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Short Title: Prophylactic treatment with BX795 is well-tolerated and inhibits HSV-1
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Abstract

Purpose: To evaluate the prophylactic antiviral efficacy, corneal tolerance and toxicity of topically dosed

BX795, a non-nucleoside small-molecule inhibitor of herpes simplex virus type-1 (HSV-1).

Methods: Prophylactic treatment with BX795 was performed both in-vitro on human corneal epithelial
cells and in-vivo on mice prior to HSV-1 challenge. Viral burden was evaluated using a standard plaque
assay. In a separate experiment, mice were treated topically 3-times daily for 4-weeks with BX795 to
evaluate corneal tolerance and toxicity. Phenol-red thread measurements, fluorescein staining and
optical coherence tomography (OCT) were used to evaluate tear production, dryness and corneal
structural changes. Corneal sensitivity and intraocular pressure were measured using esthesiometery

and tonometery respectively.

Results: Both in-vitro and in-vivo results showed a robust suppression of HSV-1 infection when treated
prophylactically with BX795. The fluorescein stain and phenol-red results for the BX795-treated eyes did
not show signs of corneal surface dryness when compared to trifluridine (TFT), an FDA-approved topical
antiviral. The OCT measurements showed no signs of structural changes to the cornea suggesting that
BX795 treatment was well tolerated without any apparent signs of toxicity or inflammation. The corneal
sensitivity of BX795-treated eyes was not significantly different from TFT-treated eyes. No significant

increase in the intraocular pressure of BX795-treated mice was observed.

Conclusions: Prophylactic treatment with BX795 protects corneal cells from HSV-1 infection. The

antiviral is well-tolerated on murine corneas without any detectable toxicity.

Keywords:

BX795; prophylaxis; corneal toxicity; herpes simplex virus; topical
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Prophylactic treatment with BX795 protects murine corneas from HSV-1 infection

The efficacy of the drug is through translational inhibition of viral proteins.

Pre-treatment with BX795 down-regulated AKT phosphorylation even during HSV-1 infection.

A four-week topical treatment regimen on the ocular surface with BX795 was well-tolerated

No significant loss in corneal sensitivity, surface wetness and structural integrity was observed

during this period.
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Introduction

Herpes simplex virus type-1 (HSV-1) is the main cause of infectious blindness among adults in the USA(1-
6). Millions of patients around the world suffer from recurring HSV-1 infections, which can cause
irreversible corneal scarring and potential need for corneal transplantation(7-11). HSV-1 has a

seroprevalence of 60-90% with almost 100% of people infected by the age of 70(12-15).

A majority of currently approved and commonly used drugs such as acyclovir are nucleoside analogs
that target replication of HSV-1 DNA (3, 16-20). However, viral resistance and renal toxicity are relatively
common after prolonged usage of acyclovir especially by immunocompromised patients, which
highlights the need for novel treatments that can be safely prescribed for therapeutic as well as
prophylactic indications in the eye (21-26). While various strategies such as peptides(27, 28),
nanoparticles(29, 30) and novel acyclovir delivery systems(31) have been proposed previously, more

feasible options with regards to scalability and cost-effectiveness are desired.

Last year we made the serendipitous discovery that BX795 a small molecule TBK-1 inhibitor, shows
strong therapeutic efficacy against HSV-1 in an ocular model of infection(32, 33). This promising small
molecule inhibitor of HSV-1 blocked viral protein synthesis and showed strong therapeutic efficacy
against an acyclovir resistant strain. In several different models, BX795 was very effective as a topical
antiviral for ocular infection. While we were able to demonstrate strong therapeutic efficacy, a

significant question whether BX795 can also be a novel topical prophylaxis was not addressed.

Here we demonstrate the strong promise of BX795 as a topical prophylactic antiviral for corneal
infection. We provide evidence that the mechanism of prophylactic action by BX795 is through the
inhibition of PI3K/AKT/mTOR pathway which then blocks hyper-phosphorylation of 4EBP1, crippling the

virus from using host cell’s protein translational machinery to its own advantage(32). In support of a
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promising topical prophylaxis BX795 is well tolerated on the cornea without any detectable toxicity at

the effective concentration.

Methods

Cells, viruses, media, and drugs

Human Corneal Epithelial cells (HCEs; RCB1834 HCE-T) and Vero cells were used under previously

described growth media and conditions™.

