
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.

437 Basic investigations in the treatment of ocular infections
Wednesday, May 10, 2017 11:00 AM–12:45 PM
Room 310  Paper Session
Program #/Board # Range: 4290–4296
Organizing Section: Immunology/Microbiology

Program Number: 4290
Presentation Time: 11:00 AM–11:15 AM
Topical glycyrrhizin is therapeutic for Pseudomonas aeruginosa 
keratitis
Sandamali Amarasingha Ekanayaka, Sharon A. McClellan, 
Ronald P. Barrett, Linda Hazlett. Anatomy and Cell Biology, Wayne 
State University School of Medicine, Detroit, MI.
Purpose: High mobility group box 1 (HMGB1) contributes to 
poor disease outcome in Pseudomonas (P.) aeruginosa keratitis. 
Glycyrrhizin (GLY), a small molecule inhibitor of HMGB1 given 
prophylactically (subconjunctivally and intraperitoneally), reduced 
HMGB1 levels and protected against keratitis. However, the 
therapeutic potential of GLY has not been tested and is the purpose of 
this study.
Methods: C57BL/6 mice (B6) were infected with a non-cytotoxic 
clinical isolate (KEI 1025) of P. aeruginosa and treated 6 hours after 
infection with GLY or PBS topically. Clinical scores, photography 
with a slit lamp, ELISA, MPO assay, bacterial plate counts, 
histopathology, reactive oxygen/nitrogen species (ROS/RNS) and 
in vitro macrophage (Mφ) polarization assays were used to assess 
the effects of GLY treatment. In separate similar experiments, the 
synergistic potency of GLY with Tobramycin (Tob) at 6 hours after 
infection was assessed using B6 mice infected with KEI 1025.
Results: GLY vs PBS topical treatment improved disease outcome 
with significantly reduced clinical scores. Pro-inflammatory protein 
levels (HMGB1, RAGE, TLR4, TNF-α and CXCL2), neutrophil 
infiltrate, bacterial plate count and ROS/RNS levels were reduced 
significantly after GLY treatment. Consistent with these data, using 
in vitro assays, GLY promoted M2 phenotypic switching of LPS 
stimulated Mφs. Synergy experiments showed a significantly reduced 
bacterial plate count in GLY+Tob treated mice compared to PBS, 
GLY or Tob controls.
Conclusions: GLY treatment initiated 6 hours after infection is 
therapeutic for P. aeruginosa keratitis and when combined with 
tobramycin treatment, synergism is observed.
Commercial Relationships: Sandamali Amarasingha Ekanayaka, 
None; Sharon A. McClellan, None; Ronald P. Barrett, None; 
Linda Hazlett, Wayne State University (P)
Support: Supported by grants R01EY016058, and P30EY004068 
from the National Eye Institute, National Institutes of Health and by 
a Research to Prevent Blindness unrestricted grant to the Department 
of Ophthalmology, Kresge Eye Institute.
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Evaulation of predatory bacteria on corneal wound healing, 
ocular safety, and clearance of fluoroquinolone resistant 
Pseudomonas aeruginosa from the ocular surface
Robert M. Shanks1, Eric G. Romanowski1, Kimberly Brothers1, 
Kathleen A. Yates1, Shilpi Gupta2, Sonal Dharani2, 
Daniel E. Kadouri2. 1Ophthalmology, University of Pittsburgh, 
Pittsburgh, PA; 2Oral Biology, Rutgers School of Dental Medicine, 
Newark, NJ.
Purpose: The increasing spread of antibiotic resistant microorganism 
is a global health problem. Generation of novel approaches to deal 
with antibiotic resistant pathogens is essential. Predatory bacteria are 
bactericidal to ocular pathogens in vitro. The goal of this study was 

to test the safety of predatory bacteria on the ocular surface, and to 
determine whether they can kill multi-drug resistant P. aeruginosa on 
the ocular surface.
Methods: Predatory bacteria, Bdellovibrio bacteriovorus strains 109J 
and HD100, and Micavibrio aeruginovous (107 PFU), were applied 
to the ocular surface of NZW rabbits five times a day for five days. 
