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Purpose: To evaluate the efficacy of minocycline and a novel, modified minocycline
analogue that lacks antimicrobial action, diacetyl minocycline (DAM), on choroidal
neovascularization (CNV) in mice of both sexes.

Methods: CNV was induced via laser injury in female and male C57BL/6J mice. Minocy-
cline, DAM, or saline was administered via topical eye drops twice a day for 2 weeks start-
ing the day after laser injury. CNV volume was measured using immunohistochemistry
labeling and confocal microscopy.

Results: Minocycline reduced lesion volume by 79% (P < 0.0004) in female and male
mice. DAM reduced lesion volume by 73% (P < 0.001) in female and male mice. There
was no significant difference in lesion volume between minocycline and DAM treatment
groups or between female and male mice.

Conclusions: Both minocycline and DAM eye drops significantly reduced laser-induced
CNV lesion volume in female and male mice. While oral tetracyclines have been shown
to mitigate pathologic neovascularization in both preclinical studies and clinical trials,
the present data are the first to suggest that tetracycline derivatives may be effective to
reduce pathologic CNV when administered via topical eye drops. However, the action is
unrelated to antimicrobial action. Targeted delivery of these medications via eye drops
may reduce the potential for systemic side effects.

Translational Relevance: Topical administration of minocycline and/or DAM via eye
drops may represent a novel therapeutic strategy for disorders involving pathologic
CNV.

from the choroid into the retinal pigment epithelium
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Introduction

Pathologic choroidal neovascularization (CNV) is
a major contributor to vision loss. CNV contributes
to the pathogenesis of potentially debilitating ocular
disorders, such as macular degeneration.' In age-
related macular degeneration (AMD), patients can
develop rapid vision loss due to compromise of Bruch’s
membrane, increased expression of vascular endothe-
lial growth factor (VEGF), and vascular invasion
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(RPE) and subretinal space.* ® Microglial activation
and matrix metalloproteinases (MMPs) also play a
role in disease progression.” !* Current therapies for
CNV-related disorders include intravitreal anti-VEGF
injections (e.g., ranibizumab, aflibercept) and photo-
dynamic therapy.'*"!” While intravitreal anti-VEGF
injections are effective to treat CNV-related disorders,
they may increase risk for systemic vascular events (e.g.,
cerebrovascular accidents, nonocular hemorrhage) and
require frequent, expensive, uncomfortable injections
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into the eye.!>'® The treatment involves intraocular
injections, which have a low but nonzero risk of serious
adverse effects (e.g., endophthalmitis). Accordingly,
these injections are only administered by ophthalmol-
ogists specially trained to do so safely. Intravitreal shot
administration can consume a large portion of an
ophthalmologist’s clinical time each day. Even when
the injection goes well, patients describe the experi-
ence as generally unpleasant with the eye usually mildly
irritated for 12 to 24 hours after each injection. A
cohort study conducted in 2018 found that more than
20% of patients treated with intraocular anti-VEGF
injections do not return for follow-up treatments.'”
Anti-VEGF medications range in cost from several
hundred to several thousand dollars per injection and
contribute a substantial burden to the US health care
system: ranibizumab and aflibercept alone consume
12% of the annual Medicare Plan B budget.? Antioxi-
dant/zinc supplementation is only effective for preven-
tion or delay of age-related macular degeneration, not
for treatment.'®> Based on these limitations, alternative
treatment strategies are needed.

