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Program Number: 3371
Presentation Time: 3:45 PM–4:00 PM
Limbal Stromal Stem Cell Therapy for Acute and Chronic 
Superficial Corneal Pathologies: Early Clinical Outcomes of The 
Funderburgh Technique
Sayan Basu, Mukesh Damala, Vivek Singh. Tej Kohli Cornea 
Institute, L V Prasad Eye Institute, Hyderabad, India.
Purpose: Conventional therapies for potentially blinding corneal 
disorders like burns, ulcers and scars have several limitations. We 
aimed to clinically validate the findings of previous animal studies, 
which had indicated that application of limbal stromal stem cells 
(LSSC) to the wounded corneal surface promoted corneal stromal 
regeneration, prevented fibrosis and restored corneal transparency.
Methods: In this pilot-clinical trial, one-clock hour wide limbal 
biopsies were obtained from donor eyes. The LSSC were isolated 
ex-vivo using a previously standardized xeno-free cultivation 
technique. The Funderbugh technique of LSSC delivery involved: 
(i) debridement of the corneal epithelium using a dry sponge; (ii) 
mixing 0.5 million LSSC in 0.05ml of the fibrinogen component of 
commercially available fibrin sealant and layering it over the bared 
corneal stroma; (iii) adding 0.05ml of the thrombin component and 
allowing the two components to gel; and (iv) placing a bandage 
contact lens on the eye. Patients in the study group were prescribed 
prophylactic topical antibiotics without any corticosteroids. Patients 
in the control group received the standard medical therapy, including 
topical corticosteroids, along with debridement and fibrin glue but 
without the cells.
Results: The study group included 5 eyes each with acute corneal 
burns and sterile non-healing ulcers, which received allogeneic 
LSSC; and 5 eyes with chronic post-infectious scars, which received 
autologous LSSC. The control group was matched both in terms of 
numbers and baseline characteristics. At 4 weeks, when compared to 
controls, the eyes receiving LSSC, irrespective of the source, showed: 
(i) greater improvement in best-corrected visual acuity (P=0.003); 
(ii) faster corneal epithelization (p=0.002); (iii) better corneal clarity, 
evaluated both clinically (P=0.012) and on scheimpflug imaging 
(P<0.0001); and lesser corneal vascularization (p<0.0001). None of 
the 15 eyes receiving LSSC required a second surgical intervention as 
compared to 6 of 15 (40%) eyes in the control group (p=0.017).
Conclusions: The Funderburgh technique of delivering autologous 
and allogeneic LSSC was effective in enhancing vision, promoting 
corneal epithelization, improving corneal clarity, reducing corneal 
scarring and thus obviating the need for corneal transplantation in 
eyes with corneal burns, ulcers and scars.
Commercial Relationships: Sayan Basu; Mukesh Damala, None; 
Vivek Singh, None
Clinical Trial: NCT02948023