Controls included saline (negative control) or vancomycin (50 mg/
ml as a positive control for toxicity). The rabbit eyes (n=9 per group) 
were either left intact or had the corneal epithelium removed with 
an Amoil’s epithelial scrubber. Eyes were stained with fluorescein 
and evaluated with a slit lamp and a modified MacDonald-Shadduck 
scoring system of ocular toxicity. Wound sizes were measured. The 
experiment was carried out for 12 days and eyes were evaluated 
on days 1-5, 8, 10, and 12. To evaluate bacterial clearance from the 
ocular surface P. aeruginosa strain PaC was applied to the ocular 
surface of intact rabbit eyes (109 CFU/eye, n=12 eyes) followed by 
three applications of predatory bacteria (~108 PFU/eye) at hour 1, 
3, and 5 post-PaC inoculation. At 0.5, 2, 4, and 6 hours the ocular 
surface was swabbed and PaC were enumerated.
Results: Predatory bacteria were non-toxic to the ocular surface 
and did not alter wound healing, whereas significant toxicity and 
a remarkable inhibition of wound healing was observed in the 
vancomycin treated eyes (p<0.05). Fluoroquinolone-resistant P. 
aeruginosa was more rapidly cleared from the ocular surface in 
predatory bacteria treated eyes, most notably those treated with  
M. aeruginovous.
Conclusions: Predatory bacteria are non-toxic to the rabbit ocular 
surface and may be developed as a new method for the treatment of 
antibiotic resistant ocular pathogens.
Commercial Relationships: Robert M. Shanks, None; 
Eric G. Romanowski, None; Kimberly Brothers, None; 
Kathleen A. Yates, None; Shilpi Gupta, None; Sonal Dharani, 
None; Daniel E. Kadouri, None
Support: DARPA grant DARPA-BAA-14-51
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Dexamethasone inhibits Staphylococcus aureus -induced 
neutrophil extracellular pathogen-killing mechanism, possibly 
through toll-like receptor regulation
Ting Wan, Yingying Zhao, Fangli Fan, Renjian Hu, Xiuming Jin.  
Eye Center, Second Affiliated Hospital, School of Medicine, Zhejiang 
University, Hangzhou, China.
Purpose: Neutrophil extracellular traps (NETs), which are released 
by neutrophils in a pathogen-killing process called NETosis, are 
protective against the infectious diseases of human tissues including 
the eye. Excessive NETs formation, however, is implicated in disease 
pathogenesis. Therefore, to understand how NETosis is regulated, we 
examined the effect of dexamethasone (DXM), an anti-inflammatory 
drug, on this process and the role of toll-like receptors (TLRs) by 
using human neutrophils in vitro.
Methods: We stimulated human neutrophils with phorbol 
12-myristate 13-acetate (PMA) or Staphylococcus aureus (S. aureus) 
and quantified NETs formation. We also examined the effect of 
DXM on the bactericidal effect of NETs and the role of reactive 
oxygen species (ROS) and nuclear factor (NF)-κB in DXM-regulated 
NETosis. The role of TLRs in NETs formation were also explored.
Results: DXM significantly inhibited S. aureus-induced NETosis 
and extracellular bacterial killing. S. aureus infection elicited 
significant neutrophil oxidative burst and expression of p-NF-κB 
(p65), but this effect was not modified by DXM. TLR2 and TLR4 
agonists significantly enhanced, while blocking TLR2 and TLR4 
with neutralizing antibodies significantly reduced NETs formation 
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induced by S. aureus. However, neither the TLR5/TLR6 agonist nor 
the antagonist could modulate the formation of NETs induced by S. 
aureus. Moreover, neither DXM nor TLRs were involved in PMA-
induced NETosis. Furthermore, TLR2 and TLR4 agonists rescued 
DXM-inhibited NETosis, and DXM could not further inhibit NETosis 
reduction induced by TLR2 or TLR4 antagonists, indicating that 
DXM may inhibit NETosis by regulating TLR2 and TLR4.
Conclusions: The mechanisms of S. aureus- and PMA-induced 
NETosis are different. TLR2 and TLR4, but not TLR5 or TLR6, 
modified S. aureus-induced NETs formation. DXM decreases 
NETs formation independently of oxidant production and NF-κB 
phosphorylation and possibly via a TLR-dependent mechanism.