Minocycline is a tetracycline antibiotic with known
immunomodulatory and antiangiogenic proper-
ties.”!»>> Minocycline has been shown to inhibit retinal
neovascularization,??-** inhibit corneal neovascular-
ization,?> modulate microglial activity,>* and suppress
expression of MMPs and VEGFE.?!-?2:26-28 Minocy-
cline and doxycycline (another tetracycline antibiotic)
have shown promise in preclinical studies and clinical
trials of CNV-related disorders.?’3* Most notably,
minocycline eye drops (I mg/mL) were safe and effec-
tive in a rat model of diabetic retinopaty.>> However,
the antimicrobial action of minocycline can cause
problematic side effects, contribute to antimicrobial
resistance, and devastate microbiota, particularly with
long-term use and systemic administration.¢-3¢38
In this study, two hypotheses were tested to reduce
potential side effects of minocycline: (1) targeted
administration of minocycline via topical eye drops
would be efficacious to treat CNV, and (2) modifi-
cation of minocycline to remove the antimicrobial
action, thereby generating a novel modified minocy-
cline analogue, diacetyl minocycline (DAM; also
delivered via eye drops), would treat CNV as well as
minocycline. Both treatment strategies were tested in a
model of CNV in female and male mice.

Animal Husbandry

All animals were treated in accordance with the
Association for Research in Vision and Ophthalmol-
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ogy Statement on the Use of Animals in Ophthalmic
and Vision Research. All experimental protocols were
conducted under the approval of the Texas Tech
University Health Sciences Center Institutional Animal
Care and Use Committee in our Association of Assess-
ment and Accreditation of Laboratory Animal Care
(AAALAC) accredited Laboratory Animal Resource
Facility.

Laser-Induced Choroidal Neovascularization

CNV was induced in male and female C57BL/6J
mice (7-9 weeks old) via laser disruption of Bruch’s
membrane as previously described.***! Briefly, pupils
were dilated with topical 1% tropicamide and 2.5%
phenylephrine (Alcon, Fort Worth, TX, USA), and
mice were anesthetized with isoflurane (1.5-2% at
0.5 L/min) during ocular surgeries. The retina was
visualized with an indirect ophthalmoscope using a 30-
diopter lens. Bruch’s membrane was disrupted via laser
ablation by an individual masked to treatment groups
using a Nd:YAG 532-nm laser (Alcon) adjusted to 80
to 90 mW with an exposure time of 0.100 seconds and a
spot size of 50 um. Breakage of Bruch’s membrane was
verified with observation of bubble formation. Three to
four laser shots were placed in both left and right eyes at
approximately two disc diameters away from the edge
of the optic nerve. One mouse was used as a nonlasered
control for visualization of normal choroid—RPE struc-
ture (Supplementary Fig. S1).

Drugs and Treatment

Mice were divided into three groups: minocy-
cline, DAM, and control (n = 4 males, 4 females
per group). Minocycline HCl (Sigma-Aldrich, St.
Louis, MO, USA, catalog no. 13614-98-7) and DAM
HCl (>98% purity, structure confirmed by Liquid
Chromatography-Mass Spectrometry (LCMS) and
Nuclear Magnetic Resonance (NMR), created by
MS, and purchased from AttachChem, Lubbock, TX,
USA) were dissolved and suspended, respectively, in
sterile saline (0.9% NaCl in water) to a concentration of
10 mg/mL. Sterile saline (0.9% NaCl in water) was used
for controls. All treatments were administered bilater-
ally via topical eye drops twice a day for 2 weeks, start-
ing the day after laser surgeries (see Fig. 1). Drops were
left in each eye for 20 seconds while mice were firmly
scruffed to allow time for absorption and to prevent
nasal and/or oral ingestion of drops.

Enucleation and Dissection of Eyes

Mice were humanely euthanized via carbon dioxide
inhalation and cervical dislocation. Mice were decap-
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itated and a longitudinal fracture was placed along
the dorsum of the skull. Tissue was dissected away to
expose the orbital bones, which were cracked, taking
care to avoid damaging the eyes. The optic nerve and
extraocular muscles were severed. Once free, eyes were
immediately fixed for 60 minutes in 4% paraformalde-
hyde in 1x phosphate-buffered saline (PBS; 9 g/L
NaCl, 0.232 g/L KH,PO4, 0.703 g/L. Na,HPO4) (Invit-
rogen; Thermo Fisher Scientific, Waltham, MA, USA).
Eyes were transferred to 1x PBS for further dissec-
tion. Eyes were hemisected using microsurgery scissors
and fine tweezers to separate the anterior and poste-
rior halves of the eyes. The crystalline lens and vitreous
humor were removed. Retinas were separated from the
underlying choroid/sclera eye cups. Radial cuts were
made in the choroidal sections to allow them to flatten
when mounted (see Fig. 1).