Program Number: 3372
Presentation Time: 4:00 PM–4:15 PM
A Randomized Controlled Trial of Cultivated Limbal Epithelial 
Cells Compared to Mesenchymal Stem Cells for the Treatment of 
Corneal Failure due to Limbal Stem Cell Deficiency
Margarita Calonge1, 2, Jose-Maria Herreras1, 2, Inmaculada Pérez1, 2, 
Itziar Fernández2, 1, Sara Galindo1, 2, Teresa Nieto-Miguel2, 1, 
Marina López-Paniagua1, 2, Mercedes Alberca3,  
Javier García-Sancho3, Ana Sánchez3. 1IOBA (Institute of Applied 
Ophthalmobiology), University of Valladolid, Valladolid, Spain; 
2CIBER-BBN (Biomedical Research Networking Centre in 
Bioengineering, Biomaterials and Nanomedicine), Carlos III National 
Institute of Health, Valladolid, Spain; 3IBGM (Institute of Molecular 
Biology and Genetics), University of Valladolid and National 
Research Council (CSIC), Valladolid, Spain.
Purpose: Ocular stem cell transplantation derived from donor 
corneoscleral junction is a functional cell therapy to correct limbal 
stem cell deficiencies that lead to corneal blinding. Mesenchymal 
stem cells have been properly tested in animal models of this 
ophthalmic pathology, but never in human eyes despite the multiple 
advantages over limbal epithelial cells.
Methods: We conducted a 6- to 12-month randomized, double-
masked trial with the hypothesis that bone marrow-derived 
mesenchymal stem cell transplantation (MSCT) is safe and equally 
efficient as cultivated limbal epithelial transplantation (CLET) 
in the management of epithelial recovery in corneas damaged 
due to limbal epithelial stem cell deficiency. Both cell types were 
cultured on human amniotic membrane. Primary endpoints included 
a combination of symptoms, clinical signs, and the objective 
improvement of the epithelial phenotype in the central cornea by in 
vivo confocal microscopy.
Results: We included 28 transplants, 11 randomized to CLET and 17 
to MSCT. Global success at 6 and 12 months was achieved by 72.7% 
and 77.8% of CLET cases and by 76.5% and 85.7% of MSCT cases, 
respectively (no significant differences). Improvement of epithelial 
phenotype in central cornea at 12 months occurred in 55.6% and 
71.4% of CLET and MSCT cases, respectively (no significant 
difference). There were no serious adverse events related with 
transplants or medications. Thus, MSCT was safe and as efficacious 
as CLET.
Conclusions: Our evidence-based approach showed that 
mesenchymal stem cells transplanted to the ocular surface facilitated 
recovery of a potentially blinding epithelial pathology due to limbal 
stem cell deficiency. Since MSCT is more efficient in terms of 
patient morbidity, time- and resource-consumption, and economic 
expenditure than CLET, MSCT translation into clinical practice 
should be pursued. (ClinicalTrials.gov number, NCT01562002.)
Commercial Relationships: Margarita Calonge;  
Jose-Maria Herreras, None; Inmaculada Pérez, None; 
Itziar Fernández, None; Sara Galindo, None;  
Teresa Nieto-Miguel, None; Marina López-Paniagua, None; 
Mercedes Alberca, None; Javier García-Sancho, None; 
Ana Sánchez, None
Support: Advanced Therapies Program (SAS/2481/2009), Ministry 
of Health, Spain. Regional Center for Regenerative Medicine and 
Cell Therapy, SAN 1178/200, Castile and Leon, Spain. CIBER-BBN, 
Spain; Spanish l Network on Cell Therapy (TerCel RD12/0019/0036), 
Spain.
Clinical Trial: NCT01562002
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Program Number: 3373
Presentation Time: 4:15 PM–4:30 PM
Regenerative Potential of Stem Cell-Derived Exosomes
Golnar Shojaati1, 2, Martha L. Funderburgh1, Mary Mann1, 
Irona Khandaker1, James L. Funderburgh1. 1Ophthalmology, 
University of Pittsburgh, Pittsburgh, PA; 2Ophthalmology, University 
of Zurich, Zurich, Switzerland.
Purpose: Mesenchymal stem cells from human corneal stroma 
(CSSC) have been shown to induce regeneration of transparent 
stromal tissue during wound repair in mice. Exosomes, nano-sized 
extracellular vesicles, have recently been implicated in the ability of 
bone marrow mesenchymal stem cells to repair damaged tissue. In 
this study we examined the hypothesis that exosomes produced by 
CSSC can prevent corneal scarring in a manner similar to that of the 
live CSSC cells.
Methods: Passage 3-4 CSSC and HEK (human embryonic 
kidney) cells were cultured 48 hr in exosome-free medium, and 
exosomes isolated from the conditioned medium using polymer 
based precipitation followed by ultracentrifugation at 100,000 x 
g. Exosomes were characterized using Nanosight light scattering, 
transmission electron microscopy (TEM), and flow cytometry. 
Suppression of scarring was examined in a mouse model of corneal 
wound healing with exosomes in a fibrin gel applied at the time 
of wounding. Scar area 14 days after wounding was calculated in 
a masked fashion from ex-vivo light microscope images. Mouse 
corneal fibrotic gene expression was examined by qPCR. Neutrophil 
infiltration was assessed by ELISA for myeloperoxidase at 48 hr after 
wounding. Statistical significance was determined with t-test and 
Dunn’s test analysis using p<0.05 as a criterion.
Results: Isolated exosomes from CSSC were microvesicles of 20-200 
nm as visualized by TEM and light scattering. Flow cytometry found 
both CD63 and CD81 on the exosome surface. Addition of exosomes 
to corneal wounds produced a significant reduction of stromal scar 
area compared to control wounds and wounds treated with exosomes 
produced by HEK cells (p<0.001, n=8). CSSC exosomes completely 
suppressed neutrophil infiltration into wounds at 24 hr (p<0.001, 
n=8). At 14 days, expression of fibrotic markers (Tnc, Acta2, Col3a1, 
Sparc) was significantly reduced in CSSC-exosome treated wounds 
(p<0.05, n=4), to a level similar to that of unwounded tissue.
Conclusions: Exosomes derived from CSSC (but not those of HEK 
cells) embody a high regenerative potential. In vivo, they suppressed 
inflammation and prevented corneal scarring and fibrosis in a mouse 
wounding model. These results suggest that exosomes may allow a 
non-cell based therapy for corneal scars in the future.
Commercial Relationships: Golnar Shojaati, None; 
Martha L. Funderburgh, None; Mary Mann, None; 
Irona Khandaker, None; James L. Funderburgh, None
Support: DoD Award: MR130197, NIH Grant EY016415,  
P30-EY008098, Research to Prevent Blindness, Eye and Ear 
Foundation of Pittsburgh