Commercial Relationships: Ting Wan, None; Yingying Zhao, 
None; Fangli Fan, None; Renjian Hu, None; Xiuming Jin, None
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Corneal infections: targeted eradication through antibiotic 
functionalized polymers
Natalya Doroshenko1, Stephen Rimmer2, Simon Foster3, 
Sheila MacNeil4, Ian Douglas1. 1School of Clinical Dentistry, 
University of Sheffield, Sheffield, United Kingdom; 2Department 
of Chemistry and Forensic Sciences, University of Bradford, 
Bradford, United Kingdom; 3Department of Molecular Biology and 
Biotechnology, University of Sheffield, Sheffield, United Kingdom; 
4Department of Materials Science and Engineering, University of 
Sheffield, Sheffield, United Kingdom.
Purpose: Although corneal infections are routinely treated with 
topical antimicrobials, dilution of the agent by tear production and 
the fact that the bacteria are growing as a biofilm community reduces 
therapeutic efficacy. One approach to improving therapy would be 
to reduce the microbial burden prior to antimicrobial therapy. We 
therefore investigated the use of a polymer that selectively binds and 
removes Staphylococcus aureus as a way of reducing the bioburden 
in a corneal infection model.
Methods: Hyper-branched poly(N-isopropyl acrylamide) 
functionalised with vancomycin at the chain ends (HB-PNIPAM-
Van) was used in this study. It was shown to lack bactericidal activity 
by conventional assays. Direct binding of S. aureus to immobilised 
HB-PNIPAM-Van was assessed by viable counting. The effect of 
HB-PNIPAM-Van on attachment of fluorescently labelled S. aureus 
to polystyrene microtiter wells was determined by plate reader and 
microscopy. Also, its effect on 24-h biofilm formation was assessed 
by crystal violet staining. The ability of the polymer to reduce the 
bacterial bioburden in a corneal infection model was determined 
using ex vivo rabbit corneas inoculated with 108 S. aureus. After 24 
hours, the corneas were washed and exposed to HB-PNIPAM-Van 
or PBS as a control for 4 hours and the viable count of S. aureus 
remaining on the cornea was determined. Two-tailed Student t-test 
was used for statistical analysis.
Results: The number of S. aureus cells attached to  
HB-PNIPAM-Van-coated surfaces was significantly greater  
(p = 0.004) than to polymer-free surfaces, demonstrating the affinity 
of the polymer for S. aureus. Also HB-PNIPAM-Van significantly 
inhibited S. aureus biofilm formation (p = 0.0008), which was shown 
to be due to the polymer interacting with the bacterial cell surface and 
reducing their ability to attach to the microtiter wells (p = 0.0002). 
Importantly, addition of HB-PNIPAM-Van to S. aureus infected  
ex vivo corneas resulted in a decrease of 3.3 x 107 (± 2.4 x 106) CFU 
per cornea when compared to PBS treatment alone (p = 0.002).
Conclusions: HB-PNIPAM-Van binds S. aureus cells, inhibiting 
their attachment to surfaces and reducing corneal infection. These 

findings suggest that HB-PNIPAM-Van may be a useful adjunct to 
antimicrobial therapy by pre-reducing the bioburden.
Commercial Relationships: Natalya Doroshenko, None; 
Stephen Rimmer, None; Simon Foster, None; Sheila MacNeil, 
None; Ian Douglas, None
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Thymosin Beta-4 and Ciprofloxacin Adjunctive Therapy 
Improves Pseudomonas aeruginosa Induced Keratitis
Thomas W. Carion1, David Kracht1, Eliisa Strand1, Cody McWhirter1, 
Gabriel Sosne2, Elizabeth A. Berger1. 1Anatomy and Cell Biology, 
Wayne State School of Medicine, Detroit, MI; 2Kresge Eye Institute, 
Detroit, MI.
