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COMPOSITIONS AND METHODS FOR TREATING OCULAR PATHOLOGIES

This application clalms priotily from U8B, Provisionat Application No, 82/492.841, filed on May 1,
2017 the contents of which are incorporated herein by reference in s entirety.

All patents, patent applications and publications. cited hersin ate hereby incorporated by
reference in their entirety. The disclosures of these publications in their entireties arg hersby
incorporated by reference into this application in order 1o more fully describe the state of the art as known
to those skilled therein as of the date of the invention described and claimed herein.

This palent disclosurg containg material that is subject to copynght wrotection.  The copyright
owner has no objection to the facsimile reproduction by anyone of the patent document or the patent
disclosure as it appears in the U.3. Patent and Trademark Office patent file or records, but otherwise

resarves any and all copyright rights.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with government support under Grant No. P30GM1I06392 awarded by
the National instifutes of Health and Project No. 08-68-04821 awarded by the US Department of
Commearce Econornis Development Administration. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Physiological anglogenesis and neovascularization processes are important for embiryonic
development, tissue remodating, and wound healing. Howeaver, in cerlain tissues and diseases, such as
the eye, dysreguiation of these tightly controlled processes can result in vascularization-mediated
pathological condifions, Pathological ccular neovascularization and dysregulation of vascular funciion
can lead o and result from various conditions, including stromal keralilis, proliferative retinopathies, and
macular degeneration, which generale substaniial health complications.

There is a nead in the fisld to develop effective therapies for freatment of conditions associated

with pathological ccular neovascularization.

SUMMARY OF THE INVENTION
The invention provides composiions, methods, and Kits for reating conditions associaled with
pathological ocular neovascudarizglion, reducing scarting i the gye, reating dry eye, trealing macular
degeneration, and treating keratilis in g subject (a.g.. 8 mammal, e.g., & human subject).
i one aspect, the invention features a method of realing a condition associated with pathological
ccular neovascularization (e.4.. a comeal neovascularization or @ chomidal neovascudarization). Such
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mathods include administering 1o a8 subject in need thersof a therapeutically effective amount of a
seratonin receploragonist {e.g. . § 5-HTy receptor agonist, e.g., DOI {#11-{2 5-dimethoxyphenyi)-2-
aminopropane hydrochioride; (R}-DOI {((R}-1-42 S-dimethoxy-4-iodophenyi-2-aminopropane) (greater
than 85% R enantiomear}, LA-S8-Az (28 4'S)-(+1-8,10-Didehydro-G-methylergaline~-88-(trans-2,4-
dimethylazetidide), 2C-BCB (4-Bromo-3, 8-dimethoxybenzocyciobuten-1-yt) methylamine; or lysergic acid
diethylamide (L.5D)) in g pharmaceutically acceptable carrier or sall thereof. In some embodimanis,
conditions associated with pathological ocular neovascularization include, but are not imited fo, macular
degeneration {e.g., age-retated macular degeneration), keratoconjunctivitis {adenovirgl
kerastooonjunclivitis), conjunctivitis (adenovival conjunctivitis), diabetic ratinopathy, retinopathy of
prematurity, polypoidal chorgidal vasculopathy, ischemic profiferative retinopathy, redinitis pigmentosa,
cone dystrophy, proliferative vitreoretinopathy, retinal artery ceclusion, retinal vein occlusion, Leber's
disease, retinal detachment, ratinal pigment epithelial detachment, rubeosis iridis, comeal
neovascularization, retinal neovascuiarization, choroidal necvascularization, retinochoroidal
neovascularization, cancer (e.G., ooular cancer, e.g., retinablastoma), or a combination thereof.

it another aspect, the invention provides a method of reducing scarring in the eye {8.q., scaning
of the cornea or soarring associated with age-ralated macular degeneration {8.g., wet age-related
macular degeneration}) by adminisiering to a subject in need thereof g therapeutically effective amount of
& sevolonin receplor agonist {8.g.. 8 5-H Ty, receplor agonist e, DOL R-DOL or LSDIn a
pharmaceutically acceptable carrer or sall thereof

in another aspect, the invention features a method of freating dry eye (2.4, keratoconjunctivitis
sicea) by administering to a8 subject in need thereof a therapeulically effective amount of a serotonin
receptor agonist (8.g., a8 5-MTs receptor agonist, g.g., DO, R-DOL, or LD in a pharmaceutically
accaptable carvier or salt thereof.

tn another aspect, the invention provides a method of treating macular degeneration {e.g., age-
refated macular degeneration (AMD)) by administering 1o a subject in need theveof a therapeutically
effective amount of a serptonin receptor agonist {e.q., 8 5-HT ., receploragonist, a.g., DO, RDOL or
LSD) in 3 pharmaceutically acceptable carrier or sall thereot,

in anothar aspect, the invention provides a method of treating keratitiz, the method comprising
administering {0 a subject in nead thereof a therapeutically effective amount of a serotonin receptor
aguotist {R.g., a 5-HT.a receplor agonist, e.g., DO RDOM, or LD in & pharmaceutically acceptable
carmer or salt thereof. In some embodiments, the kevatitis is a viral keratitis (e.q., harpes keratitis).

in some ambodiments of any of the preceding aspects, the serolonin receplor agonist is a 5-HT,,
raceptor agonist {e.g., DO R-DOL, or LEBY. In somas embodiments, the serotonin receptor agonist is a
compound of formauda {1}, formuda (), or formula (B,
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iy some embodiments, the 5-HT .. receptor agonist is 2,5-Dimethoxy-4-iodoampheatamine (DO, In ather
embodiments, the 5-HT receptor agonist is R-2.5-Dimethoxy-d-icdoamphetaming {R-DO1),

in some embodiments of any of the preceding methods, the serotonin receptor agonist is
adminisiered in combination with one or more additfonal therapeutic agents. For example, the one or
morg additional therapeutic agents may include an antibictic agent, an antibacterial agent, an antiviral
agent, an ant-inflammatory agent, an anti-VEGF agent, g corticosieroid, or a combination thereof. in
some embodiments, the antiviral agent is riflundine (TFT) or ganciciovir. In some embodiments, the
serotonin receplor agonist {(e.g., 8 5-MHT,, receptor agonist, e.q., DO, R-DOI, or LSD) is adminisiered at a
different ims from the additional therapeutic agent. In other embodiments, the serofonin receptor agonist
{e.g., & 5-HT:, recepior ggonist, e.g., DO, R-DOY, or LSD) is sdministered concurrently with the
additional therapeutic agent. In some smbodimants, the serotonin recepior agonist is administered o the
aye (2.9, as an ooular formulation). For example, the serotonin receptor agonist can be adminisiered
ocularty.{e.g., by fopical administration {e.q., by ave drop adminisbation, gel adminisiration, or oiniment
administration), instillation in the conjunclival sac, intravilreal administration, subsonjunctival
administration, retrobulbar administration, infracameral administration, or sub-Tenon's adminisiration). in
some embodiments, the serolonin receptor agonist is adminisiered systemically.

The subject of any of the precading aspects can be a mammal {g.q., & human, 8.g., 8 human
having a condifion associated with pathogenic ooular neovascularization, e.g., 8 human having macular
degeneration {e.g., age-ratated macular degeneration), keratoconjunctivitis, conjunctivilis, keralitis,
diabetic retinopathy, retinopathy of prematurity, polypoidal choroidal vasculopathy, ischemic proliferative
retinopathy, retinits pigmentosa, cone dystrophy, profiferative vitreoretinopathy, retinal artery occlusion,
refinal vein coclusion, Leber's disease, relinal detachment, retinal pigmen epithelial detachment, rubsosis
iridis, corneal neovascularization, retinal neovascularization, choroidal neovascularization, retinochoroidal
neovascularization, or a combination thereof).
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i another aspagy, the invantion features a pharmaceutical composition comprising a serotonin
recepbr agonist and an antivirgbagant, in some embodimeants, the serotonin recepior agonist is a
compound of formula (1), formula (1), or formula (1)
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In some smbodiments, the §HTy, receplor agonist is 2,5-Dimethoxy-4-iodoamphetamine (DO1). I other
10

ambodiments, the 5-HT,, receptor agonist is R-2.5-Dimethoxy-4-iodoamphetamine (R-DOD.

valganciciovir.

i some embodiments, the antiviral agent is TFT, acyciovir, gancyclovir, penciclovr, famiciclovir,
cidofovir, cidofovir analog derivatives, ribavirin, interferon, phosphonoacetate, foscamet, fomivirsen, or

fr1 another aspect, the invention provides a kit comprising the pharmaceutical compasition
15

comprising a serotonin receplor agonist and anantiviral agent. In some embodiments, the serotonin

recapior agonist is 8 5-HT, recepior agonist. In some embodiments, the serolonin receplior agonist is a
componnid of formuta (1), formula (D, o formala (1)
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formula {11} formula (1}
iy some embodiments, the 5-HT., receptor agonist is 2,5-Dimethoxy-4-iodoampheatamine (DO, In ather
20 embodiments, the 5-HT., receptor agonist is R-2.5-Dimethoxy-4-icdoamphetaming {(R-DOD. In some
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embadiments, the antiviral agent of the kitis TFT, acyclovir, gancyclovir, penciclovir, famiciclovir,
cidofovir, cidofovir analog derivatives, ribavirin, interferan, phosphonoacetate, foscarnet, fomivirsen, or
valganciclovir.

Definitions

The singular forms “g", "an” and "the” include phural reference unless the context dictates
otherwise. The use of the word "a" or “an” when used in conjunclion with the termy “conmprising” in the
claims andfor the specification can mean “one,” but 15 also consisient with the meaning of “one or
more,” “al feast ong,” and “one or more than one.”

% K

Wheraver any of the phrases “for example,” "such as,” “including” and the like are used herein,
the phrase “and without limitation” is understoad 1o follow uniess sxplicitiy stated otherwise. Similarly “an
example,” “exemplary” and the like are understood to be nonlimiting.

The term “substantially” allows for deviations from the descriplor that do not negatively impact
the intended purpose. Descriplive terms are undersiood to be modified by the term “substantially” even if
the word “substantially” is not explicitly recited. .

The terms “comprising” and “including” and “having” and “involving” {and simiiarly “comprises®,
‘includes.” *has,” and “involves™) and the ke are used inferchangeably and have the seme meaning.
Specifivally, each of the lerms is consistent with the common Usiited Slates patent iaw definition of
“pornprising” and s undersiood to have an open tenm mieaning "at least the following,” and also does not
excinde additional festures, limitations, aspects, ele. Wherever the ferms "g" or "an” are used, "one or
more” isunderstoad; uniess it is nonsensical in context.

As used herein, "aboul” refers {o approximately, roughly, around, orin the region of. When the
term “gbout™ v used In conjunction with a numerical range, #t modifies that range by exiending the
boundaries above and below the numerical values set forth. In general, the term "sbout” is used herein to
modify a numerical value above and below the stated valus by a variance of 20 percent up or down
{higher or lower).

A “compound of the invention” as used herein encompasses, for example, a compound of formula
{h, a compound of formula (1), a compound of formula (D, and any subgenera andfor species thereof. In
embodiments, the serotonin recepior agonist comprises an agonist with at lsast one Phenethyiamine
group, an agonist with at least one Tryptamine group, or an agonist with al least one Ergoline group.

Non-limiting exampies of an agonist that comprises a Phenathylamine group include 1-(d-lodo-
2, S-dimethaxyphenyhpropan-2-amine {DOI; also referred o as 2 5-Dimethoxy-d-iodoamphetaming} , 1-(4-
bromo-2,5-dimathoxyphenyhpropan-2-amine {DOR), 1-(d-methyl-2 S-dimeathoxyphanipropan-2-aming
{DOM), 1-2,5-Dimethoxy-4-nitrophenyilpropan-2-aming {DON), 2-{4-lado-2 S-dimethoxyphaenylisthan-1-
amine (201}, 4-Bromo-2,5-dimethoxyphenylsthanamine (2GB), 1-(3 4,5-Trimethoxyphenyhpropan-2-
amine {TMA), 2-(3.4,5-Irimethoxyphenyljethanamine (Mescaling), 1-[2.5-Dimeathoxy-4-
{nflucromethyliphenviipropan-2-amine {DOTFM), {8R)-1-{(28)-2-aminopropyl}-8,8-dihydro-7H-
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pyranci2, 3-gindazol-8-0f {Alcon #13), @R 1-[d-(kriflucromethyl}-2,3,6, 7telrahydrofno{2,3-

fii tberzofuran-8-yiipropan-2-aming (TFMFly}, and 25CINMoMe. Non-limiting examples of an agonist

that comprises a Tryplamine group includes DMT, [3-(2-Dimethviaminoethyl}-1H-indol-4-yl] dihydrogen
phosphate {(Psilocybiny, 3-[2-Dimsthylamine)ethyi]- 1H-indol4-¢d {Psilociny, and SMEC-DMT. In some
embodiments, the serotonin receptor agonist is an indazole compound, such as {5)-2-(8,8-dihydro-7H-
pyranc{Z, 3-glindazol-1-yh-1-methylethylaming (AL-38022A}). Non-limiting examples of an agonist that
comprisas an Ergoline group includes 8aR 8RN Ndiethy-7-methyi4 6 83,7 8 B-hexahydroindolo-{4,3-
falquinoline-S-carboxamide (L8D), 1.1-Diethyi-3-(7-methyl-4,8,8a,7,8 8-hexahydro-indolof4, 3-Klquinolin-
S-yi}-urea {Lisuride), and (BaR BR)-5-bromo-N, N-diethyl-7-miethvl-4 6 84,7 .8, 8-hexahydroindolof4,.3-
fglquinoline-8-carboxamide (Bromo-LSDy; BOLY In some embodiments, the serotonin recepior agonist
comprises 1-{4-lodo-2 B-dimsthoxyphenviipropan-2-amine (DO also refarrad to as 2,5-Dimethoxy-4-
iodoamphetamine).