Program Number: 3374
Presentation Time: 4:30 PM–4:45 PM
Gene Therapy of Mucopolysaccharidosis Type VII (MPS VII) 
with CRISPR/Cas9 Genome Editing
Winston W. Kao1, Tarsis Ferreira1, Yong Yuan1, Fei Dong1, 
Yueh-Chiang Hu2, Mindy Call1, Vivien J. Coulson-Thomas1, 3, 
Jianhua Zhang1, Taylor Rice1. 1Ophthalmology, University of 
Cincinnati, Cincinnati, OH; 2Developmental Biology, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH; 3Optometry 
School, Univeristy of Houston, Houston, TX.
Purpose: Currently, there is no effective gene therapy treatment for 
lysosomal storage diseases. Lysosomal enzymes and transporting 

proteins are secreted via extracellular vesicles (EV). We thus 
hypothesize that CRISPR genome editing will correct a genetic 
defect in a fraction of somatic cells ameliorating the pathology via 
the secretion of EV containing functional enzyme/protein. Gusb 
mice caused by a single base nonsense deletion mutation in β-
glucuronidase (β-Glu/Gusb) manifest a MPS phenotype similar to 
the human MPS VII (Sly syndrome). We aim to develop a strategy to 
treat congenital cornea disease using CRISPR genome editing.
Methods: Conventional techniques are used to prepare AAV2-DJ 
vectors for a binary AAV2-DJ-SpCas9 and AAV2-DJ-sgRNA/DNA-
donor and a mono AAV2-DJ-SaCas9/sgRNA/DNA-donor. AAV2-DJ 
vectors at 1011 viral particles/ml are administered to the experimental 
mice via tail vein or retro orbital intravenous infusion (ROIV). 
The experimental mice are subjected to HRTII in vivo confocal 
microscopy, survival rate and β-Glu histochemistry.
Results: Gusb mice have an age-related increase of corneal haze 
and an average life span of about 4 months. The onset of death 
commences around 8 weeks of age. Treatment with binary AAV2-DJ 
vectors via tail vein infusion produced limited improvements in the 
reduction of corneal haze and a delayed onset of death by 10 weeks. 
To improve the treatment efficacy, a mono AAV2-DJ was generated 
taking the advantage that SaCas9 plasmid DNA is about 500 bp 
smaller than that of SpCas9 allowing for the insertion of a U6-sgRNA 
plasmid and a 300 bp DNA donor for repairing the Gusb allele by 
homology directed repair. The administration of the single AAV2-
DJ-SaCas9/sgRNA/DNA-donor via ROIV greatly improved corneal 
transparency and survival (treated mice are still alive at 28 weeks). 
Small amounts of β-glu is detected in the liver of treated Gusb mice.
Conclusions: These results suggest that the CRISPR/Cas9 system is 
an effective treatment for mouse corneal dystrophy e.g., MPS VII. 
The mono AAV2-DJ-SACas9/sgRNA/DNA-donor vector yielded a 
better therapeutic efficacy in terms of survival rate and reduction of 
corneal haze.
Commercial Relationships: Winston W. Kao; Tarsis Ferreira, 
None; Yong Yuan, None; Fei Dong, None; Yueh-Chiang Hu, 
None; Mindy Call, None; Vivien J. Coulson-Thomas, None; 
Jianhua Zhang, None; Taylor Rice, None
Support: NIH/NEI grants RO1 EY011845, unrestricted 
Departmental grant of Research to Prevent Blindness and Ohio Eye 
Research Foundation

