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Preclinical randomized controlled study comparing  
long-term stored human corneas in an innovative bioreactor 
versus standard organ-culture
Thibaud GARCIN1, Fabien FOREST2, 3, Paul VERHOEVEN4,  
Jean Lou PUGNIET5, Thierry PEYRAGROSSE5, 
Françoise ROGUES5, Pascal HERBEPIN2, Sophie ACQUART6, 
Fabrice COGNASSE6, Chantal PERRACHE2, Zhiguo HE2, 
Philippe GAIN1, Gilles Thuret1, 7. 1Ophthalmology Department, 
University Hospital., Laboratory “Corneal Graft Biology, 
Engineering and Imaging” EA2521, University Jean Monnet., SAINT 
ETIENNE, France; 2Laboratory “Corneal Graft Biology, Engineering 
and Imaging” EA2521, University Jean Monnet., SAINT ETIENNE, 
France; 3Pathology department, University Hospital., SAINT 
ETIENNE, France; 4Microbiology department, University Hospital., 
SAINT ETIENNE, France; 5Graft coordinator team, University 
Hospital., SAINT ETIENNE, France; 6Eye Bank of  
St-Etienne, French Blood Center., SAINT ETIENNE, France; 
7Institut Universitaire de France, Paris, France., PARIS, France.
Purpose: Organ-culture (OC) developed in the 70’s, is a passive 
corneal storage that has never been revisited. For 5 years, our lab 
has been developing a bioreactor (BR) that restores the corneal 
physiology (intra ocular pressure (IOP) and aqueous humor 
renewal). Aim: to compare BR versus (vs) OC for corneas included 
immediately at retrieval, in a real-life setting.
Methods: Preclinical study designed as a superiority controlled 
trial, on paired fresh scientific human corneas in parallel groups, 
authorized by the French Biomedicine Agency and our local IRB. 
Immediately at retrieval, after centralized randomization, one cornea 
was stored in OC and the other in the BR with 21 mmHg and  
2.6 µL/min, both with the same medium (CorneaMax, Eurobio, 2% 
fetal calf serum). Pairs with endothelial cell density (ECD) below 
2000 cells/mm2 and more than 10% difference between corneas at 
day (D)2 were excluded. At D26, only OC corneas were transferred 
to a deswelling medium with 5% Dextran (CorneaJet, Eurobio). We 
calculated that 49 pairs would be needed to show a difference of 
500 viable cells/mm2 between groups. Assessments were performed 
at D2, 26 and 28. Primary endpoint: the viable ECD (vECD) 
determined after staining by Hoechst/Ethidium/Calcein (that we 
previously reported) at D28, blind of storage method. Secondary 
endpoints: transparency (T), central corneal thickness by OCT (CCT) 
and microbiological testing.
Results: Preliminary results on the first 41 pairs. At D2, ECD was 
2575+/-363 in OC vs 2628+/-359 cells/mm2 in BR (p=0.087).  
At D28, vECD was 2186+/-394 in BR vs 1679+/-382 cells/mm2 
in OC with a mean difference of 507 cells/mm2 (95%CI 423;590) 
(p<0.001). At D28, in BR 62% of corneas remained over 2000 viable 
cells/mm2 vs 21% in OC (p<0.001). At D26, T was lower in OC with 
12+/-7 vs 60+/-22% in BR (p<0.001) and average CCT in OC was 
1179+-156 µm. At D28, T did not differ with 44+/-10% in OC vs 
40+/-12% in BR (p=0.111) and CCT was lower in OC with  
604+/-56 vs 689+/-58 µm in BR (p<0.001). One cornea of each group 
was contaminated.
Conclusions: Restoration of the IOP and medium renewal by the 
BR significantly improves endothelial cell survival, resulting in 
dramatically higher ECD (+30%), while avoiding the deleterious 

deswelling step necessary in standard OC. At the end of storage, three 
times more corneas are suitable for transplantation and their quality 
is higher.
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Fabien FOREST, None; Paul VERHOEVEN, None; Jean 
Lou PUGNIET, None; Thierry PEYRAGROSSE, None; 
Françoise ROGUES, None; Pascal HERBEPIN, None; 
Sophie ACQUART, None; Fabrice COGNASSE, None; 
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Philippe GAIN, University Jean Monnet (P);  
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Elevation of aqueous IL-12 and IFNγ is associated with 
progressive endothelial cell loss after penetrating keratoplasty
Takefumi Yamaguchi, Terumasa Suzuki, Kazunari Higa, 
Naohiko Nakayama, Yukari Yagi-Yaguchi, Yoshiyuki Satake, 
Jun Shimazaki. Ophthalmology, Tokyo Dental College, Chiba, Japan.