Two strains of HSV-1 were used in the course of this study: HSV-1 McKrae (34, 35) and HSV-1 17 GFP (36,
37). All viruses were grown and titrated on Vero cells before they were aliquoted and stored at -80 °C

for long term storage.

BX795 and trifluridine (TFT) were purchased from Selleckchem, Houston, TX, USA. Stock drug solutions
were prepared in DMSO at 10 mM (BX795) and 50 mM (TFT), aliquoted, and stored at -80 °C. A fresh

aliquot of drug was opened each time an experiment was planned.

MTT Cytotoxicity Assay

The in vitro cytotoxicity of BX795 and TFT was evaluated using a standard MTT assay on HCE cells using a

33
|

previously published protocol *°. The intensity of the color developed was analyzed by a Tecan GENios

Pro microplate reader at 562 nm. Experiments were conducted using 3 biological replicates.

Propidium iodide staining Assay

Cell death marker, propidium iodide was added to HCEs either treated with BX795/TFT/mock DMSO at a
concentration of 2 ug/mL. Cell nuclei were also stained with live cell Hoescht stain (DAPI). The cells were

placed in a specially designed live-cell imaging system (Zeiss Spinning Disk) with an incubation chamber



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

for a period of 72 hours. Images taken every 3 hours were used to calculate number of total and dead

cells based on number of cells stained blue or red respectively.

Western Blotting

Immunoblotting was performed using protocols mentioned previously(31). The blots were developed
using the ECL Femto/Pico Substrate (ThermoFisher Scientific) and imaged with the Quant 4000 (GE
Healthcare). Antibodies and their concentrations are as follows. anti-rabbit GAPDH (Proteintech,
1:1000), anti-rabbit 4EBP1 (Cell Signaling Technologies, 1:1000), anti-rabbit phospho-4EBP1™3"/% (Cell
Signaling Technologies, 1:500), anti-rabbit AKT (Cell Signaling Technologies, 1:1000), anti-rabbit
phospho-AKT**"”*(Cell Signaling Technologies, 1:500), anti-mouse P70S6K (SantaCruz Biotechnologies,
1:500), anti-mouse phospho-P70S6K (SantaCruz Biotechnologies, 1:500), anti-mouse HSV-1 gD and ICPO
(Abcam, 1:1000). Horse radish peroxidase tagged secondary anti-rabbit and anti-mouse IgG (Jackson

ImmunoResearch, 1:10,000).

Murine mode of ocular HSV-1 infection

All animal care and surgical procedures were performed in accordance with the institutional IACUC
protocols approved by the animal care committee at the University of Illinois at Chicago and we confirm
adherence to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. 6-8 week
old male C57BL6 mice were used. Prior to infection, mice were given drops 3 times (8 hours apart) with
either PBS, BX795 (10 uM), or TFT (50 uM) before they were anesthetized using ketamine (100 mg/kg)
and xylazine (5 mg/kg). Epithelial debridement of the treated eye was carried out with a 30-g sterile
needle in a 3 x 3 grid pattern prior to the addition of 5x10°> PFU McKrae virus in a total volume of 5
pL/eye (38, 39). Mice were monitored every 24 h, and ocular swabs (for plaque assay) were collected
every 48 h for a period of 7 days. On the 7" day post infection, mice were euthanized and their

trigeminal ganglia (TG) were collected.
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Plaque assay

Serially diluted viral samples were applied as inoculum onto monolayers of Vero cells plated in 24 well

plates and plaques were counted as previously described *.

Ocular toxicity evaluation

Ocular toxicity evaluation was conducted on fifteen 8-week-old male C57BL6 mice for 4 weeks. They
were administered either 0.1% BAK, 10 uM BX795, or 50 uM TFT to the right eyes, while the left eyes

were left non-treated. Toxicity evaluation was performed once per week under anesthesia.

Phenol red thread wetting: This assay was performed using a 30-mm-long phenol-red impregnated
thread with 3-mm bent end that was placed in lower fornix of the mouse eye for 15 seconds. When the
phenol red came in contact with alkaline tears, it changed color from yellow to red(40). The thread was
removed after 15 seconds, and the length of the red portion was measured using a ruler. The results
were interpreted as follows: wet length <2 mm as severe dry eye, <5 mm as borderline dry eye and >10
mm as normal tear production. Both treated and non-treated eyes were evaluated while the non-

treated eye served as an internal control.

