species; the 
elevation of which in the AC might lead to abnormally high ascorbate 
levels and generation of hydrogen peroxide, creating a pro-oxidant 
environment in the anterior chamber.
Commercial Relationships: Reena Gupta, None; Amy E. Ross, 
None; Joseph B. Ciolino, None; Shivakumar Vasanth, None; 
Ula V. Jurkunas, None
Support: Massachusetts Eye and Ear Cornea Fellowship

Program Number: 1447 Poster Board Number: B0097
Presentation Time: 8:30 AM–10:15 AM
Involvement of the Nectin-afadin and N-cadherin-catenin systems 
in the formation of adherence junctions in corneal endothelium
Takato Kagami, Naoki Okumura, Makiko Nakahara, Noriko Koizumi. 
Biomedical Engineering, Doshisha University, Kyotanabe, Japan.
Purpose: The apical junction, comprising adherence junctions (AJ) 
and tight junctions (TJ), acts as a paracellular barrier, ensures cell 
polarity, and serves as a scaffold for signaling. Cadherin-catenin 
and nectin-afadin complexes form AJ in various cell types. Though 
barrier function of corneal endothelium is essential, as is pump 
function, apical junction, especially that of AJ, has yet to be well 
elucidated. The purpose of this study was to elucidate the AJ in 
corneal endothelium.
Methods: The expression of N-, E-, P-, R-, VE-, K-, and OB-
cadherins, β-catenin, nectin-1, -2, -3, and -4, and afadin was 
evaluated by reverse transcription polymerase chain reaction  
(RT-PCR) in corneal endothelium obtained from a human donor 
cornea. Distribution of N-cadherin, β-catenin, nectin, afadin, and 
ZO-1 were examined by immunofluorescent staining using the 
donor cornea. Immunoprecipitation was performed to examine the 
binding between N-cadherin and β-catenin. siRNA was used to knock 
down (KD) N-cadherin, afadin, or ZO-1 in cultured monkey corneal 
endothelial cells (MCECs).
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Results: RT-PCR showed that N-, P-, VE-, and OB-cadherin 
were expressed in the human corneal endothelium. N-cadherin 
and β-catenin were colocalized at the plasma membrane. 
Immunoprecipitation showed that N-cadherin and β-catenin were 
bound together in the MCECs. The expression of nectin-1, -2, -3, 
and -4, and afadin in the human corneal endothelium was confirmed 
at the mRNA level. Immunofluorescent staining showed that nectin 
and afadin were localized at the plasma membrane of corneal 
endothelium. A confocal-microscopy Z-stack image showed that 
nectin, afadin, and N-cadherin were co-localized at the basal side, 
while ZO-1 was localized at the apical side. KD of afadin in the 
MCECs did not alter the distribution of N-cadherin and ZO-1, and 
KD of ZO-1 did not alter that of N-cadherin and afadin. In contrast, 
ND of N-cadherin disrupted the distribution of afadin and ZO-1.
Conclusions: Our findings revealed that AJ of corneal endothelium 
are formed by N-cadherin-catenin and nectin-afadin systems, and that 
N-cadherin plays an essential role for maintaining the apical junction 
of corneal endothelium, at least after the AJ and TJ are once formed.
Commercial Relationships: Takato Kagami, None; 
Naoki Okumura; Makiko Nakahara, None; Noriko Koizumi, 
None

Program Number: 1448 Poster Board Number: B0098
Presentation Time: 8:30 AM–10:15 AM
Estrogen receptor beta in human corneal endothelium
Ali Mahdavi Fard1, 2, Michael J. Morales3, Sangita P. Patel1, 2. 
1Ophthalmology, University at Buffalo, Buffalo, NY; 2Research 
Service, VA Western NY Healthcare System, Buffalo, NY; 
3Physiology and Biophysics, University at Buffalo, Buffalo, NY.
Purpose: Fuch’s endothelial corneal dystrophy (FECD) is more 
common in women than men. We hypothesized that sex steroids play 
a role in this discrepancy. To define the potential role of sex steroids 
in corneal endothelium, we investigated the expression of estrogen 
receptor beta (ERβ) in normal and FECD ex vivo human corneal 
endothelium.
Methods: Following approval by the Research and Development 
Committee (VA, Buffalo, NY, USA) human corneas were obtained 
from the Anatomical Gift Program (Univ. at Buffalo) and FECD 
samples were obtained from surgical specimens. Total RNA was 
isolated from normal corneal endothelium and utilized for RT-
PCR using primers crossing an intron for ERβ. Immunoblots were 
performed with a commercial ERβ antibody using total protein 
extracted from normal corneal endothelium and from the MCF-7 
breast cancer cell line for positive control. Immunofluorescence 
localization for ERβ utilizing the same antibody was performed on 
frozen sections of FECD corneal specimens or en face on 37°C ex 
vivo cultured corneas subjected to mechanical scrape wounds to the 
central endothelium to stimulate a stress response.
Results: ERβ mRNA and protein are expressed in human corneal 
endothelium, demonstrated by RT-PCR and immunoblot. The 
subcellular location of ERβ in ex vivo human corneal endothelium 
shows distinct expression patterns within the same cornea;  
from predominantly nuclear to predominantly cytoplasmic  
(n= 4 individual corneal samples). Following a mechanical scrape 
wound, cells nearest the wound edge had mixed nuclear and 
cytoplasmic expression (n= 4 individual corneal samples).  
ERβ expression in FECD corneal specimens showed all subcellular 
localization patterns (n=2 FECD specimens).
Conclusions: ERβ is present in human corneal endothelium. Its 
diverse cellular expression patterns suggest distinct roles for ERβ in 
normal corneal endothelium, endothelial wound healing, and FECD. 
In future studies, we will investigate the role of estradiol in ERβ 
expression and response to stress.

A. Estrogen receptor beta (red) expression in normal ex vivo human 
corneal endothelium; B. nuclei=blue; C. merged image. Note the two 
cells in the center with cytoplasmic expression of ERβ while ERβ is 
mainly nuclear in the other cells.
Commercial Relationships: Ali Mahdavi Fard, None; 
Michael J. Morales, None; Sangita P. Patel, None
Support: RPB Unrestricted Grant



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Program Number: 1449 Poster Board Number: B0099
Presentation Time: 8:30 AM–10:15 AM
Ammonia toxicity attenuates ATP production and activates 
autophagy in human corneal endothelium
Wenlin Zhang, Joseph A. Bonanno. School of Optometry, Indiana 
University Bloomington, Bloomington, IN.
Purpose: We recently described increased ATP production secondary 
to glutamine metabolism in corneal endothelium. The NH3:2H+ 
co-transporter SLC4A11 is essential in maintaining the homeostasis 
of this glutaminolysis. In Slc4a11-/- mouse corneal endothelium, we 
observed ammonia-related toxicity as well as elevated autophagy. 
Thus, here we examined the acute effect of ammonia toxicity 
on human corneal endothelial cells, looking for signs of energy 
metabolism disruption and autophagy activation.
Methods: Immortalized human corneal endothelium (HCEC) were 
treated for 12 hrs and 24 hrs with various concentrations (0, 1, 5, 
10, 20, 50 mM) of NH4Cl in culture. Cellular ATP content was 
measured by luciferin-luciferase assay (Invitrogen). Cell morphology 
images were acquired with an Infinity I camera (Lumenera Corp.) 
attached to an inverted phase contrast microscope. Western blot and 
immunostaining of LC3 was performed with anti-LC3 antibody 
(PM036, MBL International Cooperation). Fluorescence images were 
acquired with an AxioImager M1 fluorescence microscope (Zeiss) 
and the AxioCam MRm camera (Zeiss). Data are presented as mean 
± SEM.
Results: Ammonia (NH4

+/NH3) dose dependently (p < 0.0001) and 
time dependently (p = 0.0001) decreased the ATP content in HCEC. 
ATP level (nmol/106 cells) is highest (4.040 ± 0.209) without NH4Cl 
treatment and lowest in 24hrs with 50 mM NH4Cl treatment condition 
(1.581 ± 0.112). NH4Cl significantly activated autophagy in a dose 
dependent manner: there were increased numbers of vacuoles and 
increased LC3 fluorescence staining along vacuole walls as NH4Cl 
treatment concentration went up. The dose dependent manner 
of autophagy activation by NH4Cl was verified via Western Blot 
analysis of LC3 I/II ratio.
Conclusions: Ammonia toxicity directly attenuates ATP production 
in human corneal endothelium, and autophagy activation may serve 
as a compensatory mechanism to sustain the energy level.
Commercial Relationships: Wenlin Zhang; Joseph A. Bonanno, 
None
Support: NIH 5R01EY008834 (JAB); NIH 5P30EY019008 (Vision 
Science Core Grant); American Optometric Foundation William C. 
Ezell Fellowship (WZ).

Program Number: 1450 Poster Board Number: B0100
Presentation Time: 8:30 AM–10:15 AM
Specular microscopy revisited to allow endothelial controls of 
long-term stored corneas in an innovative bioreactor
Gilles Thuret2, 3, Thibaud GARCIN2, 1, Jean Yves SCHNITZLER2, 
Pascal HERBEPIN2, Zhiguo HE2, Anne-Sophie GAUTHIER2, 4, 
Chantal PERRACHE2, Philippe GAIN2, 1. 1Ophthalmology, University 
Hospital of St-Etienne, Saint-etienne, France; 2Laboratory “Corneal 
Graft Biology, Engineering and Imaging” EA2521, University Jean 
Monnet, Saint-Etienne, France; 3Institut Universitaire de France, 
Paris, France; 4Ophthalmology, University Hospital, Besançon, 
France.
Purpose: Unlike short-term cold stored corneas that remain clear 
and thin, long-term organ cultured corneas cannot be assessed by 
specular microscopy (SM) because there have deep endothelial folds 
and maximal stromal swelling. Aim: To present non-contact SM 
of corneas stored in our innovative bioreactor (BR) in which they 
remain thin.

Methods: Fresh human corneas were stored in our BR, with a 
medium containing 2% fetal calf serum (CorneaMax, Eurobio) at 
31°C. It restored the intraocular pressure while renewing the storage 
medium, preventing from edema and folding, in a totally closed 
system. Two transparent windows allowed multimodal corneal 
imaging. A custom made SM was developed with a CMOS camera, 
a x10 objective, a collimated external led source specially placed to 
retrieve specular reflection and a micrometric stage to move the BR. 
At least 5 images (center + 4 quadrants) were acquired at day (D) 2, 
26 and 28. The endothelial cell density (ECD) was calculated using 
imageJ and a custom-made software. At D28 the reference ECD was 
measured with fluorescent microscopy after staining of endothelial 
cells nucleus with Hoechst 33342, and compared with SM done just 
before.
Results: Endothelial images were successfully obtained for all 
corneas in the BR at D2, 26 and 28 and never for OC corneas  
(n=41 pairs). Image quality varied depending on donors and day 
of control, but overall, 85% of images were of excellent and good 
quality, according to the scoring system of the Cornea Donor Study 
SM ancilliary study. The prototype SM had an extra wide field of 
view of 954 x738μm, 3 times greater than current eye banks SM 
available on the market. Because corneas were firmly blocked into 
the BR, the same endothelial areas could be observed at different 
time points. During in BR-storage, endothelial folds gradually 
decreased allowing counting more cells. There was not significant 
difference between ECD measured after Hoescht staining and SM 
ECD (p=0.189).
Conclusions: The bioreactor with its custom specular microscope 
combines the advantages of cold storage (closed system) and organ 
culture (long-term storage). It makes endothelial controls easier and 
safer without deconditioning corneas, with an increased reliability 
thanks to an extremely wide field of view and possibility to monitor 
changes over time.
Commercial Relationships: Gilles Thuret, University Jean 
Monnet (P), Thea Laboratories (C); Thibaud GARCIN, 
None; Jean Yves SCHNITZLER, None; Pascal HERBEPIN, 
None; Zhiguo HE, None; Anne-Sophie GAUTHIER, None; 
Chantal PERRACHE, None; Philippe GAIN, University Jean 
Monnet (P), Thea Laboratories (C)

Program Number: 1451 Poster Board Number: B0101
Presentation Time: 8:30 AM–10:15 AM
Corneal endothelium-improved graft for corneal transplantation
Hongshan Liu1, 2, Quanwen Yang1, 2, Yujin Zhang3, Chia-Yang Liu3. 
1Cornea, Hainan Eye Hospital, Haikou, China; 2Hainan Key 
Laboratory of Ophthalmology, Haikou, China; 3Optometry, Indiana 
University, Bloomington, IN.
Purpose: Corneal endothelium is a single cell layer and plays a key 
role for maintaining corneal transparency. Human corneal endothelial 
cells possess little proliferative ability and the density of corneal 
endothelial cells is progressively decreased with aging. Once corneal 
endothelial decompensation, the patient will become blindness and 
the only way to rescue him/her is to do corneal transplantation; 
unfortunately, the corneas from eye banks are usually collected 
from an older donor with a low corneal endothelial density. This 
study to examine whether corneal endothelial cells of donor cornea 
can be promote to increase corneal endothelial cell density through 
processing donor cornea with ROCK-1 and some growth factors in 
vitro.
Methods: Cornea was harvested from cats and respectively incubated 
in DMEM containing EGF, bFGF, EDTA etc. Afterwards, corneas 
were processed by ROCK-1, or IGF-1 for different time points and 
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examined through immunostaining with antibodies of anti-ZO-1, 
anti-BrdU, etc.
Results: Incubation of corneas in EDTA medium resulted in the 
breakup of corneal endothelial cell junctions, showed by cell border 
separation through ZO-1 immunostaining. BrdU staining revealed 
that numerous proliferating cells presented in corneal endothelial 
single layer.
Conclusions: The growth factors can be used to promote the 
proliferation of endothelial cells of donor cornea before corneal 
transplantation
Commercial Relationships: Hongshan Liu, None;  
Quanwen Yang, None; Yujin Zhang, None; Chia-Yang Liu, None
Support: Hainan KJHZ2015-12