Purpose: The exact mechanism of endothelial cell loss (ECL) after 
corneal transplantation is still poorly understood. We hypothesize that 
pre-existing microenvironmental alterations in aqueous humor (AqH) 
cause ECL after corneal transplantation. The purpose of this study is 
to evaluate the association between preoperative cytokine levels in 
AqH and ECL after penetrating keratoplasty (PKP).
Methods: This prospective study included 68 human eyes.  
The AqH was collected at the beginning of PKP (37 eyes)  
and cataract surgery (31 control eyes). The cytokine levels  
(IL-1α, -1β, -2, -4, -6, -8, -10, -12p70, -13, -17A, IFN-α, IFN-γ, 
MCP-1, TNF-α, E-selectin, P-selectin, sICAM-1, GM-CSF,  
MIP-1α and MIP-1β) were measured using Luminex. The association 
of preoperative cytokine levels in AqH and postoperative ECL was 
evaluated.
Results: The mean endothelial cell density (ECD±SD) was 2748±348 
cells/mm2 (donor graft), 2021±766 at 1month, 1992±627 at 3 months 
and 1698±733 at 6 months after PKP. The preoperative AqH levels 
of IL-1α, -4, -6, -10, -12p70, -13, -17A, TNF-α, E-, P-selectin, and 
sICAM-1 were significantly higher in the PKP group than control 
(all, P<0.05). There were no significant correlations between cytokine 
levels and ECD at 3 months, however, ECD at 6 months was 
negatively correlated with the levels of IL-12p70  
(r=-0.464, P=0.0088), IFNγ (r=-0.393, P=0.0194), MCP-1  
(r=-0.369, P=0.029) and E-selectin (r=-0.377, P=0.031). The IL-
12p70, IFNγ and E-selectin levels in eyes with ECD less than 1200 
cells/mm2 at 6 months (15.7±12.9 pg/ml, 95.2±73.9 and 5167±4797) 
were significantly higher than eyes with ECD more than  
1200 cells/mm2 at 6 months after PKP (7.4±3.2, 55.5±21.9 and 
2537±1039, all P<0.05).
Conclusions: Some of the patients with progressive ECL after PKP 
had higher levels of specific cytokines in AqH. Preoperative elevated 
aqueous cytokine levels, especially IL-12p70 and IFNγ, may cause 
progressive ECL after PKP.
Commercial Relationships: Takefumi Yamaguchi, 
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Transcriptomic analysis of human corneal endothelial cells 
during in vitro expansion
Ricardo F. Frausto2, Gary S. Peh1, Ben L. George1, Jodhbir Mehta1, 
Anthony J. Aldave2. 1Ocular Tissue Eng & Stem Cell Group, 
Singapore Eye Research Institute, Singapore, Singapore; 
2Ophthalmology, Stein Eye Institute, UCLA, Los Angeles, CA.
Purpose: To characterize the effects of culturing conditions and 
passaging on the transcriptomic profiles of human corneal endothelial 
cells during in vitro expansion.
Methods: Primary human corneal endothelial cell (pHCEnC) 
cultures were prepared from age-matched donor corneas using one 
of two isolation/expansion protocols (Trypsin/F99 or Collagenase/
M4M5). Cells were passaged four times. Total RNA was isolated at 
each passage and processed for high-throughput RNA-sequencing. 
Sequencing reads were aligned to the hg38 human genome and were 
subsequently converted to reads per kilobase per million (RPKM). 
Principal component analysis and hierarchical clustering were used 
to compare the transcriptomes at each passage. In addition, the 
expression of ex vivo human corneal endothelial cell (evHCEnC)-
specific genes was assessed at each passage for pHCEnC cultured 
using each isolation/expansion protocol. Differential gene expression 
analysis was performed for protein-coding genes with RPKM>1 and 
fold-change>2. Pathway analysis was performed using the Ingenuity 
Pathways Analysis software.
Results: The early passages (P0 and P1), mid-passages (P2 and P3) 
and late passage (P4) clustered into three distinct groups by principle 
component analysis (PCA). The percentage of evHCEnC-specific 
genes expressed in pHCEnC cultures demonstrated a decreasing trend 
with progressive passaging using each isolation/expansion protocol, 
with the percentage higher at each passage with M4M5 compared 
with F99. The number of differentially expressed genes (DEG) 
demonstrated an increasing number with progressive passaging, with 
a lower number at each passage (except P4) observed for the M4M5 
medium. Pathway analysis of the DEG demonstrated an increase in 
the activation of pathways associated with cell senescence, such as 
IL6 and IL8. In addition, transcription of potent negative regulators 
of cell cycle progression, p21CIP1 and p16INK4, increased with 
increasing passage number.