Program Number: 3375
Presentation Time: 4:45 PM–5:00 PM
A versatile approach to modulate collagen fibrillogenesis to alter 
optical and biological properties of corneal implants
Shoumyo Majumdar1, 4, Xiaokun Wang2, 4, Jemin J. Chae2, 4, 
Jeeyeon Sohn3, James Qin3, Jennifer Elisseeff4, 2. 1Materials Science 
and Engineering, Johns Hopkins University, Baltimore, MD; 2Wilmer 
Eye Institute, Johns Hopkins School of Medicine, Baltimore, MD; 
3Biomedical Engineering, Johns Hopkins University, Baltimore, MD; 
4Translational Tissue Engineering Center, Johns Hopkins University, 
Baltimore, MD.
Purpose: Collagen fibrillogenesis can be controlled by pH, 
temperature, and ionic strength. Using these factors, we have 
previously developed a type I collagen based ‘vitrigel’ biomaterial 
with cornea mimetic fibril alignment and lamella formation via a 
controlled self-assembly process. In our current study, we aim to 
further gain control over modulation of fibrillogenesis in ‘vitrigel’ 
biomaterials through alternative gelation techniques, and assess the 
role of fibrillar networks in optical and biological properties and 
performance in vivo.
Methods: Ammonia-Mediated Collagen (AMC) gelation was 
achieved through exposure of 5mg/ml bovine collagen to ammonia 
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vapors for different durations, gelation at 37°C, followed by slow 
vitrification at 5°C for 1 day and 40°C for 1 week and rehydration in 
buffer. Materials were tested for transparency in the visible spectrum, 
and fibrillogenesis was visualized using SHG microscopy. In vitro 
biocompatibility was tested using primary rabbit epithelial cells, 
followed by in vivo implantation in rabbit model.
Results: AMC vitrigels were prepared at thicknesses up to 400 
µm after vitrification, with different transparencies measured using 
microplate reader; in turn, transparency corresponded to variation 
in degree of fibrillogenesis as evidenced through Second Harmonic 
Generation microscopy (Figure 1). Biocompatibility of materials 
was verified through proliferation studies and immunostaining for 
epithelial cell markers; in vivo implantation using interrupted sutures 
in pilot animal demonstrated stability and viability as corneal implant 
material (Figure 2).
Conclusions: AMC vitrigels demonstrate that material properties 
including transparency can be easily influenced by the underlying 
ultrastructure, which was modulated using varying degrees 
of ammonia exposure. AMC materials also demonstrate the 
cytocompatibility through in vitro studies, in addition to suturability, 
biocompatibility and integration with host cornea in vivo.

Transparency of AMC membranes over visible light spectrum 
corresponds to degree of collagen fibrillogenesis with low, medium 
and high ammonia exposure times.

AMC vitrigels demonstrate in vitro biocompatibility and stain for 
K14 epithelial marker. AMC implanted in rabbit using interrupted 
sutures show full reepithelialization and integration with host cornea 
by day 31.
Commercial Relationships: Shoumyo Majumdar, None; 
Xiaokun Wang, None; Jemin J. Chae, None; Jeeyeon Sohn, None; 
James Qin, None; Jennifer Elisseeff, None
Support: Eyegenix/JWMRP (W81XWH-15-C-0060),  
Henry M. Jackson Foundation (Subaward 783536), RPB

Program Number: 3376
Presentation Time: 5:00 PM–5:15 PM
Targeting plasma membrane repair in corneal wound healing
Heather L. Chandler1, Rita F. Wehrman2, Anne J. Gemensky-Metzler1. 
1The Ohio State University, Columbus, OH; 2Iowa State University, 
Ames, IA.
Purpose: To evaluate the protective role that MG53, an essential 
gene for cell membrane repair, plays in corneal wound healing.
Methods: Western blots were used to determine MG53 expression 
in human corneal epithelial cells (hCEC), human tears, and canine 