An "effactive amount®, “sufficient amount”™ or “therapeutinally effective amount” refers 1o an
amount of a compound that is sufficient {o effect beneficial or desived vesalls, including clinical results. As
such, the effective amount may be sufficient, for example, 1o reduce or ameliorate the severity andfor
duration of an affiction or condition, or one or more symptoms thereo!, prevent the advancemant of
conditions refated o an affliction or condition, prevent the recurrence, development, or onsel of one or
more symptoms associated with an affliction or condition, or enhanoe or otherwise improve the
prophyviactio or therapeutic effect(s) of another therapy. An effective amount also includes the amount of
the compound that avoids or substantially attenuates undesirable side effeciz,

As is undarstood in the art, “treating” or “reatment” refers 1o an approach for oblaining beneficial
or desired results, including clinical results. Beneficial or desired clinical resulls can include, but are not
imited o, slilevigtion or amelioration of one or morg symptoms of conditions, diminution of extent of
disease, g stabilized {i.e., not worsening) state of disease, preventing spread of disease, delay or slowing
of disease progression, amelioration or palliation of the diseass siate and remission (whether partial or
total), whether delectable or undetectable. “Treatment” can also be prolonging survival as compared o
expected survival if not recalving reatment. The sffect of reatment can include reversing, alleviating,
reducing severity of, curing, inhibiting the progression of, andior raeducing the likelihood of recurrence of
the disease or one or more symptoms or manifastations of the disease,

The ferm "in need thereof” refers 0 the need for symptomalic or asymplomatic relisf fom a
condition {&.¢., 8 condition associated with a pathological ooular neovascularization). The subjedt in need
thereof may or may not be undergoing treatment for conditions related o,

The term "carrar” refars (o a diluent, adjuvant, excipient, or vehicle with which a compound is
administersd. Non-limiting examples of such pharmaceutical carriers include liguids, such as water and
oits, including those of patroleum, animal, vegetable or synthetic origin, such as peanut off, soybean od,
mineral oil, sesame off and the like. The pharmaceautical carriers can also be saline, gum acacia, gelatin,
starch paste, talc, keratin, colioidal silica, urea, and the like. In gddition, suxiliary, stabilizing, thickening,
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jubricating and coloring agents may ba used. Qther exampies of suitable pharmaceutical carriers are
destribed in Ramington; The Science and Practice of Pharmacy, 21 Edition {University of the Sciences
in Philadelphia, ed., Lippincolt Wiliams & Witkins 2005); and Handbook of Pharmaceutical Excipients, 70
Edition {Raymond Rowe et al., ed., Pharmaceutical Press 20123 each hereby incorporated by meference
in its entirely.

The terms “animal,” “subject,” and "patient” refer to all members of the animal Kingdom including,
but not imited to, mammals, animals {e.g., cats, dogs, cows, horses, swine, afc.) and humans.

"Qoular tissue” refers o a lissue contained within the eve, Coular tissues includes lissues
comprising cells of the fens, the comea {&.¢., endothelial, stromal andior epithelial comeal celis), the iris,
the reting, choroid, sclera, ciliary body, vitrous boedy, coular vasculature, canai of Schiemm, ocudar muscle
celis, optic nerve, and other ocular sansory, motor and autononiic nerves).

"Ceular disease” refers {o a disease or condition of the eye or 3 tissue of the eye, including but
ot limited to, macular degeneration (e.q., age-related macular degeneration; AMD), choroidal
vascuiarization, diabatic relinopathies, virgl retinepathies, glaucoma, cormneal allograft ransplant rejaction,
ocutar hvpertension, comeal neovascularization, keratoconjunclivitis, viral conjunctivitis,
keratoconjunclivitis, allergic conjunctivitis, uveitis, initls, keratitis, nfection, and cancer.

“Symptoms” refer to bivlogical andfor physiclogical sequelas, including but not imited o
hypersensilivity, buraing, ttching and light sensitivity, decrease in visual gouily, redness, pain, irritation,
and photophobis.

“Agonist” refers 1o a compound thal can combine with g recepior, such as g serotonin receptorn, 1
produce a cellular response. An agonist may be g ligand that directly binds o the receplor. Alternatively,
an agonist may combine with a receptor indirectly by, for example, (a) forming g complex with another
molecule that directly binds o the receptor, or {b) othenwise restlls 1 the modification of another
compound so that the other compound directly binds o the receptor. An agonist may be referred fo as an

agonist of a particular serofonin receptor, such as a 5-MT,, serotonin receptor agonist,

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the comparnisan of acute and chronic disease scores in C57Black mice following
treatmant with B8, XTPFDO! or 0.5%TFT = XTPFRDOL Treatment: 4 ulieyeldx dafly for 8 days {treatment
duration did nol exceed 8 days); Infection mode! Herpes Stromal Keratilis; C878lack; HSV-1 RE; 12,000
PFUleye; Clinical Assessment Paramsters Shown: Shit-Lamp Biomicroscopy of Eye; Stromal
Opacity/inflammation; Comeal Negvascularization

FIG. 2 shows comparison of Acute and Chironic Dissase Scores in BALBe mice folfowing
reatment with B8S, 1% TFT, and XTPFDO!, Treatment: 4 ulfevesdx daily for & days {treatmsnt duralion
didd not exceed 8 days); infection moded Herpes Stromal Keratitis; BALB, HBV-1 RE; 14,000 PFU/eys;
Clinical Assessment Parametars Shown: Weight; Slit-Lamp Biomicroscopy of Eye; Stromat
Qpacity/inRammation; Comeal Neovascularization.
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FIG. 3 shows examining ability of DOHo control long-term chronic effects of HSV-mediated
stromal keratitis: DAY 15 post infeglion: The threg eves in this group that had not clinically resolved
disease, still had low clinical scores associated with theilr pathology as shown in the accompanying
pathodogy.

FiG, 4 shows ocular histology of eyes from BalBe expeariments examining ability of DO! to conirol
fong-term chronic effects of H3V-mediated siromat keratitis: DAY 15 post infection.  Uninfected normal
eyes.

FiIG, § shows ocular histology of eves from BaiBe expeariments examining ability of DO! to conirol
fong-term chronic effects of H3V-meadiated stromat keratitis: DAY 15 post infection. HSV/RE infected;
Control BSS Treatment Drops; FIG. 8A shows eye 1, FIG. 8B shows eye 2, FIG, 5C shows eve 3,

FIG. 6 shows ocular histology of aves from BalBe experiments examining ability of DO to control
fong-term chronic effects of HE8V-mediatad stromal keratitis: DAY 15 post infection. HEV/RE Infected;
Control 1% TFT Antiviral Treatment Drops: FiG. 8A shows aye 1, FiG. 8B shows eve 1, FlIG. 6C shows
aye 2 {worse of the Tx group).

FIG. ¥ shows a comparative preclinical assessment of therapeutic efficany of a 5-HT recepior
agonist (XTPFDO, red), compared o the gold standard ocular antiviral 1% TFTAroptic (blue} or conirol
saline drops {black) in a herpetic stromal keratitis ccular chronic disease model, DOI drops were fopically
applied for T days post infection and chronic disease was dssessed upto david. DO stppressed
development of ali olinically scored parametsrs with 80% of sves exhibiing complete clinical resolution by
day 15,

Figure 2. Top panels: The comeas of uninfected mouse eyes axhibil reguiar and consistent uninferrupted
putermaost epithelial bamier, and an underiying tight comeal stromal layer of even thickness, Thergis a
complete absence of inflammatory or red blood cells and no vascularization of comeal tissue. 2nd row
panels: M8V infection and long-term inflammatory responses induces disraption of the epithalial layer,
thickening of the stroma, and identifiable vascularizalion of corneal tissue {vellow arrows) with exiensive
prasence of immune infiltrales. 3rd row panels: Daspile treatmeant with the antiviral TFT and complete
nhibition of H3V raplication, similar disease procasses (o control Tx predominate at 15 days. 4th row
panels and enlarged insel: By contrast, eyes traated with the 5-HT agonist DO! have normal coular
morphology with an absence of diinical signs of ooular disease.

FIG. 9 shows a series of experiments fo assess the effect of systemic and topical treaiment.

FIG. 10 is a {able listing various parameaters that are scored dlinically {o gquantiiatively characterize
rasponse o conditions associated with pathological neovascularization or herpes keratilis,

FIG. 11 shows an sxemplary protocot for testing the effect of a reatment on herpes keratilis in a
prectinical model. Day O Corneal scarification and HSY infection. Day 3: Initial clinical scoring, sorting
inte 6 clinically balanced groups, and treaiment bagins. 4 uninfected animals sacrificed and (8 eyes
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analyzad), and 4 infected animals sacrificed (§'eves analyzed). Animals are treated 4 times daily and a
group of 4 animals are sacrificed (8 eyes analyzad) on days §, 8, and 12,

FIG, 12 is a timedine for an exemplary research plan,

FIG. 13 is a series of pholographs showing VEGFE-mediated neovascudarization fron aolic rings

FIG. 14 is a series of photographs showing VEGFnediated human vascular endothalium ubuls
formation in the presence of R-DQI, TCB2, and 4F4RP,

FIGS, 15A and 158 are graphs showing that R-DOT inhibits HEV-1 reactivation from latent
neurons within the trigemingl ganglia (TG}, Reactivation of laterd HOV-1 was induced from TG explants
from mice previously ocularly infected with HSV-1. Ganglia were either treated with conirol {Mock
traatment; blue} or media that contained 500 nM (R)-DGH {DO1 56C nM; red). The presence of infectious
HSV-1 was assessed for 10 consecutiva days.

FIG. 18 is a series of fluorescent micrographs showing the effect of BHTZA receplor agonists on
vascular tubule growth from tissue-like spheroids,

FIG. 17 is a series of graphs showing the effect of R-DOI dose on oyiotoxiclly of healthy retinal
pigment epithatial cells (APRE) and cancerous retinoblastoma cells {Y-78) at 24 hours (top}, 48 hours
{middle), and 72 howrs {(bottom).

DETAILED DESCRIPTION OF THE INVENTION
Delalled descriptions of one or more preferred embuodirents are provided herein. However,
that the present invention can be embodied in various forms. Therefore, specific details disclosad herein
are not to be interpreted as limiting, but rather a5 a basis for the claims and a3 a representative basis for
teaching one skilled in the art {0 employ the present invention in any appropriate manner,

The invention provides means for treating or preventing coular conditions (e g., condifions
associated with any region of the eye, such as the comes, reting, irig, uvea, conjunctiva, and macula). In
particular, mathods and compasitions of the invention may freal corylitions associated with pathological
ooular neovascularization {e.g., conjunclivilis), 1o reduce scarring in the eve, 1o treal dry eve, o reat
macular degeneration (8.g., age-related macular degeneration), and/or {0 treat keratilis {g.q., hemes
keratiis). The invention is based, at least in pari, on the discovery disclosed hersin thal agonisis of the
sarotonin raceptor {e.q., the 5-HTy, receptor) can be useful in {a) realing conditions associated with
pathological ocular neovasaulanzation; (b}, reducing scarring in the sye; (¢} reating dry eye; {d) freating
macular degeneration; and/or (&) treating keratitis (e.g., barpes keratitis), .g., by inhibiting pathological
netvascularization (e.g., angiogenesis and or mphangiogenasis).

Serotonin and the 5-HT,, receptor
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Serotonin {8 hydroxybyplamine; 5-HT} is a neurotransmitter and hormone whose effects are
mediated through intergctions at seveyy diffarent families of receptor proteins, comprised of 14 different
subtypis, consisting of 13 G-protein coupled recepiors and ong ligand-gated ion channgl, Embodiments
as described herein can comprise any of the recepior profeins of the seven different fandliss of recepior
proteins.

Sarotanin is primarily known for s function as & nauwrofransmitter within the CNS and is involved
in many processes, including cognition and memaory. In the periphery, however, serotonin alsomediates
processes, such as vasoconstriction {e.g., through the serotonin receptor 5-HT g}

i some embodimants of the invention dascribed herein, the invention involves activation of 5~
HT., in the ey, In other embodiments, the serotonin receptor comprises other receptor profeins of the
family of serctonin receptors, such as 5-HTys and 5-HT,. receplors, or downstream effecior proteins
activated by serotonin 5-HT,, receptors that canvey the therapeutic sffect to the cell or issue.

Ocular Conditions

The term “ocular condition” can refer to a disease or condition of one or more tissuess, parts, or
coular regions of the eye that impairs the normal functioning of the eye. The anterior segment of the eye
refars to the front third of the eyebalf and includes structures located between the front surface of the
cofmed and the vitreous. The posterior segment of the sye refers {o the rear bwo-thirds of the eysball
fhehind the lens) and includes the vilteous, refing, oplic disc, chorold, and pars plana.

The "eye’ is the sanse organ for sight, and includes the eyeball, or globs, the orbital senss organ
thal receives ight and transmils visual information tothe central netvous system. Broadly speaking, the
sye includes the eyeball and the tissues and fiuids which constiiute the eyeball, the periocudar muscles
{such as the obligue and recius muscles), and the portion of the ot nerve which s within or adjacent o
the eyeball.

Physiological angiogenesis, neovascularization, and a normal immune system are required for
embryonic development, tissue remodeling and wound healing. However, in cerlain tissues and
disaases, dysreguiation of these lightly controlled processes can resull in pathological conditions, such as
ocular conditions.

Pathological vasoulanization, dysreguiation of vascular function, and hypersensitivity are critical
determinatas in the culcome of many ccular dissases and pathologies. For example, pathological
vasculatization is a critical component to blinding stromal keratitis, profiferative retinopathies, and macular
dageneration {&.g., age-related macular degeneration). Embodiments as described herein can reat
condiions or symptoms of ooular vascularization-associated dissase procasses, such as in macular
degeneration {e.g., age-relatad macular deganeration), keratoconjunctivilis, conjunctivitis, diabetic
ratinopathy, retinopathy of prematurity, polypoidat choraidal vasculopathy, ischemic proliferative
ratinopathy, retinitis pigmeniosa, cone dystrophy, proliferative vitreoretinopaihy, retinal artery ooclusion,
ratinal vein occlusion, Leber's disease, retinal detachment, retinal pigment epithelial detachment, rubeosis
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iridis, corneal neovascularization, retinal neovascudarization, choroidal neovascularization, retinochoroidal
necvascularizgtion, keratitis; or § combination thereof.

in diseases of the eye, pathological vascularization is associated with exacerbation of the
patholagical processes within the innervated tissue and fowers the prognosis of disease resolution.
Development of in vilro and in vivo vascularization-associated disease mode! systems have been
expanded o additional pathological vascularization-associated diseases and provided opportunities 1o
evaluate additional therapeutics, including serotonin receptor agonists such as the serotonin (5-HT)
agonist 2,5-Dimsthoxy-4-indoamphetamine (DO1), Findings indizate that in ocular models of disease,
DO potently inhibils disease-associated vascularization of tissues, theveby preventing the chronic
pathology normally associsted with disease progression,

Embodiments as described herein can be ysed {0 treatl or amelionate the sympioms associatad
with diseases of the eve. For sxample, dysregudation of vascularization processas or hypersensitivity can
lead to vision-threatening occular diseases or pathologies. In embodiments, a vascular-associated aye
disease or hypersensitivity can be associated with, is caused by, or is exacerbated by vascular defects
inciuding but not limited {0, angiogenesis, lymphangiogenesis, neovasoularization, vasoular leakags,
edema, increased oxygen, ischemia, vasoconsitiction, vasodilation, hemorrhaging, vascular ooclusions,
increased hypersensilivity reaclions andfor ocular hyperiension. Nondimiting examples of ocular
diseases, such as vassularization-associated diseases of the sye, includs macular degeneration (8.4.,
age-related macular degenaration), keratoconjunctivilis {e.g., sdenoviral keratoconjunclivitis),
conjunctivitls {8.g., adenoviral conjunctivilis), diabelic retinopathy, relinopathy of prematunty, polypoidal
choroidal vasoulopathy, ischemic proliferative retinopathy, relinitis plgmentoss, cone dystrophy,
profiferative vitreoretinopathy, retinal artery ocolusion, retinal vein occlusion, Leber's disease, retinal
detachment, retinal pigment epithelial detachment, rubeosis iridis, comeal nieovascularization, retinal
neovasculanzation, choroidal neovascularization, relinochoroidal neovascularization, keratitis.

in some embuodiments, the presant invention provides compositions, methods, and kits for
treating dry eye {e.q., keratoconjunclivitis sicea).