Conclusions: A worldwide shortage of donor corneas has made it 
necessary to develop viable techniques for the expansion of human 
corneal endothelial cells in vitro. While the M4M5 expansion 
medium was associated with a higher percentage of evHCEnC-
specific genes expressed and a lower number of DEG, both isolation/
expansion protocols were associated with an increasing number of 
differentially expressed genes, and neither inhibited cell senescence.
Commercial Relationships: Ricardo F. Frausto, None; 
Gary S. Peh, None; Ben L. George, None; Jodhbir Mehta, None; 
Anthony J. Aldave, None
Support: NEI R01 EY022082 (AJA), P30 EYE000331 (core grant)
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Investigating the presence of Fuchs endothelial corneal dystrophy 
in patients with myotonic dystrophy, type 1
Nelson Winkler1, Margherita Milone4, Harish Raja2, Ross Aleff 3, 
Sanjay V. Patel1, Michael P. Fautsch1, Eric Wieben3, Keith Baratz1. 
1Department of Ophthalmology, Mayo Clinic, Rochester, MN; 
2Department of Ophthalmology, University of California, San Diego, 
San Diego, CA; 3Department of Biochemistry and Microbiology, 
Mayo Clinic, Rochester, MN; 4Department of Neurology, Mayo 
Clinic, Rochester, MN.

Purpose: RNA toxicity due to CTG trinucleotide repeat (TNR) 
expansion in non-coding DNA in the transcription factor 4 (TCF4) 
and the dystrophia myotonica protein kinase (DMPK) genes has been 
described in the pathogenesis of Fuchs endothelial corneal dystrophy 
(FECD) and myotonic dystrophy, type 1 (DM1), respectively. Several 
case series have reported conflicting results regarding the presence of 
corneal abnormalities in patients with DM1. We investigated whether 
TNR expansion in DMPK increases the prevalence of clinical FECD 
in DM1 patients.
Methods: We evaluated FECD grade (modified Krachmer scale) 
by slit lamp biomicroscopy in 26 participants from 14 families with 
DM1. CTG trinucleotide repeat length in TCF4 and DMPK was 
determined by Genescan or Southern blotting of DNA extracted from 
peripheral blood leukocytes in 24 of the 26 participants.
Results: The prevalence of FECD grade 2 or higher in 5 (36%) of the 
14 probands was significantly greater than in the general population 
(p < 0.001), using the generous assumption of 10% prevalence in 
the latter. FECD segregated with the presence of DM1. In the largest 
family cohort, 6 of the 8 family members examined had both FECD 
and DM1 and 2 family members had neither FECD nor DM1. All 24 
subjects who provided DNA samples, including 4 FECD-affected and 
8 unaffected probands, were bi-allelic for non-expanded TNR length 
in TCF4, ranging from 12 to 29 repeats. Considering our previous 
data that at least 70% of subjects with FECD harbored TCF4 TNR 
expansion, the probability of 4 consecutive FECD probands lacking 
TNR expansion was 0.008. The presence of FECD in DM1 patients 
was not predicted by the clinical signs/severity of DM1 or DMPK 
TNR length.
Conclusions: FECD was common in patients with DM1, and the 
diseases co-segregated within families. TNR expansion in TCF4, 
which we have previously found to be present in the majority of 
FECD patients, was lacking in DM1 families. These findings support 
a hypothesis that DMPK TNR expansion may contribute to clinical 
FECD.
Commercial Relationships: Nelson Winkler, None; 
Margherita Milone; Harish Raja, None; Ross Aleff, None; 
Sanjay V. Patel, None; Michael P. Fautsch, None; Eric Wieben, 
None; Keith Baratz, None
Support: Research to Prevent Blindness, Inc., NY (unrestricted 
Department of Ophthalmology grant and SVP as an Olga Keith Wiess 
Special Scholar); NIH grants EY 25071 and EY 26490; the Mayo 
Clinic Robert R. Waller Career Development Award; Mayo Clinic 
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Involvement of the p38 mitogen-activated protein kinase pathway 
in Fuchs endothelial corneal dystrophy
Takako Onishi1, Naoki Okumura1, Keisuke Hashimoto1, 
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 reported to be 
involved in the pathophysiology of Fuchs endothelial corneal 
dystrophy (FECD) (Engler C, et al). We reported that inhibition of 
p38 mitogen-activated protein kinase (MAPK) suppressed the death 
of corneal endothelial cells (CECs) (Onishi, et al, ARVO 2016). 