Program Number: 1452 Poster Board Number: B0102
Presentation Time: 8:30 AM–10:15 AM
Analysis of the age compatibility of donor corneal endothelium: a 
pilot study
Marco O. Almeida1, Fábio U. Carvalho1, Obidulho S. Naves1, 
Andre F. Silva1, Ricardo Holzchuh1, Richard Y. Hida1, 
Fernando C. Abib2. 1Ophthalmology, Irmandade Santa Casa de 
Misericórdia, São Paulo, Brazil; 2Ophthalmology, Universidade 
Federal do Paraná, Curitiba, Brazil.
Purpose: Eye Banks utilize specular microscopy (SM) technology 
to proper evaluate the corneal endothelium. Most of them use a fixed 
cell density cut-off value to consider a cornea suitable for optical 
transplantation, regardless of the donor’s age. This study aims to 
analyze the variation of the parameters obtained from each donor 
cornea’s endothelial images in relation to their age compatibility.
Methods: Seven donor corneal tissues were examined in their arrival 
day (group 1) and their distribution day (group 2) in our eye bank 
using specular microscopy (Kerato Analyzer EKA-10, KONAN©). 
All corneas were preserved in Eusol-C at a temperature of 4 degress 
celsius and heated to 27 degress celsius before examination.  
Four endothelial images (EI) of each donor cornea were analyzed 
in the semi-automated method and the manufacturer’s software 
(KONAN KSS-EB10) produced a multi-sample average (image 1). 
Cells Analyzer® software (Corneal Endothelial Lab, Technicall, 
Brazil) was used to obtain age compatibility of each parameter: cell 
density (CD), average cell area (AVE), coefficient of variation (CV) 
and hexagonal cells percentage (HEX). Descriptive statistics was 
used for statistical analysis.
Results: Mean donors age was 57,14 (±6,12), ranging from 52 to 
69 years. Corneal storage time was 1,86 days (±1,21). The data 
obtained is shown in tables 1 and 2 (displayed side by side for better 
comparison). In group 1, 75% of the EI presented CD outside of the 
values considered normal for age. In addition, 75%, 85.71% and 
82.14% of the EI showed AVE, CV and HEX incompatible with their 
age, respectively. In group 2, 85.71%, 82.12%, 100% and 96.42% of 
the EI showed CD, AVE, CV and HEX outside of the normal values 
for age, respectively. The same eye presented images with CD inside 
and outside normal values for age in 42.85% of the corneas in group 
1 and 28.57% in group 2.
Conclusions: Age incompatibility was observed in all specular 
microscopy parameters. Although a fixed threshold value is useful, 
the analysis of the CD age compatibility of donor corneas could help 
in better selecting the most suitable receptors.

Commercial Relationships: Marco O. Almeida, None; 
Fábio U. Carvalho, None; Obidulho S. Naves, None; 
Andre F. Silva, None; Ricardo Holzchuh, None; Richard Y. Hida, 
None; Fernando C. Abib, Fernando Cesar Abib (P)

Program Number: 1453 Poster Board Number: B0103
Presentation Time: 8:30 AM–10:15 AM
Artifacts in specular microscopy of donor corneas: new 
classification
Fábio U. Carvalho1, Andre F. Silva1, Ricardo Holzchuh1, 
Fernando C. Abib2, Richard Y. Hida1. 1Ophthalmology, Santa Casa de 
Sao Paulo, Sao Paulo, Brazil; 2Ophthalmology, Universidade Federal 
do Paraná, Curitiba, Brazil.
Purpose: Specular microscopy (SM) is widely used to analyze 
endothelium after processing and preservation of donor corneas. 
However, corneal tissue is manipulated and submitted to different 
temperatures during this process. Some artifacts may arise and induce 
misleading information on SM data. Artifact means any change in 
the structure or condition of the cells produced by artificial means, 
such as laboratory manipulation. This study proposes a classification 
for the different types of artifacts found in SM of donor corneas and 
quantifies them in a small sample.
Methods: A trained eye bank technician performed specular 
microscopy (KeratoAnalyzer EKA-10 KONAN©) in 7 donor corneal 
tissues (mean age of 57.14 ± 6.12 years old) on the day of their 
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arrival in the eye bank (group 1) and the day of their distribution 
(group 2). All tissues were preserved in Eusol-C at 4°C and heated 
to 27°C before examination. Four endothelial images were obtained 
from the central donor corneal area. The images were semi-
automatically analyzed by the manufacturer’s software (KONAN 
KSS-EB10) and evaluated by a trained physician. Artifacts (Figure 
1) were classified in: 1- Unicelullar: endothelial edema (EE) smaller 
or the same size as 1 endothelial cell (EC); 2- Paucicellular: EE 
between 2 and 10 EC in size (in this case, the approximate amount 
of EC fitting in the edematous area were counted) or guttae; 3 – 
Multicellular (also called striae): EE greater than 10 EC in size 
(irregular outline) or a manipulation trail (regular outline). The 
gradient of colors represented the damage severity. In addition, 
the quality of each image was classified according to McCarey’s 
review of corneal SM for FDA clinical trials into good, fair, poor or 
impossible. Descriptive statistics and Mann-Whitney U test were 
used for statistical analysis (p<0.05).
Results: The mean corneal storage time was 1.86 ± 1.21 days. The 
number of artifacts per image is shown in Tables 1 and 2 (plotted side 
by side for better comparison). No guttae were found. The number 
of striae was significantly higher in the poor + impossible images 
compared to the good + fair images in both groups 1 and 2 (p<0.01).
Conclusions: The new classification presented in this study can 
easily encompass and categorize all possible artifacts in donor 
corneas’ specular microscopy, possibly providing a universal 
language on this subject. As expected, striae were more prevalent in 
the worst quality images.

Commercial Relationships: Fábio U. Carvalho, 
None; Andre F. Silva, None; Ricardo Holzchuh, None; 
Fernando C. Abib, None; Richard Y. Hida, None
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Possible sampling error in donor corneal specular microscopy 
images: a pilot study
Obidulho S. Naves1, Fábio U. Carvalho1, Marco O. Almeida1, 
Andre F. Silva1, Ricardo Holzchuh1, Richard Y. Hida1, 
Fernando C. Abib2. 1Opthalmology, Santa Casa de São Paulo, São 
Paulo, Brazil; 2Opthalmology, Universidade Federal do Paraná, 
Curitiba, Brazil.
Purpose: The Cells Analyzer software® (Corneal Endothelial 
Lab, Technicall, Brazil) can calculate the sample error in specular 
microscopy (SM) and suggest the need to increase counted 
endothelial cells (EC) to acquire reliability. This study aims to 
analyze the sample error in donor corneal SM images and its 
variations between images of the same cornea.
Methods: Seven donor corneas were submitted to SM 
(KeratoAnalyzer EKA-10, KONAN®). Four images were obtained 
for each cornea on the day of arrival in the Eye Bank (Group 1) and 
four images on the day of the distribution (Group 2). The corneal 
tissue was preserved in Eusol-C® at a temperature of 39,2°F 
(4°C) and it was incubated at 80,6°F (27°C) for 30 minutes before 
examination. EC were counted with the semi-automatic method for 
each image and the manufacturer’s software (KSS-EB10) performed 
a multi-sample average (Image 1). Then, the Cells Analyzer® 
software was used to calculate the sample error for each image and 
to indicate the number of EC that should be counted to obtain a 
representative sample (NCR). The variables studied were: Calculated 
sample error (CSE), counted cells (CC), NCR and the difference 
between the NCR among the images of the same cornea (Δn). The 
planned error (PE) was 5% in all samples. Descriptive statistics was 
used for statistical analysis.
Results: All images obtained showed CSE higher than the PE, in 
both groups. 57,1% of the images in group 1 and 100% in group 2 
had a Δn higher than 150 cells. The obtained data is shown in tables 
1 and 2.
Conclusions: All images showed CSE higher than 5%. It seems 
that SM tries to compensate this fact by performing a multi-sample 
analysis. However, the great variability of NCR among the images 
of the same cornea makes it inapropriate to calculate an average 
between these images.
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Impact of Organ Culture Storage on donor corneas: A 
comparison of different age groups
Meidong Zhu1, 2, Jaime Juarez2, Kehui Luo3, Pierre Georges1, 
Christopher Hodge1, Jane Treloggen1, Con Petsoglou1, 2. 1Lions 
New South Wales Eye Bank and Bone Bank, New South Wales 
Organ and Tissue Donation Service, Sydney, NSW, Australia; 2Save 
Sight Institute, The University of Sydney, Sydney, NSW, Australia; 
3Statistics Department, Macquarie University, Sydney, NSW, 
Australia.
Purpose: Anecdotally, Eye Bank experience has suggested that 
corneas from older donors show less endothelial cell loss and 
better viability than corneas from younger donors in organ culture. 
The purpose of this study was to evaluate the corneal endothelial 
cell density and the impact upon viability for transplantation from 
different donor age groups, stored in organ culture medium.
Methods: Cornea storage data from the Lions New South Wales 
Eye Bank between January 2014 and December 2015 were reviewed 
retrospectively. The corneas were divided into 5 age groups: age 
≤40 years; age 41-50 years; age 51-60 years; age 61–70 years and 
age ≥71 years. Pearson’s correlation coefficient was used to evaluate 
the relation between age and endothelial density or viability. Other 
risk factors related to the endothelial density and viability were 
also assessed. Generalized estimating equation method was used to 
analyse the impact of age and the other factors on endothelial density, 
cell loss (the difference between final and initial cell count) and 
viability respectively, while allowing for possible correlation within 
each pair of eyes included in this study.
Results: A total of 1390 corneas were included in the analysis. 
The mean age at the death was 61.02±13.72 years (range from 8 
to 97 years). At the end of the storage, the mean final endothelial 
density was 3103.4±364.53 cells/mm2 and mean viability was 
94.66±5.98%. Mean cell loss was 170.5±178.95 cells/mm2. Of the 
data, 3.6% (50/1390) corneas had either viability ≤70% or final cell 
density <2200 cells/mm2 and were considered as storage failure. 
Corneas with age 31 -40 years had significantly greater cell loss and 
poorer viability than those age over 70 (p=0.0189 and p=0.0076, 
respectively). There was strong correlation between final cell density 
and viability (r=0.773). Initial cell density was negatively related to 
the cell loss, while duration of storage was positively associated with 
cell loss (p=0.0005 and 0.0002 respectively).
Conclusions: The corneas from older donors have less endothelial 
cell loss and better viability during organ culture storage. The initial 
endothelial cell density and storage time have significant impact on 
final cell density and viability. The possible explanations may be 
due to slower metabolic processes in older corneas in organ culture 
and the potential mechanical protective effect of thicker Descemet’s 
membrane in older corneas.
Commercial Relationships: Meidong Zhu, None; 
Jaime Juarez, None; Kehui Luo, None; Pierre Georges, None; 
Christopher Hodge, None; Jane Treloggen, None; Con Petsoglou, 
None
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In vivo corneal endothelial cell findings after the infusion of 
cultivated HCECs into the anterior chamber with a slit-scanning 
wide-field contact specular microscope
Hiroshi Tanaka1, Morio Ueno1, Yuji Yamamoto1, Naoki Okumura2, 
Noriko Koizumi2, Kojiro Imai1, Michio Hagiya1, Junji Hamuro1, 
Chie Sotozono1, Shigeru Kinoshita3. 1Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 2Biomedical 
Engineering, Doshisha University, Kyoto, Japan; 3Frontier Medical 
Science and Technology for Ophthalmology, Kyoto Prefectural 
University of Medicine, Kyoto, Japan.
Purpose: We are currently in the process of developing a new 
therapy for bullous keratopathy that involves the infusion of 
cultivated human corneal endothelial cells (HCECs) into the anterior 
chamber. It is still unclear whether or not these cells adhere to the 
Descemet’s membrane, as well as how they are sustained post 
injection. It has been reported that the slit-scanning wide-field contact 
specular microscope allows for in vivo CECs to be observed more 
clearly and over a wider area compared with a non-contact specular 
microscope. In this present study, we report the CEC findings in 
patients who underwent cell infusion therapy via observation with a 
slit-scanning wide-field contact specular microscope.
Methods: A slit-scanning wide-field specular microscope (Konan 
Medical) was used to observe the CEC layer in 18 patients (9 male, 
9 female, mean age 66.6 ± 10.8 years) with bullous keratopathy, who 
underwent cell infusion therapy from Dec 2013 to Sep 2014 in Kyoto 
Prefectural University of Medicine, before and at 1-, 3-, 6-months 
after surgery. In each patient, oxybuprocaine 0.4% eye drops were 
instilled to anaesthetize the operated eye and a contact cone lens was 
then attached. Next, images of the CEC layer were recorded via the 
slit-scan technique from the center to peripheral region. Focused still 
images were then extracted from the created MPEG-2 file and the 
CEC density in a 0.3 x 0.3mm central area of the cornea was then 
manually calculated.
Results: Pre surgery, in vivo CECs could not be observed due to the 
corneal edema, however, they could be observed post surgery via 
the use of wide-field specular microscopy. The injected CECs were 
observed attached to the cornea in all cases, and at a density of over 
2000 cells/mm2 in the early postoperative period in 13 of the 18 
cases. Hexagonal-shape CECs were observed in the peripheral region 
as well as in the center.
Conclusions: The use of wide-field specular microscopy allowed us 
to obtain images of cultivated HCECs adhesion post injection into the 
anterior chamber and for the time-dependent change of those cells to 
be observed in vivo.
Commercial Relationships: Hiroshi Tanaka; Morio Ueno, None; 
Yuji Yamamoto, None; Naoki Okumura, None; Noriko Koizumi, 
None; Kojiro Imai, None; Michio Hagiya, None; Junji Hamuro, 
None; Chie Sotozono, None; Shigeru Kinoshita, None
Clinical Trial: http://www.umin.ac.jp/, UMIN000021264
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Wide-field contact specular microscopy analysis of corneal 
endothelium post trabeculectomy
Daiki Matsumoto1, Naoki Okumura1, Yugo Okazaki1, 
Tomoki Shimada1, Noriko Koizumi1, Chie Sotozono2, 
Shigeru Kinoshita2, 3, Kazuhiko Mori2. 1Biomedical Engineering, 
Doshisha University, Kyotanabe, Japan; 2Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 3Frontier Medical 
Science and Technology for Ophthalmology, Kyoto Prefectural 
University of Medicine, Kyoto, Japan.