Purpose: Pseudomonas aeruginosa (PA) is an opportunistic 
pathogen that can induce bacterial keratitis, especially in contact 
lens users. With the increasing incidence of antibiotic resistance 
and contraindication for corticosteroid use, the goal of this study is 
to develop an adjunctive therapy that prevents corneal perforation 
and accelerates wound healing. As such, thymosin beta-4 (Tβ4) is a 
naturally occurring polypeptide that has been shown to elicit rapid 
corneal reepithelialization and a reduction in corneal inflammation, 
which was examined as an adjunct to ciprofloxacin in the current 
study.
Methods: Ocular infection was induced in B6 mice using PA ATCC 
19660 (5 μL of 1 x 106 CFU). Mice were treated 3× daily with PBS, 
Tβ4, Tβ4 + ciprofloxacin or ciprofloxacin alone. Disease outcome 
was assessed at 3 and 5 days post-infection by clinical score, slit lamp 
photography and histopathology. Cytokine profile, bacterial load and 
PMN infiltration were determined by real-time RT-PCR, bacterial 
plate counts and myeloperoxidase assay, respectively.
Results: Tβ4 treatment alone did not change the disease response 
compared to PBS control as indicated by clinical score and 
photographs taken by slit-lamp; however, Tβ4 + ciprofloxacin 
significantly improved disease outcome compared to PBS, Tβ4 alone 
and ciprofloxacin alone. This outcome correlated with decreases in 
pro-inflammatory mediators (TNF-α, IL-1β, MIP-2, iNOS, COX-2, 
5-LOX); while anti-inflammatory/pro-resolving protein molecules 
(TGF-β, 12-LOX, 15-LOX) were enhanced in response to the 
adjunctive therapy. In addition, mediators of wound healing were 
up-regulated after Tβ4 + ciprofloxacin treatment. This response was 
further augmented by a decrease in both bacterial load and PMN 
infiltration. Further, histological analysis revealed a more intact 
corneal epithelium with less infiltrating inflammatory cells in  
Tβ4 + ciprofloxacin-treated corneas when compared to all other 
treatment groups.
Conclusions: Overall, these data provide evidence that wound 
healing is an essential component to successful resolution of PA 
induced ocular infection. Use of Tβ4 as an adjunct to ciprofloxacin 
may provide a novel, more efficacious clinical treatment for bacterial 
keratitis by promoting rapid corneal wound healing and suppressing 
inflammation, while decreasing bacterial load.
Commercial Relationships: Thomas W. Carion, None; 
David Kracht, None; Eliisa Strand, None; Cody McWhirter, 
None; Gabriel Sosne, Regenerx (C), GtreeBNT (C); 
Elizabeth A. Berger, None
Support: NIH R01 EY023226
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A cyclic anti-heparan sulfate peptide provides protection against 
primary and recurrent herpes simplex virus-1 (HSV-1) infection 
of the cornea
Dinesh Jaishankar, Deepak Shukla. University of Illinois at Chicago, 
Chicago, IL.
Purpose: Primary and recurrent ocular herpes infections affect 
almost 60-90% of the population and in severe cases is one of 
the leading causes of infectious blindness. This study describes 
the topical use of a cyclic anti-heparan sulfate peptide that shows 
promise in blocking ocular herpes infections.
Methods: Cyclic peptide synthesis and confirmation was performed 
at the Protein Research Laboratory at the University of Illinois at 
Chicago. A random cyclic peptide sequence was also generated 
to serve as a control. Cell viability assay via MTT was performed 
in human corneal epithelial cells (HCE) to rule out non-toxic 
concentrations. HSV-1 virus entry using a recombinant virus strain 
encoding the beta-galactosidase gene and viral protein synthesis and 
replication of HSV-1 were assayed in the presence of the control 
and treatment cyclic peptides. Using the mouse corneas as a model 
of ocular infection, the therapeutic activity of the cyclic peptide was 
examined under primary and recurrent infection conditions (under 
UV-B exposure) by monitoring the spread of GFP tagged HSV-1 
virus in the eye, determining viral shedding from the tears, examining 
the mice health and clinical symptoms of infection and performing 
immunohistochemistry for the presence of viral proteins in the eye.
Results: The cyclic peptide showed strong antiviral activity in a 
non-toxic range. Moreover, it significantly blocked viral entry, viral 
mRNA and protein production and viral replication and spread. 