The compositions, methods, and kits of the invention can also be used o reduce, or ameliorate,
or prevent scarring of the eye {e.g., scarring of the comea, or scaning rasulting from macular

dageneration, .g., age-related macular degeneration, e.g., wet age-related macular degeneration).

Keratitis

The present invention provides compositions, methods, and kils that can be used to reducs, or
ameliorate, or prevent keratitis, non-limiting examples of which are described hersin,

in some ambodiments, keratitis may be associated with an infaction that may be ully resolved. In
other embodiments, the infaclion may never be resolved, such as is the case with a herpes viral infection,
For example, replication at the inilial site of infection can be resolved, but the infaction persists within a
state of {atenay with spovadic episodes of reinfection. # can be important (o control the recunent nature
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of a hfelong infection that reactivates from newons 10 cause repeated bouts of ocudar disease as seen in
chronicherpetic eye disense. Embadiments as deseribad herein can control reactivation-meadiated
recurvent diseass.

Embodiments as described herein can prevent reactivation of g latent virus, so as o prevent viral
shetding, ransmission, sporadic reinfeciion of tissuss, subseguent recurrent acute disease, and
development of chronic disegse manifestations.

Viral Retinopathy

"Ratinopathy” can refer to a persistant or geutedamage to the reting of the eys. Incerfain
instances, the damags o the retina of the eye can cause loss of function of the eye. In cartain instances,
hypersensitivity and vascular remodeling can ocour over profonged parlads of ime unnoticed by the
subiect suffering from the pathology.

Reatinopathies can be caused by diabeles mellitus, arlerial hypertension, retinopathy of
prematurity, radiation relinopathy, solar retinopathy, siclde cell disease, retingl vascular disease such as
retinal vein or ardery scelusion, trauma, or an infection, such as a viral infection {e.q., herpes keralitis). In
embodiments, the rstinopathies are viral retinopathiss, and can be Cytomegaiovirus (CMVY- or Varicella-
Zostar Virus (VZV3-associated.

Retinopathies are ofien proiiferative, and can resulf from nsovasoaianization

Viral refinopathies comprise CMV-associsted retinopathies, such as CMV retinills, and VEV-
assosiated retinopathies.

Cylomegalovirus is g ubiguitous DNA virus that infects the majority of the adult popuiation. In the
mmunocompetent host, infection can be asymplomatic or limited 10 a mononucieosis-iike syndrome. Like
many other herpesviruses, CMV remains latent in the hostand may reactivate if host immunity is
compromisead.

In immunocompromised individuals, primary infection or reactivation of lalent virus can lead to
opporfunistic infection of multiple organ systems. In the eye, CMV most comimonly presents as a viral
necrotizing retinilis. If lefl untreated, CMV retinilis inexorably progresses o visual 10ss and blindness.

Diabetic Refinopathy

"Diabelic relinnpathy” can refer 1o damage to the reting or disorders of the reting that Is caused
by diabeles. For exampie, the damage can be o the blood vessels in the refing of the eve which are vital
to bringing oxygen and nutrients o the retina.

Digbetic redinopathy is the third leading cause of adult Mindness (accounting for almost 7% of
blindness in the USA), is associated with exdensive angiogenic events. Nonproliferative ratinopathy is
accompanied by the salective loss of pericytes within the relina, and their loss resulls in dilation of
associaied capillaries dilation and a resulting increase i blood flow. In the dilated capiliaries, endothelial
realis profiferate and form outpouchings, which become microanaurysms, and the adiacent capillarias
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becnme blackad so thai the area of refina surounding these microaneaurysms is not perfused.
Eventually, shuntvessels appear betwesn adigcent areas of micro aneurysms, and the clinical picturs of
early diabetic retinopathy with micro ansurysms and areas of nonperfused reting is saen, The
microansurysms leak and capillary vessels may bleed, causing exudates and hemorrhages. Once the
initial stages of background diabselic retinopathy are established, the condition progresses over a pericd
of yaars, developing into proliferative diabetic retinopathy and biindness in abowt 5% of cases,
Profiferative diabetic ratinopathy ocours when some areas of the refina continue losing their capillary
vessels and become nonperfused, leading (o the appearance of new vessels on the disk and elsewhere
on the reting. These new blood vasseals grow into the vitreous and bleed sasily, leading to prerelinal
hemorrhages. In advanced profiferative diabetic retinopathy, a massive vitreous hemorrhage may fill a
major portion of the vitreous cavily. In addition, the new vessels are accompanied by fibrous tissue
profiferation that can lead 10 traction retinal detachment.

Diabetic retinopathy is associated primarily with the duration of disbetes mellitus. Therefore, as
the population ages and diabetic patlients live jonger, the prevalence of diabetic retinopathy will increass.
Laser therapy is currently used in both nonprofiferative and proliferative diabetic rstinopathy. Focal laser
traatment of the leaking microanaurysms surrounding the macular ares reduces visual loss in 50% of
patients with clinically significant macular edema. In profiferative diabetic retinopathy, panretinal
photocoaguiation resulls in several thousand tiny bums scaltered throughout the reting {Sparing the
macular grer); this restment reduces the rate of blindness by 80%. Early treaiment of macular edema
and proliferative diabetic relinopathy prevenis blindness for & vears in 83% of patients, whereas lale
treatmant prevenis blindness i only 50 percent. Therefore, early diagnosis and treatment are essential.

Age-Related Macular Degeneration

"Macular degeneration” can refer fo the degeneration of the macula, a small yeliow area on the
back of the eye and located in the middie of the relina. Because of the posiion of the macula {the center
of the retina}, the resulling vision loss in macular degeneration is the central vision. Inmany cases,
people suffering from age-relaied macular degenearation have normal peripheral vision, bul generate g
blind spot vight in the middie of their sight path. Therefore, macular degeneration can affect one’s ability
to read, drive and recognize faces.

Age-refated macular degeneration (AMD), a disease that affects approximately one in ten
Ameticans over the age of 85, is characliarized by a series of pathological changes in the macula, the
central region of the reling, which is accompaniad by decreased visual acuity, parlicularly affecting central
vision, AMD involves the single layer of cells called the retinal pigment epithalium that les immediately
bansath the sensory reting. These cells nourish and suppoit the portion of the reting in contact with
them, i.e., the pholoreceptor cells that contain the visual pigments, The retinal pigment epithelium lies on
the Bruch membrang, a basement mambrane complex which, in AMD, thickens and becomes sclerotic,
New blood vessels may braak through the Bruch membrane from the underlying choroid, which contains
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a rich vascular bed. These vessels may in tum leak fuid or bleed beneath the ratinal pigment epithelium
and also betweaean the retinal pigment epithelium and the sensory retina. Subsequent fibrous scarring
disrupts the nourishment of the photorecepior calls and leads 1o their death, resulting in a foss of central
visual acuity. This type of age-related maculopathy is called the "wel” type hecause of the leaking
vessels and the subretinal edema or blood. The wet type accounts for only 10% of age-related
maculopathy cases but resulls in 80% of cases of legal blindness from macular degeneration in the
elderly. The “dry” type of age-related maculopathy involvas disintegration of the retinal pigment
epithelium along with ioss of the overlying photorscepior cells. The diy type reduces vision bt usuglly
only to levels of 20/50 to 20/100.

AMD Is accompanied by distortion of central vision with objects appearing larger or smaller or
straight lines appearing distosted, bent, or without a central segmant. In the wet type of AMD, a small
detachment of the sensory reting may be noted in the macular area, but the definitive diagnosis of a
subretinal neovascular memibrane requires flucrescein anglography. In the dry type, drusen may distub
the pigmentation patiemn in the macular area. Drusen are excrescances of the basement membrane of
the retinal pigment apithelium that protrude into the cells, causing them to bulge anteriotly; theirmole as a
risk factor in age-related maculopathy is unclear. No treatment currently exists for the dry type of age-
related maculopathy. Laser treatment is used in the wet type of age-related maculopathy and initially
obiiterates the neovascular membrane and prevents further visual loss iy about 0% of patienis at 18

maonths. By 80 months, howsver, only 20% still have a substantial benefit

Pathogenesis

Pathogenesis can refer 10 the mode of origin, biciogical mechanismis), or development of
disense or condition, For example, pathogenesis can refer 1o hypersansitivity, angiogenesis, for example
of blood vessels or lymphatic vessels; vasoularization; vascular ooclusions; vascular leakage; vascular
permeability; angiogenesis; lymphangiogenesis; neovasculanization; vasodialation; vasoconstriction, for
exampie that of lymphatics or blood vessels; vascular occlusions; sdema; corneal epithelial defects;
nereased inlraccular pressure; increased oxygen sahuwation; ischemia; hemorrhage; necrolizing
mffammation; epithelial hyperproliferation; spithelial thickening; fibrosis; or a combination thereof.

The present invention provides methods and compositions to ireat conditions associated with
vascular pathologies in the eve, induding pathologies associated with aberrant blood neovascularization
and lymph neovascularization {&.g., angiogenesis and lymphangiogenesis). Ocular conditions associaie
with pathological neovasculanzation include macular degeneration {g.g., age-related macuiar
degeneration), keratoconjunchivitis {e.g., adanoviral keratoconjunclivitis), conjunclivitis {e.g., adenuviral
conjunctivitis), diabstic retinitis, relinopathy of presmaturity, polypoidal choroidal vascutopathy, ischemic
profiferative retinopathy, ralinitis pigmentosa, cone dystrophy, profiferative vitreorstinopathy, retinal artery
occlusion, retingl vein occlusion, Leber's disease, retinal detachment, retinal pigment epithetial
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detachment; rubeosis ridis, comeal neopvascularization, retinal neovascularization, choroidal
necvascidarization, retinochorcidal neovascularization, or a combination thereof.

Embodiments of the invention desaribed hersin can reduce, amelicrate, or pravent conditions
associated with pathogenesis of an ooular disease. In some embodiments, the pathogenesis is chronic
pathogenesis, and persisis after the acule disease itself is resolved. Non-limiting examples of ocular
pathogenesis comprise hypersensilivity, angiogenesis, neovascularization, vascuiar legkage, vascular
permeability, or a combination thereof,

Fathological vascularization and dysreguiation of vascutar funclion are main coniributors to all
infectious and many non-infeclious disgase processes in ocular tissua, Embodimentis as described
herein can be used t0 reduce, ameliorale, or inhibit vascularization, such as neovascularization, in an
coutar tissue of a subject.

Embodiments as described herein can reduce, amelionate or prevent sympioms associaied with
vascudarization i an ocular tissue of 2 subject. Non-imiting examples of such symptoms comprise
conjunctivitis, keratoconjunctivilis, ocular hypertension, glaucoma, macular degeneration, or edema.

in embodiments, the vascularized tissue can comprise a tissus of the aye.

i embodiments, neovascularization can refer 10 any type of angiogenesis or new vascularization
of tissues. For example, vascularization can refer (o angiogenasis of a blood vessel, angiogenesis of g
lymphatic vessel, or a combination thereof,

Lymphangiogenesis plays kay roles iIn regudating hypersensitivity, Hissue sdema, intraogular
pressure, and hypersensiiivity disease progesses.

Non-limiting markers of vascularization andfor ymphangiogenesis comiprise LYVE, VEGFA,
VEGFB, VEGFC, VEGFD, VEGFR-3, PROX1, CCL21, TNF, IL-8, Angloploetin 1, Anglopioetin2, FLT-1,
KDR, Tie-1, HiF ta, PGF, FGF, LS, IL1B, IFN, TGF, iL17, TIMP, MMPZ, MMPY, and NOTCH. in
embodiments, neovascularization can be scored on a grading scale. For example, a three point scale
can be used in 8 rabbit model, and a 18 point scale can be used in mics. Such scales allow for more
accuracy in the assaessment of neovascularization. For example, comeal neovascularization can he
evaluated as praviously described in Rajasagi et al. (2011 J Immunol 1881738, which is incorporated
herein in i3 entirety) using a scale of § 1o 16, where sach of the four guadrants of the eye was evaluated
for the density of vessels that have grown onto the cornea and the axtent of neovessels. According to
this system, the scove of the four quadrants of the eve (between §, indicaling the absence of vessels,
4, meaning maximal density of new vasculature) were then summed 10 derive the neovascularization
index {a total range of §-18) for each sye at a given time point.

Embodiments as described herain can be used 10 reduce, prevent, or ameliorate ccular
hypersensitivity. Hypersensitivity refers 1o g localized protective reaction of tissue {0 irritation, injury,
infection, or disease, and is characterized by pain, redness, swelling, and potentially loss of function.