Purpose: Corneal endothelial cell (CEC) density continuously 
decreases for many years post trabeculectomy (TLE), yet the 
underlying mechanisms of the CEC loss remains unknown. Here we 
investigated whether the filtering bleb plays a role in CEC density 
loss post TLE.
Methods: This study involved 63 eyes of 46 glaucoma patients (23 
males and 23 females; age range: 62-83 years) who underwent TLE 
at Kyoto Prefectural University of Medicine from 2004 to 2015. 
Corneal endothelium was evaluated by scanning slit contact specular 
microscopy. CEC density was then evaluated at 3 areas; 1) the cornea 
center, 2) the area close to the TLE filtering bleb, and 3) the area 
contralateral to the bleb. The eyes were divided into 5 groups based 
on the number of years followed post surgery: 0-1 year (Group 1: 
n=31), 1-2 years (Group 2: n=7), 2-3 years (Group 3: n=8), 3-4 years 
(Group 4: n=9), and 5 years or more (Group 5: n=8). The Jonckheere-
Terpstra trend test or the Dunnett’s test was used for statistical 
analysis.
Results: In Groups 1, 2, 3, 4, and 5, the CEC density at the cornea 
center was 1857, 1906, 1652, 1834, and 1521 cells/mm2, respectively, 
and at the peripheral area contralateral to the bleb was 1993, 2087, 
1915, 2050, and 1746 cells/mm2, respectively. Both at the cornea 
center and the peripheral area contralateral to the bleb, CEC density 
was not significantly decreased among the 5 groups (p=0.142 and 
p=0.132, respectively). However, the CEC density close to the bleb 
tended to decrease in a time dependent manner; i.e., 1559 (Group 
1), 1412 (Group 2), 1337 (Group 3), 1143 (Group 4), and 1066 
cells/mm2 (Group 5) (p<0.01). The mean CEC density of all eyes at 
contralateral to the bleb, the cornea center, and the bleb was 1979, 
1794, and 1404 cells/mm2, respectively, showing that CEC density 
close to the bleb was significantly lower than that contralateral to the 
bleb and at the cornea center (p<0.01)
Conclusions: We found that CEC density close to the bleb decreased 
post TLE, even though that at the cornea center did not decrease, 
suggesting that evaluation of CEC density close to the bleb is 
beneficial for corneal endothelial prognosis post TLE. Involvement of 
the bleb in CEC density loss should be further examined to elucidate 
the pathology of CEC loss post TLE.
Commercial Relationships: Daiki Matsumoto, None; 
Naoki Okumura; Yugo Okazaki, None; Tomoki Shimada, None; 
Noriko Koizumi, None; Chie Sotozono, None; Shigeru Kinoshita, 
None; Kazuhiko Mori, None
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FGF2 enhances cell proliferation and fibrosis through SNAI1 
mediated induction of CDK2 and ZEB1 expression in human 
corneal endothelial cells
JeongGoo Lee, J. M. Heur. USC Roski Eye Institute, Keck School of 
Medicine of the University of Southern California, LOS ANGELES, 
CA.
Purpose: FGF2 signaling can induce endothelial mesenchymal 
transition (EMT) in the human corneal endothelium that leads to cell 
proliferation and fibrosis. We have identified SNA1 as a direct target 
of FGF2 signaling, and the elucidation of SNAI1 signaling could help 
identify potential therapeutic targets for patients with vision loss due 
to endothelial dysfunction.
Methods: Expression of SNAI1, SNAI2, ZEB1, ZEB2, COL1A1, 
COL1A2, FN1, VIM, CDK2, CCNE, CCND and COL8A2 
were analyzed by immunoblotting and semi-quantitative reverse 
transcription PCR in human corneal endothelial cells (CECs). 
Knockdown of SNAI1, ZEB1 and CDK2 was done using siRNA 
transfection. Cell proliferation assay in ex vivo human corneal 
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endothelium was performed using by anti-phosphohistone H3 
immunostaining.
Results: FGF2 stimulation alters cell morphology and induces 
expression of EMT-related genes including SNAI1, SNAI2, ZEB1 
and ZEB2 in human CECs. This leads to increased expression of 
fibronectin, vimentin and COL1 expression in vitro and ex vivo. 
siRNA knockdown of SNAI1 showed that SNAI1 regulates ZEB1, 
an important mediator of EMT, and CDK2 and CCNE. Decreased 
expression of fibronectin, vimentin and COL1 were detected by 
siRNA knockdown of ZEB1, but not by knockdown of CDK2. Ex 
vivo immunostaining further showed that SNAI1 is key regulator for 
cell proliferation induced by FGF2 in human CECs.
Conclusions: These data suggest that SNAI1 promotes fibrosis and 
proliferation in human CECs through ZEB1 and CDK2, and the 2 
downstream targets of SNAI1 signal through independent pathways.
Commercial Relationships: JeongGoo Lee, None; J. M. Heur, 
None
Support: NIH Grant EY021485 and RPB Career Development 
Award
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The effect of coefficient of cell size variation on determination 
of endothelial cell density using multiple specular microscopy 
images
Jianyan Huang1, 2, Elmira Baghdasaryan1, 2, Ping Huang1, 2, 
Tudor Tepelus1, 2, Srinivas R. Sadda1, 2, Olivia L. Lee1, 2. 1Image 
Reading Center, Doheny Eye Institute, Temple City, CA; 2Department 
of Ophthalmology, David Geffen medical school, University of 
California, Los Angeles, Los Angeles, CA.
Purpose: Our previous study showed that a single best image could 
provide a representative value of the endothelial cell density (ECD) 
of the central cornea. The purpose of this study is to evaluate the 
effect of cell size variation on cell density (CD) variability across 
non-overlapping endothelial specular microscopy images in the 
central cornea when multiple images of equal image quality are 
available.
Methods: One hundred and eighty eyes without visible cornea 
pathologies were enrolled in this study. Sets of 3 images per eye 
were obtained with Konan NSP-9900 specular microscope (Konan 
Medical USA, Inc., Irvine, CA) and analyzed by 2 masked graders. 
Image quality rating (IQR) was graded based on a standardized IQR 
scale, while ECD and the coefficient of cell size variation (CV) were 
determined using the well-established Konan Center method. Only 
sets where 3 images were all scored to be of “good” quality were 
included in the study. Variations of ECD values from the 3 images 
were calculated. The correlation between the CD variation and CV 
cutoff values (CV ≥ 36; CV ≥ 38; CV ≥ 40; CV ≥ 45) were analyzed.
Results: A total of 173 eyes met the inclusion criteria and had 
3 images rated to be of good quality. Inter-grader CD variation 
across the entire set was 2.4%±2.3%. For 109 eyes with CV ≤ 35, 
the mean CD variation was 2.3%±2.4%. When CV ≥ 36, the mean 
CD variation was 2.4%±2.1% (n=64). For CV ≥ 38, the mean CD 
variation was 2.3%±2.0% (n=34). When CV ≥ 40, the mean CD 
variation is 2.2%±2.3% (n=20). When CV ≥ 45, the mean CD 
variation was 3.2%±3.3% (n=6). However, regardless of degree of 
variation in cell size, there was no correlation between the ECD 
variation and the CV value (P>0.05).
Conclusions: CV does not appear to be related to the discrepancy in 
ECD values in the central cornea. Analysis of a best single image can 
provide a representative ECD value for the central cornea, even in the 
presence of polymegathism.

Commercial Relationships: Jianyan Huang, None; 
Elmira Baghdasaryan, None; Ping Huang, None; Tudor Tepelus, 
None; Srinivas R. Sadda, Carl Zeiss Meditec (F), Allergan 
(C), Optos (F), Topcon (R), Genentech (C), Centervue (C), 
Thrombogenics (C), Iconic (C), Optos (C); Olivia L. Lee, Allegan 
(F), Allegan (C)
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The Effect of Corneal Derived Mesenchymal Stromal Cell 
Secretome on the Porcine Corneal Endothelial Cell Injury
Majid Rouhbakhshzaeri, Nathalie F. Azar, Elham Ghahari, 
Medi Eslani, Ali R. Djalilian. Ophthalmology and Visual Sciences, 
University of Illinois at Chicago, Chicago, IL.
Purpose: One of the complications of phacoemulsification is corneal 
endothelial cell (CEC) loss. We previously introduced a reproducible 
model of CEC injury using a phaco probe in the porcine model 
of phacoemulsification. We evaluated the effect of corneal-limbal 
derived mesenchymal stromal/stem cell (CL-MSC) secretome on the 
CEC loss using our injury model.
Methods: CL-MSCs were isolated via enzymatic digestion from 
healthy cadaver corneas. Passage 4 to 6 were used for the experiment. 
The secretome was collected in a serum free MEM-alpha media for 
48 hours from confluent cells. All experiments were repeated with at 
least five different donors. Fresh pig eyes underwent 30 seconds of 
exposure to the phaco probe inside the anterior chamber with 50% 
power (along with continuous irrigation with BSS). Afterwards, the 
anterior chamber was formed with either PBS, CL-MSC secretome 
or unconditioned media and incubated at 37 degrees for 4 hours. At 
the end, endothelial cell viability was evaluated using trypan blue and 
alizarin red staining and analyzed with Image J software.
Results: There was 8.62% ± 1.41 CEC loss after 4-hours incubation 
with PBS. Incubation with CL-MSC secretome significantly reduced 
endothelial cells loss (1.12% ± 1.82) compared to unconditioned 
media (6.82% ± 3.42) (P<0.001).
Conclusions: CL-MSC secretome may provide a novel strategy to 
prevent CEC loss after phacoemulsification. In vivo studies are still 
necessary to determine its true therapeutic potential.
Commercial Relationships: Majid Rouhbakhshzaeri; 
Nathalie F. Azar, None; Elham Ghahari, None; Medi Eslani, 
None; Ali R. Djalilian, None
Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).
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Biomechanics of an in vitro model of Descemet’s membrane in 
health and disease
Sara M. Thomasy1, Vijay K. Raghunathan3, Maryam Ali1, 
Iman Jalilian1, Christopher J. Murphy1, 2. 1Surgical & Radiological 
Sciences, School of Veterinary Medicine, University of California, 
Davis, Davis, CA; 2Ophthalmology and Vision Science, School of 
Medicine, University of California, Davis, Davis, CA; 3The Ocular 
Surface Institute, College of Optometry, University of Houston, 
Houston, TX.
Purpose: Fuchs’ endothelial corneal dystrophy (FECD) is an 
endothelial degenerative disorder characterized by guttata or 
abnormal excrescences of extracellular matrix (ECM). Our laboratory 
recently demonstrated that the elastic modulus, or stiffness, of 
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Descemet’s membrane (DM) is significantly decreased in human 
patients with versus without guttata using atomic force microscopy 
(AFM) at 40 and 9.8 kPa, respectively. Epithelial-mesenchymal 
transformation is implicated in the pathogenesis of FECD and 
transforming growth factor-β (TGF-β) has been demonstrated to 
induce a fibroblast-like phenotype in corneal endothelial cells in vitro. 
The purpose of this study was to create an in vitro ECM-cell derived 
model that mimics the biophysical attributes of normal and FECD-
affected DM.
Methods: Primary bovine corneal endothelial cells (BCECs) were 
seeded on AFM dishes and cultured with media in the presence 
or absence of 1 ng/ml TGF-β1 for 6 weeks. The ECM was 
decellularized with ammonium hydroxide and its elastic modulus 
determined with AFM. Proteomics and scanning electron microscopy 
were performed with additional cell-derived matrices using identical 
experimental conditions.
Results: Elastic modulus of ECM derived for 2 cultures were 1.38 
and 0.81 kPa in the absence of TGF-β1 treatment. In the presence 
of TGF-β1, elastic modulus was decreased to 1.07 and 0.39 kPa, 
respectively. Proteomic profiling revealed greater than 500 proteins 
(structural and soluble) associated with the ECM. The ECM 
deposited by untreated BCECs appear to have a compact sheet-like 
morphology while cells treated with TGF-β1 deposit an ECM with a 
greater number of fibrillar regions.
Conclusions: Treatment of primary corneal endothelial cells with 
TGF-β1 results in softening of the cell-derived ECM that parallels 
the changes observed in DM with the presence of guttata. This in 
vitro system holds promise for examining the interplay between 
soluble signaling molecules and the biophysical attributes of corneal 
endothelial cell derived matrices in health and disease.
Commercial Relationships: Sara M. Thomasy, None; 
Vijay K. Raghunathan, None; Maryam Ali, None; Iman Jalilian, 
None; Christopher J. Murphy, None
Support: National Institutes of Health K08 EY021142, R01 
EY019970, R01 EY016134, and P30 EY12576.
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Reproductibility of a non-contact specular microscope in normal 
eyes using automatic counting
Joao V. Godinho1, Fábio U. Carvalho1, Ricardo Holzchuh1, 
Richard Y. Hida1, Fernando C. Abib2. 1Ophthalmology, Irmandade 
da Santa Casa de Misericórdia de São Paulo, São Paulo, Brazil; 
2Ophthalmology, Universidade Federal do Paraná, Curitiba, Brazil.
Purpose: Reproductibility of ophthalmic equipment is of great 
importance in way that it allows objective follow-up of patients 
on various aspects. Some equipment such as Optical Coherence 
Tomographer and Scheimpflug-Placido Tomographer have already 
been tested for reproducibility. The aim of this study is to evaluate 
non-contact (NC) SM in capturing and analyzing images from the 
central corneal area.
Methods: Same examiner performed specular microscopy in both 
eyes of 40 randomly chosen patients in the outpatient clinic. The 
evaluation was performed three consecutive times in each eye using 
NC SM CEM-350 (NIDEK©).
None of the patients had any eye disease or previous ocular surgery. 
Patients were repositioned by being asked to stand up and sit 
down between each one of the three examinations. The central 
endothelial image was obtained in each examination and selected for 
analysis. The manufacturer’s software automatically counted cells 
and calculated parameters. The reproducibility of this sequential 
examination was evaluated by comparing the data calculated by 
the software: counted cells (CC), endothelial cell density (ECD), 