Signaling by p38 MAPK is associated with various cellular activities, 
such as cell proliferation, differentiation, migration, and apoptosis. In 
this study, we investigated whether p38 MAPK signaling is involved 
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in the pathogenesis of FECD and the feasibility of this pathway as a 
therapeutic target for FECD.
Methods: CECs were isolated from donor corneas and FECD-patient 
corneas, then cultured and immortalized as cell models. Immortalized 
human CECs (iHCECs) were treated with ER stress inducer 
thapsigargin (TG, 10 µM) and proteasome inhibitor MG132 (20 uM) 
to induce ER-stress-mediated apoptosis. Moreover, immortalized 
FECD cells (iFECD) were treated with TGF-β2  
(10 ng/mL) to induce cell death. Expression of PERK (one of the ER 
stress sensors responsible for ER mediated apoptosis), p38 MAPK, 
ATF4, and CHOP (ER stress transducer to intrinsic pathway), and 
caspase 3 (apoptosis executing caspase) was evaluated by western 
blotting. siRNA was used to knockdown PERK. The percentage of 
apoptotic cells was determined by Annexin V staining using flow 
cytometry.
Results: Western blotting showed that TG and MG132 activated 
PERK, p38 MAPK, ATF4, CHOP, and caspase 3. Knock down 
of PERK suppressed p38 MAPK, ATF4, CHOP, and caspase 3, 
suggesting phosphorylation of p38 MAPK was induced by PERK. 
SB203580 did not alter MG132 mediated PERK activation, but 
downregulated CHOP and cleavage of caspase 3. TGF-β2 also 
activated PERK, p38 MAPK, ATF4, CHOP, and caspase 3 in iFECD. 
Likewise, SB203580 suppressed CHOP and cleavage of caspase 
3. Flow cytometry showed that TGF-β2 significantly upregulated 
Annexin V-positive apoptotic cells in iFECD. However, SB203580 
suppressed TGF-β2-induced Annexin V-positive apoptotic cells 
in comparison to the TGF-β2 stimulated cells (17.1±0.1% and 
45.5±1.0%, respectively) (p<0.01).
Conclusions: The findings of this study show that ER stress activated 
the p38 MAPK signaling pathway in CECs, and induced CHOP to 
activate apoptosis executer molecule caspase 3. p38 MAPK signaling 
may be a potential therapeutic target of FECD.
Commercial Relationships: Takako Onishi, None; 
Naoki Okumura, JCR Pharmaceutical Co. (P), Senju Pharmaceutical 
Co. (P); Keisuke Hashimoto, 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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Mitochondrial fragmentation and upregulation of PINK1 and 
Parkin-mediated mitophagy in Fuchs Endothelial Corneal 
Dystrophy
Shivakumar Vasanth1, Takashi Miyai1, Anne-Sophie Benischke1, 
Yuming Chen1, Marianne Price2, Francis Price2, Ula V. Jurkunas1. 
1Ophthalmology, Harvard Medical School, Schepens Eye Research 
Institute/ Mass Eye and Ear, Boston, MA; 2Price Vision Group, 
Indianapolis, IN.
Purpose: Fuchs Endothelial Corneal Dystrophy (FECD) is a late-
onset oxidative stress-induced disease characterized by progressive 
loss of corneal endothelial cells. We previously reported increased 
mitochondrial fragmentation as a possible phenomenon that 
explained the pathomechanism of FECD. The aim of this study is 
to further decipher the key checkpoints involved in mitochondrial 
quality control that may be aberrantly regulated in FECD.
Methods: Tissue lysates prepared from post-keratoplasty 
specimens from late-onset FECD cases were compared with 
age-matched normal donor specimens (n=3 for each group) 
for PINK1, phosphoParkin(Ser65), phospho-Drp1(Ser616), 
phosphoDrp1(Ser637). Whole cell lysates of human corneal 

endothelial cell line immortalized with hTert (HCEnC-21T) were 
treated with 50mM menadione (MN) and 10nM Bafilomycin A1 
for 20 hours. HCEnC-21T cells were transfected with YFP-Parkin, 
fragmentation was induced with 50mM MN, and mitochondria 
were visualized with immunofluorescence staining of cytochrome 
c. Cells were treated with 1mM epoxomicin and mitochondria were 
purified to test for ubiquitination. Relative abundance of proteins was 
quantified with ImageJ.
