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Epithelial cells exhibit myeloid antigens during acute HSV-1 
keratitis
Derek J. Royer2, Daniel J. Carr2, 1. 1Microbiology & Immunology, 
Univ of Oklahoma Health Sci Ctr, Oklahoma City, OK; 
2Ophthalmology, University of Oklahoma Health Sciences Center, 
Oklahoma City, OK.
Purpose: Herpes simplex virus type 1 (HSV-1) keratitis is associated 
with significant visual morbidity arising from pathologic corneal 
fibrosis and neovascularization. We investigated the hypothesis 
that aberrant epithelial-mesenchymal/myeloid transition (EMT) 
contributes to corneal pathology during acute HSV-1 keratitis in 
mice.
Methods: Scarified corneas of C57BL/6 mice were infected with 104 
plaque forming units of HSV-1, harvested on day six post-infection, 
and enzymatically digested to generate single-cell suspensions. 
Cells from processed corneas were phenotypically characterized 
by flow cytometry (FACS) or immunomagnetically enriched for 
cells expressing the epithelial cell adhesion molecule EpCAM for 
transcriptional profiling. Transgenic mice were utilized to explore 
mechanisms.
Results: Ectopic Ly6G expression was observed in 70% of EpCAM+ 
cells from healthy and infected corneas. Ectopic Ly6C expression 
was also observed by FACS in 20% of EpCAM+ cells from HSV-1-
infected corneas but was absent in mock-infected and healthy corneal 
digests. In addition, 20% of the Ly6C+ EpCAM+ cells expressed 
MHC-II. One-third of the MHC-II+ Ly6C+ cells expressed the 
inhibitory receptor PD-L1 though none expressed the costimulatory 
molecule CD86. The epithelioid morphology of EpCAM+ Ly6C+ 
cells was confirmed by microscopy. Ly6C expression in EpCAM+ 
cells from HSV-infected corneas was confirmed by qPCR, but classic 
EMT-associated genes were not detected. Moreover, FACS data show 
that Ly6C+ EpCAM+ cells lack the mesenchymal marker α smooth 
muscle actin. The myeloid-like phenotype of EpCAM+ cells was 
not a direct result of viral infection on an individual cell basis, as 
determined using a HSV-inducible Cre/Lox reporter model by FACS. 
Ongoing studies are being conducted to investigate the role of growth 
factors in driving the HSV-1-associated epithelial cell metaplasia in 
the cornea.
Conclusions: This study provides the first direct evidence of an 
epithelial-myeloid transition during viral infection, which may 
have implications for novel therapeutic development to avert visual 
morbidity. Importantly, ectopic expression of myeloid antigens 
on epithelial cells warrants heightened scrutiny of FACS analysis 
involving cornea digests. Finally, whether MHC-II expression on 
EpCAM+ corneal cells exacerbates immunopathology or exerts a 
tolerogenic function remains open to investigation.
Commercial Relationships: Derek J. Royer, None; Daniel J. Carr, 
None
Support: NIH Grants R01 EY021238 and T32 EY023202
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Role of M1 and M2 macrophages in herpes simplex virus-1 
infectivity in vitro and in vivo
Dhong Hyun T. Lee, Homayon Ghiasi. Center for Neurobiology and 
Vaccine Development, Ophthalmology Research, Department of 
Surgery, Cedars Sinai Medical Center, Los Angeles, CA.
Purpose: Ocular herpes simplex virus 1 (HSV-1) infection is a 
major cause of eye disease and blindness in the United States. 
We have previously reported that macrophages are the most 
dominant infiltrates in the corneas of ocularly infected mice. To 
better understand the relationship between macrophage and HSV-1 
infection, we assessed the relative impact of M1 and M2 macrophage 
polarization on the HSV-1 responses in vitro and in vivo.
Methods: Macrophages from female C57BL/6 mice were harvested, 
polarized with either M1 or M2 agonists followed by infection with 
the HSV-1 virus. Plaque assay was performed to measure HSV-1 
infectivity in the M1- and M2-polarized macrophages. Luminex assay 
was performed to measure the changes in the profile of cytokine/
chemokine produced in the infected cells. In addition, mice were 
injected with plasmid DNAs to coax the macrophages toward the M1 
or M2 polarized state. The phenotype of macrophages in vivo were 
confirmed by flow cytometry. Three weeks after the third injection, 
mice were infected ocularly with the wild type HSV-1 strain McKrae. 
Virus replication in the eye and the level of latency in the trigeminal 
ganglia (TG) of the infected mice were determined on day 28 post 
infection.
Results: Plaque assay results showed that HSV-1 infectivity was 
dramatically decreased in the M1 polarized macrophages compared 
to the unstimulated control and M2 macrophages. Luminex assay 
results showed that HSV-1 infection significantly altered the profile of 
cytokine expression in the M1- versus M2- polarized macrophages. 
Infected M1 macrophages showed increased production of 
inflammatory cytokines compared with infected M2 macrophages. 
While mouse survival and corneal scarring were similar in mice with 
M1- or M2-polarized macrophages, virus replication and latency was 
lower in mice with M2-polarized macrophages compared with mice 
with M1-polarized macrophages.
Conclusions: Our findings demonstrate a novel approach to 
further reduce viral replication in the eye and latency in the TG 
by modulating immune components, particularly by altering the 
phenotype of macrophages. We suggest that inclusion of cellular 
factor(s) with a cocktail of HSV-1 glycoproteins to coax responses 
of macrophages toward M2 polarization, as compared to the M1 
polarization, may further improve vaccine efficacy against ocular 
HSV-1 replication and latency-reactivation in the ocularly infected 
mice.
Commercial Relationships: Dhong Hyun T. Lee, None; 
Homayon Ghiasi, None
Support: This study was supported by Public Health Service NIH 
grants RO1EY024649.