average cell area (AVG), coefficient of variation (CV), hexagonality 
percentage (HEX) and pachymetry. Data generated by manual 
evaluation of the cell imaging errors were also analyzed: number of 
non-counted EC, number of EC clusters (two or more cells counted 
as one), average number of cells in these clusters, number of splited 
EC (one cell counted as two or more), average number of EC created 
by these divisions and non-evaluated area of reticulum, which was 
calculated as 1-[counted cells x average cell area (μm2)/image size 
(μm2)]. Only left eyes were used for statistical analysis. Statistics 
were made using ANOVA for repeated measures followed by Tukey’s 
test for post-hoc comparisons.
Results: Comparison of the data obtained from 3 central corneal area 
images in all patients has shown non-statistical difference (p>0,05). 
These results are presented in table 1.
Conclusions: NC SM CEM-350 (NIDEK©) and its software seems 
reproducible in capturing and analyzing the same corneal area and the 
same imaging errors in sequential examinations interleaved by brief 
moments of patient repositioning.
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Commercial Relationships: Joao V. Godinho, None; 
Fábio U. Carvalho, None; Ricardo Holzchuh, None; 
Richard Y. Hida, None; Fernando C. Abib, None

Program Number: 1463 Poster Board Number: B0113
Presentation Time: 8:30 AM–10:15 AM
Utility of magnetic nanoparticles for targeted endothelial 
transplantation in an ex vivo model
Lauren Cornell1, 2, Jennifer McDaniel1, Brian Lund1, 
David O. Zamora1. 1Ocular Trauma, USAISR, Fort Sam Houston, 
TX; 2Translational Science, UT Health Science Center, San Antonio, 
TX.
Purpose: The corneal endothelium is responsible for maintaining 
corneal clarity. However, this cell layer poses great challenges 
for clinicians due to its location, lack of regenerative potential, 
and reducing cell population with age. This study investigates the 
potential of human corneal endothelial cells (HCEC), loaded with 
iron-based nanoparticles, to be magnetically-directed to injured 
regions of the cornea.
Methods: Primary cultures of human HCEC were maintained in 
human endothelial serum free media containing 10 ng/ml FGF-2 and 
plated at 75,000 cells in a 48 well plate. Cells were then exposed 
to 50nm dextran-coated biotin conjugated super paramagnetic iron 
oxide nanoparticles (SPIONP) at 37°C for up to 72 hrs. SPIONP 
uptake was evaluated via Atomic Emission Spectroscopy (ICP). 
Mathematical modeling based upon stokes law, gravity, and magnetic 
field strength was used to determine optimum SPIONP cell loading 
in relation to magnetic field strength for induced cellular movement 
within the aqueous chamber. Mathematical modeling efficacy was 
then evaluated by injecting SPIONP loaded HCECs into a saline 
chamber in the presence of an applied magnetic field to simulate the 
anterior chamber of the eye.
Results: HCEC were successfully cultured and maintained their 
in-vivo cell-specific marker expression of CD200 and Glypican-4, 
confirming their endothelial lineage. ICP analysis revealed that 

SPIONP internalization by HCEC was increased by magnetic 
exposure during cell-MNP loading. When SPIONP loaded-HCEC 
were injected into the saline chamber at concentrations up to 1 
million cells/mL, the cells immediately showed targeted movement 
through the solution towards the externally applied magnetic field of 
1.23 Tesla.
Conclusions: These studies show that HCEC maintained their 
lineage and readily incorporated SPIONPs without affecting this 
lineage. Proof of concept studies performed here indicate that cells 
with internally-loaded SPIONP can be directed and manipulated 
through an aqueous solution to a predetermined area when a magnetic 
field is applied. Mathematical modeling of the cell loading capacity 
and magnetic strength needed for this movement to occur can be an 
effective tool for tailoring specific therapeutic needs for patients. 
Results of this study may lead to the development of a non-surgical 
technique to replenish this vital cell layer.
Commercial Relationships: Lauren Cornell, None; 
Jennifer McDaniel, None; Brian Lund, None; David O. Zamora, 
None
Support: Internal DOD Funding

Program Number: 1464 Poster Board Number: B0114
Presentation Time: 8:30 AM–10:15 AM
Establishment Of A Porcine Corneal Endothelial Organ Culture 
Model
Maximilian Schultheiss1, Berenike Kunzmann2, Christian Klameth2, 
Karl-Ulrich Bartz-Schmidt2, Martin S. Spitzer1. 1Ophthalmology, 
University of Hamburg, Hamburg, Germany; 2Center of 
Ophthalmology, University of Tuebingen, Tuebingen, Germany.
Purpose: Human corneas are used for transplantation and are not 
available for research. Due to dedifferentiation investigations with 
cultured endothelial cells can be misleading. An organotypic culture 
of pig corneas, which show comparable endothelial cell death rates 
like cultured human corneas therefore would be very desirable.
Methods: Fresh pig eyes were prepared under sterile conditions as 
“corneoscleral buttons”, “corneal buttons” and “split corneal buttons” 
(new preparation method) and cultivated for 15 days. Morphology of 
the endothelial cell layer was observed by light microscopy on day 1, 
8 and 15. On day 15 staining with trypan blue and alizarin red S was 
performed. Photographs were taken and evaluated in a randomized, 
blinded manner. The morphology of the corneal endothelium and the 
number of endothelial cells per mm2 was analyzed.
Results: After 15 days of cultivation the endothelial cell layer 
was only maintained in corneal buttons and split corneal buttons. 
Alizarin red S stained dots and the existence of polymorphisms like 
pleomorphism, rosette figures and reformation figures were less 
frequent in split corneal buttons than in corneal buttons. Loss of 
endothelial cells was significantly greater in corneal buttons  
(663± 189 cells/mm2 respectively15.9%) than in split corneal buttons  
(443± 190 cells/mm2 respectively 11.1%).
Conclusions: The new preparation method of split corneal buttons 
allows the cultivation of porcine corneas for two weeks with 
comparable cell death rates like in cultured human tissue. This is 
therefore a simple and highly reliable method model to investigate 
corneal endothelial cells.
Commercial Relationships: Maximilian Schultheiss, None; 
Berenike Kunzmann, None; Christian Klameth, None;  
Karl-Ulrich Bartz-Schmidt, None; Martin S. Spitzer, None
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Program Number: 1465 Poster Board Number: B0115
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Corneal Endothelial Cell-Like Cells Derived from Skin Stem 
Cells: A Promising Therapeutic Alternative for Corneal 
Endothelial Dysfunction
Lin Shen, Xinyi Wu. Ophthalmology, Qilu Hospital of Shandong 
University, Jinan, China.
Purpose: Explore the feasibility of differentiating skin stem cells into 
corneal endothelial cell-like cells (CEC-like cells) to cure corneal 
endothelial dysfunction.
Methods: Human skin stem cells were cocultured with corneal 
endothelial cells (CECs) through transwell coculture system 
to obtain CEC-like cells. CEC-like cells were identified by 
immunofluorescence, real time RT-PCR, western blotting. Dil-labeled 
CEC-like cells were transplanted into the rabbits corneal endothelial 
dysfunction models to detect the cell function in vivo. Histological 
examination of corneas was performed to detect CEC-like cells 
attachment.
Results: CEC-like cells could be derived from skin stem cells, 
and they had similar morphology and characteristic to CECs. They 
expressed major markers of CECs, such as Na+/K+ ATPase alpha 1, 
zonula occludens-1 and other functional markers. The expression 
levels of differentiation transcription factors FoxC1 and Pitx2 
were also significantly upregulated compared with skin stem cells. 
CEC-like cells were transplanted into the rabbits corneal endothelial 
dysfunction models, their corneal transparency and the thickness 
recovered while the control groups remain opaque. Histological 
examination showed Dil-labed CEC-like cells covered nearly full 
descemet’s membrane and expressed Na+/K+ ATPase in CEC-
like cells injected group while almost no cells were detected on 
descemet’s membranes in control group.
Conclusions: This protocol enables efficient production of CEC-like 
cells from skin stem cells and these CEC-like cells have therapeutic 
effect in corneal endothelial dysfunction model. The renewable cell 
source and novel deriving method may lead to potential applications 
in cell replacement therapy for corneal endothelial dysfunction.
Commercial Relationships: Lin Shen, None; Xinyi Wu, None

Program Number: 1466 Poster Board Number: B0116
Presentation Time: 8:30 AM–10:15 AM
Expression profiling of stem cell for differentiation into corneal 
endothelium
Alejandro Tamez, Guillermo Guerrero-Ramirez, Victor Treviño, 
Jezreel Pantaleon-Garcia, Judith Zavala, Jorge E. Valdez. 
Ophthalmology, Tec Salud, San Pedro Garza Garcia, Mexico.
Purpose: Tissue engineering attempts to develop corneal 
alternatives for today’s transplant demand has been limited by 
poor biocompatibility and viability. Although differentiation from 
limbal stem cells is a plausible alternative, these are scarce and 
difficult to obtain. Here, we explore the capability of more accessible 
stem cells from adipose, bone marrow and dental pulp tissue for 
transdifferentiation by comparing their genetic profiles with corneal 
endothelial cells through microarray data analysis.
Methods: Microarray datasets were obtained from GEO Database: 
11 for corneal endothelial cells (HCECs), 3 for adipose derived 
stem cells (ADSCs), 4 for dental pulp stem cells (DPSCs), and 6 
for hematopoietic stem cells (HSCs). After quantile normalization, 
multiple comparison t-test analysis was made against HCECs to 
obtain differential gene expression information. Target genes were 
screened through an adjusted False Discovery Rate (FDR), and an 
over-representation analysis was made with DAVID Bioinformatics 
Database to know related pathways, gene ontology and transcription 
factors.