Results: FECD ex vivo specimens showed an accumulation 
of full length PINK1 (3.5 fold, p = 0.0077) and increased 
phosphoParkin(Ser65) (25 fold, p=0.046). Drp1 and 
phosphoDrp1(Ser616) were not detectable in FECD tissues, whereas 
phosphoDrp1(Ser637) was reduced by 5-fold (p=0.003). Treatment 
of HCEnC-21T cells with MN resulted in a time dependent increase 
in fragmentation of mitochondria that induced the translocation of 
YFP-Parkin to fragmented mitochondria. MN also resulted in an 
increase in phosphoParkin(Ser65) and a decrease in Drp1 including 
Ser616 and Ser637. These changes in protein levels were rescued 
by Bafilomycin A1 in HCEnC-21T cells. In contrast, MN did not 
induce an accumulation of PINK1 in HCEnC-21T as seen in FECD 
specimens. Mitochondrial fraction of a normal CE and an FECD 
cell line (FECDi) showed increased phosphoParkin. Treatment with 
epoxomicin revealed increased ubiquitination of mitochondrial 
proteins (p=2.83X10-8) in FECDi.
Conclusions: Mitochondrial quality control is abrogated in FECD 
that leads to a constitutive fragmentation and degradation of 
mitochondria through accumulation of PINK1 and activation of 
Parkin resulting in the increased ubiquitination of mitochondrial 
proteins.
Commercial Relationships: Shivakumar Vasanth, None; 
Takashi Miyai, None; Anne-Sophie Benischke, None; 
Yuming Chen, None; Marianne Price, None; Francis Price, None; 
Ula V. Jurkunas, None
Support: NIH Grant R01 EY020581
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Corneal endothelial cell and guttae interaction in Fuchs 
endothelial corneal dystrophy
Viridiana Kocaba1, Kishore Reddy Katikireddy1, Marianne Price2, 
Francis Price2, Ula V. Jurkunas1. 1Cornea Center of Excellence, 
Schepens Eye Research Institute, Boston, MA; 2Price Vision Group, 
Indianapolis, IN.
Purpose: Fuchs Endothelial Corneal Dystrophy (FECD) is 
characterized by a progressive corneal endothelial cell loss and 
formation of extracellular matrix deposits, called guttae. When 
designing endothelial cell therapy, the role of guttae on endothelial 
cell (EC) biogenesis is important. In this study, we examined the 
effect of guttae in Fuchs dystrophy on human corneal endothelial cell 
(HCEnC) monolayer formation.
Methods: 2,000 HCEnCs, were seeded on normal (n=20) and Fuchs 
(n=50) Descemet’s membranes (N-DM & FECD-DM, respectively). 
Phase-contrast and live cell microscopy along with ImageJ were 
used to determine cell shape, behavior, morphology and migration 
patterns. Actin and ZO-1 staining were used to determine the 
% of coverage, number of cells, and number and size of guttae. 
EC surrounding guttae were isolated by laser capture dissection 
processed for isolation of RNA. Differential gene expression profiles 
of markers of endothelial to mesenchymal transition (EnMT) were 
analyzed and compared in function of guttae size (large guttae > 
30µm; middle guttae 15-30µm; small guttae <15µm). Apoptosis was 
analyzed with TUNEL assay.
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Results: At day 7, HCEnC covered 97.7% [±8.5] of N-DM and 
72.8% [±11] of FECD-DM, p=0.02. Mean number of EC was 
2,083cell/mm2 (±153) on N-DM and 1,541cell/mm2 (±221), p=0.01. 
Actin and ZO-1 staining revealed 3 different growth patterns of cells 
encompassing guttae on FECD-DM. The 1st pattern with a mean 
guttae size of 10.5µm (±3.4) did not impede EC growth enabling 
coverage over guttae. In the 2nd pattern, a mean guttae size of 17µm 
(±4.3), enabled the coverage of only the cytoplasm but nuclei 
remained on the periphery of guttae. The 3rd pattern (>31.31µm ±5.2) 
completely abolished EC growth on guttae but surrounded them in 
a rosette pattern as seen in FECD specimens. EC surrounded large 
guttae showed an upregulation of EnMT compare to cells surrounded 

small guttae (respectively p=0.0007 & p=0.039). The % of apoptotic 
cells on FECD-DM was significantly higher compare to cells on 
N-DM (6.6% vs. 0.06%, p=0.04). Mean Guttae size surrounded by 
apoptotic cells was 108.45µm (±42.56).
Conclusions: These results suggest guttae may have a direct effect 
on the EC biogenesis by causing stress and apoptosis. It highlights 
the central role of guttae in determining endothelial cell growth, 
migration and coverage. This would suggest cell therapy procedures 
should be guided by guttae size.
Commercial Relationships: Viridiana Kocaba, None; Kishore 
Reddy Katikireddy, None; Marianne Price, None; Francis Price, 
None; Ula V. Jurkunas, None