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Subsets of immunoprotective γδ T cells in the cornea during early 
HSV-1 infection
Steffani Fitzpatrick1, Robert Lausch1, Robert Barrington1, 2. 
1Microbiology and Immunology, University of South Alabama, 
MOBILE, AL; 2Center for Lung Biology, University of South 
Alabama, Mobile, AL.
Purpose: 
Herpes Simplex Virus-1 (HSV-1) is the leading cause of infectious 
blindness in developed countries. Both mice and humans develop 
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similar pathology after intracorneal (i.c) HSV-1 infection, making 
mice a useful model to understand underlying mechanisms of 
disease. Mice lacking γδ T cells exhibit reduced Interleukin 17A 
(IL-17A), increased virus titers and develop lethal encephalitis 
after i.c. infection. To understand the diversity of the γδ T cell 
response required for immunoprotection, we analyzed whether the 
T cell receptor (TCR) Vγ repertoire changed after viral infection. 
Further, we investigated whether a particular subset of γδ T cells was 
responsible for IL-17A production following i.c. HSV-1 infection.
Methods: C57Bl/6 mice received 1x106 PFUs HSV-1 injected 
into the stroma of the cornea. One to two days post infection (P.I.) 
corneas were excised and digested in LiberaseTM. The cells were 
immunostained for surface markers and for intracellular cytokines, 
and analyzed using flow cytometry. In separate experiments, RNA 
was isolated from whole corneas, and reverse transcriptase (RT)-PCR 
was used to identify particular TCR Vγ usage. ELISAs were used to 
measure the levels of secreted IL-1α and CCL20.
Results: 
By 48 hours P.I. there is a significant increase in the number of 
CCR6+ IL-17A+ γδ T cells compared to uninfected corneas (n=3-5, 
P=0.008). TCR Vγ1 was detected in both uninfected and infected 
corneas, and were also found to be predominantly CCR6 negative. 
TCR Vγ2 (P=0.051) and Vγ4 (P=0.004) subsets were readily 
observed in infected corneas. To determine whether IL-1α and IL-23 
are capable of mediating IL-17A production in the cornea, as shown 
in other tissues, we performed flow cytometric analysis: CCR6+ γδ T 
cells expressed IL-1R1 and IL-23R. Moreover, CCL20, the ligand for 
CCR6, and IL-1α, a signal for IL-17A production, were both detected 
by ELISA 15 hours P.I.
Conclusions: Two major subsets of γδ T cells (based on CCR6 
expression) participate in the response to i.c. HSV-1 infection. This 
study supports the concept that CCR6+ γδ T cells are responsible for 
IL-17A production via recruitment by CCL20 and signaling by IL-1α 
and IL-23.
Commercial Relationships: Steffani Fitzpatrick, None; 
Robert Lausch, None; Robert Barrington
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Plasmacytoid Dendritic Cells Modulate Corneal Inflammation 
Through Transforming Growth Factor (TGF)-β1
Victor G. Sendra1, Arsia Jamali1, Maria J. Lopez1, Deshea L. Harris1, 
Pedram Hamrah1, 2. 1Tufts Medical Center, Boston, MA; 
2Ophthalmology, Cornea Service, New England Eye Center, Boston, 
MA.
Purpose: Plasmacytoid dendritic cells (pDCs) represent a highly 
functional subset of bone marrow-derived cells that play a key role in 
anti-viral and other inflammatory responses. Here we investigate the 
mechanisms by which corneal pDCs modulate the inflammation
Methods: Corneal inflammation was induced by inoculation of 
herpes simplex virus (HSV)-1 or after suture placement in BDCA-
2-DTR mice, in which local pDCs were depleted by subconjunctival 
(s.cj.) injections of diphtheria toxin (DT). Corneal opacity was scored 
(0-4 scale) and immune cells analyzed by immunofluorescence 
staining (IF) or flow cytometry (FC) for CD45 (pan-leukocyte 
marker), Gr-1 (neutrophils) and F4-80 (macrophages). TGF-β1 was 
quantified by RT-qPCR and ELISA in inflamed corneas. TGF-β1 in 
naïve corneal pDCs was compared to non-pDC CD45+ cells by FC 
and TGF-β1 mRNA was assessed by single cell qRT-PCR of sorted 
corneal pDCs. S.cj. corneal TGF-β1 blockade was performed and 
opacity and immune cell infiltration were determined. Local adoptive 
transfer (LAT) of sorted pDCs was performed to debrided corneas by 
using fibrin sealant 24h before HSV-1 infection

Results: We observed an increased corneal opacity after pDC-
depletion at day 3 after HSV-1 infection (p=0.04) and at day 7 in 
sutured corneas (p<0.01). Increased influx of CD45+, Gr-1+, and 
F4-80+ cells was noted compared to sham (PBS) controls (p<0.05). 