Choroidal Flat Mounts

A solution of three fluorescent dyes was prepared:
4’ 6-diamidino-2-phenylindole =~ (DAPI)  (1:1:000
dilution of a 10 mg/mL solution), isolectin IB4
(1:100 dilution of a 1 pg/ul solution, conjugated
with Alexa Fluor 568), and phalloidin (1:100 dilution
of a 0.2 U/uL solution, conjugated with Alexa Fluor
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Experimental timeline and methods. (A) Timeline of ocular laser surgeries, drug treatments, dissections, immunohistochemistry,
and confocal microscopy. (B) Laser disruption of Bruch’s membrane to induce CNV formation. (C) Topical eye drop administration technique.
(D) Enucleation and dissection of eyes: eyes were hemisected to separate anterior and posterior halves, retina was separated from underlying
choroid, and radial cuts were made to facilitate flattening of samples for staining, flat mounting, and microscopy.

488) (Invitrogen, Waltham, MA, USA). Fluorescent
signals for DAPI (405 nm, blue), phalloidin (488 nm,
green), and isolectin IB4 (568 nm, red) were used
to visualize nuclei, RPE, and blood vessels, respec-
tively. Choroid/sclera eye cups were washed with cold
Immunocytochemistry (ICC) buffer (0.5% bovine
serum albumin, 0.2% Tween 20, 0.05% sodium azide)
in 1x PBS (9 g/LL NaCl, 0.232 g/L. KH,POy, 0.703 g/L
Na,HPO, [pH 7.3]), then incubated with the fluores-
cent dyes at 4°C with gentle rotation for 4 hours in a
humidified chamber. After incubation, choroid/sclera
eye cups were washed by placing them briefly ina 1 mL
solution of cold ICC buffer, then flat-mounted,
covered, and sealed.

CNV Evaluation and Quantification

CNYV complexes were visualized using a Nikon Ti-E
inverted microscope with Al confocal module (Nikon,
Melville, NY, USA). Horizontal optical sections were
collected from the surface of the RPE/choroid/sclera
complexes to a depth at which choroidal vascular
networks could no longer be observed. All images
were taken at 20x magnification at 1024 x 1024—pixel
resolution and at a depth of 8§ bits per channel. All
lesions were imaged and evaluated for each mouse.



translational vision science & technology

Minocycline and DAM Eye Drops Reduce CNV

CNV burn lesions were excluded from analysis if an
error occurred during laser surgeries (one lesion), if
lesions were damaged during eye removal or dissection
(six lesions), if two lesions merged as a result of being
placed too close together (four lesions), or if a major
non-CNYV vessel crossed the lesion (one lesion).

CNYV volumes were quantified in cubic microme-
ters as previously described,’*-*? with the exceptions
that NIS-Elements Imaging Software (Nikon) was used
for analysis and non-CNV blood vessels on the periph-
ery of microscopy frames were excluded from analysis.
Images of individual cross sections were saved as confo-
cal ND2 files and used to generate three-dimensional
reconstructions of each CNV complex. All settings
were kept constant across all images. The red channel
(TRITC, isolectin IB4) was used to identify CNV
complexes. All three channels (blue, DAPI, nuclei;
green, FITC, RPE; and red, TRITC, blood vessels)
were used to draw a Bezier region of interest for each
lesion to exclude any blood vessels outside the diameter
of the lesions. A conservative intensity threshold for the
red channel was used to exclude any background signal.
The summation of fluorescent area within the Bezier
regions of interest within each horizontal section was
used as an index for CNV volume. All imaging and
analyses were carried out by an individual blinded to
treatment groups.