Slit-lamp biomicroscopic imaging: Anesthetized mice were placed on a sturdy mice holder and held in
the right position such that the entire frame of the cornea was visible. Multiple images at 10X
magnification were taken in quick succession to avoid drying of the eye using a slit-lamp biomicroscope
(Haag-Streit AG, Koeniz, Switzerland) (41). Fluorescein (1%) dye was added in a total volume of 5 pl to
each eye followed by manual blinking of the eye 5 times before images were captured in the GFP
channel. The cornea was divided in 4 quadrants and each quadrant was scored in a double-blinded

fashion to give a dryness score.
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Optical coherence tomography (OCT): OCT images were taken on a Micron IV (Phoenix Technology
group, CA, USA) with an OCT probe to specifically look at corneal thickness. Anesthetized mice were
placed on a holder, and the OCT probe was brought closer to the eye. The light intensity, focus, angle
and contrast were standardized on the first week of measurement. The same standard values were used
throughout the entire course of the study. Once the images were captured, the epithelial, stromal, and
total thickness of the cornea were measured for all the mice to evaluate the presence of inflammation.
The results were interpreted as follows: <5% variation in thickness as normal, >5% and <10% as

moderate inflammation, >10% as severe inflammation(42).

Esthesiometry: Corneal sensitivity of the mice eyes was measured by manual Esthesiometer (12/100
mm, LUNEAU SAS, France). Corneal sensitivity measurements as a function of blink response were
conducted on wake mice. The nylon fiber of the esthesiometer was extended to the full length (6 cm),
and the tip of the nylon thread was gently impressed to the center of the cornea. In a normal cornea,
this should inflict a blink response which corresponds to a sensitivity score. If the mouse did not blink,
the length of the nylon fiber was reduced by 0.5 cm, and the exercise was repeated until a blink
response was observed. The results for this study were interpreted as follows: Score of 5.5 to 6 as

normal, 5.5 to 3.5 as moderate loss of sensitivity, <3.5 as severe loss of corneal sensitivity(32).

Tonometry: The intraocular pressure (IOP) of mice was measured using a hand-held tonometer device
which have been calibrated to measure the 10P specifically for murine models. The measurement of IOP
was initially performed both on wake and anesthetized mice to understand the variation in values. Given
that no variation was observed over 15 mice, we proceeded to take measurements on anesthetized
mice for convenience purposes. A new tip was loaded into the tonometer for every sample group and
calibrated prior to measurement. Each measurement was performed in triplicates to account for

variability(43).
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Statistical Analysis

Data was analyzed using GraphPad Prism version 6.01 for Windows (GraphPad Software, La Jolla, CA).
Measurements were tested for statistical significance using paired t-test. All tests were two-tailed, and

the threshold for statistical significance was defined as a P < 0.05.

Results:

Effect of Prophylactic treatment with BX795 on HSV-1 infection in vitro

To understand whether the use of BX795 as a prophylactic can confer protection from HSV-1 infection,
we treated HCEs for 24 hours prior to infection. During this period, no enhanced cell death was seen,
and the cells looked healthy. Post initial treatment, the drug was completely removed from the media,
washed with PBS twice, and HSV-1 was allowed to infect the cells (figure 1A). As positive controls, we
therapeutically added TFT and BX795 two hours post infection (figure 1B). To our surprise, BX795 pre-
treated cells looked healthy and were barely infected when observed 24 hours post infection. While
there was a small amount of virus detected in cells (figure 1D), robust efficacy was observed in cells that
were pre-treated with 10 uM BX795 for 24 hours (figure 1C). Furthermore, pre-treatment with BX795
was efficacious for a prolonged period post removal of the drug, extending up to 72 hours post

infection.