Results: Out of 47,000 possible genetic transcripts, 829 were 
differentially expressed in HSCs (p<1E-07), 1944 in ADSCs  
(p<1E-07), and 2781 in DPSCs (p<1E-07) when compared with 
HCECs. Over-representation analysis of transcripts showed that: 
HSCs differ in SRP-dependent cotranslational protein targeting 
(p=1.15E-31, n=42), viral transcription (p=4.11E-28, n=42), and 
nuclear-transcribed mRNA catabolic process (p=6.19E-27, n=42) 
genes; ADSCs differ in Homeobox (p=4.27E-05, n=45), DNA-
binding (p=1.01E-04, n=35), and Membrane-related (p=1.67E-04, 
n=740) probes; and DPSCs differs in nucleotide-binding 
(p=8.71E-06, n=290) genes, ATP-binding (p=1.64E-04, n=224) and 
cell-cell adherens junction (p=5.14E-04, n=65) genes.
Conclusions: Differential genetic profiles set the baseline that HSCs 
are suitable stem cell lineages to be applied in a transdifferentiation 
protocol to corneal endothelial cells. Nevertheless, additional 
experimental validations is required to best elucidate a new proposal 
against an increasing demand of corneal tissue for transplant.
Commercial Relationships: Alejandro Tamez, None; 
Guillermo Guerrero-Ramirez, None; Victor Treviño, None; 
Jezreel Pantaleon-Garcia, None; Judith Zavala, None; 
Jorge E. Valdez, None

Program Number: 1467 Poster Board Number: B0117
Presentation Time: 8:30 AM–10:15 AM
Promoting the expansion and function of human corneal 
endothelial cells by adipose-derived stem cell–conditioned 
medium
Peng Sun1, 2, Xinyi Wu1. 1Ophthalmology, Qilu Hospital of Shandong 
University, Jinan, China; 2The Key Laboratory of Cardiovascular 
Remodeling and Function Research, Chinese Ministry of Education 
and Chinese Ministry of Health, Qilu Hospital of Shandong 
University, Jinan, China.
Purpose: Trying to improve the very limited proliferative ability 
of human corneal endothelial cells (HCECs) has remained a big 
challenge to researchers. In this study we investigated whether human 
adipose-derived stem cell–conditioned medium (ASC-CM) promote 
the proliferation and repair capacity of HCECs.
Methods: Primary cultures of HCECs were purified following the 
method by stripping off Descemet’s membrane. The cells were 
cultivated in human corneal endothelium medium containing 
ASC-CM. Then the proliferative and repair capacity of HCECs 
were studied by cell proliferation assay and animal experiments. 
We created the corneal endothelial dysfunction models of rabbit by 
scraping the corneal endothelium. The cultured HCECs were injected 
into the anterior chamber,after which the changes of cornea were 
observed and assessed by slit lamp microscope, optical coherence 
tomography and in vivo confocal microscope. Immunofluorescence 
and histological examinations of the cornea tissues were performed 
either.
Results: The cultivated HCECs could maintain fairly good 
proliferative and cell-based therapy capacity over 10 passages in 
this study. CEC relative markers such as zonula occludens-1 (ZO-1), 
Na+ /K+ ATPase and N-cadherin expressed in prolonged HCECs by 
Real-time reverse transcription–polymerase chain reaction (RT-PCR), 
Western Blot and immunofluorescence. Corneal transparence was 
achieved after the injection of cultivated HCECs which demonstrates 
the repair capacity of the cells.
Conclusions: Using of ASC-CM not only stimulates the proliferation 
of HCECs in vitro but also promotes their repair capacity effectively. 
Thus more useful cells would be available for the research of HCECs 
and cell-based therapy for corneal endothelial dysfunction.
Commercial Relationships: Peng Sun, None; Xinyi Wu, None
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Program Number: 1468 Poster Board Number: B0118
Presentation Time: 8:30 AM–10:15 AM
Collagenase isolation method delays endothelial to mesenchymal 
transition
Kim Santerre1, 2, Mathieu Theriault1, 2, Stephanie Proulx1, 2. 
1Département d’Ophtalmologie, Université Laval, Québec, QC, 
Canada; 2Centre de recherche du CHU de Québec - UL, Québec, QC, 
Canada.
Purpose: Cell therapy as a treatment for corneal endotheliopathies 
requires amplification of functional corneal endothelial cells 
(CEC). To avoid endothelial to mesenchymal transition (EMT), 
we hypothesized that using an isolation method that preserves cell 
junctions such as collagenase digestion of Descemet membrane 
would help to maintain the endothelial phenotype. Thus, we 
compared EDTA isolation and collagenase digestion methods.
Methods: Human corneas (N = 10) from our local eye bank 
were used to isolate CEC using either EDTA (0.02%, 45 min) or 
collagenase A, (1 mg/ml, 2-4h). CEC were counted before seeding 
to determine the percentage of isolated cells. Cell circularity used to 
analyse cell morphology was measured at every passage using phase 
contrast images (P0 to P3; 100 images/condition). At P3, cells were 
fixed and immunofluorescence directed against ZO-1 (tight junction 
marker) and α-SMA (EMT marker) was performed. Finally, in vitro 
functionality was assessed using transendothelial electric resistance 
(TEER) throughout the P3 culture. For the TEER measurements, 
controls included fibroblasts (a population that does not form a cell-
barrier) and ARPE-19 (a population that consistently forms a barrier 
of 40 Ωcm2)
Results: A significantly higher percentage of isolated cells was 
obtained using the collagenase digestion method compared to EDTA 
(EDTA: 40±5 %; collagenase: 54±7 %; p=0.02). Cell morphology 
analysis showed that CEC isolated using collagenase were more 
circular (endothelial) than those isolated in EDTA at P0 (EDTA: 
0.67±0.07; collagenase: 0.80±0.03; p=0.02) and P3 (EDTA: 
0.58±0.03; collagenase: 0.70±0.05; p=0.01). At P3, ZO-1 staining 
revealed that it was not localized at cells junctions for EDTA and 
collagenase method. Positive α-SMA staining was observed and 
there was no difference in α-SMA expressing area percentage for 
both isolation methods (EDTA: 6±4 %; collagenase: 6±5 %). There 
was also no difference in TEER measure (EDTA: 40±20 Ωcm2; 
collagenase: 42±20 Ωcm2).
Conclusions: This study shows that isolation of CEC using 
collagenase helps to conserve the endothelial phenotype throughout 
cell expansion. The delayed TEM given by collagenase isolation is a 
step forward to clinical use of cultured CEC.
Commercial Relationships: Kim Santerre; Mathieu Theriault, 
None; Stephanie Proulx, None
Support: NSERC, VHRN, FRQS-FAT, TheCell, LOEX, CHU 
Foundation

Program Number: 1469 Poster Board Number: B0119
Presentation Time: 8:30 AM–10:15 AM
Central transcorneal freezing alters the proliferation pattern of 
endothelial cells in the corneal periphery
Mette Correll1, Emmanuel CROUZET2, Javier Cabrerizo1, 4, Morten la 
Cour1, Philippe GAIN2, Zhiguo HE2, Steffen K. Heegaard1, 3, 
Jens F. Kiilgaard1, Gilles Thuret2. 1Department of Ophthalmology, 
Rigshospitalet, Copenhagen, Denmark; 2Corneal Graft Biology, 
Engineering and Imaging Laboratory, Jean Monnet University, 
Faculty of Medicine, Saint-Etienne, France; 3Department of 
Pathology, Rigshospitalet, Copenhagen, Denmark; 4Copenhagen Eye 
Foundation, Copenhagen, Denmark.

Purpose: Studies on corneal endothelial cell (CEC) proliferation 
related to endothelial injury, can lead to a better understanding of the 
lack of sufficient regeneration in corneal endothelial dysfunction. We 
used an in vivo rabbit model of transcorneal freezing to describe CEC 
proliferation in response to injury and to describe the localization of 
slow-cycling endothelial cells.
Methods: A central endothelial lesion was induced in 5-weeks old 
rabbits (n=4) by transcorneal freezing, followed by intraperitoneal 
injection of 5-Ethynyl-2’-deoxyuridine (EdU). EdU injection was 
repeated at T24hours and T48 hours to label cells in s-phase during wound 
healing. Control group underwent the same EdU loading protocol 
without transcorneal freezing. Animals were euthanized after 2, 5 or 
40 days and corneoscleral buttons were flat-mounted. Fluorescence 
ex vivo confocal microscopy (LSM 710, ZEISS, Oberkochen, 
Germany) was performed to assess the expression of proliferation 
marker Ki-67 and EdU-labeling.
Results: Central transcorneal freezing induced denudation of 
endothelial cells and Descemet’s membrane (4 mm Ø). In the central 
cornea, the CECs adjacent to the denuded area showed extensive 
proliferation (Ki-67+ and EdU+), covering the lesion within 5 days. 
No central proliferation (Ki-67- and EdU-) was detected 40 days 
after transcorneal freezing in any of the groups. In the periphery, 
proliferating CECs were present at all time points in both groups, 
yet during the first 5 days after injury the proliferating CECs were 
arranged more clustered, compared with the control group, where 
they continuously showed a scattered pattern. CECs retaining the 
EdU-label at day 40 were present only in the periphery in both 
groups.
Conclusions: Proliferation and migration of adjacent CECs seems 
to be the main mechanism for endothelial repopulation after injury. 
During central wound healing, alterations in peripheral CEC 
proliferation towards a clustered cell pattern, indicate central-
peripheral communication and possible presence of slow-cycling 
progenitor cells in the periphery. These data will be usefull for many 
animal experiments using rabbit, and might explain differences 
between the rabbit model and human, in which the proliferation of 
CECs remains much more discreet.
Commercial Relationships: Mette Correll, None; 
Emmanuel CROUZET; Javier Cabrerizo, None; Morten la 
Cour, None; Philippe GAIN, None; Zhiguo HE, None; 
Steffen K. Heegaard, None; Jens F. Kiilgaard, None; 
Gilles Thuret, None

Program Number: 1470 Poster Board Number: B0120
Presentation Time: 8:30 AM–10:15 AM
Transcriptional changes in corneal endothelial cell sheets 
following ROCK inhibition by Ripasudil/K-115 in vitro
Johannes Menzel-Severing1, Matthias Zenkel1, Naoki Okumura2, 
Noriko Koizumi2, Shigeru Kinoshita3, Ursula Schlotzer-Schrehardt1, 
Friedrich E. Kruse1. 1Ophthalmology, Univ of Erlangen-Nuremberg, 
Erlangen, Germany; 2Doshisha University, Kyotanabe, Japan; 3Kyoto 
Prefectural University of Medicine, Kyoto, Japan.
Purpose: Inhibition of Rho-kinase (ROCK) was suggested to 
influence migration and proliferation of corneal endothelial cells 
in vitro and in vivo. The underlying molecular processes are not 
yet fully understood. We present the results of a pilot study aimed 
to determine the effect of ROCK-inhibitor Ripasudil/K-115 on the 
transcription of cytoskeleton-related and signaling-pathway-related 
genes in corneal endothelial cells in vitro.
Methods: Donor corneas with appropriate research consent were 
obtained from SightLife (Seattle, WA). A corneal endothelial cell 
sheet was isolated from three donor corneas by manually stripping 
Descemet’s membrane (DM). DM scrolls were dissected into two 
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halves and incubated for 24 hours in CorneaMax storage medium 
(Eurobio, France) at 37°C with or without 30 μM Ripasudil 
(Selleck Chemicals, Houston, TX), respectively. After isolation of 
mRNA (RNeasy Micro Kit, Qiagen, The Netherlands) and mRNA 
amplification (MessageAmp II aRNA Amplification Kit, Thermo 
Fisher Scientific, Waltham, MA), expression analysis was performed 
using RT2 Profiler PCR Arrays (Qiagen) for genes related to 
regulation of cytoskeleton and signal transduction pathways.
Results: Interestingly, following treatment with Ripasudil, no 
meaningful changes were detected in the levels of expression of 84 
genes assayed by the Cytoskeleton Regulators PCR Array. By use of 
the Signal Transduction PathwayFinder PCR Array, discrete changes 
were noted to the levels of expression of a number of components 
of the NFκB-, Wnt- and Hedgehog-pathways. Notably, consistent 
upregulation was observed for Wnt5a and for NFκB target-gene 
CCL5/RANTES, while TGF beta target-gene SERPINE1 was 
downregulated.
Conclusions: Inhibition of TGF beta was reported to suppress 
fibroblastic changes to human corneal endothelial cell expansion in 
vitro (Okumura et al. 2012). Induction of Wnt5a through NFκB was 
suggested to enhance human corneal endothelial cell migration by 
inactivation of RhoA/ROCK signaling without inducing endothelial-
to-mesenchymal transition (Lee and Heur 2014). Our preliminary 
results further support the notion that chemical inhibition of ROCK 
may be a useful tool in regenerative therapies for corneal endothelial 
cell disease.
Commercial Relationships: Johannes Menzel-Severing, None; 
Matthias Zenkel, None; Naoki Okumura, None; Noriko Koizumi, 
None; Shigeru Kinoshita, None; Ursula Schlotzer-Schrehardt, 
None; Friedrich E. Kruse, None