Embodimants as describad herain can be used 10 reducs, prevent, or ameliorate vascular
lenkage. Vasoular leakage rafers 1o the permeability of vessels and capilianies that can result in
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hyparsensilivity of tissue, formation of edama, orleakage of blood cells info tissue. Vascular leakage can
also be refarred to as vascular parmaability, Vascular leakage can be the one way flow of cells or fluid, or
can be the two way flow of calls or fuid.

in embodiments, clinical diseases, for example stromal disease, comaal opacily, and ocular
hypersensilivity, are scoraed according to a grading scale. For example, the scale can be a three point
scabe (from 0 1o 3) and comprise the parameters thatl are documants in Hill et al. (Anfiviral Res. 2013
Oct; 10001 1:14-8) and Clement et al. (Invest Opbthalmol Vis Scil 2011 Jan 21;52(1):338-44), both of which
are incorporated herein in their enlirsties,

i embodiments, clinical sooring of st lamp biomicrascapy can be visualized using a fuorphore
enhance siit lamp biomicroscope. in embodiments, this can be scored on g grading soale; such as a4
point scale {from D 1o 4), as delailed within Hill et al. {Antiviral Res. 2013 Oot100{1):14-8) and Clemeni &t
al. {invest Ophthalmo! Vis Soi 2011 Jdan 21,52(1):338-44}, both of which are incorporated herein in their
entireties.

Agonists

“Agonist” can refer 1o a compound that can combing andfor interach with a receplor, such as a
serolonin recepltor, o produce & cellular response.  An agonistmay be a ligand that directly binds 1o the
receptor. Allematively, an agonist may sombine with a receptor indirectly by, for example, {3} forming a
complax with ancther moleculs that directly binds to the receplor, or (b} otherwizse resuiling inthe
maddification of another compound 50 thatl sald compound directly binds to the receptor. An agonist may
be referred 1o as an agonist of g particular serolonin receptor, such as a 5-HTos serelonin receptor
agonist {e.q., DO or R-DOD.

The term “S-H Ty agonists” can refer to any compaund or ligand that increases the sctivily of 8 5-
hydroxylryptamine 2A receplor. Non-limiling examples of such agonists include, but are not limited to,
DO (3142 5-dimethoxyphenyi-Z2-aminopropanes hydrochiotide; (R}DO1{{R)-1-(2 S-dimethoxy-4-
indophenyi2-aminopropane) {greater than 85% R enantiomer); LA-8S-Az {2'8 4'8)-(+}-8, 10-Didehydro-
g-methyiergoling-8f-{trans-2 4-dimethylazetidide); 2C-BCE {4-Bromo-3,8-dimethoxybenzooysiobuten-1-
yiy methylaming, and lysergic acid disthylamide (LS.

Non-limiting examples of serotonin receptor agonists can be found in Nichols et al. (WIREs
Membyr Transp Signal 2012), which is incorporated herein in s enlirety.

in embodiments, the serotonin receptor agonist can be a Phenathylaming, a Tryplamine, an
Ergoline, or a combination theraol, Nonlimiting examples of a Phanethylamine comprises {-{d-lodo-2 &5~
dimethoxyphenylipropan-2-aming {DOY), 1-{4-bromoe-2 S-dimethoyphanylipropan-2-aming {DOB), 1-(4-
methyl-2 5-dimethoyphenybipropan-Z-aming {DOM), 1-(2,5-Dimethoxy-4-nitrophemnyipropan-2-amine
{DON}, 2-{4-lode-2, 5-dimethoxyphenylathan-t-amine (201, 4-Bromo-2,5-dimethoxyphenyisthanamine
{208}, 1-(3.4.5-Trimethoxyphenyiipropan-2-aming {TMA), 2-(3.4 5-4imethoxyphenyliethanamine
{Mescatine), 1-{2,5-Dimethoxy-4-{iriflucromethniphenylipropan-2-amine (DOTFM), (2R}-1-{4-
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{triffuoromethyi}-2,3,8, 74atrahydrofure]2, 3-8 1 ihensofuran-S-ylipropan-2-amine (TFMFly}, and

25CHINMaMe,

Non-limiting examples of & Tryptamine comprisas DMT, [3-2-Bimathylaminosthyll TH-indol-d-yl}
dihydragen phosphate {(Psilocyhing, 3-[2-{Dimethylaminojsthyll- 1H-indol-4-of {Psilocing, .and SMEQ-DMT.

i smbodiments, the serotonin receplor agonist is an indazole compound, such as (81-2-(8,9-
dihydro-7H-pyranc{2, 3-glindazol- 1-yi-1-methyiethylaming (AL-38022A).

Non-fimiting examples of an Ergoline comprises 8aR 23RN, N-disthyl-7-metind-4,6 8a,7,8 2~
hexahydroindoio-{4,3-8glguindline-S-carboxamide (LS80}, 1,1-Diathyl-3-(7-methyi-4 8,85, 7.8,8-hexahydro-
indeolofd, 3-kglquinolin-9-yii-urea {Lisuride), and (BaR OR}-5-bromo-N N-diathyl-7-metiyi-4,6.63,7,8 8-
hexahydroindoio{4 3-fglquinoline-8-carboxamide {(Bromoe-L.8SD;, BOL).

in embodiments, the composition comprises a compound having the following chemical formula

{y:

8
By

R
.
e

3
R ~,

where non-imiting exemplary vatues of the R groups in the above substituted chemical structure are

represented in Table 1, below:

Tabie 1. Exemplary R groups of a compound of formula {if).

Mescaline OCH- OCH,y OCH,

TMA OCH; OCH: OCHq CHa
TRMA-2 OCH; OCH, OCH, CH,
‘methoxyDOB | OCHs | | B | ocHs | | CH; jocH: |
DOM OCH; CH; QCH;

DOB QCH; Br OCHq

DO} QCH; i OCH;

Suffur analog QCH; OCH; SCHx

of mescaline

Suffur analog QUH, SCH;, OCH,

of mescaline

0 OCH; CHCH{CH;), | OCHs CHa
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CF,

In some embodiments, R” of formula (11 can be OH, O-(C-Cyatkyl),~O-(Co-Ce-atky!-N{R"), or -
O-{C-Cp-alityi I-NIR ) halogen” R of formula { H) can be O, O-C~Caallyl)~O-{CoCo-alkyl MNR™, or -
O-{ComCeratkyh-N{R ) halogen™; R* of formula {1} can be halogen, C~Cr-haloalkyl, H, C-Cy-allyl, ©~Cp
alkyl sulfide, OM, O-{Cy-Ca-alkyl),~O-{Co-Co-alkyl)-N{R )y 0F -O-(Co-C-atky-N{R); "halogen’; R of
formuia (I} can be halogen, C-Co-haloalkiyl, M, C-Cyalkyl, Ci-Cy-alkyl sulfide, OH, O-{C+Cy-alkyl},~D-
{Cp-Cralky-N(R™, or O Camalkyl N, halogen'; R® of formula {I1} can be halogen, C4-Cp-
haloatkvl, H, C;-Cy-alkyl, -S-{C-Ce-alkyl}, OH, O‘{Cﬁ;-(:g-aikyi)‘—0-{83-Cg-a§ky§}-N{Rﬁ};{, or -O-{C-Cr-alkyl)
N{Rs}g*haiagen'; R% s H, haiogen, or CCgatkyl: R® of formula {ii} can be OH, O-(C~Cgalkyl}~0~{Cy
Ce~a$kyi}~N{Rﬁ}§,ar “O-{C-Caratkyl-N(R™); halogen'; R of formula {11} can be halogen, C-Cy-haloalkyl, H,
C-Coalkyl, C-Co-alkyl sulfide, QH, O-{C~Co-alkyl)~O-(Cr-Cy-aliky}-NR"; o -O-{Cp-Cralikyl}-
N{R":"halogen; and R” is independently H or C-Ca-alkyl.

v embodiments, the composition comprises a compound having the following chemical formula

{ix

3

T e Py
\
\

where the non-imiting exemplary values of the R groups in theabove subshituled chemical struchurer ars
represented Table 2, below:

Table 2. Exemplary R groups of a compound of formula (i%.

R-2-butyl H H CH{CHCHCH,

R-d-pentylamine H H CH{CHICH:CH,CH,
“Analog ofergine  {H | CHs 1 H

Armalog of ergine H H Gl

L3D H CaHs CaMs
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Analog of ergineg H Cols CH.CH,CH,
Analog of ergine H ToHs CHI{CH )
Analog of ergine H CH;CHLCH, H
Analog of ergine H H CHOH,TH,
Analog of ergine H GHCHLCH, CHCHCH
Analog of ergine H CH,CHLCH; CoHs
Analog of erging H CH;CHCH; CH{CH:),
Analog of ergine H CH{CH), H
Analog of ergine H H OH{CH3 )
Analog of ergine H CH{CH:), CH{CH),
Analog of ergine H CH{CH3): Cols
Analog of ergine H CH{CHa}, CHoCHCH;

in some embodiments, R’ of formula (1) can be H, CCaalkyl, OH, O-{C-Cg-alkyl}, halogen, or
CLs-haloalkyl; R? of formula {1y can be H, Ci-Cg-alkyl, OH, O-{C-Ce-alkyl}, halogen, or C,~Cy-haloalkyl
and R® of formula {1y can be H, C-Cg-alkyl, OH, O-{C-Cy-alkyl), halogen, or C4-Cy-haloalkyl.
5 in embodiments, the composition comprises a compourid having the following chernfcal formula

(i

where the non-limiling exemplary values of the R groups in the above substituted chemical structure are

10 represented in Table 3, below:

Table 3. Exempdary R groups of a compn

und of formuta {i1).

psliocin
7-fluoro- C C H OH H H F
psitocin
4-fluora-5- | C C H F QCH; H H
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methoxy-
DMT

g-fluore-5- | C c H H QCH, F H
methoxy-~
DMT

CeMethyl- H H CHy H H H H
tryptamine

Serotonin H H H H OH H H

fn some embodiments, R of formula (1) can be H, C-Ce-alkyl, OH, O~{C,-Ca-alkyd), halogen, or
COs-haloatkyl; RS of formuta (1) can be M, C-Cye-alkyl, OM, O-{C,-Cy-alkyl), halogen, or CrCy
haloatkyh R® of formuta {1 can be H, C-Cealkyl, O, O-{C-Ce-alkyl), halogen, or Cy-Cehaioatkyl; R of
formuia {1} can be H, C,-Cg-alkyl, OH, O-{C-Cy-alkyl}, halogen, or C-Cehaloatling; R of formula {hcan
be H, C-Cy-alkyl, OH, O-{C-Cy-aliyl), halogen, or C,-Cy-haloalkyl; R of formula (N can be H, G-Cy-
afiyl, OH, O-C ~Ce-aitkyl). halogen, or C-C-hatoalkyl; and R’ of formula {1} can be H, CCe-alkyl, OH, O-
{C+-Cealkyl), halogen, or C-Cy-haloalkyl.

iy some embodimeants, a compound of the invention (for example a compound of formula (1), {11},
or (1IN} binds o a serotonin receptor in a subject. NMondlimiting examples of serotonin receptors include
HTRZA (B-hydroxytryptamine seceplor 24 isoform 1 (GenBank Accession No. for nuclectide sequence:
NM_D00621.4 and SenBank Accassion Nol for aming acid sequence: NP_000612.1) &
hydroxytryptamine receplor 2A isoform 2 (GenBank Accession No. for nucieotide sequencs:
NM_ 001185847 .2 and GenBank Accession Na. for amino acld segusnce: NP_001152418. 1)), HTR2B (5-
hydroxytryptamine recepior 2B isoform 1 (GenBank Accession No. for nuclectide sequence:
NM_000867 4 and GenBank Accession No. for amine acid sequence: NP_000858.3) §-
hydroxytryptamine recapior 2B isoform 2 {GenBank Accession Na. for nucleotide sequence:
Nii_001320758.1 and GenBank Actession No. for amino acid sequence; NP_G01307887.1)); and
HTR2C (S-hydroxytryptamine receplor 2C isoform a pracursor {GenBank Accession No. for nucieotide
sequance: NM_000868.3 and GenBank Accession No. for amino acid sequence: NP_Q00858.1);, 5-
hydroxyirvptamine recepior 2C isoform a precursor {GenBank Accession No. for nucleotide sequence:
NM_0012568760.2 and GenBank Accession Na. for amino acid sequsnce: NP_(01243688.1}); 5-
hydroxytrvptamine receptor 2C isoform b precursor {GenBank Accession No. for nucleotide sequente:
Ni_D01256761.2 and GenBank Accession Na. for amino acid sequence:; NP_0012436890.1)).

i sorme embodiments, the serctonin receptor comprises SEQ 10 NDO: 1 {amino acids 1-481
having GenBank Accession No. NP_000858.3)

MALSYRVSELQSTIPEHILQETRFVHVISENWEGLOTESIPEEMKQIVEEQGNKLHWA
ALLLMVHPTIGGNTLVILAVSLERKLQYATNYFLMSLAVADLLVGLFYMPIALLTIMFE
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AMWPLPLVLCPAWLFLDVLFSTASIMHLCAISVDRYIAIKKPIGANQYNSRATAFIKIT
LTIHALQRKAYLVKNKPROQRLTWLTVSTVFQRDETPCSSPERVAMLDGSRKDRALP
NSGDETLMRRTSTIGKKSVQTISNEQRASKVLGIVFFLFLLMWOCOPFFITNITLVLCDS
KRSEKIYFRNPMAENSKFFKKHGIRNGINPAMY QSPMRLRESTIOSSSHLLDTLLLIE
NEGDKTEEQVSYV

i some embodiments, the serotonin receptor comprises SEQ ID NQ 2 {amine acids 1-471

having GenBank Accession No. NP_G00612.1):

MDILCEENTSLSSTTNSLMOLNDDTRLYSNDFNSGEANTEDAFNWTVDEENRTNLS
CEGCLSPSCLSLLHLQEKNWSALLTAVVHLTIAGNILVIMAVSLEKKLQNATNYFLMS
LAIADMLLGFLYMPVEMLTILYGYRWPLPSKLCAVWIYLDVLFSTASIMHLCAISLDR
YVAIQNPIMHSRENSRTKAFLKHAVWTISVGISMPIPVFGLQDDSKVFKEGSCLLADD
NFVLIGSFVSFFIPLTIMVITYFLTIKSLORKEATLOVSDLGTRAKLASFSFLPQESLESE
KLFQRSBIHREPGSYTGRRTMOQSISNEQRACKVLGIVFFLFVWMWCPFFITNIMAVICK
LILVNTIPALAYKSSOLOMGOKKNSRQDAKTTODNDCOSMVALGRKGHSEEASKDNSD
GVNEKVECY

i some embodiments, the serotonin receplor comprises SEQ 1D NO: 3 (amino acids 1-458

having CanBank Accession No. NP_000858.1Y,;

MVNLRNAVHSFLVHLIGLLVWQCDISVEPVAAIVTDIFNTSDGGRFRFPRGVONWPR
ALSVIHIMTIGGNILVIMAVEMERKKLHNATNYFLMSLAIADMLVGLLVMPLSGLLAILYDY
VWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNPIEHSRFNSRTKAIMKIAN
WAISIGVSVPIPVIGLRDEEKVFVNNTTOVLNDPNFVLIGESFVAFFIPLTIMVITYCLTIY
VLRRQALMLLHGHTEEPPGLELDFLKCCKRNTAEEENSANPNQDONARRRKEKER
RPRGTMQAINNERKASKVLGIVFFVFLIMWOPFFITNILSVLCEKSUNQRLMEKLLNY
FVWIGYVOSGINFLVYTLFNKIYRRAFSNYLRONYKVEKKPRVRQIPRVAATALSGR
ELNVNIYRHTNEPVIEKASDNEPGIEMGQVENLELPVYNPSSVVSERISSY

in somie embodiments, the compound of the invention can bind 10 amino acid residus(s) of a

serotonin receptor comprising position{s) 113,114, 118, 131, 132, 133, 135,136, 139, 140, 190, 203,

207, 200, 213, 214, 217, 218, 221, 222, 225, 242, 283, 308, 338, 337, 335, 340, 341, 343, 344, 382, 363,
366, 387, or a combination therepf, of SEQ ID NOS: 1, 2, o 3
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i1 some embodiments, the compound of the invention can bind to aming acid residues T114,
WST D132, D35 V136, 5138, T140, V180, L2089, F214, F217, M218, G221, 8222, AZ25, H248, Wa37,
F340, F341, N344, L3862, E363, V386, ur a combination thereof, of SEQ D NQ: 1.

i some embodimeanis, the compound of the invention can bind to aming acid residues M114,
S131, L1338, M35, L1386, Y139, R140, 7180, S203, 8207, P208, F213, D217, D218, V21, F222, G225,
8242, W336, F338, F340, N343, L382, N363, V366, or a combination thereof, of SEQ ID NO 2.