Results of the volume measurements were analyzed
with Prism version 7.00 (GraphPad Software, San
Diego, CA, USA). CNYV volumes were averaged across
all burns for each mouse. CNV volumes were expressed
as mean + SEM. Two-way analyses of variance
(ANOVAs) with Tukey’s multiple comparisons test
were used to determine any differences in CNV volume
between treatment groups and between female and
male mice. A one-way ANOVA with Bonferroni’s
multiple comparisons test was used to analyze differ-
ences between control, minocycline, and DAM treat-
ment groups with data from male and female mice
combined.

Antimicrobial Activity of Minocycline and
DAM

Antimicrobial testing was conducted as previously
described.*>** To compare the antimicrobial action
of DAM to minocycline, zone of inhibition (ZOI)
assays were conducted for Escherichia coli and colony-
forming unit (CFU) assays were performed using E.
coli and Candida albicans as a representative of bacte-
ricidal and fungicidal activity, respectively. In the ZOI
assays, we used the disc diffusion testing method for
our experiments as previously described.*** The disc
diffusion testing method and CFU assay are well-
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standardized, reliable susceptibility testing techniques.
Briefly, bacteria were grown overnight in LB medium.
The following day, the bacterial culture was washed in
Mueller Hinton (MH) broth (#70192; Sigma-Aldrich),
and the bacterial suspension was adjusted to an ODg
of 0.1 (which is equivalent to the 0.5 McFarland
standard; ~1 x 107 bacterial cell/mL) in MH broth
according to the standard guidelines of the National
Committee for Clinical Laboratory Standards.**%
Following this, a sterile cotton swab was dipped into
the adjusted bacterial culture, and a lawn of bacte-
ria was spread on an LB Agar plate. The test discs
were prepared by adding 20 uL DAM, minocycline,
or sterile water solutions onto 6 mm diameter blank
BD BBL Sensi-Disc Antimicrobial Susceptibility Test
Discs (#B31039; Fisher Scientific, Waltham, MA,
USA). Triplicate discs were distributed evenly onto the
LB Agar surface. The plates were then incubated at
37°C for 24 hours before the results were read and
recorded. The diameters of the zones of complete and
clear inhibition, including the diameter of the disc,
were measured to the nearest millimeter with a caliper.
To determine the minimum fungicidal concentra-
tion of DAM using the CFU assay, C. albicans
(ATCC 3147, Pamela Parr) was grown in Yeast Peptone
Dextrose (YPD) broth at 35°C for 48 hours. Aliquots
of the 48 hour cultures were inoculated into fresh YPD
broth to an ODg¢yy ~1.00. DAM was diluted in YPD
broth at concentrations of 10, 25, 50, or 100 pg/mL
and 1 mL aliquots of each were pipetted in triplicate
into the wells of a 24 microtiter well plate. The wells
were inoculated using 10 puL aliquots of the adjusted
cultures for an initial inoculum of 10° CFU/mL and
the microtiter well plates were incubated at 35°C.
After 24 hours of incubation, the cultures were serially
diluted 10-fold, plated on YPD agar, and incubated at
35°C for 24 hours to quantify the CFU/mL present.

Inhibition of MMPs by DAM and Minocycline

MMP-9 inhibition was tested using a dose response
of 0, 25, 50, and 75 pM minocycline and DAM using
the Abcam assay (AB284517; Abcam, Waltham, MA,
USA).