TGF-β1 mRNA and protein decreased (p<0.05) after pDC depletion 
in inflamed corneas compared to sham. Corneal FC showed TGF-β1 
production in naïve pDCs compared to non-pDCs CD45+cells (60% 
vs 6%). TGF-β1 mRNA in sorted corneal pDCs was upregulated in 
activated pDCs compared to naïve pDCs (p<0.01). Corneal TGF-β1 
blockade in HSV-1 infection showed increased opacity(p=0.04) and 
influx of CD45+cells (2.2-fold), Gr-1+cells (4.4-fold) and F4-80+ 
cells (6.0-fold) compared to sham by IF. Sutured corneas showed an 
increase opacity (p=0.04) and influx of CD45+cells (8% to 13%), 
Gr-1+cells (27% to 38%) and F4-80+cells (23% to 33%) by FC. LAT 
of pDCs prior to HSV-1 infection showed improvement in corneal 
opacity (1.5 vs. 0.5, p<0.01) and increased TGF-β1 mRNA (2.8 fold, 
p=0.01) in HSV-1 infected corneas compared to sham (sealant only) 
controls
Conclusions: Our data shows that corneal pDCs regulate corneal 
inflammation in a TGF-β1-mediated fashion. Adoptive transfer of 
pDCs may serve as a novel anti-inflammatory cell-based therapeutic 
approach
Commercial Relationships: Victor G. Sendra, None; Arsia Jamali, 
None; Maria J. Lopez, None; Deshea L. Harris, None; 
Pedram Hamrah, None
Support: NIH-R01- EY022695 (PH), NIH R21-EY025393 (PH), 
Research to Prevent Blindness Career Development Award (PH), 
Tufts Medical Center Institutional Support (PH)
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Dual role for autophagy in herpes simplex virus infection of the 
cornea
Deepak Shukla, Neel Thakkar, Dinesh Jaishankar. Ophthal/Visual 
Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Ocular infection by herpes simplex virus-1 (HSV-1) is the 
leading causes of infectious blindness. This study describes for the 
first time a virus degradative as well as a virus supportive role for 
autophagy in HSV-1 infection of the cornea and corneal cells.
Methods: Studies were performed using human corneal epithelial 
(HCE) cells, cultured human and porcine corneas, mouse embryonic 
fibroblasts (MEF) from ATG5 knockout animals, and the murine 
models of corneal infection. Various HSV-1 strains that include 
beta-galactosidase-expressing KOS, wild-type McKrae, 17, K26GFP, 
or K26RFP as well HSV mutant strains were used. Flow cytometry, 
fluorescence microscopy, ELISA, and confocal fluorescence 
microscopy were employed for monitoring and quantitatively 
analyzing changes in the levels of HSV-1 entry, replication, and 
release. Murine corneas (with or without fluorescein staining) were 
examined for tissue damage using slit lamp biomicroscope and scored 
using a four point scale. Quantitative RT PCR (qRT-PCR) was used 
for mRNA quantification and immunoblotting was used to assess 
viral protein levels. Live cell imaging was performed to track virions 
in phago-lysosomes.
Results: We found compelling evidence that cells with natural 
ability to induce and perform autophagy restrict a significant 
fraction of entering virions from reaching the nucleus for initiating 
a productive infection. By contrast, cells with natural inability (e.g. 
ATG5 knockout MEFS) or pharmacologically induced inability to 
perform autophagy failed to restrict virions from reaching the nuclei. 
However, the trend was reversed during the productive phase of 
infection. Autophagy was needed in a supportive role for optimal 
growth of virions over longer periods of time. Higher virus yields 
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were reported from cells with normal ability to perform autophagy. 
Very similar results were observed with cultured corneas and murine 
models of corneal HSV-1 infection. Our findings suggest that an 
autophagy adapter protein of host origin, optineurin, may be the 
regulatory molecule for the switch from virus degradative to virus 
supportive roles.
Conclusions: For the first time, we provide intriguing evidence and 
suggest a mechanism for a dual role for autophagy during HSV-
1 infection of the cornea. Autophagy initially degrades incoming 
virions and then later during the infection, it is needed for optimal 
growth of the virions.
Commercial Relationships: Deepak Shukla, None; Neel Thakkar, 
None; Dinesh Jaishankar, None
Support: EY024710
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Evaluation of conjunctival and lacrimal gland inflammation after 
corneal herpes simplex virus-1 infection
Pushpa Rao2, Subhash Gaddipati1, 2, Bala Burugula1, 2, 
Andrew Jerome2, Robert L. McKown3, Gordon W. Laurie4, 
Susmit Suvas1, 2. 1Ophthalmology, Wayne state university School 
of medicine, Detriot, MI; 2Anatomy and Cell Biology, Wayne 
State University School of Medicine, Detriot, MI; 3Department of 
Integrated Science and Technology, James Madison University, 
Harrisonburg, VA; 4Department of Cell Biology and Ophthalmology, 
University of Virginia, Charlottesville, VA.
Purpose: Tear production is controlled by corneal innervation, 
main lacrimal gland and the lacrimal functional unit. Recent studies 
from our lab showed a significant reduction in tear volume in 
HSV-1 infected corneas of C57BL/6J (B6) mice during clinical 
disease period. Reduced tear volume was associated with hypoxia 
marker, pimonidazole, staining in the corneal epithelium of HSV-1 
infected eyes. In this study, we ascertained whether corneal HSV-1 
infection causes conjunctival and lacrimal gland inflammation in a 
B6 mouse model. Moreover, the studies are carried out to determine 
if increasing the tear volume in HSV-1 infected eyes prevents the 
development of corneal hypoxia in infected eyes.
Methods: Mild corneal scratching was carried out prior to the topical 
application of infectious virus. Extra-orbital lacrimal gland (EOLG) 
and conjunctival tissue was excised from uninfected and HSV-1 
infected B6 mice at different days post-infection (p.i.). Enzymatic 
digestion of the excised tissues was carried out to obtain a single cell 
suspension for flow cytometry. To increase tear volume in HSV-1 
infected eyes, topical application of lacritin was carried out 4x/ day 
from day 4 through 10 p.i. Control group of infected mice received 
C-25 (a lacritin truncation mutant). Phenol red thread test was carried 
out to measure the tear volume. Corneal smoothness of infected 
eyes was evaluated using reflected eye images from the LED ring 
illuminator of a stereomicroscope.