Embuodiments as described herein can be administered o a subject as a prodrug. Aprodrugis a
madication or compound that, aler administration, is metabolized into a phamaceutically active drug.
Inactive prodrugs are pharmacologically inactive medications or compournds that are metabolized info an
active form within the body,

Specific 5-HT., agonists used in the present invention can be administered (o a patient by any
siultable means, including ocular (8.4., topical ocular {e.g., by eve drop of gel} or intra-ocular), oral,
intravenous, parenteral, subcutaneous, intrapulmionary, fopical, intravitreal, dermal, transmucosal, rectal,
and infranasal administration. Ocular administration includes eye drop administration, opical gel
administration, instillation in the conjunctival sac, intravitreal administration, subconjunctival
administration or sub-Tenon's administration. Parenteral infusions include intramuscular, intravenous,
intraartenial, or intraperitonaal administration. The compounds can also be administered transdermally,
for example i the form of a slow-relesse subcutaneous implant or gs 8 ransdermat pateh. They can also
be adminisiered by inhatalion. Although direct oral administration cai cause some loss of anti-
nflammatory activity, the agonisis can be packaged i such 8 way o protect the sctive ingradient{is) from
digestion by use of enteric coalings, capsules ar other methods known in the ard.

Solutions or suspensions used for parenteral, intradermal, or suboutaneous application can
include the following components: a sterile difuent such as waler for injfection, saline solution, fixed oils,
polysthylene ghveols, glyvcerine, propviene glycol or other synthetic solvents; antibacterial agents such as
benzy! aloohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethyienediamineteiraacetic acid; buffers such as acelates, cifvales or phosphates and
agents for the adjustment of tonicily such as sodium chioride or dextrose. pH can be adjustad with acids
or bases, such as hydrochioric acid or sodium hydroxide.

The compound of formula (1), (1), or (i), or the composition comprising & compound of formula
{h, (), or (i1 can be administered 10 the subject one ime (e.q., as a single injection or deposition).
Alternatively, administration can be once or twice daily {0 a subject in need thereof for a period of from
about 2 1o about 28 days, or from about 7 1o about 10 days, or from about 7 to abowt 15 days. it can also
biz administered once or twice dally o g subject foraperiod of 1, 2, 3,4, 5, 86,7, 8, 8, 10, 11, 12, 18, 14,
15, 18, 17, 18, 19, 20, 21, 22, 23, 24 times per year, of a combination thereof.

The dosage can vary depending upon known factors such as the pharmacodynamic
characteristics of the active ingredient and its mode and route of administration; time of administration of
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active ingredient; age. sex, haalth and weight of the recipient; nature and exdent of symptoms; kind of
concurrent reatmeny, frequency of regiment and the effect dasired; and rate of excretion.

A therapeutically effective dose can depend upon a number of faciors known o those of ordinary
skilf i1 the art. The dose{s) can vary, for example, depending upon the identity, size, and condition of the
subistl or sample being reated, further depending upon the route by which the composition is {o be
administerad, if applicable, and the effect which the practitioner desires. These amounts can be readily
detarmined by the skilled artisan.

i some embodiments, the therapeutically effactive amount of & compound of the invention (e.g.,
the serotonin receptor agonist andfor additional therapeutic agent) administered to a subject is at least
gbout 8.0001 mgfkg body weight, 0.0005 mg/kg body weight, 0.001 mghkyg body weight, 0.005 mgikg
body weight, 0.01 mgfkg body waight, 0.05 mg/kg body weight, §.1 mgkg body waight, at least about
0.25 mgikg body weight, at least about 0.5 mgikg body weight, at least about .75 mg/kg body weight, at
least about 1 mg/kg body weight, at feast about 2 mgikg hody weight, at least about 3 morkg body weight,
at least about 4 mg/kg body weight, al least about & mgfkg body weight, at least sbowut 6 mg/kg body
weight, at least about 7 mgfkg body weight, at least about 8 mgfkg body weight, at least about 9 mgfkg
body weight, at least about 10 mg/fkg body weight, at least about 15 mgikg body weight, at least about 20
ma'kg body weight, al least about 25 mgfkg body weight, at least abowd 30 mgikg bady weight, at least
about 40 mgikg body weight, at least about 50 mga‘kg bady welght, at legst about 75 mgikg body weight,
at least about 100 mg/kg body weight, al least about 200 mg/fkg body weight, al least about 250 mgkyg
body waight, atleast about 300 mo/kg body weight, at least about 380 mg/kg body weight, atleast about
400 mgikg body weight, af least about 450 mg’ky body weight, at least about 508 mgfkg body weight, at
inast about 550 mgfkg body weight, at least about 800 mg/kg body weight, st least about 850 my/kg body
welght, at least about 700 mo/kg body weight, at least about 750 moikg body weight, a1 least sbout 800
mg/kg body weight, at least about 800 mg/kg body weight, or at least about 1000 mg/kyg body weight.

in some ambaodiments, the therapeutically effective amount of a compound of the invention {e.g.,
the seroionin receplor agonist and/or additional therapeutic agent) administered {0 & subject is from
0.0001 mgfkg body weight 1o §.0005 mg/kg body weight, from 0.0005 mgikg body weight to Q.001 mgfkg
body weight, from 0.001 mg/fkg body weight o 0.005 mg/fkg body weight, from 0.01 mgikg body weight to
0.05 mg/kg body weight, from 0.05 my/kg body weight to 0.1 mgikg body weight, fromy 0.1 mg/kg body
weight {0 0.5 mgfkg body weight, from 0.5 mgikg body weight 1o 1.0 mg/kg body weight, rom 1.0 mgfkg
body weight 10 2.0 mg/kg body weight, from 2.0 mg/kg body weight to 3.0 mg/kg body weight, from 3.0
mg/kg body weight to 4.0 mgkg body weight, from 4.0 mg/kg body weight 1o 5.0 mg/kg body weight, from
5.0 mgfkg body waight to 7.5 mo/g body weight, fram 7.5 mgfkg body weight 1o 10 mglkg body weight,
from 10 mgikg body weight to 25 mgikg body weight, from 25 mg/kg body weaight to 50 miglkg body
waight, from 50 mgikg body weight to 100 mgikg body weight, fronmt 100 mgékg hody weight o 250 mgikg
body weight, from 250 mgfkg body weight to 500 mu/kg body weight, or from 500 mglkg body weight to
100 mgfkg body weight.

23
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i some embodiments, the serotonin racepior agonist is administered fo a subject in a low dose
{e.q., a sub-perceptive dose, e.q., such that the subject’s behavior is not altered). For exampis, a sub-
percepiive dose can e less than aboul 100 pg/kg, less than about 75 uglkg, fess than about 50 pugikg,
fess than about 25 ug/kg, less than about 10 ugikg, less than abowt 7.5 ugfkg, less than about 5.0 pg'ky,
fess than about 2.0 pug/ky, less than aboul 1.5 pg/kg, less than about 1.0 pgikg, less than about 0.5 ughkg,
fess than about 0.1 po/ky, or lower,

Any of the therapeutic applications described herain can be applied o any subject in need of
such therapy, including, for example, & mammal such as a human, mouse, gral, adog. acal, acow, &
horse, a rabbif, @ monkay, a pig. a sheep. or a goal. in some embodiments, the subject is a mousa, rat,
pig. or human. In some embodiments, the subject is a mouse. In some embodimenis, the subjectis a
rat. in some embodiments, the subject is a pig. In some embodimants, the subisctis & human.

i sorme embodiments, the therapautic applications described herein can be applied ina
veterinary sefling. For exampie, the sublect may be g cat or adog.

Compounds of formuda (1), (1), or {11} can be incorporated into phanmaceutical compaositions
sudtable for administration. Such compositions can comprise a compound of formula (), (i3, or (il and a
pharmaceutically acceptable carrier. Thus, in some embodiments, the compounds of the invention are
present in a pharmaceutical composition.

i ermbodiments, the agonist is BOL In other embodiments, the agonist is not DOL

Compositions

The term "corfiposition” can refer to 3 single compound, or can refer lo @ combination of at least
two compounds. For example, a composition can comprise a serotonin receptor agonist and a
pharmaceutically acceptable carrier. in other embodiments, the compaosition can comprise more than two
compounds. For example, a compaosition can comprise a serolonin receplor agonist {(e.g., a 5-HTya
raceptor agonist, e.g., DOL), an antipathogenic agent {e.g., an antiviral agent, s.g., TFT or ganciclovir),
and a pharmaceutically acceptable carrier,

Pharmaceutically accepiable carver preparations includs sterile, aqueous or non-agquaous
solutions, suspensions, and emulsions. Examples of non-agqueous solvents are propylene glycol,
polyethyiene giveol, carboymethylceliulose, vagetable olls such as olive oll, and injectable organic esters
such as ethyl oleale. Aqgueous carriers inchude water, alocholic/aquesus solutions, emulsions or
suspensions, ncluding saline and buffered media. Parenteral vehicles include sodium chioride solution,
Ringer's dextrose, dexirose and sodium chioride, lactated Ringer's, or fixed olls. The active therapeutic
ingradient can be mixed with excipients that are pharmmaceutivally acceptable and are compatilda with the
active ingradient. Suitables excipients include water, saline, dextross, glvcero! and sthanol, or
combinations thereol. Intravenous vehicles include fluld and nutrient replenishers, alsctrolyte
raplenishers, such as those based on Ringer's dexirose, and the fike. Preservatives and other additives
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can alsn be present such as; for svample, antimicrobials, anti-oxidants, chelating agents, inert gases, and
the like,

Embodiments, such as those suitable for ocular uses, incorporate additives o incraase dispersion
of the drugs in the aye while also increasing retention in fhe aye. Non-limiting examples of such addifives
comprise carboxymethylcellulose or polysthylene glyool.

Ophthalmic formulations of the invention include topical formulations, such as aye drops, gels,
and ointments, Ophthalmic solutions may contain one or more viscosity-adjusting agent and have a
vistosity of 1.0 fo 100,000 cP (e.g., from 2.0 to 90 000 ¢P or from 2.5 and 75,000 ¢P), which is
acceplable since compositions in this range of viscosily feal comfortable 1o the eye and do not cause
blurring of the vision. Viscosity modifying agents can be used in ophthalmic compositions and are
substances that have the ability 1o cause thickening {increase the viscosily) of ophthalmic formulations.
Viscosified solutions are accepled t0 5 great degree by patients, mainly becauss of the ease of
administration. Viscosily modifving agents include xanthan gum, edsiate, methvicelhlose,
carboxymethyicelliulose, hydroxypropyl methylceliulose, hydroxyethyl cellidose, polyethylena glyeol,
propviene glveol alginate, chitosan, and tragacanth. Hydrogels are often used as viscosity snhancing
excipients, particularly in artificial tears and refers o g colloid with high gelling ability. I needed,
compatible viscosity-adjusting agents can be used in all formulations mentioned herein. When needed,
the concenirations of the selected viscosity modifying agents range from about 0.1 percent to about 10
paveent by weight, and preferably bebween 1 percent and 8 percent. Sorbitel may be used ag a coribined
tonigity-adiusting and viscositv-adjusting excipient in & congentration range front about 8.1 {o about 10
percent, preferably from 2 percent to 5 pertent.