Minocycline and DAM Inhibit Experimental
Choroidal Neovascularization

Treatment with minocycline significantly reduced
CNYV lesion volume in both female and male mice
(F1.12 = 15.2, P = 0.0021) (Fig. 2A, Fig. 3, Fig. 4,
Supplemental Fig. S2). Treatment worked equally well
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Figure 2. Minocycline and DAM eye drops reduce CNV volume in female and male mice. (A) Representative images of CNV lesions in mice
treated with saline (n = 4 females and 4 males), minocycline (n = 4 females and 4 males), or DAM (n = 4 females and 4 males) for 2 weeks.
Lesions were labeled with fluorescent markers for isolectin I1B4 (red; blood vessels), phalloidin (green; RPE), and DAPI (blue; nuclei). All settings
were kept constant across all images, for both confocal microscopy and image analysis. Scale bar: 100 um. (B) Plot of CNV lesion volumes in
saline, minocycline, and DAM treatment groups. Each point corresponds to the average volume of CNV lesions in both left and right eyes of a
single mouse. A one-way ANOVA with Bonferroni’s multiple comparisons test was used to analyze differences between control, minocycline,
and DAM treatment groups with data from male and female mice combined. *P < 0.0005, **P < 0.001. Error bars represent standard error of
the mean.
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Representative three-dimensional reconstructions of CNV lesions in female mice. Mice were treated with saline (n = 4 females and

4 males), minocycline (n = 4 females and 4 males), or DAM (n = 4 females and 4 males) eye drops for 2 weeks. All settings were kept constant
across all images, for both confocal microscopy and image analysis. Scale bar: 100 um. Three channels: green (RPE), red (blood vessels), and
blue (nuclei) channels superimposed. Green channel: phalloidin-labeled RPE. Red channel: isolectin IB4-labeled blood vessels. Blue channel:

DAPI-labeled nuclei.

between sexes as there was no significant difference
in CNV volume between female and male mice (Fj, 2
= 2.026, P = 0.1801). Treatment with DAM also
significantly reduced CNYV lesion volume in both
female and male mice (F; 1o = 14.54, P = 0.0025)
(Fig. 2A, Fig. 3, Fig. 4, Supplemental Fig. S2). Again,
DAM treatment worked equally well in female and
male mice as there was no significant difference in CNV
volume (F; 1> =0.4373, P =0.5209) and no drug x sex
interaction.

Because sex did not have a significant impact
on CNV volume between control and minocycline
or control and DAM treatment groups, the data
from female and male mice were combined and
further evaluated. Treatment with minocycline reduced
CNV lesion volume by 79% compared to control
(P = 0.0004; 95% confidence interval [CI], 4212—
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14,792) (Fig. 2, Fig. 3, Fig. 4). Treatment with
DAM reduced CNV lesion volume by 73% compared
to control (P = 0.0009; 95% CI, 3493-14,074)
(Fig. 2, Fig. 3, Fig. 4). Both minocycline and DAM
worked equally well as there was no significant differ-
ence between treatment groups (n = 8, P > 0.9999)
(Fig. 2, Fig. 3, Fig. 4).

Antimicrobial Activity of Minocycline and
DAM

DAM had no antibacterial activity against E. coli at
doses 400 times higher than the antibacterial dose of
minocycline (Fig. 5). DAM had no antifungal activity
against C. albicans at doses twice the antifungal dose
of minocycline (Fig. 5).
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Figure 4. Representative three-dimensional reconstructions of CNV lesions in male mice. Mice were treated with saline (n = 4 females and
4 males), minocycline (n = 4 females and 4 males), or DAM (n = 4 females and 4 males) eye drops for 2 weeks. All settings were kept constant
across all images, for both confocal microscopy and image analysis. Scale bar: 100 um. Three channels: green (RPE), red (blood vessels), and
blue (nuclei) channels superimposed. Green channel: phalloidin-labeled RPE. Red channel: isolectin IB4-labeled blood vessels. Blue channel:

DAPI-labeled nuclei.

MMP Inhibition by Minocycline and DAM

Both minocycline and DAM showed inhibition of
MMP, with DAM showing stronger inhibition at lower
doses (see Supplemental Fig. 3).