BX795 pre-treated cells resist HSV-1 induced viral translation

In order to determine the mechanism of prophylactic action we focused on potential blockage of host
Akt pathway by BX795%%. HSV-1 induces the phosphorylation of protein kinase R (AKT) at serine 473 site
which results in the downstream phosphorylation of P70S6Kinase and the hyper-phosphorylation of the
EIFAE binding protein (4EBP1) at Threonine 37/46 sites causing the upregulation of viral protein

translation. For therapeutic action we showed previously that the addition of BX795 to HSV-1 infected
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cells inhibits the hyper-phosphorylation of 4EBP1 and hence counters the virus’s protein translational
potential. In order to assess whether the prophylactic treatment with BX795 confers protection via this
mechanism, we infected HCEs with 1 MOI of HSV-1 after prophylactically treating the cells for a period
of 24 hours. The cells were lysed and immunoblotted 24 hours post infection to assess the
phosphorylation status of AKT, P70S6K and 4EBP1 (Figure 2A). As expected, BX795 was able to
significantly reduce HSV-1 induced phosphorylation of the aforementioned proteins and hence curbing
the translation of viral proteins. This confirms that prophylactic treatment with BX795 can block virus
induced protein translation even after removing the drug for a period of 24 hours. We hypothesize that
prophylactic treatment with BX795 is able to inhibit AKT for a prolonged, yet in a reversible manner
resulting in the loss of phosphorylation of the downstream components requisite for viral protein

translation. This has been encased in a schematic shown in Figure 2C.

BX795 treatment of human corneal epithelial cells does not confer significant toxicity

In order to assess whether the addition of BX795 was causing toxicity issues which could indirectly relate
to the antiviral efficacy, we performed a live cell Pl imaging assay. BX795, DAPI (nuclear stain) and
propidium iodide (Pl-cell death marker) were added to cells for a period of 72 hours with intermittent
images taken every 12 hours. Death occurring during this period could be recorded based on the
number of cells taking up the PI stain. While there was a greater amount of cell death associated with
cells treated with DMSO (figure 3A), the difference was non-significant and BX795 treated cells had
death similar to those treated with TFT (figure 3B). In addition, an MTT assay to assess cell viability
through mitochondrial activity was conducted. The results showed no significant difference in cell

viability when compared to mock treated cells (figure 3C).

Topical prophylactic treatment with BX795 prior to murine ocular HSV-1 challenge

10



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

Given that we observed a robust protective effect of BX795 on corneal epithelial cells in vitro, we sought
to test our hypothesis that prior treatment with BX795 can indeed protect murine corneas from a high
titer HSV-1 infection. For this purpose, we administered either mock (DMSO), TFT (an FDA approved
topical antiviral) or BX795 for a period of 24 hours prior to infecting murine corneas with a neurovirulent
McKrae virus at a high titer (5x10°> PFU). Ocular swabs taken on day 2 and day 4 revealed a significant
reduction of infected mice virus in the BX795 pre-treated group similar to TFT control group (figure 4A
and 4B). The DMSO treated mice had significantly higher amount of HSV-1 in the ocular washes and
slowly developed ulcerative keratitis in the infected eye. Furthermore, to understand whether the HSV-1
infection quiescently travelled to the latent site of infection, the TG of the mice were extracted on day 7
post infection, and HSV-1 titers were quantified using a plaque assay (figure 4C). Surprisingly, while TFT
treated murine TGs consisted of HSV-1 genomes, although in low quantities, BX795 treated TGs did not.
This means that pre-treatment with BX795 not only confers protection of the cornea from apparent high

doses of HSV-1 infection, it can even protect the mice from developing a latent HSV-1 infection.

Effect of topical BX795 on murine cornea

With the novel information that pre-treatment with BX795 can confer protection to murine corneas
from highly virulent HSV-1 infection, we sought to understand whether its prolonged usage can cause
any significant damage to the treated eye. Given that prophylactic treatments might last multiple days
to weeks, murine eyes were dosed with either 10 uM BX795, 50 uM TFT, or DMSO thrice every day for 4
weeks continuously. During these weeks, the mice were carefully observed for any behavioural changes
and weight loss. No noteworthy changes were observed by us or the staff veterinarian at the animal
housing facility during the entire course of this study. One day prior to treatment and 7 days thereafter,
the ocular toxicity studies were conducted on mice. The studies were done in this order; corneal

sensitivity measurements on wake mice followed by sedation, tonometry measurements on sedated

11
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mice, tear fluid measurement using phenol red thread test, epithelial damage assessment using

fluorescein staining and slit lamp imaging, followed by OCT corneal thickness measurements.