Program Number: 1471 Poster Board Number: B0121
Presentation Time: 8:30 AM–10:15 AM
Rabbit corneal endothelial cells expansion by Rock inhibitor and 
mesenchymal stem cell-derived conditioned medium
BOYOUNG JUNG1, Eun-Soon Kim2, Jae Yong Kim3, 
Hungwon Tchah3, Changmo Hwang2, 1. 1Biomedical Engineering, 
College of medicine, University of Ulsan, Seoul, Korea (the Republic 
of); 2Asan Institute for Life Sciences, Asan Medical Center, Seoul, 
Korea (the Republic of); 3Opthalmology, Asan Medical Center, Seoul, 
Korea (the Republic of).
Purpose: Corneal endothelial cells(CECs) have limited proliferation 
capacity in vivo and in vitro and therefore there exists constant 
demand of high proliferation of CECs in vitro for endothelial 
keratoplasty or cornea regeneration. The purpose of this study is to 
explore a potent approach for increasing passage number of CEC 
culture in vitro.
Methods: Our main idea was the addition of Rho-associated 
kinase(ROCK)-inhibitor and human mesenchymal stem cell-derived 
conditioned medium (MSC-CM) may influence on proliferation 
of CECs. CECs were isolated from the cornea of the New Zealand 
White Rabbit. Endothelium was peel off from cornea with descemet’s 
membrane and isolated using 0.25% trypsin-EDTA solution. MSC-
CM was prepared from umbilical cord blood-derived MSC medium 
and mixed with culture medium at a ratio of 1: 1. CECs were cultured 
and were subcultured with the ROCK-inhibitor, Y-27632 (10μM) 
and MSC-CM. The ability to proliferate was confirmed through cell 
count and CCK-8 assay, and it was confirmed that immunofluorescent 
staining was performed to maintain the function of CECs.
Results: Treatment of Y-27632 in CEC culture medium resulted in no 
significant effect on cell proliferation. CECs in Y-27632 treated group 
maintained cell morphology higher passage number and cell viability 
was higher during subculture than control group. MSC-CM treatment 

showed a 2.5-fold increase in proliferation, but when treated with 
Y-27632 it was rather reduced.
Conclusions: ROCK-inhibitor did not enhance cell proliferation but 
is important for maintaining function and MSC-CM enhanced cell 
proliferation. However, further studies are needed to find optimized 
in vitro culture condition for the growth of CECs.
Commercial Relationships: BOYOUNG JUNG, None; Eun-
Soon Kim, None; Jae Yong Kim, None; Hungwon Tchah, None; 
Changmo Hwang, None

Program Number: 1472 Poster Board Number: B0122
Presentation Time: 8:30 AM–10:15 AM
Hereditary Corneal Endothelial Dystrophy Protein, SLC4A11, 
has a role in Endothelial Cell Adhesion
Darpan Malhotra1, Martin Jung2, Richard Zimmermann2, 
Joseph R. Casey1. 1Biochemistry, University of Alberta, Edmonton, 
AB, Canada; 2Medizinische Biochemie und Molekularbiologie, 
Universität des Saarlandes, Homburg, Germany.
Purpose: Mutations of corneal endothelial cell (CEC) basolateral 
membrane transport protein, SLC4A11, give rise to some cases 
of Fuchs endothelial corneal dystrophy (FECD) and congenital 
hereditary endothelial dystrophy (CHED). These diseases are 
marked by loss of CEC from their attachment site on the underlying 
Descemet’s membrane (DM). The presence of FECD mutations in 
SLC4A11 third extracellular loop (EL3), a region with no apparent 
role in transport function, led us to wonder whether SLC4A11 has 
essential roles beyond membrane transport. We examined whether 
SLC4A11 promotes CEC adhesion to the DM.
Methods: Bovine DM was proteolyzed and coated onto 96-well 
dishes to perform cell adhesion assays. HEK293 cells, transfected 
with cDNA encoding GFP and SLC4A11 (or empty vector), were 
plated on the coated wells. Mild mechanical disruption was used 
to remove loosely bound cells. Adhering cells were quantified by 
measuring GFP fluorescence as a surrogate for cell number. The 
effect of three FECD-causing mutations of EL3 on cell adhesion 
was also examined. To assess potential DM binding sites in EL3, 
four synthetic peptides corresponding to regions of EL3 were tested 
for their ability to disrupt cell adhesion. To identify the interaction 
partner of SLC4A11 in DM, glutathione-S-transferase (GST) pull 
down assays were performed with GST-EL3 fusion protein and 
proteolyzed DM peptides. Bound peptides were identified by mass 
spectrometry. Two way ANOVA was used for statistical analysis.
Results: SLC4A11 expressing cells adhered to DM-coated dishes 
to a significantly higher degree (p=0.0001) than vector transfected 
cells. FECD-causing point mutations in SLC4A11 EL3 reduced 
cell adhesion compared to WT-SLC4A11 (p=0.0001). Synthetic 
peptides corresponding to first half of EL3 significantly reduced 
adhesion of SLC4A11 expressing cells, but not vector-transfected 
controls (p=0.01). Eluate from GST-EL3 pull down assays revealed 
the collagens COL8A1 and COL8A2 as predominant in SLC4A11-
binding fraction.
Conclusions: These data suggest that SLC4A11 promotes the 
attachment of CECs to DM via the large EL3, with the binding site 
located in first half of the loop. COL8A1 and/or COL8A2 may be 
the interaction partner of SLC4A11 in DM. Interestingly, FECD-
causing EL3 mutants decreased cell adhesion to DM. Together these 
data suggest that disruption of SLC4A11 cell adhesion function 
contributes to corneal dystrophy pathology.
Commercial Relationships: Darpan Malhotra, None; 
Martin Jung, None; Richard Zimmermann, None; 
Joseph R. Casey, None
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Program Number: 1473 Poster Board Number: B0123
Presentation Time: 8:30 AM–10:15 AM
Impact of Actin Architecture on the Mechanical Vulnerability of 
Corneal Endothelial Cells
Manuel A. Ramirez Garcia1, Yousuf Khalifa2, Mark Buckley1. 
1Biomedical Engineering, University of Rochester, Rochester, NY; 
2Emory Eye Center, Emory University, Atlanta, GA.
Purpose: Our previous research has demonstrated that the density 
of injured corneal endothelial cells (EC) after application of a 9 
mN compressive force to the corneal endothelium decreases with 
increasing death to preservation times (DPT). This study explores 
the relationship between EC cytoskeletal actin structures to cell loss 
patterns across DPT.
Methods: 8 mm-diameter porcine corneal buttons (N = 8 total) were 
dissected at 0 < t < 12 hrs, 12 < t < 24 hrs, and 24 < t < 48 hrs after 
slaughter. The endothelium was fixed in 1% PFA for 10 min and then 
permeabilized and labeled for F-actin in BSS containing 1% DMSO, 
5% Triton-X 100 and 165 nM fluorescin-phalloidin for 1.5 hrs at 
room temperature; specimens were then washed 3x for 30 minutes in 
BSS. Confocal z-stacks spanning the full EC thickness were taken at 
5 distinct locations per fixed specimen.
Image analysis was performed in MATLAB. To quantify actin 
structure, we defined the actin distribution parameter (ADP) as 
the standard deviation of pixel intensity within a region of interest 
(ROI). A higher ADP indicates the presence of high contrast features 
including stress fibers. The ROI was defined as the inner 50% of 
the cellular area. Cell area was calculated based on cell shape, 
determined by a manual trace of the cortical actin band in the apical 
region. Quantification was performed on all cells in all 5 locations 
averaged per specimen (avg N = 193 cells/specimen). One-way 
ANOVA was used for statistical analysis.
Results: At 0 < t < 12 hrs, ECs exhibited a cortical double-banded 
actin structure as well as stress fibers spanning the entire cell (Fig. 
1, Fig. 2A). At increasing DPT, the double band disappeared and 
actin distribution became increasingly homogeneous and diffuse 
throughout the cytoplasm. As a result, ADP significantly decreased 
(p=0.007 for 0 < t < 12 hrs vs. 24 < t < 48 hrs) and was less variable 
at higher DPT (Fig. 1, Fig. 2A).
Conclusions: The presence of stress fibers in ECs at early DPTs 
could lead to stress concentrations at junctional complexes and 
increased cell loss when mechanical forces are applied. This effect 
could explain the previously observed decrease in cell loss with DPT 
(Fig. 2B). Further research will be targeted exploring this working 
hypothesis.

Z-stack slice of the apical cortical actin band of ECs across DPT

A) Quantification of actin features in the inner cytoplasm of ECs. B) 
Injured cell density at two DPT time intervals

Commercial Relationships: Manuel A. Ramirez Garcia, None; 
Yousuf Khalifa, None; Mark Buckley, None
Support: Fight for Sight Student Summer Fellowship 2016
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Regenerative Ability of Magnetic Human Corneal Endothelial 
Cells
Xin Xia1, Melissa L. Atkins1, Kun-Che Chang1, Olga Kuzmenko1, 
Roopa Dalal1, Noelia J. Kunzevitzky1, 2, Jeffrey L. Goldberg1. 
1Ophthalmology, Stanford University, Palo Alto, CA; 2Emmecell, 
Key Biscayne, FL.
Purpose: To evaluate the regenerative ability of magnetic human 
corneal endothelial cells using a rabbit model for corneal endothelial 
dysfunction.
Methods: New Zealand White female rabbits underwent central 
Descemet membrane or endothelium scraping, followed by 
intracameral injection of magnetic human corneal endothelial cells or 
vehicle control. To improve cell integration into the host endothelium, 
an external magnet was applied immediately after injection, and the 
animals were left facing down during recovery for 3 hours.
Central corneal thickness and intraocular pressure were measured 
daily for the first 3 postoperative days and weekly thereafter. Optical 
coherence tomography was used to detect the change of corneal 
thickness and structure over time. Animals were euthanized at 7, 14, 
28, 90 postoperative days, and corneas were examined by histology 
and immunohistochemistry.
Results: Immediately after Descemet membrane or endothelium 
scraping, central corneal edema was observed in all animals. In the 
eyes treated with magnetic human corneal endothelial cells, the 
corneas became transparent earlier than controls without changes 
in intraocular pressure. Decrease in corneal thickness observed 
by pachymetry was confirmed by optical coherence tomography 
imaging. Donor human corneal endothelial cells were found in the 
stripped endothelium regions with histology and immunofluorescence 
methods, and more cells were observed when a magnet was used 
compared to gravity alone. No donor cells were detected in the iris or 
blocking the angle.
Conclusions: This study revealed that cell therapy using magnetic 
human corneal endothelial cells could be a safe treatment for corneal 
endothelial dysfunction.
Commercial Relationships: Xin Xia, None; Melissa L. Atkins, 
None; Kun-Che Chang, None; Olga Kuzmenko, None; 
Roopa Dalal, None; Noelia J. Kunzevitzky, Emmecell (E), 
Emmecell (P); Jeffrey L. Goldberg, Emmecell (S), Emmecell (P)
Support: CIRM Grant DISC1-08848
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Effect of hydrostatic pressure on cultivated corneal endothelium
Mathieu Theriault1, 2, Olivier Roy1, 2, Stephanie Proulx1, 2. 
1Ophtalmologie, Université Laval, Québec, QC, Canada;  
2CUO-LOEX, CHU de Québec, Québec, QC, Canada.
Purpose: Corneal endothelial cells exhibit attenuated expression and 
distribution of function-related markers following cell expansion. 
Various strategies are investigated worldwide to counterbalance this 
effect. Here we investigate if mimicking the hydrostatic pressure of 
the anterior chamber can modulate corneal endothelial morphology 
and functionality.
Methods: Cultivated corneal endothelial cells (P2-P3;  
n = 6 populations) were seeded on devitalized corneas (n = 10 
pairs). Native corneas and devitalized corneas were respectively 
used as positive (n = 2 pairs) and negative controls (n = 3 pairs). 
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Corneas were placed in artificial anterior chambers and subjected 
to a hydrostatic pressure between 0.3 and 0.4 psi during 4-5 days. 
Unpressured control corneas were maintained in cell culture dishes. 
Pictures of the corneas were taken following the experiment to assess 
stromal transparency. Morphology, corneal thickness and distribution 
of ZO-1, n-cadherin, b-catenin, Na+/K+ ATPase pump and HCO3- 
cotransporter was evaluated by electron microscopy, histological 
staining and immunofluorescences.
Results: Pressure treated corneas were more transparent than the 
controls. Thickness was accordingly reduced by 38.4±5.5% for 
cultivated endothelium and 32.2±9.6% for native endothelium. 
Negative controls change in transparency and thickness were 
marginal. Pressure treated cells showed none or at most marginal 
difference in morphology and distribution of ZO-1, n-cadherin, 
b-catenin, Na+/K+ ATPase pump and HCO3- cotransporters and 
failed to recreate a phenotype similar to native corneas.
Conclusions: Results show that in presence of the endothelium, 
pressure caused an amelioration of corneal transparency associated 
with stromal thinning but without a change in cell morphology or in 
the presence and distribution of function-associated markers. This 
suggests that anterior chamber pressure may have an endothelial 
functionality unrelated role in supporting corneal transparency.
Commercial Relationships: Mathieu Theriault, None; 
Olivier Roy, None; Stephanie Proulx, None
Support: CIHR, RRSV, ThéCell
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Corneal endothelial cell-based therapy: an evaluation of two 
different approaches; cell injection and tissue-engineered 
endothelial keratoplasty
Hon Shing Ong1, 2, Maninder S. Bhogal1, Yu-Chi Liu1, 2, Heng-
Pei Ang1, Xin-Yi Seah1, Khadijah B. Adnan1, Gary S. Peh1, 
Jodhbir Mehta1, 2. 1Tissue Engineering and Stem Cell Group, 
Singapore Eye Research Institute, Singapore, Singapore; 2Corneal 
Service, Singapore National Eye Centre, Singapore, Singapore.
Purpose: Visual impairment from corneal endothelial dysfunction 
is an important indication for corneal transplantation. Global 
shortages of donor corneas limit the number of transplants performed, 
driving the search for alternative approaches. This study evaluated 
the functional outcomes of cell injection (CI) therapy and tissue-
engineered endothelial keratoplasty (TE-EK) in a rabbit model of 
bullous keratopathy.
Methods: Primary human corneal endothelial cells (CEC) were 
isolated and propagated for 1-2 passage using the dual media 
culture approach. New Zealand white rabbits were used to assess 
functionality of CEC by cell injection and TE-EK. Cataract extraction 
was performed on investigated eyes 1 week prior to surgery. For CI, 
CEC were injected in medium containing Y-27632. Rabbit corneal 
endothelium was scraped from its Descemet’s membrane (DM) or 
DM was stripped. Approximately 6 X 105 CEC were injected into 
the anterior chamber. Rabbits were immediately positioned eyes 
down for 3 hours. For TE-EK surgery, a TE-EK graft was prepared 
at least 2 days before. Central 7mm of host DM was stripped. The 
graft was inserted as per standard Descemet’s stripping endothelial 
keratoplasty. EK was also performed with carrier alone. Central 
corneal thickness(CCT) and corneal clarity were assessed weekly. 
Rabbits were sacrificed after 28 days. Excised corneas were 
analyzed (histology, immunohistochemistry, and scanning electron 
microscopy).
Results: In the TE-EK group, CCT increased to >1000μm in the first 
4 days. This was followed by gradual thinning close to pre-operative 
CCT by the second week. Mean CCT were 476.7±62.6μm(day 21) 