Pathologic CNV is a major cause of significant
vision loss. Previously, Cox et al.*> showed that oral
doxycycline reduced pathologic angiogenesis in a laser-
induced model of CNV in mice. Further studies
have shown that oral minocycline, another tetracy-
cline derivative, inhibits retinal neovascularization.?-2*
On the basis of those findings, we tested minocy-
cline and DAM eye drops for efficacy to reduce
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pathologic angiogenesis. Consistent with other ocular
studies, we found that minocycline and DAM eye drops
significantly reduced CNV lesion volume compared
to control. Importantly, we found treatments worked
equally well in both sexes, something that had not
been previously tested preclinically. The success of
tetracycline analogues in ocular neovascular disor-
ders?3-40-46-48 hag translated to promising outcomes in
clinical trials. A phase I/1I clinical trial (NCT01120899)
found that oral minocycline (100 mg, twice a day for
6 months) improved visual function, central macular
edema, and vascular leakage in patients with fovea-
involving diabetic macular edema.”” Another clini-
cal trial (NCT00511875) found that oral doxycycline
(50 mg, once daily for 24 months) improved inner
retinal function in patients with severe nonprolif-
erative diabetic retinopathy or non-high-risk prolif-
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Antimicrobial activity of minocycline and DAM. (A) CFU assays to determine antibacterial activity of minocycline and DAM. DAM

exhibited no antibacterial activity against E. coli at concentrations up to 10 pg/mL. (B) Zone of inhibition assays to determine antibacterial
activity of minocycline and DAM. DAM exhibited no antibacterial activity against E. coli at concentrations up to 10 ug/mL. (C) CFU assays
to determine antifungal activity of minocycline and DAM. DAM exhibited no antifungal activity against C. albicans at concentrations up to
100 pg/mL. All experiments were repeated in triplicate. Error bars represent standard error of the mean.

erative diabetic retinopathy.*’ This finding was not
replicated in a concurrent trial (NCT00917553) on
mild to moderate nonproliferative diabetic retinopathy
conducted by the same group.’® Combination therapy
with reduced-fluence photodynamic therapy, intravit-
real ranibizumab, intravitreal dexamethasone, and oral
minocycline was effective to maintain stable vision
in neovascular age-related macular degeneration in a
clinical trial in the United Kingdom.!'® A clinical trial
(NCT02564978) testing oral minocycline in age-related
macular degeneration is projected to complete in 2023.
On the basis of this translational success of tetracycline
derivatives from preclinical to clinical studies, as well as
our preclinical findings, we argue that minocycline and
DAM eye drops may represent promising new thera-
peutic strategies for ocular neovascular disorders. The
potential for the clinical translation of our findings is
strengthened further because we tested our compounds
in both female and male mice and found similar results,
suggesting all patients can be treated and will likely see
similar efficacy.
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Targeted delivery of drugs to the choroid and
retina is challenging due to multiple anatomic and
physiologic barriers.’! Because of this, most studies
testing tetracycline derivatives in ocular neovascular
disorders have employed an oral route of adminis-
tration. While systemic minocycline and doxycycline
are generally well tolerated,”®-?># their antimicro-
bial action can disrupt the gut microbiome, induce
gastrointestinal side effects, and contribute to antimi-
crobial resistance.?®-3%-38:52 Therefore, we hypothesized
that targeted administration of minocycline via topical
eye drops would reduce CNV lesion volume but carry
less risk for systemic effects. We further hypothesized
that DAM, a modified minocycline analogue that lacks
antimicrobial action, could further reduce these risks.
To our knowledge, we are the first to evaluate the effec-
tiveness of tetracycline derivatives in a model of ocular
neovascular disorders when administered via topical
eye drops.