Sustained treatment with topical BX795 does not affect corneal sensitivity and intraocular pressure

The sensitivity of the murine corneas was tested using a handheld esthesiometer. The measurements
were performed on wake mice such that a blink response could be recorded in them by carefully
touching the tip of the nylon thread to the centre of the cornea. In these studies, we observed no
change in corneal sensitivity for murine corneas treated with TFT or BX795 over a period of 2 weeks.
However, starting in the 3" week, we started to observe a mild loss of corneal sensitivity in TFT and
BX795 treated mice which was non-significant when compared to mock treated group. On the other
hand, we observed a complete loss of corneal sensitivity within the first week of treatment in the BAK
group. The intraocular pressure for TFT and BX795 treated groups did not change significantly over the
course of 4 weeks. However, a significant increase in the IOP was measured for mice treated with BAK

(figure 5B).

Topical administration of BX795 does not cause tear film loss or corneal dryness

Over the course of 4 weeks, we performed phenol red thread tear collection every week (figure 6A). No
significant change in the length of tear fluid coloring was observed during this course for BX795 treated
corneas when compared TFT treated corneas (figure 6B). On the other hand, corneas treated with BAK
resulted in a significant loss of length in coloration of the phenol red thread while mock treated corneas
showed almost negligible change in length of coloration. Given the acute corneal toxicity associated with

BAK, we discontinued the treatment with BAK after 1 week of exposure.

Slit lamp imaging, which were done sequential to phenol red thread colouring, was performed to

evaluate the dryness of the cornea through fluorescein staining (figure 6C). Here also, we did not

12
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observe any significant differences in staining between the TFT treated and BX795 treated murine
corneas. Although both groups were comparatively more stained than the non-treated corneas
indicating that both TFT and BX795 indeed induce mild dryness to the murine corneas. However, the
induction of dryness was not as acute as seen in the BAK treated mice (figure 6D). During the first two
weeks of treatment, almost no difference between the mock treated and BX795 treated murine corneas
were observed. Starting in the 3™ week, a slight increase in fluorescein staining and reduction in phenol
read thread colouring length was observed. While the thread lengths were not short enough for us to

treat them as dry eyes, the fluorescein stained eyes did not show dryness anywhere close to that of BAK.

Topical BX795 does not significantly alter corneal thickness

OCT measurements were performed on sedated mice after slit lamp imaging. The corneas were
continuously hydrated using a balanced salt solution during the entire course of the measurement. From
OCT measurements conducted on the murine corneas, we observed almost no change in the corneal
structure for TFT and BX795 treated groups during the study (figure 7A). The corneas for BAK treated
mice had their entire sub-corneal structures, epithelium, stroma and endothelium, completely
amalgamated into a single large fibrous structure that could not be differentiated using an OCT image. In
the contrary, no change in the sub-corneal structures were observed for mock, TFT and BX795 treated
murine corneas. Thickness evaluation of these sub-corneal structures revealed a slight elevation in the
stromal thickness for both TFT and BX795 treated corneas starting in the 3™ week of measurements.
These observations are in-line with corneal sensitivity and dryness measurements which also show a

slight elevation during this time period (figure 7B).

Discussion:

BX795 is a well-known TBK-1 inhibitor, which we showed last year to have excellent antiviral therapeutic
activity against HSV-1 infection in the eye(32). In our previous study, we showed that BX795 generates
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its therapeutic antiviral efficacy via specific suppression of hyperphosphorylation of 4EBP1 through the
inhibition of PDK-1(32). In this study, we wanted to understand whether prophylactically treating
corneas with topical administration of BX795 can prevent them from infection. Furthermore, we wanted
to determine its corneal tolerability and safety. In this regard, we performed time course in vitro studies
primarily to understand the effective duration and the mechanisms of a prophylactic treatment with
BX795. If proven prophylactically efficacious and safe for prolonged ocular use, this drug could be taken
by ocular HSV-1 patients who suffer from ACV resistant infections, especially given that HSV-1 does not
have a commercial vaccine (44). We found that by using 10 uM concentrations of BX795, a 24 h pre-
treatment period was enough to confer near complete protection to the cells. We hypothesized that this
could be due to the inhibition of PDK-1 molecules that the virus requires for its translation. To test this
hypothesis, we performed immunoblotting of BX795 pre-treated and HSV-1 infected corneal epithelial
cells. As expected, we saw reduced phosphorylation of AKT, P70S6K and 4EBP1 hyper-phosphorylation
in BX795 pre-treated samples compared to mock treated controls. It was also evident that HSV-1 was

unable to translate early viral protein ICPO in the pre-treated samples.