The form can vary depending upon the route of administration. For example, compositions for
injection can be provided in the form of an ampoule, each sontaining a unit dose amount, or in e form of
a container containing multiple doses. In some embodiments, parenteral preparations can be enclosed in
ampoules, disposable syringes or multiples dose vials made of glass or plastic.

in some embodiments, pharmaceutical scompositions suitable for injectable use include sterile
agueous solutions dwhere water soluble) or disperzions and sierile powders for the extemporangsous
praparation of sierile injectable solutions or dispersions. For infravenous adminisiration, suitable carviers
inciude physiciogical saline, baclenostatic water, Cremophor EM™ (BASF, Parsippany, N.d.) or
phosphate bulfered saline (PBS). In all cases, the composilion must be sterle and should be fluid 1o the
extent that easy syringability exists. it must be slable under the conditions of manufaciure and storage
and must be preserved against the contaminaling action of microorganisms such as bacieria and fungl.
The carrier can be & solvent or dispersion madium containing, for example, water, sthand, 8
pharmaceutically accaplable polyal like glycarol, propylene ghyeol, iquid polystheyiene glycol, and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the use of 2 coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and by the use
of surfactants. Pravention of the action of microorganisms can be achieved by various antibacterial and
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antifungal agents. for sxample, parabens, chiorobutanot, phenol, ascorbic acid, and thimerosal. In many
cases, # can be useful o dnclide isotonic ggents, for example, sugars, polyalcohols such as mannital,
sorbitol, sodium chioride in the composition, Prolonged absorpiion of the injeciabie compositions can be
brought about by including in the composition an agent which delays absorption, for example, aluminum
monoestearate and gelatin,

i some embodiments, stestle injectable sclutions can be prepared by incorparating the
compound in the requirad amount in an appropriate solvent with one or 8 combination of ingredients
enumerated herein, as required, followed by filtered sterfization. Generally, dispersions are prepared by
incorporating the active compound into a starile vehicle which contains a basic dispersion medium and
the reguired other ingredients from those enumerated herein. In the case of sterile powders for the
preparation of sterile injectable solutions, examples of useful praparation methaods are vanuum drying and
fraere-drying which vields a powder of the active ingredient plus any additional desired ingredient front a
previously sterile-fillerad solution thereof.

in some embodimeants, oral compositions generally include an inert diluent or an edible carier.
They can be enclosad in gelatin capsules or compressad into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipisnts and usaed in the form of tablets,
raches, or capsules, Oral compositions can also be prepared using a fluid carrier foruse as a
mouthwash, wherein the compound inthe fluid carvier is applied orally and swished and expectorated o
swallowed,

A compound in actordance with the present invention can be formulated nto therapeutic
compositions as pharmaceutically acceptable salls, for example & hydroghioride salt {e.g., the (R)DOI
usad in the gbove examples). These salls include acid addition salls formed with inorganic acids, for
example hydrochioric or phosphoric auid, or organic aclds such as stetic, oxalic, or tartaric acid, and the
like. Saits also include those formed from inorganic bases such as, for example, sodium, potassium,
ammaonium, calclum or feric hydroxides, and organic bases such as isopropylamine, timsthylamine,
histidine, procaine and the like.

A method for controlling the duration of action comprises incorparating the active sompound inlo
particles of a polymeric subsiances such as a polyester, peplide, hydrogel, polylactidel/glveolide
copolymer, or sthylenavinylacsiate copolymers, Alternatively, an aclive compound can be encapsulated
in microcapsules prepared, for example, by coacervation lechniques or by interfacial polymerization, for
example, by the use of hydroxymethyicelivlose or gelatin-microcapsudes or polvimethyimethacryiate)
microcapsulas, respectively, or in a colloid drug delivery system. Colloidal dispersion systems include
macromolecule complexes, nanocapsules, microsphares, baads, and lipid-based systems including oll-in-
water emuisions, micelles, mixed micelies, and liposomes.

Pharmaceutically compatible binding agents, andfor adjuvant materials can be included as part of
the composition. The tablets, pills, capsules, troches and the like can contain any of the following
ingradients, or compounids of a similar nature: a binder such as microcrystafline callidose, gum tragacanth
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or gelating an excipient such as starch or lacioss, a disintegrating agent such as alginic acid, Primogel, or
oo starch; a lubyicant auch as magnesium stearate or aterotes; a glidant such as colloidal silican
dioxide: a sweetening agent such as sucrose o saccharing or a flavoring agent such as peppermint,
mathy! salicylate, or arange flavoring.

Systemic adminisiration can also be by ransmucosal or fransdermal means. For transmucosal
or transdermal administration, penetrants appropriate to the banier 1 be parmeatad are used inthe
formutation. Such penelranis are generally known in the art, and include, for example, for transmucosal
administration, detergents, bile salls, and fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or suppositories. For fransdermal adminisiration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known in the art.

in embodiments, the serotonin receptor agonist can be administered 1o a subject in a composition
comprising at least one additional bicactive agent. Nondiniiting examples of bioactive agenis comprise
an antimicrobial agent, an anti-pathogenic agent, a drug, or a combination thereof. Non-limiting examples
of antimicrobial agents comprise an antiviral agent, an antibacterial agent, an antibictic agent, an
antifungal agent, an antiprotozoal agent, or a combination theraof.

Any suitable anti-infective agentis) {e.g., anti-hiotic agents, 2.¢., antiviral agents or antibacterial
agents) may be administerad in combination with {2.g.. at the same time or a diferent time} a serofonin
receptor agonist. Antkinfective ggents and formudations suitable for ophthelmic administration include, for
example, levofloxacin, natamyein, fobramyein, polymyxin bivimethoprim, ciprofioxacin, ftfuddineg,
maifloxacin, gatifioxacin, besifloxacin, moxifioxacin, ganciclovir, azithromygin, chioramphanicol,
baciracin/polymyxin b, obramyein, povidone ioding, sulfacelamide sodium, idoxuridineg, ervihromyein,
gentamicin, bacitracin/neomycindpolyrnyxin b, gramicidinfmeomycinipolymyxin b, offoxacin,
oxyiatracyoline/polymysin b, tobramyeln, vidarabine, and gatiffoxacin.

in embodiments, non-limiting examples of an antiviral agent useful as pan of the invention include
TFT, acyclovir, ganciclovir, penciclovir, famiciclovir, cidofovir and its analog derivatives; ribavirin,
interfaron, phosphonoacetate, foscarnet, and valasiclovir, TFT and ganciclovir, for example, are relevant
for the infections of the eve, such as in herpetic infections.

Kits

The invention further provides Kits that can have oneg or more containers {e.q., botlles, biister
packs, vials, ampoules) containing unit dosage forms comprising the compositions dascribed above, and,
optionally, one or more additional pharmaceutical agents. Each agent {e.g., the sergtonin recepior
agonist or the anliviral agent} can be contained in separate containers or in the same containar,
Associated with such container(s) {a.g., enclosed in a package together with the containeri can be a
notice in the form prescribed by a governmental agency reguiating the manufachure, use or sale of
pharmaceutical products (8.9, the US Food & Drug Administration or European Meadicines Aganey),
which reflects approval by the agency of manufacture of use or sale for human administration for

Iy g



10

18

20

28

30

35

WO 2018/204359 PCT/US2018/030448

traatment of acule orchyonic pain. The nolice can describe, e.4g., doses, routes andfor methods of
administration, approved indications, mathods of monitoring for therapeutically effective levels, andior
othar information of use 10 a medical practiioner andfor patient,

EXAMPLES

Physiological anglogenesis and neovascularization are required for embryonic development,
tissue remodefing, and wound healing. However, in cartain tissues and diseases, dysregulation of these
tightly controfled procasses can resull in vascularization-mediated pathologicat conditions. Pathological
vascularization and dysreguiation of vascular function are critical determinates in the outcomes of ocular
neovascularzation diseases, including stromat keratilis, proliferative retinopathies, and macular
degeneration. The foliowing examples demonstrate that activation of the 5-HT., receptor by agonistic
agents {e.q., DO effectively suppresses vascularization-associated processes.

The following examples are provided below W facilitate a more conplete understanding of the
invention and flustrate exemplary modes of making and praclicing the invention. However, the scope of
the invention is not limited to specific embadiments disciosed in these examples, which are for purposes
of iHlustration only. It wilt be understood by a person of skill in the art that variations of these methods can
be utilized to obtain similar resulls.

Example 1, Treatment of Herpes Keratitis

Serotonin or Shydrogylryplaming (5-HTY s 3 small moncaming molecule primarily knownfor its
tole as a neurctransmitier. Within the brain, 5-HT modulates a varisty of behaviors including cognition,
mood, aggression, mating, feeding, and sleep (Nichols and Nichols, 2008). These behaviors are
mediated through interactions at seven different receptor families {(5-MT ) comprised of fourteen distinet
subtypes (Nichols and Nichols, 2008). Each of these are G-protein coupled receplors, with the exception
of the 5-HT; raceptor, which is a ligand-gated ion channel. Of all the serotonin recaplors, the 5-HT.,
receptor, which is known (o primarnily couple {0 the Guag effecior pathway (Roth et al, 18863, has been the
one most closely iinked to complex behaviors,

Agonisis of the serotonin receplor pathway, such as DOl can be deliverad syslemically of
topically {8.q., through a topical ooular drop) to prevent and resolve pathogen-elected host-mediated
dizgase processas. Such g topical formulation may involve inclusion of secondary compounds that
pravent viral replicative processes. We have compared different opical ocudar compositions and
demonsirated thal, in a harpetic disease model, inclusion of DO! effectively suppressed acute and chronic
harpes-associated gye disease. Importantly, in a herpetic aye disease model, DO was suparior gt
controfiing both goute and chronic vision-threatening disease when comparad 1o the gold-standard anti-
harpetic, rifluorothymidine {TFT). Specifically, reatment with compositions that included DO1 suppressed
disease processes including neovascularization of the corneg, trafficking of immune calls into the comea,
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and epithelial and stromal damage, DU was been tested with and without inclusion of additional
compotinds (e, ‘compounds that suppress pathogen replicative processes, e.g., TFT, FIGS. 1and 2).
Despite the availlability of effective anti-infectives that can suppress replication of spacific pathogens,
pathogen-mediatad processes cause severe disease presentation that can become a chionic self-
perpeluating process. In the sye, accumulation of disease-mediated processes can result in severe
disease preseniations thal are independent of the replication of the pathogen. Therafors, effective
treatment and resolution of the pathogen by current anti-infectives often cannot in of self prevent chronic
disease processes that uitimately damages (e.g., scars) ocular tissues, This includes pathological
vascularization of the lissue. Treaiment with serotonin-agonists, such as DOL, is a new approach that can
suppress these host medialed disease processes without some of the polential side effects thatf are
associated with classical reatments (e.g., Immunosuppressive reatments). Dur data indicates that
compounds such as DO can effectively prevent acute and chronic herpetic eve disease that normally
resulls in severe irreversible destruction of the cormea and scarving. DO also prevented pathological
vascudarization of the normally avascular comea, a process that contributes 1 several eve-associated
disease processes. Drugs thal prevent pathogen replication fall o control these processes and, as such,
the disease prograsses irrespedtive of a drug's abilily to control pathogen replication. Therefore, use of
serotonin receptor agonists alone, or in combination with other antiinfectives (8.g., antiviral agentis),
appears 1o be an effective means i preventing long-term chironic consequences of herpetic infection and
associated acute and chronic disegse processss.

CHE7RIG mice were randomiy sorsd info 2 treatment arms: 1) Ophthalmic Balaneed Baline
Solutioh (BS8) reated; 21 DO treated (CTRPFDOI); 3) 0.8% TFT with DOHTFT+XTPFDON. Animals
weare anesthetlized with xyvleneketamine and both eyes were scarified in a cross hatch pattern using a
curved needle. Iimmediately following ocular soarification, eves were inoculated with a 3 microliter drop
containing 12,000 plaque forming unils {(PFU) of Herpes Simplex Virus type 1 (H8V-1) RE strain. The
next moming following infection animals were freated with the respective treatment as assigned within
their treatment arm. Treatments wers applied {opically {0 the eye in a 4 microliter drop. Drops were
applied 4 tmes per day from 8:00 am to 5:30 pm, starting immediately Iollowing clinical scoring.
Treatments were applied for the first § days post infection and then stopped. Clinical scoring was done
using a siit lamp biomicroscope magnifisd al 18x on the days indicated by a single individual masked to
the drug trealment parametlers. Sl lamp biomicroscopy also included Ruorescein exclusion labeling of
the gomeal surface following scoring of alf clinical parameters. Each eye was scored independently,

Results of the C57hIFS mouse muodsl studies are shown in FIG. 1. Relalive to BSS controls, mice
treated with DO haid a decreased score in all thres metrics tested by day 12 post-infection. By day 16
post-infection, DOMreated mice showed an even greater mmrovament in each melric compared to the
BSS control. Combination of TFT with DOI improved this effect in sach of the three melrics fested.

18 BALB/C mice were randomily sortad into 3 treatmeant arms: 1) Ophithalmic Balanced Saline
Solution diluted 1:1 in PBS (BSS+PRS) treated {6 mice); 2) DO treated (XTPFDO!) {5 mive): 3) 1.0%
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TFT{TFT + PBE3) (5 mice}). Animals wers anesthetized with xylensketamine and both eves were
scanified in & cross hatch patiemn using a curved needle,  Immediately following ocudar scarification, eyes
werg inocuiated with a 3 microliter drop containing 10,000 plaque forming uniis {PFU) of Herpes Simplex
Virus type 1 {(HSV-1) RE strain. The next morning following infection, animals were treated with the
respective treaiment as assigned within their ireatment arm.  Treatmenis were applied topically to the eye
in a 4 microliter drop. Drops were applied 4 time per day from 2:00 any 1o 5:30 pm, starting immaediately
following clinical scoring. Treatments were applied for the first § days post infection and then stopped.
Clinical scoring was done using a siit lamp biomicroscope mageified at 16x on the days indicated by a
singte individual masked to the drug treaiment paramaters. SHl famp biomicroscopy also included
fluorescein exclusion labeling of the comesl surface following scoring of all clinical parameters. Each eye
was scored independantly. Animal deaths were recorded if euthanasia was required due 1o severe
encephalitis or if anlmals died from HBV-associated diseass. Clinically clear eyes were scored as such if
110 apparent signs of disease were present in any clinical parameter during the chronic phase.

Resulls of the BALB/c mouse model study are shown in FIG. 2. Relative to BSS controls and
TFT controls, mics treated with DOI had & decreased slit lamp scors, stroma capacily score, and
neovascularization scors in all three metrics tested by day 12 post-infection. Further, animal body weight
was refained in DOl-treated mice, whereas TFT treaiment did not change body weight relative to BSS
conirols.

Al day 15 post infection, g stage that would be during chronio inmune-assotiated disease with no
viras present, animals were suthanized and the eyes were removed for histology. Random
representative-aves were prapared by taking sections through the cendral cormea and processed by H&E
histology for visualization.  Seclions were examined microscopically and photographed across the central
comes. Mulliple eyes from sach group that showed the best representation of that groups ¢linical soores

exiremes and midpoints are shown in FIGS. 3-0,

Example 2: Development of preciinical models

The data presented above shows that DOI potently inhibited disease-associated vascularization
of the eye, preventing the chivonic pathology nomally associated with disease progression, Without
wishing 10 be bound by theory, DO may modulate vasculogenesis and vascular homeostiasis in these
disgase processas through divect or indirect effects on vascular celis.