and 457.1±79.6μm(day 28). An area of corneal clarity corresponding 
to the size of the graft was seen. In the CI group, CCT prior to 
injection was 389.3±54.5μm. Following CI, CCT increased to 
636.7±333.9μm(day 1). This declined to 575.2±50.5μm(day 7), 
588.0±53.0μm(day 14) and 438.3±19.0μm(day 21). Corneas 
remained clear to day 21. At day 28, graft rejection was seen and 
CCT increased to 1225.0±115.2μm. In control groups (DM stripping 
with CI or TE-EK without cells), CCT was >1000μm in the 28 day 
period.
Conclusions: Cultured CEC used in CI therapy and TE-EK 
restored corneal endothelial function by the third week in our model 
of bullous keratopathy. CI approach was associated with more 
inconsistencies in restoring corneal function compared to TE-EK.
Commercial Relationships: Hon Shing Ong, None; 
Maninder S. Bhogal, None; Yu-Chi Liu, None; Heng-Pei Ang, 
None; Xin-Yi Seah, None; Khadijah B. Adnan, None; Gary S. Peh, 
None; Jodhbir Mehta, None
Support: National Research Foundation Translational and Clinical 
Research Programme Grant (NMRC/TCR/008-SERI/2013)
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Measurement of endothelial permeability to fluorescein with a 
Spot Fluorometer
Sangly P. Srinivas1, Ramya Ravindran2, Prema Padmanabhan2, 
ARUSHI GOYAL2, Deepti Talele2, Pavani Murthy2, 
Uday B. Kompella4, Sanjay Mahadik2, Sudhir Ranganath3, 
RR Sudhir2. 1Optometry, Indiana University, Bloomington, IN; 
2Sankara Nethralaya, Chennai, India; 3Chemical Eng, SIT, Tumkur, 
India; 4Pharmaceutical Sciences, University of Colorado, Denver, 
CO.
Purpose: The corneal endothelium (CE) is dysfunctional in Fuchs 
Endothelial Corneal Dystrophy. CE restricts fluid influx into the 
stroma from the a/c (referred to as the barrier function). It also 
overcomes the residual fluid leak by an active fluid transport from 
stroma into the a/c. In this study, we have assessed a protocol for 
measurement of the barrier function of the endothelium using a new 
ocular fluorometer in human subjects
Methods: Two % fluorescein drops were instilled on the conjunctiva 
3-4 times 10 min apart at 11 AM. Subsequently, the loss of the 
dye from the stroma was measured. Specifically, we measured 
fluorescence from the stroma and a/c every 30 min over a period of 3 
hours using a custom-built ocular fluorometer. These data were then 
used to calculate to permeability to fluorescein (Pf) as a measure of 
barrier function of the CE using the formula: Pf = qcm * alpha * Fs/
(rac * Fs –Fa), where qcm = mean corneal thickness (measured by 
OCT; = 1.25 * CCT), alpha is the decay rate constant obtained by 
fitting stromal fluorescence vs. time curve into a single exponential 
decay model, Fs is the log mean of stromal fluorescence over 2 hrs of 
decline, Fa is the log mean of a/c fluorescence over 2 hrs of decline, 
and rac is the ratio of concentration of fluorescein in the a/c to that of 
cornea when they are in equilibrium (assumed to be 0.9).
Results: The new fluorometer, which is based on a slit lamp, is 
sensitive and enables measurement of fluorescence from any spot 
within or on the surface of the eye with a depth resolution < 300 
μm. Following topical fluorescein, the stromal and a/c fluorescence 
showed a significant increase initially but was followed by a 
continuous decline over 2-3 hours. The a/c measurements were 
relatively noisy but could be used to calculate Pf. In normal subjects, 
the calculated Pf was 19.2 x10-4 + 9.77 x10-4 cm/min (n = 10).  
We also observed that advanced FECD patients show have much 
higher permeability than previously reported.
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Conclusions: The fluorometer is suitable for measurement of Pf in 
healthy and FECD patients. The method is based on the assumption 
that fluorescein loss from the stroma occurs largely across the CE into 
the a/c. This is an acceptable assumption if the superficial epithelium 
is a barrier for fluorescein but we have that in severe FECD epithelial 
barrier property is compromised. Hence, the method should be used 
with caution in advanced FECD
Commercial Relationships: Sangly P. Srinivas, None; 
Ramya Ravindran, None; Prema Padmanabhan, None; 
ARUSHI GOYAL, None; Deepti Talele, None; Pavani Murthy, 
None; Uday B. Kompella, None; Sanjay Mahadik, None; 
Sudhir Ranganath, None; RR Sudhir, None
Support: CTSI and FRSP (PI- SP)
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Real-Time Assessment of Corneal Endothelial Cell Damage 
Following DMEK Graft Preparation and Insertion
Gary S. Peh1, 2, Maninder S. Bhogal3, 1, Chan N. Lwin1, Xin-Yi Seah1, 
Khadijah B. Adnan1, Elavazhagan Murugan1, Jodhbir Mehta4, 1. 
1Singapore Eye Research Institute, Singapore, Singapore; 2Duke-NUS 
Graduate Medical School, Singapore, Singapore; 3Moorfields Eye 
Hospital, London, United Kingdom; 4Singapore National Eye Centre, 
Singapore, Singapore.
Purpose: This study describes a method that enable accurate 
evaluation of graft viability with a single incubation of a fluorescent 
viability dye that can be tracked following in-situ graft preparation 
through to implantation and its subsequent assessment in-vivo.
Methods: Optimization of viability dye was performed on cultured 
corneal endothelial cells (CEnCs) expanded for at least 2 passages, 
isolated from donor corneas unsuitable for transplantation. Cells were 
incubated with varying concentrations of calcein AM (CAM), and 
fluorescence intensity was measured. Cellular toxicity of CAM to 
cultured CEnCs was also assessed by flow cytometry. For assessment 
of the cell viability of DMEK graft in-situ, transplant-grade corneas 
were procured and prepared as per for DMEK surgery. Imaging was 
performed at 3 time points: prior to graft preparation, following 
preparation and imaging of the unfolded graft within the anterior 
chamber of a porcine globe. All images were exported to ImageJ 
for processing and quantification, where viability based on CAM/
eithidium homodimer/Hoechst labelling was assessed. Trypan blue/
Alizarin red viability staining was also performed. All statistical 
analyses were performed using GraphPad Prism, and a p-value of 
<0.05 was deemed to be significant.
Results: Of the concentrations evaluated, 2.67 μM were found to 
be sufficient for imaging with the Spectralis HRA. At 2.67 μM, 
viability of labelled CEnCs was not significantly affected compared 
to unlabeled cells (2.72% vs 3.96%, p = 0.25), and morphometric 
analysis showed no significant differences between labelled and 
control corneas. Following implantation of pre-labelled graft, high 
quality images can be obtained when imaging through fresh or 
24hr-old edematous porcine cornea. Areas of non-viability detected 
using in-situ imaging showed good agreement with the in-vivo 
global viability method. Estimates of cell density based on CAM 
fluorescence showed a strong positive correlation with Hoechst 
positive cells from the same graft region ex-vivo (R=0.74, p<0.0001)
Conclusions: We have developed and validated a method for 
sequential graft viability assessment that can be applied at every stage 
of transplantation. The methodology utilizes current clinical imaging 
device, where with minor adaptation enabled in vivo assessments of 
overall graft viability and cell density of the whole graft.
Commercial Relationships: Gary S. Peh, None; 
Maninder S. Bhogal, None; Chan N. Lwin, None; Xin-Yi Seah, 

None; Khadijah B. Adnan, None; Elavazhagan Murugan, None; 
Jodhbir Mehta, None
Support: NMRC/TCR/008-SERI/2013
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Tissue engineered silk fibroin endothelial graft in a Descemet’s 
membrane keratoplasty
Jesus Merayo-Lloves1, Jose L. Cenis2, Salvador D. Aznar2, 
Manuel Chacón1, Natalia Vázquez1,  
Carlos-Alberto Rodriguez-Barrientos1, Mairobi Medina1, 
Iriana Zambrano1, Ana C. Riestra1, Alvaro Meana1.  
1Instituto Universitario Fernández-Vega, Oviedo, Spain;  
2Instituto Murciano de Investigación y Desarrollo Agroalimentario, 
Murcia, Spain.
Purpose: Develop an artificial endothelial graft using a silk fibroin 
(SF) film, aimed at treating corneal endothelial dysfunction in a 
Descemet’s Membrane Endothelial Keratoplasty (DMEK).
Methods: Cocoons of Bombyx mori were degummed and SF was 
dissolved in 9.3M LiBr and dialyzed against distilled water for 3 
days. Then, 580μL of the resultant 5% w/v SF solution was cast upon 
plastic Petri dish 5,8cm in diameter to give a 10 microns thickness 
film.
Cultures of corneal endothelial cells (CECs) were obtained from 
normal New Zealand white rabbits and human corneoscleral rims 
obtained during surgery after 8mm trephination of the graft. When 
cultures were confluent, human or rabbit CECs were subcultured onto 
SF films.
A DMEK surgery was performed in six New Zealand white rabbits. 
Rabbits were divided into three groups: SF films with or without 
cultured rabbit CECs and rabbits with only peeled off Descemet’s 
membrane. The exterior appearance of rabbit eyes was monitored 
by taking photographs, and six weeks after transplantation, corneal 
thickness was measured by anterior segment optical coherence 
tomography (AS-OCT) and a corneal endothelial count was 
performed. Finally, rabbits were euthanized and the transplanted 
corneas were histological and immunohistochemically analysed.
Results: We developed SF films with biological properties that 
supported the growth of CECs, which expressed its morphology and 
characteristically markers; and with mechanical characteristics that 
allowed its use in a DMEK surgery. In a rabbit model of corneal 
endothelial dysfunction, our artificial endothelial graft restored the 
corneal transparency and thickness, at 6 weeks of follow up, after 
a DMEK surgery. AS-OCT revealed SF film as a fully integrated 
component of the corneal tissue, displaying a similar corneal 
thickness when compared to its healthy contralateral cornea. In the 
same way, histological analysis showed that SF artificial endothelial 
graft was attached and integrated to the surface of the corneal 
stroma without a significant inflammatory reaction, and rabbit CECs 
consisted in a monolayer which showed their characteristics markers 
ZO-1 and Na+/K+ ATPase, suggesting proper intercellular junctions 
and cellular pump function.
Conclusions: It is possible to develop a human or rabbit artificial 
endothelial grafts using a SF film, aimed at treating corneal 
endothelial dysfunction in a DMEK surgery.
Commercial Relationships: Jesus Merayo-Lloves, None; 
Jose L. Cenis, None; Salvador D. Aznar, None;  
Manuel Chacón, None; Natalia Vázquez, None;  
Carlos-Alberto Rodriguez-Barrientos, None; Mairobi Medina, 
None; Iriana Zambrano, None; Ana C. Riestra, None; 
Alvaro Meana, None
Support: IPT-2012-1029-010000
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Corneal endothelium in pediatric patients with uveitis: a 
longitudinal study
Simon S. Fung1, Ali El Hamouly2, Hamza Sami2, Dishay Jiandani1, 
Sara Williams1, Nasrin N. Tehrani1, Kamiar Mireskandari1, Asim Ali1. 
1Ophthalmology & Visual Sciences, The Hospital for Sick Children, 
Toronto, ON, Canada; 2Faculty of Medicine, University of Toronto, 
Toronto, ON, Canada.
Purpose: To study the longitudinal effect of anterior chamber 
inflammation on the corneal endothelium in pediatric patients.
Methods: This is a prospective longitudinal cohort study. Patients 
attending our institution with diagnoses of unilateral or bilateral 
anterior chamber inflammation (anterior, intermediate, or pan-
uveitis) and those who are at risk of developing uveitis due to 
juvenile idiopathic arthritis were recruited. Changes in central 
corneal endothelial cell density (ECD) and morphologic variables 
were determined by repeated specular microscopy. Findings were 
correlated with previous ophthalmic history and serological markers.
Results: Among eyes with a history of active anterior chamber 
inflammation (n=136, 20 unilateral uveitis; 58 bilateral uveitis), 
mean total duration of disease (TDD) was 32.5±30.0 weeks and 
mean percentage of time in which active uveitis was found during 
the entire follow-up period (%AU) was 17.2±0.17%. In eyes with 
no prior ophthalmic surgeries (Group I, n=107), mean ECD at first 
measurement (ECD1) was 3445.5±380.3 and mean ECD after 
follow-up of 12.0±3.5months (ECD2) was 3437.5±346.1 cells/mm2 
(p=0.71). In eyes with previous surgery (Group II, n=29), mean 
ECD1 and ECD2 were not significantly different (3135.8±446.3 
v 3079.6±471.0; p=0.10). Between the two groups, significant 
differences were found in mean ECD1 (p=0.001) and mean ECD2 
(P<0.001). In the 5 patients with unilateral uveitis and no prior 
surgery in either eye, no differences were found between eyes with 
uveitis and those without, both in ECD1 (p=0.39) and in ECD2 
(p=0.32). When host and disease-related characteristics were 
evaluated, correlation was found between ECD1 in Group I and the 
duration of disease diagnosis before patient recruitment (r=-0.26; 
p=0.008); and ECD2 was correlated to TDD (r=-0.24, p=0.01). 
Correlations between endothelial cell morphology and %AU were 
also found.
Conclusions: In our patients, surgical treatment of uveitis 
complications, including cataract and glaucoma, adversely affected 
the corneal endothelium. Total duration of disease and percentage 
of time of disease activity were correlated with lower ECD and 
more abnormal endothelial cell morphology. However, over a 1-year 
period, no significant changes to ECD occurred. It may be that by 
optimising anterior chamber inflammation control, endothelial cell 
loss could be minimised beyond the avoidance of surgical treatment 
of disease complications.
Commercial Relationships: Simon S. Fung, None; Ali El 
Hamouly, None; Hamza Sami, None; Dishay Jiandani, 
None; Sara Williams, None; Nasrin N. Tehrani, Abbvie (C); 
Kamiar Mireskandari, Abbvie (C); Asim Ali, None
Support: Dr. Asim Ali received research grant support from 
Physician’s Services Inc. Foundation for this study.
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A prospective observational study of corneal endothelial cell 
morphology in children using specular microscopy in vivo
Bhaskar Gupta, Sohaib R. Rufai, Ramez Borbara, Nicole Tan, 
James E. Self. Ophthalmology, University Hospital NHS Foundation 
Trust, Reading, United Kingdom.