A unique feature of this study was to observe and analyse the ocular tolerability and toxicity of BX795
when used for a prolonged period of time. The most common side effect of topical drugs is the
causation of dryness and related discomfort(45, 46). Our evaluation of corneal dryness for BX795
treated mice showed that there was no difference between the mock, TFT and BX795 treated groups for
the first 2 weeks. However, a non-significant increase in dryness related fluorescein staining was
observed starting 3™ week post treatment. The dryness did not worsen from 3™ to 4™ week, indicating
that toxicity associated with BX795 treatment was analogous to TFT and that neither of them had any

acute toxicity associated with them at the therapeutic concentration.
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The corneal sensitivity and intraocular pressure in the treatment groups did not change significantly
over a period of 4 weeks. However, a mild but non-significant decrease in sensitivity was observed in
both BX795 and TFT treated mice starting 3" week post treatment, which did not worsen when checked
4 weeks post treatment. These results correspond with the mild dryness observed during the same
period, indicating that there may be some correlation between increase in ocular dryness and loss
corneal sensitivity by TFT and BX795 treatments. Along the same pattern, we observed a slight but non-
significant increase in stromal thickness starting 3™ week of treatment period. This indicates that there
might also be some amount of inflammation associated with these treatments. In the contrary, almost
no change in the intraocular pressure was observed during the entire course of the study for all
treatment groups. This suggests that the observations made with respect to dryness, loss of corneal
sensitivity, and OCT-related inflammation might be sub-clinical characteristics which might not play a
major role in corneal toxicity. Furthermore, readings taken one week after the last treatment dose
indicated a return to normalcy in all fronts (data not shown). These results show the clinical
translatability of BX795 especially in patients who suffer from ACV resistant infections. Our results are
very encouraging given that an effective vaccine against this ubiquitous virus has remained elusive to

the scientific world (44).

In conclusion, these results indicate that BX795 is not only effective in controlling HSV-1 infection in the
eye when treated therapeutically but also confers protection to the cornea when applied
prophylactically 24 hours prior to HSV-1 challenge. Corneal toxicity evaluation of BX795 revealed no
significant toxicity associated with the therapeutic concentration of 10 uM when dosed 3 times a day for
4 weeks when compared to the TFT treated group. Given that BX795 is an inhibitor of viral protein
synthesis that acts on the host translation machinery, we speculate that its activity would be relevant

not only for other herpesviral infections such as Cytomegalovirus (CMV) and herpes zoster (HZV), but
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also for other DNA viruses such as human papilloma virus (HPV) and RNA viruses such as human

immunodeficiency virus (HIV).
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Figure 1: Prophylactic treatment with BX795 protects corneal cells from HSV-1 infection. (A) Schematic
showing the method of treatment used in this study. Human corneal epithelial cells were pre-treated
with either BX795 (10 uM) or TFT (50 uM) for 24 hours followed by the addition of HSV-1 17 GFP virus
for 72 hours. (B) As a control to assess the known efficacy of the drugs, infected cells were
therapeutically treated 2 hours post infection. (C) At noted time points, infected cells were imaged for
the presence of virus (green) and collected for titration using a plaque assay (D). Two-way ANOVA with

Dunnett’s multiple comparison test, ****p < 0.0001 was conducted (n=3 replicates).

Figure 2: Cells pre-treated with BX795 resist HSV-1 induced viral translation. (A) HCEs were either
prophylactically treated with BX795 or mock for a period of 24 hours prior to infection with mock or
HSV-1 at 1 MOI. At 24 hours post infection, cells were lysed and immunoblotted for suggested proteins.
(B) The quantification of the immunoblots for phospho-proteins relative to their total proteins and
normalized to GAPDH values. HSV-1 proteins gD and ICPO were normalized to GAPDH. Unpaired
student’s t-test was conducted to compare the relative blot intensities of HSV-1 infected cells either
mock or BX795 pre-treated. *p < 0.05, **p < 0.01. (C) A schematic explaining the probable mechanism of

action through which BX795 is able to inhibit HSV-1 protein translation.