To evaluate the effects of DO on pathological vascularization-associated ocular herpelic stromal
keratilis, additional animal model systems may be developed as described herein. The model system
can be complementad by astablished in vilro machanistic studies to assess the direct effects of DO on
vascular cell biotogy and function. The conlributions of 5-HT recepiors in this disease procass can
likewise he explored.
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Evaluation of therapeutic efficacy of 8-MT recaptar modulation for amelioration of pathological
vasculanzation-associated conditions

{ata demonstrates that the 5-HT agonist, R-DOL, can suppress disease processes within the eye.
Specifically, ophthalmic formulations of R-DOI suppressed HEV-induced pathological vascularization of
the eye and abolished chronic host-mediated vision-thregtening dissgse processes, Without wishing to
be bound by theory, this indicates thal 5-HT recepiors participate in the associated disease processes
within ocular Hssues and that modulation of specific 5-HT receptor activities has therapeutic polential for
prevention and resoltion of ocudar disease.

Therapaulic efficacy is assessed by: 1} dinical scaring as qutlined in disease specific models: 23
histopathological findings; 3) supportive immunological data, including sera inflarnmatory cyiokine levels
and infiltration of calis within effected tissues.

An ophthalmic toplcal formulation of DO {here, XTPF-DO) was developed and its ability fo inhibit
the long-term vascularization-medinted disease processes that are responsible for inducing comeal
blindness following HIV infection was assessed. Data from a mouse model of harpetic stromal keratitis
{HSK) demonstrated that BO! was effective at supprassing HSV-associated soular disease sequelae and
progression to blindness (FIGS. 7 and 8).

Rabbit Model of Herpstic Stromal Keralitis

The rabbit syve s an FDA socepted ocular preciinical mode! thal accurately refiecls olinical
disense parameters and predicts a drug's potential for clinical resolution of human disease sequsiae. In
addition, the fabbit eye is the definitive dinical mode! for examining HEV replication gnd its assosiated
disease manifestations. Drug reaiment parameters can be evaluated in the rabbit herpetic eye disease
modet scoring olinloal parameters dally as defined in FIG. 10 and the profocol depicted in FIG. 11,

Example 3: Formulation development and validation

Aspects of the invention are directed towards DO, a 5-HT:R agonisis that can treat herpelic
karalitis. In studies, (RyDO! demonsirated anti-vascularization properiies in mouse modeis of primary
and chronic herpetlic keratilis. In addition, in ex vivo neuronal models, (R-DOI inhibited HBV-1
reactivation from latency, a main contributor to developmaent of rectrrent herpetic stromal keratitis.
Withou! wishing to be bound by theory, experiments described herein (i) show that (R3-DOI amaeliorales
vasculatization associated with herpelic keratilis, (it} develop formudation and dosing parameters for
effactive (R}-DO1 ophthalimic delivery, and (iti) establish a CNS safety profile for ophthalmic (R)-DO1L

Opbthalmic forpudation folerabdity and pharnmacokinetic paramelers of (R1-DGH

A series of sxperiments designed to determine dosing parameter are performed, including ocular
tolerability of (R)-DOI in topical formulation, drug distribution and pharmacokinetic svaluation of (R)-DOL in
the rabbit eye. This information is used fo invastigate therapewtic efficacy of (R)-DOI relative to the
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curtent standard of carg antiviral (rifluorothymidine; TFT) and anti-inflammatory {(dexamethasone)
fregtments.

The astablishment of a drug’s foxicity, safety and tulerance profiles is g prevequisite 1o
subsequent efficacy trials. These profiles dictate a drug’s practical concentrations, and properties they
impart to carrier formulations that may alter tolerability (e, pH}. In the exposed epithelium of the ave,
which has regenerative and wound healing capacity that are critical for proper aye funclion, a drug
formutation should not 1) exhibit celiular toxicity o the corneat epithelium; 23 diminish cellular metabolic
activity; 3) alter ooular physictagical pH, which can burn the comeg; 4) inhibit replicative capacity of stem-
fike cells from the corneat imbus; or 5) impair epithelial migrationdwound healing.

The rabbit remains the species of choice for the evaluation of ophthalmic compounds providing a
relatively rellable modet! for the evaluation of ocudar pharmacokinetics. Topical administration is the route
of chaice for the treatmant of anterior segment diseasas, most often with a local therapeutic effect. This
route is non-invasive, paintess and fast acting. In addition, the lower dosing requirements limit a drug's
systemic effects. Topical bloavaiiability is, however, ofien limited due to the precomest loss inereasing
drug clearance and the cornesl barrer limiting the distriibution of drug. The absorption, drug distribution,
and localized concentrations of (R)-DOI over time in conjunctiva, aqueous humor (AH), and comea
folfowing ocular topical delivery an the rabbit eve will guide determination of clinical doses and posclogy
in therapeutic paradigms of keratilis and agross species. The study of the ability of (R}-DO1 o penetrate
and distribute aoross the different depth of coular matrices posterior to comea of the eye also informs
additional potential therapeutic indications, such as Uveills. Further, describing pharmacokinetios in
ocuiar {argel fissues is a challenge considering the eye's complex anatomy and iis dynamic physiological
protection. During drug development, animal and human pharmmacokinetios can be assessed by sampling
plasma at different ime points, Determination of the levels of sysiemic exposure to (R)-DO1 in the rabbit
following ocular fopical delivery will therefore inform future development studies where sysiemic exposure
is of scope, and where plasma pharmacokinetics but not blopsies of the eye matrices for drug

determination will be performed.

Overall Assessment Groups and Paramelers

For both the pharmacokinetic study and the {olerability study, conscious Dutch-Belted rabbils
{see Verlebrale Animals document) are administered lest compound by fopical application to the ooular
surface of both eves. 50 ul of formulated test arficls s administered using a calibrated pipel. The lower
eyelid is pulled slightly off the ocular surface to act as 3 pocket and then released ~15 seconds after
administration. The vahicle for formulation is 0.5% carboxymeathyviceliulose (CMO) in saline.
Sub-study 1: Examination of the polential ocular folerability in male Dutch Belted rabbits following fopical
administration of (R}-DOL

Experimenial Approact The coular tolerability of 3 (R)-DOI doses {fow, mid- and high (100, 300,
1000 uh)) is characterized, and vehicle alone following topical administration of the fost formulation o
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both eves 3 times daily {TID) ford days {(N=2 rabbitsigroup, n=4 eyesigroup, 50 ul pereye, foratoial of 8§
rabbite-on stutdy; Table 4). Draire scoring is conductad pre-dose and on days 1, 3, & 5, Full ophthalmic
exams are performed pre-dose and prior o euthanasia on day 5. Eyes are enucleated and fixed for
histopathology.

Tabie 4.
Group Test Route and | Rabbits Draize Ophthalmic Terminal
Article Dose/Eye Exam TimePoint

1 R-DOY Topical, N=Rigroup | Predose Siit famp and Day 5
“Low” both and Days 1, | indirect
ayes TD for 3, &5 ophthalmoscope
4 days of the front and

2 R-DOH Topical, back of the eve
“Low” both by a veterinary
ayes TD for aphthalmologist.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ddavs Exams are

3 R-DOY Topical, performed
“Low" both pradoss and at
eyas TD for Day 5 using the
4 days MocDonald

4 Vahicle Topical, Shadduck
“Low™ both Scoring System
eyes TD for
4 days

This objective establishes foundational criteria of tolerability and toxicily 0 the eve of a range of
doses of (RI-DGH and the functional parameters that can be emploved within all subsequent in vitro and in
vivo studies. Success of this objective relies on the determination of the (RI-DOI concentration range in a
{opical ophihalmic formulation that is compatible with therapeutic effects. Future studies including
experimeniation with a scratch wound healing model and a radial wound-healing mode! will be carried to
determine {olerability and acceptable use of {R}-DO! to the damaged eve.

Altermative approaches: A potential limifation of ophthalmic drugs is low tolerability in occular

fissues. However, effective dosas of R-DOI are low {in the 100-500 uM range)} and reduce the Hkelihood
of iritability or pH-changing properiies for short durations. Significantly longer chronic administration can
result in tolerability issues, sspecially if the drug accumulates in coular tissues upon repsiitive
administrations. To address this, the determination of ooular pharmacokinetios and parameters, such as
arga under the carve (AUQ) levels and halfdife, inform dosing regimen for repeated drug administration
aimad at achieving near-steady-state drug levels in target ocular tissues {rate of drug elimination
compensaies the rate of drug sdministration).

Sub-siudy 2: Topical acular pharmacolinetic study in male Dulch Belled rabibils using (R}-DOfas a
treatment for herpetic keratifis,
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Experimental Approeach: The ooular exposure of (R-DQH following a single ocular topical

adminiztrgtion of the test formulatian o bath eyes is characterized. Doses are administersed ong time to
botly eyes of each rabibit, Animals are euthanized immediately prior (o the following lime points: 0.25, 0.5,
1. 3. 8, & 24 hours post-administration. Precise dissection and processing of ooular tissues conjunctiva,
iris-citiary body, vitreous humor, retina, choroid and comea will be performed, and aqueous humor
{anterior chamber), and plasma are collected from each animal for determination of drug levals. Two
animals (n=4 eyes) are usad at each time point for a tolal of 12 rabbits. Chromatography-tandem mass
speciromelry (LC-MS/MS) method development and set-up for sample analysis of plasma and ocular
matrices for (R)-DOH will employ =144 coular samples {24 eveas x 8 mabices) and n=12 plasma samples.
This study estimatles first dose pharmacokingtic parameters {i.e. Tmax, Cmag, AUCO4, AUCO-=,
T1/2, CL} of ophthialmic administration of (R}I-DOL in ocular conjunctiva, iris-cilary body, vitreous humaor,
reting, choroid, comea, agueous humor, and plasma in a model closely relevant to humans.
to the sensibility, inearity, guaniifving and detection limits of the analytical methods employed during the
study. LC-MSAAS analytical technology of drug quantification is considered one of the most appropriate

approaches for that end. {t offers analvtical specificity superior 1o that of conventionat high
performance/pressure quid chromatography (HPLC) for low molecudar weight analytes and has higher
throughiput than gas chromatography-rass speciromelry (GC-MB). The preliminary estimate fimit of
detection (LOGD), Bmit of quantiiation (LOG), and upper imit of lineanty (ULOL) are in the range of 51008
ngdml. In this stady, (R»-DOL is administrated at g single dose superiorio the high therapeutic dose but

inferior {o the maximum folerated poular dose for acute single administration.

Valldation that {B1-DO] controls clinical manifestations assogiated with both acute and chironic hemetic

keralitis using three complementary animal models

Mouse mode! data indicates therapeutic efficacy at preventing formation of blinding herpatic
straomal keratitis, Mouse sludies are performed, specifically examining therapeutic efficacy in models that
arg directly relevant to human clinical herpas-associated chronic and recurrent disease. in addition,
these studies are complementad by examining therapeaulic efficacy in an acule herpelic keratitis rabbit
eye model, 8 model that has demonsirated predictive ability in developmant of topical ocular therapeutics
for viral- and inflammation-meddiated diseases.

These studies can establish efficacy, oplimal ocular delivery, and dosing parameters for anew
treatmant approach {0 herpelic keralitis. These studies validate the use of embodimants of the invention
for other inflammation-associated ccular diseases.

Development of hespetic keralitis is due both o viral and hostmadiated processes, which result
in chronic and recurrent disease manifesiations that are not effectivelycontradied by current antivival
therapeutics, This strategy validales (R)-DOVs ability to controd disease manifestations associated with
acute, chronic, and recurrent harpetic keratitis without the dedelerious consequences associated with anli-
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inflammatories, such as unconirolled viral replication and increased intrancular pressure in three sub-
studies.

Overall Assessmeant Groups and Parameters:

Each of the sub-studies foliows a similar exparimantal design oulling with five amis (summarizad
it Table 5} that will assess the sffect of two dosaes of (RI-DOH ralative to: 1) control BSS weatments; 2} an
antiviral drug (TFT); or 3) anti-dnflammatory dexamsthasone. All reatment groups are masked by color
coding. For each sub-study, separate clinical, behanioral, and virological assassments are scored daily
by independent investigators masked fo treaiment. At the end of each sub-study protocol, eyas are
enucteated, and histopathology is performed.

Table 5.
Assessment Arm Drug Treatment Group Dose; Administration
"""""""""" Treatment Contral | OphthalmicBSS | BSS; topieal
Andiviral Triffuorothymiding {TFT) 1%; Topical
Anti-inflammatory Dexamethasone 0.1%; Topical
Test High R-DUOY R-D01in BSS 500 pi; Topical
Test Low R-DOI R-DGHIn BSS 5 uM; Topical

Sub-study 1o Dedermining the Therapeulic Efficacy of (R}-DOHfor Resolufion of Acute HSV Keratitis in a
Rabbit Eve Model,

The rabbit eye moded of MB3V-1 infection has been established as a gold-standard small-animal
model assassment of @ drug's ability o affect HSV-mediated acute coular disease. The rabbil gye moded
of acute HSV-1 infection closely mimics the virological, as well as neovascularization-associated clinical
parameters of @ human infection,  Unlike other studies In the mouse eve, the rabbit eye IS in many
respects more morphologically similar to the human eye and viral replication and the acute herpetic
keratilis disease course ensues ke human disease. As such, it has been showat {o robusily predict
pharmaceutical efficacy of topical therapeutics. Qcular pharmacoiogical parameters established above
can ba correlated with disease culcomes and uliized to oplimize future dosing and treatment regimens.

Expermental Approach: New Zealand White rabbits (7 per treatmesnt group; n=14 eyes} have the

corneas of both eyes scarified in 2 4x4 cross-hatched pattern and immediately incculated with 3x10° PFU
of H8V-1 suspended in 50 4l of ophthalmic BS8. To assess treatment effects on infection resolution and
clinical disease, infection procesds unabsated for three days, at which time animails will be clinically scored
and accordingly sorted into clinically balanced groups prior o beginning reatment. This process
novmatizes inharent differences between animals and recapitulates the clinlcal scenario of a person
reporting fo the dlinie with the onset of herpeticiesions. Topical drugs are administerad four times daily.
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Az depivled in Talds 3, each moming scoras for each clinical disease parameters arg assessed by shit
fgmp biomicroscopy. Inaddition, intradouler pressure is determined each morning and just prior 1o fast
treatment using a Tonovet rebound tonometer. Infectious virus is collected from the tears daily in order 1o
assess drug effects on vira replication. To determine if drug treatments have any deleterious effects on
behavior, the behavior is monitored according o the parameters defined herein, briefly prior to each
treatment and for a continuous 15 minutes following last daily treatment. Al the end of the acute disease
study, histological assessment of the eye will be performed o visualize what has been scored clinically
and virologicaly.