Results: A massive influx of leukocytes involving CD4 and CD8 T 
cells was noted in inflamed conjunctival and EOLG tissues on day 10 
p.i. Lacritin, but not C-25, treatment effectively delays the decrease 
in tear volume in infected B6 mice. However, the lacritin treatment 
alone was not effective in preventing the loss of corneal epithelium 
smoothness seen in HSV-1 infected eyes during clinical disease 
period. Moreover, lacritin treatment did not decrease leukocyte influx 
in EOLG and pimonidazole staining in corneas of infected B6 mice.
Conclusions: Together, our results suggest that leukocyte influx in 
EOLG and conjunctival tissue may play an important role in reducing 
tear volume after ocular HSV-1 infection. Although lacritin treatment 
alone delays the decrease in tear volume in infected eyes, it was 

not sufficient to inhibit leukocytes influx in EOLG and the corneal 
epithelial changes.
Commercial Relationships: Pushpa Rao, None; 
Subhash Gaddipati, None; Bala Burugula, None; Andrew Jerome, 
None; Robert L. McKown, None; Gordon W. Laurie, None; 
Susmit Suvas, None
Support: NH Grant EY022417, NH Grant EY004068, Research to 
Prevent blindness
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The CXCL10/CXCR3 Chemokine Pathway is Required for the 
Generation and Protective Function of Tissue-Resident Memory 
CD103+CD8+ TRM Cells Against Recurrent Ocular Herpes
Lbachir BenMohamed, Anthony B. Nesburn, Ruchi Srivastava. Gavin 
Herbert Eye Institute, Univ of California-Irvine, Irvine, CA.
Purpose: Tissue-resident memory (TRM) CD8+ T cells are generated 
in non-lymphoid peripheral tissues and provide host protection 
against viral infections. However, the mechanisms that control 
the generation, accumulation and protective function of CD8+ TRM 
cells within the target peripheral infected tissues remain to be fully 
elucidated.
Methods: Here we used a well-establish murine model of recurrent 
ocular herpes simplex virus type 1 (HSV-1) infection to determine 
whether and how localized peripheral tissue-specific viral infection 
generates functional CD8+ TRM cells. Virus reactivation was induced 
by UV-B light in trigeminal ganglia (TG) of HSV-1 latently infected 
B6 mice, and virus shedding in tears triggered recurrent corneal 
herpetic disease.
Results: This led to a significant increase in both the number and 
effector function of local CXCR3+CD103+CD8+ TRM cells, assessed 
by tetramer frequency, antiviral IFN-g, TNF-a and CD107a/b cytotoxic 
degranulation assays. The increase in polyfunctional TG-resident 
CXCR3+CD103+CD8+ TRM cells was associated with a significant 
reduction of virus shedding and prevention of recurrent corneal 
herpetic disease. In contrast, UV-B induced virus reactivation in mice 
deficient for CXCL10, or for CXCR3, led to increased virus shedding 
and severe recurrent corneal herpetic disease associated with 
accumulation of dysfunctional/exhausted PD-1+VISTA+TIGIT+CD8+ 
TRM cells in TG and cornea (COR). Furthermore, topical ocular 
application of a neurotropic AAV8 vector expressing CXCL10, but 
not CXCL9, chemokine specifically in TG and COR rescued the 
number and promoted the protective function of CD103+CD8+ TRM 
cells in CXCL10−/− deficient mice.
Conclusions: These findings demonstrate a crucial role of CXCL10/
CXCR3 pathway in shaping protective CD103+CD8+ TRM cell 
immunity against recurrent ocular herpes.
Commercial Relationships: Lbachir BenMohamed, None; 
Anthony B. Nesburn, None; Ruchi Srivastava, None
Support: EY026103, EY019896 and EY024618 from National Eye 
Institute (NEI) and R21 Grant AI110902 from National Institutes of 
allergy and Infectious Diseases (NIAID)
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Binding of HSV-1 UL20 to Golgi-specific Zinc-finger protein 
affect virus infectivity and latency-reactivation
Shaohui Wang1, Kevin R. Mott1, Kolja Wawrowsky1, 
Bernhard Luscher2, Homayon Ghiasi1. 1Cedars Sinai Medical Center, 
Los Angeles, CA; 2Penn State University, University Park, PA.
Purpose: We previously have shown that UL20 binds to HSV-1 gK, 
while gK binds to signal peptide peptidase. Thus, the goal of this 
study was to determine if similar to gK, UL20 binds to a cellular 
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protein and if this interaction contributes to HSV-1 infectivity and 
pathogenesis.
Methods: The Bacterial two-hybrid assay using UL20 as bait and 
a mouse neuronal cDNA library as a target, was used to identify 
putative protein binding partners of UL20. This binding was 
confirmed by co-immunoprecipitation and fluorescent colocalization 
in HeLa and RS cell lines. Blocking Zinc-finger-UL20 interaction 
was assayed using Zinc-finger protein dominant negative mutant, 
and Zinc-finger protein chemical inhibitor. The effect of Zinc-finger 
protein blocking on viral replication was monitored using standard 
plaque assay, quantitative real-time PCR and immunohistochemistry. 
Ocular HSV-1 replication and latency was evaluated in knockout 
mice lacking Golgi-specific Zinc-finger protein.
Results: Using the two-hybrid system we identified Golgi-specific 
Zinc-finger protein as a putative cellular protein that binds to UL20. 
This binding of UL20 to the Zinc-finger protein was confirmed by 
pull-down assays and IHC. Blocking Zinc-finger protein binding 
to UL20 using a Zinc-finger protein dominant negative mutant or 
inclusion of a chemical Zinc-finger protein inhibitor significantly 
reduced HSV-1 replication in vitro by altering UL20 interaction with 
gK and their localization in infected cells. Finally, HSV-1 latency-
reactivation in the trigeminal ganglia of latently infected knockout 
mice was significantly reduced in comparison to wild-type animals.