Figure 3: BX795 treatment does not cause significant cell death. (A) HCEs were stained with propidium
iodide (Pl-cell death marker) and DAPI (nuclear stain) prior to the addition of either DMSO, TFT (50 uM)
or BX795 (10 uM). The cells were imaged at shown time points to assess the extent of Pl taken up by
cells (a mark of death). (B) Total number of cells (DAPI) present and number cells with Pl stain in 4
frames were counted and averaged over 3 replicates. The graph represents the percent of dead cells
(stained with PI) over a period of 72 hours. Two-way ANOVA with Dunnett’s multiple comparison test, p

< 0.05 was conducted (n=3 replicates).
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Figure 4: BX795 pre-treatment protects mice from ocular HSV-1 infection. (A) Schematic of the

experiment. Ocular surface of C57BL/6 mice were dosed (n=5) with either Mock, TFT or BX795 3 times

within a time frame of 24 hours prior to infection with HSV-1 McKrae (5x105 PFU). (B) On day 2 and day
4 post infection, ocular swabs were collected from these mice and overlaid on Vero cells to quantify
shed virus via a plaque assay. (C) The trigeminal ganglia from these mice were harvested and overlaid on
Vero cells to quantify latent site infection. Significance was calculated by one-way ANOVA using a

Dunnet’s multiple comparison test*p<0.05, **p<0.01.

Figure 5: No significant change to corneal sensitivity and intraocular pressure were observed with
BX795 treatment. Over a period of 4 weeks, either BX795 or TFT were added 3 times every day. (A)
Every 7 days, the corneal sensitivity was measured via an esthesiometer on wake mice. Lower values
correspond to loss of corneal sensitivity. (B) Mice were anesthetized and the IOP was measured using a
murine specific tonometer. Higher values indicate an increase in the IOP of the mice. Two-way ANOVA

with Dunnett’s multiple comparison test, p < 0.05 was conducted (n=5 replicates).

Figure 6: Treatment with BX795 does not cause loss of tear film or damage to the corneal epithelium.
Eyes of anesthetized mice were probed with a phenol red thread to assess the extent of wettability of
the tear fluid. (A) Upon contact with the phenol read thread, tears cause a change in the coloration from
light yellow to dark red. Greater wetting length directly correspond to higher tearing ability of the eye.
(B) A graph detailing the percentage decline in wetting length over a period of 4 weeks for all the sample
groups. Two-way ANOVA with Dunnett’s multiple comparison test, **** p < 0.0001 was conducted (n=5
replicates). (C) Anesthetized mice were placed on a holder and a slit lamp instrument was used to
capture the picture of the corneal surface. (D) The eyes were then stained with fluorescein to identify
fault zones across the corneal surface. Increased fluorescein staining corresponds to greater damage to

the corneal surface. (E) Fluorescein stained images of the murine corneas were shown to reviewers who
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were blind to the study. Dryness scores were given using the Corneal Fluorescein Score of the National
Eye Institute after segmenting the ocular image into 5 quadrants(47). The scores were summed up and
then plotted to visualize the change in dryness scores over a period of 3 weeks. Two-way ANOVA with
Dunnett’s multiple comparison test was conducted while comparing score means per week within each

group. ***p<0.001, ****p<0.0001.

Figure 7: No inflammation associated increase in corneal thickness is observed in BX795 treated eyes.
(A) Anesthetized mice were placed on a stand and their eyes were help open in contact with the Micron
IV OCT instrument. The focus dials were adjusted to bring the corneal layer into view and images were
taken. (B) A graph representing the epithelial, stromal and total thickness of the cornea pre and post 4
weeks of either BX795 or TFT treatment. Two-way ANOVA with Dunnett’s multiple comparison test, ***