aqueous humor. Membrane repair was evaluated using microelectrode 
penetration in GFP-MG53 expressing hCEC with subsequent 
observation of translocation. Additionally, hCEC and canine stromal 
fibroblasts underwent micro-glass bead damage followed by 
treatment with recombinant human (rh)MG53 and viability analysis. 
The effects on corneal wound healing were evaluated using an in 
vitro scratch model and an in vivo rat injury model.
Results: hCEC, tears, and aqueous humor express MG53 and live 
cell imaging revealed that extracellular rhMG53 can enter normal 
hCEC and stromal fibroblasts via receptor mediated endocytosis. Cell 
damage induced via microelectrode penetration stimulated nucleation 
of GFP-MG53 to injury sites in hCEC. Application of rhMG53 
significantly (p<0.01) improved hCEC and stromal fibroblast viability 
against mechanical injury induced by micro-glass beads. rhMG53 
enhanced in vitro and in vivo wound healing by stimulating  
re-epithelialization and promoting the migration of corneal 
fibroblasts, but not corneal myofibroblasts.
Conclusions: Expression of MG53 in hCEC, human tears, and canine 
aqueous humor indicates that MG53 may be an intrinsic protective 
factor in the cornea in multiple species. Moreover, MG53 can play 
an important role in corneal wound healing by enhancing hCEC 
membrane repair and restoration of the ocular surface.
Commercial Relationships: Heather L. Chandler, None; 
Rita F. Wehrman, None; Anne J. Gemensky-Metzler, None

Program Number: 3377
Presentation Time: 5:15 PM–5:30 PM
The Development of an Ocular Wound Chamber for the 
Treatment of Ocular Wounds and Periorbital Tissue
Gina L. Griffith1, Jennifer McDaniel1, Elof Eriksson2, 
Anthony Johnson1. 1Ocular Trauma, United States Army Institute 
for Surgical Research, San Antonio, TX; 2Harvard Medical School, 
Boston, MA.
Purpose: As therapies available to treat and heal ocular surface 
injuries and periocular burns are frequently inadequate, costly, and 
labor intensive, a flexible semi-transparent ocular wound chamber 
device has been developed to protect the ocular surface during 
periocular burn treatment, enhance the treatment of ocular infections, 
and promote the healing of periocular skin grafts. Our purpose 
is to test the hypothesis that this ocular wound chamber can be 
successfully and safely utilized in a guinea pig model to collect the 
pre-clinical data required to transition this technology.
Methods: Excess hair surrounding the left eye of anesthetized 
Institute Armand Frappier (IAF) hairless, female guinea pigs 
(Crl:HA-Hrhr) was removed using Nair™ (30 s). During hair removal, 
eyes were protected with Refresh® Lacri-Lube®. Post hair removal 
and cleaning of the skin with 70% EtOH, guinea pigs were fitted with 
the ocular wound chamber. Animals were randomly grouped  
(N=4 per group) and 0.5 ml of GenTeal® gel or balanced saline 
solution (BSS) was injected into the chamber. The left (OS) 
treatment eye and right (OD) control eye were assessed at 0, 24, and 
72 h post chamber placement utilizing intraocular pressure (IOP) 
and pachymetry measurements as well as slit lamp, white light, 
fluorescein, and OCT imaging. Corneal and eyelid skin histology was 
performed using hematoxylin and eosin (H&E) staining. Histological 
sections were scored by a board certified pathologist.
Results: IOP measurements revealed an average IOP of 10 ± 
2 mmHg. The average corneal thickness was 200 ± 25 µm. No 
significant differences were found between the IOP, corneal 
thickness, slit lamp imaging, fluorescein staining, or OCT imaging in 
either treatment group (GenTeal® or BSS) when compared to control 
eyes. Histological scores totals for the cornea (GenTeal®: 0.3, BSS: 
0, Control: 0) and eyelids (GenTeal®: 3.0, BSS: 2.6, Control: 1.2) 
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revealed no pathological differences between treatment groups and 
controls.
Conclusions: This biocompatible wound chamber can be safely and 
effectively used with GenTeal® or BSS in our guinea pig model 
without adverse effects on the ocular or periocular tissue. These 
results advance the overall efforts to develop this ocular wound 
chamber for the treatment of ocular surface injuries and periocular 
burns. Future studies aim to treat ocular injuries and infections while 
allowing the periorbital skin to heal.

Commercial Relationships: Gina L. Griffith; Jennifer McDaniel, 
None; Elof Eriksson, None; Anthony Johnson, None
Support: This work was supported by the U.S. Army Medical 
Research and Materiel Command (MRMC) Clinical and 
Rehabilitative Medicine Research Program.