Conclusions: We have demonstrated for the first time that HSV-
1 UL20 interacts with Golgi-specific Zinc-finger protein and this 
interaction is required for virus infectivity as blocking this interaction 
reduces virus replication in vitro and in vivo. As there is currently 
no effective treatment for HSV-1 recurrences, blocking Zinc-finger 
protein-UL20 interaction may represent a clinically effective and 
expedient target in developing HSV-1 therapeutics.
Commercial Relationships: Shaohui Wang, None; Kevin R. Mott, 
None; Kolja Wawrowsky, None; Bernhard Luscher, None; 
Homayon Ghiasi, None
Support: This work was supported by Public Health Service grant 
RO1 EY13615 from the National Eye Institute
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Pharmacological inhibition of heparanase blocks release of HSV-
1 from corneal epithelium
Alex Agelidis, James Hopkins, Deepak Shukla. University of Illinois 
at Chicago, Chicago, IL.
Purpose: Little is known about the role of host factors in promoting 
HSV-1 infection. Additionally, the process of virus release from cells 
is not well characterized. Our study describes an important role for 
heparanase in egress of viral particles in a productive infection.
Methods: Several host cell types were employed in this study to 
examine the roles of heparanase in HSV-1 infection, including human 
corneal epithelial cells, corneal cultures of human and porcine origin, 
and murine corneas in vivo. Effects of a commercially available 
inhibitor of heparanase, OGT2115 (Tocris Bioscience), were studied 
in these infection models. Studies were performed with multiple 
HSV-1 strains including KOS, K26-GFP, beta-galactosidase-
expressing KOS, McKrae, and 17syn+, and viral entry, replication, 
and release were measured by plaque assays, flow cytometry, 
quantitative PCR, western blot, and immunofluorescence microscopy. 
MTT assay was used to assess cell toxicity.
Results: We found that prophylactic and therapeutic administration 
of OGT2115 resulted in significantly decreased virus released to 
the supernatant at multiple timepoints post infection, compared to 
DMSO. Early events during infection such as virus attachment, 
membrane translocation, fusion, and entry were not affected. We also 
found evidence for a connection of OGT2115 with modulation of 

autophagy. Dose titration and MTT assays showed low cell toxicity at 
the effective concentration.
Conclusions: Our study demonstrates that heparanase is an important 
host factor in release of virus from cells, and that this activity can 
be blocked by a chemical inhibitor. Given that heparan sulfate, 
the substrate of this enzyme, serves as an attachment receptor for 
multiple human viruses, it is possible that targeting heparanase could 
be an effective therapeutic strategy to reduce spread of infection.
Commercial Relationships: Alex Agelidis, None; James Hopkins, 
None; Deepak Shukla, None
Support: NIH R01EY024710

Program Number: 3624 Poster Board Number: B0183
Presentation Time: 3:45 PM–5:30 PM
Evaluation of the neuropeptide expression profile in the 
trigeminal ganglia after corneal herpes simplex virus 1 infection 
in C57BL/6 mice
Andrew Jerome1, Bala Burugula2, 1, Subhash Gaddipati2, 1, 
Pushpa Rao1, Susmit Suvas2, 1. 1Anatomy and Cell Biology, Wayne 
State University School of Medicine, Detroit, MI; 2Ophthalmology, 
Wayne State University School of Medicine, Detroit, MI.
Purpose: Corneal herpes simplex virus-1 (HSV-1) infection leads 
to retrograde transport of the virus to the trigeminal ganglia (TG). 
As a result, immune cells infiltrate the TG to establish and maintain 
a latent HSV-1 infection in neuronal soma. However, the outcome 
of neuronal HSV-1 infection on the TG microenvironment, and its 
role in the establishment and maintenance of HSV-1 latency isn’t 
well known. In this study, we quantitated the expression of several 
neuropeptides and neurotrophic factors (NTFs) in TGs during 
productive and latent HSV-1 infection. Also, the effect of the absence 
of neurokinin-1 receptor (NK1R), the highest affinity receptor of the 
neuropeptide substance P (SP), on the establishment of latent HSV-1 
infection was determined.
Methods: Mild corneal scratching was carried out prior to topical 
application of PBS only (scratch control) or infectious HSV-1. TGs 
were isolated at different time-points post-infection (p.i). Reverse 
transcriptase quantitative polymerase chain reaction (RT-qPCR) was 
carried out on TGs to quantitate neuropeptide, NTF, and latency 
associated transcript (LAT) expression. NK1R knockout (KO) mice 
were used to ascertain the effect of the absence of NK1R on latent 
HSV-1 infection. Flow cytometry was used to measure the T cell 
response to HSV-1 infection in C57BL/6 (B6) and NK1R KO mice. 
ELISA and protein array were carried out to compare the level of 
cytokines in TGs isolated from infected B6 and NK1R KO mice.
Results: Our data demonstrates a differential expression of galanin, 
somatostatin, SP, CGRP, PACAP, NGF, BDNF, CNTF, and NTF3 in 
TGs at different time-points p.i. NK1R KO mice, in comparison to 
B6, showed an increased proliferation and interferon-γ secretion of 
CD8 T cells in the draining lymph node on day 5 p.i. Flow cytometry 
of NK1R KO mouse TGs at 5 day p.i showed an increased frequency 
of CD4 and CD8 T cells compared to B6 mice. Increased viral copy 
number was detected in TGs of NK1R KO mice at 3 but not 5 days 
p.i. Experiments are being carried out to ascertain the effect of NK1R 
on the maintenance of HSV-1 latency.
Conclusions: Our data demonstrates a changing profile of TG 
neuropeptide expression after ocular HSV-1 infection, which may 
affect the establishment and maintenance of HSV-1 latency. Results 
from NK1R KO mouse experiments suggest NK1R may regulate the 
HSV-1 load in the TG at early time-points p.i.