p < 0.001 was conducted (n=5 replicates).
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Figure 1: Prophylactic treatment with BX795 protects corneal cells from HSV-1 infection. (A)
Schematic showing the method of treatment used in this study. Human corneal epithelial cells
were pre-treated with either BX795 (10 uM) or TFT (50 uM) for 24 hours followed by the addition
of fresh media with HSV-1 17 GFP virus for 72 hours. (B) As a control to assess the known efficacy
of the drugs, infected cells were therapeutically treated 2 hours post infection. (C) At noted time
points, infected cells were imaged for the presence of virus (green) and collected for titration using
a plaque assay (D). Two-way ANOVA with Dunnett’s multiple comparison test, ****p < 0.0001 was
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Figure 2: Cells pre-treated with BX795 resist HSV-1 induced viral translation. (A) HCEs were either
prophylactically treated with BX795 or mock for a period of 24 hours prior to infection with mock
or HSV-1 at 1 MOI. At 24 hours post infection, cells were lysed and immunoblotted for suggested
proteins. (B) The quantification of the immunoblots for phospho-proteins relative to their total
proteins and normalized to GAPDH values. HSV-1 proteins gD and ICP0O were normalized to GAPDH.
Unpaired student’s t-test was conducted to compare the relative blot intensities of HSV-1 infected
cells either mock or BX795 pre-treated. *p < 0.05, **p < 0.01. (C) A schematic explaining the
probable mechanism of action through which BX795 is able to inhibit HSV-1 protein translation.
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Figure 3: BX795 treatment does not cause significant cell death. (A) HCEs were stained with
propidium iodide (Pl-cell death marker) and DAPI (nuclear stain) prior to the addition of either
DMSO, TFT (50 uM) or BX795 (10 uM). The cells were imaged at shown time points to assess the
extent of Pl taken up by cells (a mark of death). (B) Total number of cells (DAPI) present and
number cells with Pl stain in 4 frames were counted and averaged over 3 replicates. The graph
represents the percent of dead cells (stained with PI) over a period of 72 hours. Two-way ANOVA
with Dunnett’s multiple comparison test, p < 0.05 was conducted (n=3 replicates).
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Figure 4: BX795 pre-treatment protects mice from ocular HSV-1 infection. (A) Schematic of the
experiment. Ocular surface of C57BL/6 mice were dosed (n=5) with either Mock, TFT or BX795 3
times within a time frame of 24 hours prior to infection with HSV-1 McKrae (5x10° PFU). (B) On day
2 and day 4 post infection, ocular swabs were collected from these mice and overlaid on Vero cells
to quantify shed virus via a plaque assay. (C) The trigeminal ganglia from these mice were
harvested and overlaid on Vero cells to quantify latent site infection. Significance was calculated by
one-way ANOVA using a Dunnet’s multiple comparison test*p<0.05, **p<0.01.
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Figure 5: No significant change to corneal sensitivity and intraocular pressure were observed
with BX795 treatment. Over a period of 4 weeks, either BX795 or TFT were added 3 times every
day. (A) Every 7 days, the corneal sensitivity was measured via an esthesiometer on wake mice.
Lower values correspond to loss of corneal sensitivity. (B) Mice were anesthetized and the IOP was
measured using a murine specific tonometer. Higher values indicate an increase in the |OP of the
mice. Two-way ANOVA with Dunnett’s multiple comparison test, p < 0.05 was conducted (n=5
replicates).
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Figure 6: Treatment with BX795 does not cause loss of tear film or damage to the corneal epithelium.
Eyes of anesthetized mice were probed with a phenol red thread to assess the extent of wettability of the
tear fluid. (A) Upon contact with the phenol read thread, tears cause a change in the coloration from light
yellow to dark red. Greater wetting length directly correspond to higher tearing ability of the eye. (B) A
graph detailing the percentage decline in wetting length over a period of 4 weeks for all the sample
groups. Two-way ANOVA with Dunnett’s multiple comparison test, **** p < 0.0001 was conducted (n=5
replicates). (C) Anesthetized mice were placed on a holder and a slit lamp instrument was used to capture
the picture of the corneal surface. (D) The eyes were then stained with fluorescein to identify fault zones
across the corneal surface. Increased fluorescein staining corresponds to greater damage to the corneal
surface. (E) Fluorescein stained images of the murine corneas were shown to reviewers who were blind to
the study. Dryness scores were given using the Corneal Fluorescein Score of the National Eye Institute
after segmenting the ocular image into 5 quadrants3. The scores were summed up and then plotted to
visualize the change in dryness scores over a period of 3 weeks. Two-way ANOVA with Dunnett’s multiple
comparison test was conducted while comparing score means per week within each group. ***p<0.001,
***%*pn<0.0001.
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Figure 7: No inflammation associated increase in corneal thickness is observed in BX795 treated

eyes. (A) Anesthetized mice were placed on a stand and their eyes were help open in contact with
the Micron IV OCT instrument. The focus dials were adjusted to bring the corneal layer into view
and images were taken. (B) A graph representing the epithelial, stromal and total thickness of the
cornea pre and post 4 weeks of either BX795 or TFT treatment. Two-way ANOVA with Dunnett’s

multiple comparison test, *** p < 0.001 was conducted (n=5 replicates).
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