Purpose: Previous studies suggest endothelial cell density decreases 
from 6,000 cells/mm2 in neonates to 3,000 cells/mm2 in 10-year-olds. 
However, these estimations are derived from studies of post mortem 
neonatal specimens and older compliant children, with very sparse 
data for children aged 6 or younger as they are unable to comply 
with existing clinic-based specular microscopes. This study aims to 
establish age-specific normal data in young children for endothelial 
cell density (ECD), average cell surface area (AVG), coefficient of 
variation (CV) and percentage of hexagonal cells (HEX) in children 
aged 0-13 years, employing our piloted imaging technique using 
specular microscopy in vivo.
Methods: Children aged 0-13 years listed for ophthalmic surgery 
under general anaesthesia (GA) or due for clinical appointments 
were recruited. Children under 3 years of age or unable to comply 
with the traditional method were imaged using our novel technique 
under GA in theatre; older, compliant patients were imaged in clinic 
using a child friendly technique. Central corneal endothelial specular 
microscopic images of each eye were taken during GA or in clinics 
using non-contact Nidek CEM-530 (Nidek, Aichi, Japan). Further 
image analysis was carried out on the CEM Viewer to ensure cells 
were correctly identified. Pearson’s correlation was performed to 
establish the relationship between age and ECD, AVG, CV and HEX.
Results: 151 children (mean age: 5.18; S.D. 1.76; range: 0.44-
12.32 years) were recruited and imaged under GA (n=7) and in 
clinic (n=144). Pearson’s correlation detected a moderate negative 
correlation between ECD and age (r=-0.462, P<0.001) and a 
moderate positive correlation between AVG and age (r=0.460, 
P<0.001). CV and HEX did not demonstrate a significant correlation 
with age (CV: r=-0.101 P=0.216, HEX: r=0.095, P=0.245).
Conclusions: Our technique for specular microscopy is effective in 
young children. Our findings demonstrate ECD decreases and AVG 
increases after 3 years of age. More information of children between 
0-3 years is required.
Commercial Relationships: Bhaskar Gupta, None; 
Sohaib R. Rufai, None; Ramez Borbara, None; Nicole Tan, None; 
James E. Self, None
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Optical Coherence Tomography Endothelium/Descemets 
membrane Complex Three Dimensional Thickness Maps in 
Normal Subjects
Amr Elsawy1, Gustavo R. Gameiro2, Marco Ruggeri2, 
Mohamed Abdel-Mottaleb1, Fabrice Manns2, Mohamed Abou 
Shousha2. 1Electrical and Computer Engineering, University of 
Miami, Coral Gables, FL; 2Bascom Palmer Eye Institute, University 
of Miami, Miami, FL.
Purpose: To create optical coherence tomography (OCT) 
Endothelium/Descemets membrane complex (En/DM) three 
dimensional 6 mm thickness maps and evaluate distribution of En/
DM thickness in the normal maps of the subjects.
Methods: First, we validated our methods using phantom eye model. 
We obtained 6 mm radial cuts for central region of the phantom eye. 
We used graph-based segmentation method to automatically segment 
the anterior and posterior layers of each radial cut of the phantom 
eye model. Then, we constructed the surfaces for the anterior and 
posterior layers from the segmented layers. We reconstructed the 
surfaces using bi-cubic interpolation without any assumption about 
the surface shape. Then, we measured the thickness of the central 
cornea based on the perpendicular distance between the two surfaces. 
Created maps were compared to pre-known thickness map of the 
phantom eye. We applied same procedure on OCT images of 5 
normal eyes to automatically segment, 3 dimensional (3D) optical 
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correction and creating the 3D En/DM layer map. Bullseye maps 
were created and divided into central region that is 1 mm around the 
center of the cornea, paracentral region that extends from 1 to 2 mm 
from the center and peripheral regions that extends 2-3 mm from the 
center of the cornea.
Results: En/DM 3D thickness maps and bullseye maps were created 
successfully in all examined eyes. En/DM mean thickness in normal 
subjects was 16.19 μm. En/DM showed thickening towards the 
peripheral cornea. The mean thickness of the central En/DM was 
11±2 μm (Mean and SD), paracentral En/DM region was 12±2.75 μm 
and the peripheral En/DM was 15.5±4.75 μm. The 3D En/DM maps 
showed that the thickest En/DM region is 22 μm while the thinnest is 
8 μm.
Conclusions: Endothelium/Descemets membrane Complex 3D 
thickness maps can be created from OCT images. In Normal 
Subjects, En/DM showed thickening towards the peripheral cornea.
Commercial Relationships: Amr Elsawy; Gustavo R. Gameiro, 
None; Marco Ruggeri, None; Mohamed Abdel-Mottaleb, None; 
Fabrice Manns, None; Mohamed Abou Shousha, None
Support: Unrestricted grant from research to prevent blindness, 
National Eye Institute (NEI), K23EY026118
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In Vivo Confocal Microscopy Demonstrates Bilateral Corneal 
Endothelial Cell Loss in Patients with Unilateral Herpes Zoster 
Ophthalmicus
Pedram Hamrah1, 2, Afsun Sahin1, Chareenun Chirapapaisan2, 
Rodrigo T. Muller1, Alessandro Abbouda1, Andrea Cruzat2, 
Bernardo Cavalcanti2, Arsia Jamali1, Deborah Pavan-Langston1. 
1Cornea/Ophthalmology, NEEC, Tufts Medical Center, Tufts 
University, Boston, MA; 2Cornea/Ophthalmology, Massachusetts Eye 
& Ear Infirmary, Harvard Medical School, Boston, MA.
Purpose: To investigate bilateral corneal endothelial cell density 
(ECD), as well as its correlation with scar location and corneal nerve 
alterations in patients with unilateral herpes zoster ophthalmicus 
(HZO).
Methods: Twenty-eight eyes of 28 patients with corneal scarring 
caused by HZO, as well as their respective contralateral clinically 
unaffected eyes, were prospectively studied and compared with 24 
eyes of 24 healthy volunteers. In vivo confocal microscopy (IVCM) 
and corneal sensation of the central cornea were performed bilaterally 
in all patients and in one random eye of controls. The ECD was 
correlated to subbasal corneal nerve density, including the total length 
of nerves, main trunks, and branches, central corneal sensation, and 
scar location (peripheral vs. central).
Results: The ECD was significantly lower in eyes affected with 
HZO than in controls (2,351.0 ± 343.2 vs. 3,185.0 ± 215.7 cells/
mm2, P < 0.0001). Surprisingly, lower ECD was also detected in 
contralateral clinically unaffected eyes (2,394.7 ± 330.9 cells/mm2), 
compared to controls (P < 0.001). Eyes with central HZO scars had 
a significantly lower ECD than eyes with peripheral scars (2,219.7 
± 434.6 cells/mm2 vs. 2,446.4 ± 236.7 cells/mm2, p<0.05). Both 
affected and contralateral eyes showed decreased total nerve length, 
compared to controls (6.1 ± 7.6 vs. 13.5 ± 10.9 vs. 17.8 ± 3.8 mm/
mm2, respectively; P < 0.05 for all). The ECD correlated positively 
with total nerve length (r = 0.32, P = 0.01) and with corneal sensation 
(r = 0.28, P = 0.02).
Conclusions: IVCM findings demonstrate bilateral alterations in 
corneal ECD in patients with unilateral HZO. Patients with central 
scars had a more profound loss of ECD than patients with peripheral 
scars. The positive significant correlation observed between the ECD 

and the subbasal nerve density may suggest a potential link between 
corneal innervation and corneal endothelial cell homeostasis.
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In vivo confocal microscopy of corneal wound healing after 
Descemet’s Stripping Automated Endothelial Keratoplasty 
(DSAEK)
Everardo Hernandez-Quintela, Claudia Ortiz Valencia, Guillermo De 
Wit, Manuel Ramirez Fernandez. Cornea Service, Association Para 
Evitar la Ceguera, Mexico City, Mexico.
Purpose: Descemet’s Stripping Automated Endothelial Keratoplasty 
(DSAEK) in vivo wound healing process has not been fully 
described. To evaluate corneal wound healing findings after DSEAK 
by confocal microscopy.
Methods: A total of 8 eyes (8 patients) were included. In vivo 
confocal microscopy (Confoscan 4, Fortune Technologies, Italy) was 
performed from 4 to 6 weeks after DSAEK. Measurements were done 
from the corneal endothelium to the corneal surface with Navis® 
software (NIDEK, Multi-Instrument Diagnostic System, Japan).
Results: Donor-receptor interface was found in an average of 114 
μm. Corneal stromal folds were observed from 111.1 ± 3.5 μm from 
the endothelium to 286 ± 94 μm (mean 175 ± 90.5 μm). Keratocytes 
were activated in the donor tissue from 12 ± 1.4 μm from the 
endothelium to 105 ± 38.2 μm to the donor-receptor interface (mean 
93 ± 36.9 μm).
Conclusions: Donor keratocytes are activated up to 6 weeks after 
DSAEK. Several corneal folds are present in proximity to the donor-
receptor interface after DSAEK. Further evaluation of these findings 
is justified to determine its clinical significance.
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The Predictive Value of Donor Demographics on Corneal 
Endothelial Cell Density
Elyse J. McGlumphy1, Jordan Margo1, Moulaye Haidara1, 
Clayton Brown2, Caroline Hoover3, Wuqaas Munir1. 1Ophthalmology 
and Visual Sciences, University of Maryland School of Medicine, 
Baltimore, MD; 2Department of Epidemiology and Biostatistics, 
University of Maryland School of Medicine, Baltimore, MD; 
3SightLife, Seattle, WA.
Purpose: To determine how different demographic factors influence 
corneal endothelial cell density in donor corneas..
Methods: Corneal donor information from the SightLife Eye 
Bank was collected for 34,497 donor eyes between 2012-2015. 
Demographics, time of death to preservation, endothelial cell density, 
lens status, medical history, and transplant suitability were collected 
for each donor. Gender and race were used to examine associations 
with ECD. Tests of association were adjusted for covariates using 
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logistic regression including age, race, and gender. Repeated 
measures analysis was used to account for within-individual 
correlation between left and right eyes from the same donor.
Results: Following exclusion for missing data points, a total of 
27,948 donor corneal grafts were included in analysis. Mean ECD 
was 2,733 cells/mm2 and mean age was 59 years old. Logistical 
regression analysis demonstrated a reduction in ECD by 10.09 cells/
mm2 per year of age (p<0.0001) in donor corneas. There was no 
statistically significant association between gender and ECD. Among 
ethnicity groupings including Caucasian, African American, Asian, 
and Hispanic groups, the only statistically significant predictor for 
increased ECD in donor corneas was Asian ethnicity with a mean 
increase of 79.09 cells/mm2 (p=0.0035). African Americans showed 

increased ECD, but was not found to be statistically significant 
(48.319 cells/mm2, p=0.0503.
Conclusions: This study is the first to show Asian ethnicity as a 
predictor of increased ECD. There was no statistical difference 
between other ethnicity groups studied. Increasing age is a well-
established predictor for reduced ECD, which was also confirmed by 
our study. Gender was not a significant predictor of ECD. These data 
may influence predicting the viability of corneal grafts with respect to 
donor demographic data.
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