Commercial Relationships: Andrew Jerome, None; 
Bala Burugula, None; Subhash Gaddipati, None; Pushpa Rao, 
None; Susmit Suvas, None
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Replication of cytomegalovirus in human trabecular meshwork 
cells
Daisuke Shimizu, Dai Miyazaki, Yoshitsugu Inoue. Division of 
ophthalmology, Tottori university, Yonago, Japan.
Purpose: Cytomegalovirus (CMV) infection has been recognized 
as a cause of endotheliitis and iridocyclitis, which are characterized 
by IOP elevation. However, the mechanism of IOP elevation 
remains obscure. We sought to determine whether CMV can 
efficiently replicate in trabecular meshwork cells and may cause lytic 
destruction of trabecular meshwork cells.
Methods: Primary cultured human trabecular meshwork cells 
(HTMC) were infected with CMV strains, TB40/E or Towne. Using 
real-time PCR, western blot, and fluorescent immunostaining, we 
examined whether CMV-infected HTMC may support viral mRNA 
and protein expression, and genome replication. We then determined 
whether lytic replication is observed after infection.
Results: When HTMC were infected with TB40/E or Towne, 
cytopathic effect characterized by owl’s eye appearance with 
viral antigen expression was observed. Synthesis of viral mRNA 
(IE1, glycoprotein B and pp65) and protein expression proceeded 
efficiently at multiplicity of infection(MOI) 5. Expression of IE1, 
gB and pp65 was localized to nucleus at 48 hours post infection and 
effective replication of viral genome was also observed similarly. 
HTMC after TB40/E infection produced a significant and comparable 
number of infectious virions to permissive human foreskin fibroblast 
cells.
Conclusions: Human trabecular meshwork cells support efficient 
replication of CMV and may cause CMV-induced trabeculitis.
Commercial Relationships: Daisuke Shimizu, None; 
Dai Miyazaki, None; Yoshitsugu Inoue, None
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Pyroptosis Inducer, Gasdermin D, is Stimulated Intraocularly 
in Mice with Retrovirus-Induced Immunosuppression (MAIDS) 
During Experimental Murine Cytomegalovirus (MCMV) 
Retinitis
Jessica Carter1, Quentin Richardson1, Gabriela Jasso1, 
Christine Alston1, 2, Richard D. Dix2. 1Biology, Georgia State 
University, Atlanta, GA; 2Emory University, Decatur, GA.
Purpose: Pyroptosis is a cell death pathway whose potential 
contributions to retinal disease remain unexplored. We have 
shown previously that key pyroptosis-related molecules caspase-1, 
interleukin-1β (IL-1β), and IL-18 mRNAs are stimulated within 
MCMV-infected eyes during the progression of retinitis in mice with 
MAIDS [J Virol, 2012]. To determine the mechanism(s) by which 
MCMV might stimulate pyroptosis, we performed a series of in vivo 
studies to test the hypothesis that mRNA for gasdermin D (GSDMD), 
a recently discovered molecule that is critical for release of IL-1β 
during pyroptosis, is stimulated during the pathogenesis of MAIDS-
related MCMV retinitis.
Methods: Groups of retinitis-sensitive mice with MAIDS (n = 3 – 5) 
were injected subretinally with MCMV (left eyes) or maintenance 
medium only (right eyes). MCMV-infected and control eyes were 
harvested at 6 and 10 days after subretinal injection and assessed for 
GSDMD mRNA by quantitative real-time RT-PCR assay. Results: 
As expected, MCMV-infected eyes of retinitis-susceptible mice with 
MAIDS showed marked stimulation of IL-1β mRNA production 

when compared with uninfected control eyes that peaked at day 6 
after subretinal MCMV inoculation. In comparison, MCMV-infected 
eyes of retinitis-susceptible mice with MAIDS showed a modest yet 
significant stimulation of GSDMD mRNA at days 6 and 10 after 
subretinal MCMV inoculation.
Results: As expected, MCMV-infected eyes of retinitis-susceptible 
mice with MAIDS showed marked stimulation of IL-1β mRNA 
production when compared with uninfected control eyes that peaked 
at day 6 after subretinal MCMV inoculation. In comparison, MCMV-
infected eyes of retinitis-susceptible mice with MAIDS showed a 
modest yet significant stimulation of GSDMD mRNA at days 6 and 
10 after subretinal MCMV inoculation.
Conclusions: That MCMV-infected eyes of retinitis-sensitive mice 
with MAIDS showed stimulation of GSDMD mRNA production 
concomitant with stimulation of IL-1β mRNA production further 
supports a role for pyroptosis in the pathogenesis of MAIDS-related 
MCMV retinitis and agrees with recent findings that GSDMD 
production is related to release of the pyroptosis-related molecule IL-
1β. Studies are underway to determine if IL-1β mRNA stimulation is 
dependent or independent of caspase-1 and/or caspase-11.
Commercial Relationships: Jessica Carter, None; 
Quentin Richardson, None; Gabriela Jasso, None; 
Christine Alston, None; Richard D. Dix, None
Support: NIH Grant EY010568, NIH Grant EY024630, NIH/NEI 
Core Grant P30/EY006360, Emory Eye Center Vision Training Grant 
NIH/NEI T32EY007092, Research to Prevent Blindness, and Fight 
for Sight
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Photoreceptor cell death following choroidal murine 
cytomegalovirus (MCMV) infections of deeply 
immunosuppressed mice
Ming Zhang, Brendan Marshall, Juan Mo, Sylvia B. Smith, 
Zheng Dong. Cellular Biology & Anatomy, Augusta University, 
Augusta, GA.