Fluorescein angiography and optical coherence
tomography are alternative methods that have been
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used to evaluate pathologic neovascularization in
rodents.*>-3° However, fluorescein angiography can
show incompetent blood vessels, and nonperfused
vessels cannot be visualized.> While optical coherence
tomography is a suitable alternative and has been used
in similar studies, laser-induced CNV with immunos-
taining and confocal microscopy was selected because
it allows for high-resolution visualization and quantifi-
cation of microscopic, newly formed blood vessels.>*#

Little is known about the safety of targeted admin-
istration of minocycline to the eye. A case study in
2017 reported that a single intraocular injection of
minocycline (50 ug/0.1 mL) was not toxic when used for
the treatment of ocular pythiosis.>® While two studies
in rabbits reported potential side effects after intraoc-
ular injections of tetracyclines,®*3 those studies did
not administer tetracyclines via topical eye drops,
and intraocular inflammatory responses are stronger
in rabbits compared to adult humans.® The current
standard therapies (intravitreal anti-VEGF injections)
also carry similar risk factors.*'->® Further, poten-
tial ocular side effects from topical minocycline can
likely be mitigated through strategic delivery systems.
For example, subconjunctival injection of minocycline
encapsulated in nontoxic nanoliposomes successfully
delivered drug to the retina, lens, cornea, and vitreous
in rats and has the potential to reduce side effects.”’
The eye harbors a unique microbiome that may
be disturbed by antibiotics such as minocycline.’®>
DAM, which lacks antimicrobial action (Fig. 5), does
not carry this risk.

While this study provides proof of concept that
minocycline and DAM reduce CNV volume when
administered topically via eye drops, our findings are
limited in several ways. Laser-induced CNV is primar-
ily applicable to pathologic processes that can take
place in macular degeneration but does not model all
aspects of macular degeneration or other CNV-related
disorders. Laser injury may disrupt some of the barri-
ers that could prevent drug delivery in nonlasered eyes.
Further, there are major differences between topical
delivery of ocular medications in mice compared to
humans, a factor that has limited translatability of
topical ocular medications in the past.®%-°! Further
studies on the pharmacokinetics, pharmacodynamics,
dosage, formulation, safety, tolerability, and mecha-
nisms of minocycline and DAM eye drops are needed.

Nonetheless, the success of tetracycline analogues
in preclinical studies as well as multiple clinical trials
strengthens the potential of our findings. Our results
show that minocycline and/or DAM eye drops are
likely to increase effectiveness and patient satisfac-
tion while lowering the overall treatment burden of
current anti-VEGF injections used in treating vision-
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threatening CNV. If effective in humans, both minocy-
cline and DAM could lower the cost of treatment for
CNV-related disorders compared to intravitreal injec-
tions because they would potentially require fewer
serial or no injections. This could also decrease the
overall treatment burden as patients’ ophthalmology
visits could decrease. The lack of need for a special-
ist to administer shots would also increase treatment
accessibility, in terms of both financial cost as well
as geographic location. Topical administration (as
opposed to intravitreal injection) may reduce the risk
for adverse events, such as endophthalmitis, infection,
and eye irritation. Finally, a study by Chalam et al.’
found that interleukin 6 levels correlate with resistance
to anti-VEGF treatment in AMD, further increasing
the need for alternative interventions. Taken together,
topical minocycline and/or DAM eye drops may repre-
sent a promising new treatment strategy for CNV-
related disorders.
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Supplementary Material

Supplementary Figure S2. Movies of choroid/
RPE flat mounts two weeks post laser surgery. Movies
were generated from confocal Z-series taken at inter-
vals of 2 um. Movies begin in the subretinal space and
end towards the choroid. (A) Female mice treated with
saline (n = 4), (B) female mice treated with minocycline
(n=4), (C) female mice treated with DAM (n =4), (D)
male mice treated with saline (n = 4), (E) male mice
treated with minocycline (n = 4), and (F) male mice
treated with DAM (n = 4). Green: phalloidin-labeled
RPE. Red: isolectin 1B4-labeled blood vessels. Blue:
DAPI-labeled nuclei. All settings were kept constant
across all images, both for confocal microscopy and
image analysis. Scale bar: 100 um.
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