Primary infection in mouse corneas that received the cyclic peptide 
significantly diminished the progression of HSV-1 infection. A similar 
effect was seen during the treatment of the reactivated infection.
Conclusions: For the first time, we present the topical application 
of a cyclic peptide that shows promise in blocking primary as 
well reactivated HSV-1 infections of the eye. Future studies to test 
the synergistic effects with an existing topical antiviral: Zirgan 
(ganciclovir gel) will be tested.
Commercial Relationships: Dinesh Jaishankar, None; 
Deepak Shukla, None
Support: R01 EY024710
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Cytokeratin 6A (K6A) and its E3 ligase Tripartitle Motif-
Containing (TRIM) 21 promote antiviral activities against 
Herpes Simplex Virus (HSV)-1 in human corneal epithelial cells
Jonathan K. Chan1, K P Connie Tam1, 2. 1Department of Ophthalmic 
Research, Cleveland Clinic Cole Eye Institute and Lerner Research 
Institute, Cleveland, OH; 2Department of Ophthalmology, Cleveland 
Clinic Lerner College of Medicine of Case Western Reserve 
University, Cleveland, OH.

Purpose: Emerging evidences have underscored the importance 
of select cytokeratin members including cytokeratin 6A (K6A), 
16 and 17 in shaping the innate immunity and cytokine responses 
at mucosal epithelial tissues. We previously have showed that 
a subset of cytosolic K6A is polyubiquitinated by the E3 ligase 
TRIM21 and further processed by the proteasome into keratin-
derived antimicrobial peptides (KAMPS). These KAMPS have 
potent bactericidal and cytoprotective activities, but whether K6A 
has additional antimicrobial activities beyond KAMPS remains 
unexplored. Of note, in human TRIM21’s paralog TRIM5a restricts 
N-tropic murine leukemia virus but not Herpes simplex virus 1 
(HSV-1), the latter a leading cause of keratitis and corneal blindness 
worldwide. Here, we test the hypothesis that K6A and TRIM21 have 
antiviral activities against HSV-1.
Methods: Telomerase-immortalized human corneal epithelial 
(hTCEpi) cells were transduced with non-targeting control, K6A- 
or TRIM21-specific shRNA lentiviral particles at a multiplicity of 
infection (MOI) of 1. RT-qPCR and Western blotting were performed 
to monitor the expression and knockdown of K6A and TRIM21. Cells 
were infected with HSV8GFP; a derivative of HSV-1 KOS strain 
that encodes infected cell protein 8 fused with GFP (ICP8-GFP) at 
various MOI ranging from 0.01 to 0.1. ICP8, an early expressed 
DNA-binding protein, is essential for HSV-1 genome replication and 
gene expression. Flow cytometry and fluorescent microscopy were 
employed to assess the expression and cellular localization of ICP8-
GFP.
Results: mRNA and protein expression of K6A and TRIM21 were 
significantly reduced in hTCEpi cells day 3 after transduction with 
shRNA-lentiviral particles. ICP8-GFP could be detected in the cell 
nucleus as early as 6 h after infection with HSV-1. Knockdown of 
K6A or TRIM21 markedly increased the susceptibility of hTCEpi 
cells to infection by HSV-1 at the MOI tested (p <0.05).
Conclusions: Our data support the idea that the immunoregulatory 
K6A and its E3 ligase TRIM21 play important roles in restricting 
HSV-1 during the early step(s) of the viral life cycle in the human 
corneal epithelium. Future work will focus on the molecular 
mechanisms of how K6A and TRIM21 carry out their anti-HSV-1 
effects.
Commercial Relationships: Jonathan K. Chan, None; K P 
Connie Tam, US Patent No. 9,187,541 B2 - “Anti-Microbial 
Peptides and Methods of Use Thereof” (P)
Support: NIH-NEI R01EY023000 and Cleveland Clinic Seed Fund 
(K. P. C. Tam) NIH-NEI P30 Core Grant (IP30EY025585-01A1) 
and Unrestricted Grant from The Research to Prevent Blindness, Inc. 
(Cole Eye Institute)