Purpose: Our previous studies indicated that systemic MCMV spread 
to the choroid of deeply immunosuppressed mice, and subsequent 
infection of the choroid was associated with death of photoreceptors 
in the overlying retina. The purpose of this study was to explore the 
mechanism of photoreceptor cell death.
Methods: Rip3-/- and wild type mice were deeply immunosuppressed 
with methylprednisolone and monoclonal antibodies to CD4 and 
CD8. At several time points post MCMV intravenous inoculation, 
eyes were removed and were examined by immunohistochemical 
staining or by immunogold EM (electron microscopy) for MCMV 
early antigen (EA), AIF and Iba-1. Eye-cups (consisting of RPE, 
choroid, and sclera) and neural retinas were separated from eyes of 
MCMV-infected and uninfected control mice under a microscope. 
Western blots were performed to detect cleaved caspase 1, active 
NFkB, RIP1, RIP3, iNOS, PARP1, cleaved caspase3, and caspase 12.
Results: Gold labeled MCMV EA was observed in the nuclei of 
many vascular endothelia in the choroid of MCMV infected mice. 
Although Bruch’s membrane appeared intact and MCMV EA 
was rarely observed in the RPE cells, apoptotic photoreceptors, 
characterized by nuclear shrinkage and strong chromatin 
condensation under EM were observed in the eyes of MCMV 
infected wild type mice. IBA1+ microglia were also noted in the 
subretinal space. Active AIF was found in the nuclei of photoreceptor 
cells, indicating that AIF was released from mitochondria and 
translocated into the nucleus. Western blots showed that higher levels 
of cleaved caspase 1, activated NFκB, RIP3 and iNOS were observed 
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in the eye cups of MCMV infected wild type mice compared to 
eye cups of uninfected mice. In addition, higher levels of cleaved 
caspase 12 and cleaved PARP1 were also observed in neural retinas 
of MCMV infected wild type mice compared to retinas of uninfected 
mice. No cleaved caspase 3 was detected in neural retinas of MCMV 
infected mice or control mice. Although MCMV was observed in the 
choroid of deeply immunosuppressed RIP3-/-mice, TUNEL-positive 
cells were noted only in the outernuclear layer of wild type mice.
Conclusions: Our results suggest that most photoreceptor cell 
death induced by choroidal MCMV injection is due to caspase 
3-independent PARP1 and AIF mediated apoptosis/necroptosis, and 
that RIP3 plays a significant role in choroidal inflammation and 
photoreceptor death.
Commercial Relationships: Ming Zhang; Brendan Marshall, 
None; Juan Mo, None; Sylvia B. Smith, None; Zheng Dong, None
Support: NH Grant EY026642
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Varicella-zoster virus (VZV) infection of ARPE-19 cells provides 
a novel in vitro model to study VZV uveitis
Katherine Lee, Chiharu Graybill, David Claypool, Myron Levin. 
Pediatrics, University of Colorado Denver, Aurora, CO.
Purpose: Reactivation of varicella-zoster virus (VZV) can result 
in herpes zoster ophthalmicus (HZO). Up to half of HZO patients 
develop uveitis, which is characterized by inflammation dominated 
by lymphocytes (especially CD4+ T cells) and can lead to blindness. 
Limitations associated with studying ocular fluid from patients have 
hindered a better understanding of VZV uveitis. The purpose of our 
study was to establish VZV infection of human retinal pigmented 
epithelial (RPE) cell line ARPE-19 as an in vitro model of VZV 
uveitis.
Methods: ARPE-19 cells were infected at a multiplicity of 
infection of 0.01 or 0.05 for increasing times with cell-associated 
VZV. Samples were prepared for immunoblotting and microscopy 
to monitor infection kinetics. Supernatants were collected from 
uninfected and VZV-infected ARPE-19 cells to evaluate the kinetics 
of mediators using MesoScale 10-PLEX human proinflammatory 
cytokine and chemokine panels. Transwell assays containing 
supernatants were used to quantify migration of CD4+ T cells from 
PBMCs of healthy volunteers.
Results: We confirmed that ARPE-19 cells were infected by VZV 
and supported viral replication. The multiplex assays indicated that 
MCP-1 and IL-8 were the most abundantly detected chemokines (ng/
mL) in VZV-infected supernatants, which were 2- to 3-fold higher 
than those in uninfected supernatants. Other mediators, such as IL-6 
and IP-10, were also increased in VZV-infected supernatants but to 
a lesser extent (pg/mL). Cytokines such as IFN-γ and MIP-1β were 
minimally detected in VZV-infected supernatants. The majority 
of detected mediators are known lymphocyte chemoattractants, 
especially CD4+ T cells. Accordingly, we observed an increased 
migration of CD4+ T cells towards VZV-infected supernatants.
Conclusions: VZV-infected ARPE-19 cells secreted high levels of 
MCP-1 and IL-8, which agrees with reports using ocular fluid from 
uveitis patients, suggesting that these chemokines are produced by 
VZV-infected RPE in vivo. In contrast, other cytokines found at high 
levels in ocular fluid, such as IL-6 and IFN-γ, were detected at low 
levels in our studies, indicating that other cell types contribute to 
their production in vivo. The observation that CD4+ T cell migration 
increased towards VZV-infected supernatants corroborates clinical 
findings. Thus, our data demonstrate that VZV infection of ARPE-19 
cells serves as a useful model to study VZV uveitis.

Commercial Relationships: Katherine Lee, None; 
Chiharu Graybill, None; David Claypool, None; Myron Levin, 
None
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ZIKA virus efficiently replicates in human retinal pigment 
epithelium and disturbs its permeability
Vasiliki Kalatzis1, Nejla Erkilic1, Krishna Damodar1, Jean-
Pierre Molès2, Chantal Fourrier-Wirth3, Nicolas Nagot2, Philippe Van 
de Perre2, Yannick Simonin2, Sara Salinas2. 1Inserm U1051, 
Montpellier, France; 2Inserm UMR1058, Montpellier, France; 
3Etablissement Francais du Sang, Montpellier, France.
Purpose: Recently, the Flavivirus Zika virus (ZIKV) has rapidly 
spread in the Americas and in the Caribbean islands. While a large 
proportion of infected persons are subjected to mild or asymptomatic 
disease, neurological disorders such as Guillain-Barré syndrome and 
microcephaly have been linked to ZIKV infections. Notably, ZIKV-
associated cerebral malformations can be associated with ocular 
disorders and ZIKV is found in the eye anterior chamber fluid and 
in conjunctival swab samples of patients. Moreover, ZIKV-infected 
mice develop ocular disorders and viral RNA is detected in the retina, 
optic nerve, tears and lacrimal glands.
Methods: We, and others, have shown that the human induced 
pluripotent stem cell (iPSc)-derived retinal pigment epithelium (RPE) 
is morphologically and functionally characteristic of the RPE in vivo. 
It thus represents a powerful model for studying pathophysiology 
of the RPE, a tissue normally inaccessible for experimental 
manipulation. To study ZIKV ability to replicate in the human retina, 
we infected confluent iPSc-derived RPE with a clinical Asian lineage 
ZIKV isolated in French Polynesia (H/PF/2013).
Results: We showed that ZIKV efficiently replicated in the iPSc-
derived RPE. Four days post-infection (p.i.), a diffuse viral labeling 
was seen inside the cells. Interestingly, by 11 days p.i., the location of 
the intracellular virions changed to a close proximity to the cellular 
membrane. This coincided with a less marked ZO-1 labelling of 
the infected RPE compared to controls, suggesting that integrity of 
the cell layer could be impaired. We measured the transepithelial 
resistance (TER) of the RPE monolayers and showed a perturbation 
of the TER from 7 days p.i., consistent with an alteration of 
epithelium permeability. Finally, electron microscopy analyses 
showed an impairment of cell junctions after ZIKV infection.
Conclusions: Our data underline the potential permissibility of 
human RPE to ZIKV infection and the associated deleterious effect 
on permeability. Our work also draws attention to the necessity of 
better investigating the ocular disorders associated in ZIKV-infected 
patients and to evaluate the risk of transmission by eye. Lastly, it 
provides a further and novel example of the use of iPSc-derived 
retinal cells for evaluating pathophysiology.
Commercial Relationships: Vasiliki Kalatzis, None; Nejla Erkilic, 
None; Krishna Damodar, None; Jean-Pierre Molès, None; 
Chantal Fourrier-Wirth, None; Nicolas Nagot, None; 
Philippe Van de Perre, None; Yannick Simonin, None; 
Sara Salinas, None
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Human Asymptomatic Epitopes Identified from the Herpes 
Simplex Virus Tegument Protein VP13/14 (UL47) Preferentially 
Recall Polyfunctional Effector Memory CD44highCD62LlowCD8+ 
TEM Cells and Protect “Humanized” HLA-A*02:01 Transgenic 
Mice Against Ocular Herpes
Anthony Nesburn, Ruchi Srivastava, Lbachir BenMohamed. Gavin 
Herbert Eye Institute, University of California Irvine, IRVINE, CA.
Purpose: Herpes simplex virus type 1 (HSV-1) infection is 
widespread among humans. The HSV-1 virion protein 13/14 
(VP13/14), also known as UL47, is a tegument antigen (Ag) targeted 
by CD8+ T cells from HSV-seropositive individuals. However, 
whether VP13/14-specific CD8+ T cells play a role in the “natural” 
protection seen in asymptomatic (ASYMP) individuals (who never 
had a clinical herpetic disease) has not been elucidated.
Methods: Using predictive computer-assisted algorithms, we identify 
10 potential HLA-A*02:01-restricted CD8+ T cell epitopes from the 
693 amino acids sequence of VP13/14 protein.
Results: Three out of ten epitopes exhibited high to moderate 
binding affinity to soluble HLA-A*02:01 molecules. The phenotype 
and function of effector CD8+ T cells specific for each epitope were 
compared in HLA-A*0201 positive ASYMP vs. SYMP individuals 
(who have frequent clinical herpetic diseases), using a combination 

of tetramer frequency, granzyme B, granzyme K, perforin, CD107a/b 
cytotoxic degranulation, and IFN-g production. Higher frequency 
of multi-functional effector CD8+ T cells directed against three 
epitopes, VP13/14286-294, VP13/14504-512 and VP13/14544-552, was 
predominantly detected in ten ASYMP compared to ten SYMP 
individuals. The three epitopes also predominantly recalled more 
CD45RAlowCD44highCCR7lowCD62LlowCD8+ effector memory T 
cells (TEM) in ASYMP individuals. Moreover, immunization of 
HLA-A*02:01 transgenic mice with the three “ASYMP” CD8+ TEM 
cell epitopes induced robust and polyfunctional HSV-specific CD8+ 
TEM cells associated with a strong protective immunity against ocular 
herpes infection and disease.
Conclusions: Our findings outlining phenotypic and functional 
features of protective HSV-1 VP13/14-specific CD8+ T cells should 
guide development of a safe and effective T-cell-based herpes 
vaccine.
Commercial Relationships: Anthony Nesburn, None; 
Ruchi Srivastava, None; Lbachir BenMohamed, None
Support: This work is supported by Public Health Service research 
grants EY14900, EY019896 and EY024618 from National Eye 
Institute (NEI), from National Institutes of Health (NIH), from The 
Discovery Center for Eye Research (DCER) and from a Research to 
Prevent Blindness (RPB) grant.