Sub-study 2: Determining the Therapeutic Efficacy of (RI-DO for Preventipn of Acute and Chronic HEY
Kerghilis it a Mouse Eye Model,

Although the acute rabbil eve model effectively assassas virologioal, olinical and pharmnacological
parameters of drug studies, the acute model doas not efficiently permit assessment of chronic host-
mediated factors thal contribute fo herpetic stromal keratitis. infection of BalbC mice with HE8V-1 (RE)
strain results in nearly 100% of animals developing blinding herpetic stromal keratitis, with a large
percentage developing disease despite effective suppression of viral replication by antivirals. Therefore,
this model is used 1o assess the effects of (R)-DOI on host-mediated chronic HSV-associated onular
disense davaiopment.

comeas of both eyes scarified in g 44 cross-haiched pattern and immediately inoculated with 8x1 ot PEU
of HBV-1 (RE} strain suspended in & yl of ophthalmic BSS. Animals are randomiy assignad o freatment
groups as in Table 3 and drugs or specific controls will be adminisiered four imes daily beginning al three
hours post-infection. Daily olinical, behavioral and virological assessments beginning at 24 hours post-
infection untit day 10 will be performed. Al approximately 8-9 days post-infection, viral titers are nearly
undetectable in surviving animals and the hostimediated disease processes slart. After the initial 10
days, clinical and virological assessments continues every ofher moming untll 20 days post infection upon
which scoring the olinical disease parameters described herein by shit lamp biomicroscopy is performed.
Twenty days post-infection represents the time of peak chronic disease, thus animals are sacrificed and
gyes removed for histological examination. infiliration of specific immune cells, vascularization,

thickening of stroma and epithelium, and fibrotic scarring will be examined.

Sub-study 3: Determining the Therapeulic Efficacy of (R}-DOI for Prevention of Recurrent Herpetic
Keralitis in a HSV-Lalency Reactivation Mouse Model,

Blinding herpetic stromal keratitis in humans oceurs folfowing years of HSV reactivation and
recrudescent ocular disease, Although they have their usefidness in determining drug efficacy, the
primary H8K models described herein do not recapitulate some aspects of H3K, which ocour as a resull
of reactivating in the context of an ivmnune host the developed an adaptive immune response against

- 36 -



10

18

20

28

30

35

WO 2018/204359 PCT/US2018/030448

HOV. Therefore, this modal assesses the effects of (R)-DOI following H3V reactivation and development
of recurrent immune-mediated disease:
Experimental Anproach: To raduce mortality and prevent goute HSK during the primary infection,

C57RLS mice (15 mice per group; n=30 eyas) are 1P administersd normal hbuman immunoglobulin pricrto
infection. The comaas of both syes are scavified in a 4x4 cross-hatchad paltem and immadiately
inoculated with 1x10° PFU of HSV-1 McKrae strain suspended in 5 pi of ophthalmic BSS. Six wesks
following primary infection, eyes are scored and animals with eves that do not exthibit signs of coudar
disease will be randomiy sorled inlo assessment groups as described hereiny. HSV is reactivated by
expuosurs 10 UV-B light with & transituminator, tear film coltected for the presence of virus, and freatments
begins. Mice are evaluated by a masked observer every § days for 25 days, at which time animals are
sacrificed and the eyes are removed for histological examination.

Metrics of Success and Alternative Appraaches: (R}-DO! suppresses deleterious HBV-induced

disease in these modeis of herpetic keraiitis. (R}-DOI can be effective at suppressing disease sequelas
assaciated with acute, chronic and recurrent HSK without increasing HSY replication or intraccular
pressure.

Example 4. Development

Pathological vascularization and dysregulation of vascular funclion are gitical deferminates in the
catoomes of matty disenses, siich as viral-madinted pathologies, cancern; theumatold arthrilis, peoriasis,
and severe pulmonary infections. in addition, pathologioal vascularization within the eye, and especially
within the normaily avascular cornea, is the main contributor to many ocoular diseases, including blinding
stromal Reratitis, proliferative retinopathies, and macular degeneration. Studies described herein
determine the therapeutic viability and effectiveness of 5-HT., agonists i resolving vascularization-

associated disease processes of the eye.

{_Detenmining the ocudar toxicity, safety, and tolerance of 5-HT,. agonist therapeutic formulations.

Toxicity, safety, and folerance profiles inform a drug’s praciical concentrations, therapeutic
ndexes, and properties they impart 1o carder formulations that may alter lerability. In the exposed
epithelium of the aye, which has regenerative and wound healing capacity that is critical for proper eye
function, additional criteria must be mel. A drug formulation should nol: 13 exhibil cellular toxicity 1o the
comeal epithelium; 2) diminish celiudar metabolic activity; 3) alier ooular physiological pH, which can bum
the comea, 4) inhibil replicative capacity of stem-like cells from the comeal limbus; §) impair epithelial
migrationfwound heagling. This study sstablishas these fbundational oriteria and the functional paramesters
that can be employed within all subsequent iy vitro and i vivo studies. H also serves as the svaluation
criteria for the institutional animatl use panels.
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Sub-sludy 14: Establishing prerequisite ocular oyloloxicity and effects on ability to repair wounds for 5-
HT. agonist formulations:

iy vitro evatuation of toxicity is demonstrated by evaluating eytotoxicity (0 cormeal epithelium,
scrateh wound repair of corneal epithelium, and radial wound repail of comeal epitheliam._Given the
nature of the eye, for topical ccular drops, measuring cylotoxicity 1o comead epithelium involves g muiti-
parameter assassment including, direct celludar xicity, effects on wound healing and repair, and
changes o celivlar proliferation and metabolic energy production.

Pharmacologieal Cylotoxicity Assessmiants to Primeary Human Comeal Epitheliuny
1} Dose Dependent Cellular Cytotoxicky
2} Time-Dependent Celiular Cylotoxdeity {dally and long-term assessments)
3} Determination of 50% Cellular Cytotoxicity (CGsq)

Cytotoxicity Assessmaents and Call Viability are Evaluated by
1} Membwane Integrity Assays

Metabolic Activity Assays

Energy Production Assays

SR

Celtular Proliferation Assays

The comea necassarily has regenerative capacily that ensures maintenance of visual acuity.
Damage to the corneal epithellum 15 repaired through & process of celluiar replication and migration from
the comeal imbug "fill in" sites of damage. Drugs that inhibi these processes are inharently toxic within
the eye following shorb-tamn or long-lerm use. Therefore, assassment of the effects of 5-HTx agonists in
seratch {wo-dimansional migration) and radial {proliferation and mullidimensional migration) wound repair
models at non-cytotoxic doses is a useful safely analysis to inform subsequery in vivo testing of the same
parameters.

Wound Healing Assessments:
1) Concantration-Dependent Percent Healing in 24 howrs
2} Kinetics of Wound Healing
3y Qcular Drug Carrier Effects on Wound Hasling

Sub-siudy 18: Evalualing in a rabbit eye muodel the in vivo toxicity and effects on wound repair for S-HT
agonist fopicad therapeutic formulations.

i1 vivo evaluation of coular toxicity conprises initation/draize, scratch wound repair of comeaal
epithelium, and radiat wountt repair of comeal epithelium. Dailly clinical assessments include intraocudar
pressure, wound size, rate of closurg, slit-lamp biomicroscopy, cormeal neovasculanization, comeal
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epithstium, corneal inflammation. epiphora, stromal inflammation, scleral inflammation, conjunclival
inflarmmation, blepharitis, inflanmalory discharge, behavioral toxicity.

Formulations are assassed in an escalating series of i vive ocular toxicily models: 1) an oculay
irritation moded following repeatad dosing; 2) a scratch wound healing modet; 3) a radial wound healing
moded where >80% of the corneal epithelium will be removed and allowed 1o regenerate during repeated
dosing. Ocular Hssues and blood samples are collected for determination of drug dislribution,

SHT2a Recaplor Agonist Topicat Ophthalmic Formulations,

1. Selection of topical ophthaimic carrders and non-toxic drug concenirations,

2. Determination of solubility, pH, etc. Oplimization of pH.

3. Assessment of shori-tery maintenance of formula properties: 8 days

4. Assessment of longer-term malntenance of formula properties: 30 days

Ccular lritation Assessments Repeated Dosing (Rabbit Eye Model):
1. Shortterm Acute Toxiclly: 1 dose; 24 hour assessmiant of herein defined clinical parameters.
2. Repested Dosing Toxicity: dosing 4-8x per day; Clinical Assessments two times per day
{morningfevening) as per herein defined dinical parameters: 7 days

Drug Effects on Ceular Wound Healing (Rabbit Eve Model):
1. Determination of Effects of Drug on Healing of Comeal Omosshaiched Soratches
2 Delermination of Effedts of Drug on Healing of 10 mm Radial Corneal De-Epithelialization

3. Assessment of all clinical parameters defined hergin daily

Although thess studies are designed to assess osular loxicity effects of SHT,. receptor agonist
ophithalmic formulations, they also provide olinical information on reduction of surgical- or rauma-induced
poular neovascularization, which worsens prognosis. Furthermore, effects of these dnugs onintraccular
prassure may give indications for use in diseases, such as glaucoma, or as an aliernative for steroidal

anti-inflammatories that increase 10F.

i Evalualing defivery, dasing, and distribution of therapeudic foroudations of 8-H T agonists.

Tissue distribulion and localized concentrations of 5-HT,, agonisis following ocular topical or
systemic delivery can inform additional potential therapeutic indications._This study is coordinated with
the /n vivo otular safely and toxicity studies described in sub-study 18, Following completion of all
studiss, eyes ireated with drug concentrations that did not exhibit any ocular ioxicity are harvesied and
the following tissues collected: 1) Comes; 2) Conjunctiva; 3} Sclera; 4) Aguecus Humor; 5) Vitreous
Humor; 8) Reting; 7) Blood/Sara. Samples are catalogued, flash frozen, and stored at -80°C for future
analysis.
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A sacond evaluation of distribution following systemic delivery {intravenously administered
through rabbit ear) is also performed at 24 and 48 hours to assess ocular distribution and concentrations
following systemic administration.

#l. Evaiuating the therapeutic efficacy of 5-HT2a agonists for amelioration of dispases,

infection-associaled eye diseases are the leading causes of comeal blindness and visual
morbidity, with over 500 million individuals affected. Pathogen-associated ocular diseasss are a complex
combination of pathoger-mediated trauma and host-madialed pathologies. When available for
ephthalimic use, anti-pathogen drugs can inhibit a pathogen’s replication and often lessen the severity of
pathogen-associated disease. However, they can be specific 10 a given pathogen, elich] drug induced
toxicity of the comeal epithelium, and target only a single aspect of a pathogen's replication machinery.
For persistent or recurrent ocular infections, such as HBV-1, long term use of these drugs nan resull in
development of drug resistant varianis. More impaortantly, current anti-pathogen drugs fal (© inhibit host-
mediated neovascularization responses and therefore, ocular disease can progress despite a drug’s
abllity to control infection. This study involves four sub-studies {(3A-30) that directly assess ocular and
pulmanary indications for 5-HT,, agonists.

Sub-study 3A; Evalugting the therapeuiic sficacy.of 5-H12a agordsts in resolutfon of goute and chronie

Herpatic Keratifis.

Analysis of viral replication; Comeas of both eves of New Zealand White rabbits {1.5-2 kgs) s
scarified in a 4x4 cross hatched pattern and immediately incculated with 3x10% PRU of HSV-1 suspended
i 50 pl of ophihalmic BSS. For prevention sludies, animals are randomily assigned into realment groups
and drugs or specific controls will be administered beginning at three hours post-infection and clinical and
virological assessments commence beginning at 24 hours post-infection. For resolution of infection and
clinical disease, infection proceads unabatad for three days, at which time animals are clinically scored
and sarted info dlinically balanced groups prior o beginning treatment. This process normalizes inherent
differances bebween animals and recapitulatas the clinical scenario of a parson reporting o the dlinical
with the onset of herpelic lasions. Topical drugs will be administered dailly, such as 4-8 limes daily. As
dapicted herain, each moring until day 9 post-infection, scores for clinical disease parameters are
assessed by shit lamp biomicrascopy. In addition, inlraccular pressure is assessed. Following scoring,
nfectious virus are collectad on ocular swabs from the tears in order 10 assess effects on viral replication
without effecting clinical outcomes. _Effects on viral replication are determined by number of eyeas positive
for infectious virus, as well as the relative titer of virus per ocular swab for each day assessed.

Analysis of latent HSV-1;_Nine-week old mics {gpproximataly 18 g) have the comeas of both
eves scarified in a 4x4 cross-hatched pattern and are immediately inoculated with 1x10° PFU of HEV-1
suspended in & il of ophthalmic BSS. Animals are randomiy assigned info treatment groups and drugs or
speciis controls are administerad baginning at three hours posh-infection and clinical and virological
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assassments commence beginning at 24 hours postinfection. Topical drugs are administered daily, such
as 4-§ fimes daily. Each moming unti day 8 postinfection, scoras for nine clinical disease parameters
are assessed by slit lamp biomicroscopy and the weight of each animal is determined. Following scoring,
infectious virus are collected daily on coular swabs from the tears in order {0 assess effects on viral
replication without effecting clinical outcomes.

For analysis of reduction of latent HSV-1 withiny neurons, the number of neurans and the jevels of
viral genomes latent within neuwrons can indicate the likeliood for increased episodes of reactivation
andior viral shedding. To determing the sffects of reatment on the levels of HSV-1 viral genomes
present within nsurons following acule infection, viras witl be altowed 10 establish ialency for atleast 30
days prior o any assessmenis and latency will be defined by two consecutive negative octilar swabs 30
days post infaction. Trigeminal ganglia (TG) are removed and the levels of viral genomes per TG are
detarminad by quantitative RT PCR relative to a standard curve. In addition, the ability of 5-MHT,s agonists
to inhibit ex vivo reactivation of HSY from latent neurons is assessed.

Chronic H8Y stromat keraifis: HEV-1 infections of the eye are the leading cause of infectious
cormeat blindness in the developad world. The disease course is dus fo both viral and host-mediated
processas that are not always effectively controlled by ophthalmic antivirals. Although the acute rabbit
eye model effectively assessas virological, clinical and pharmacological parameters of drug studias, the
o reproducible herpetic stromal kerglitis. Infection of BalbC mice with HEV-1 RE resulls in nearly 100%
of animals developing blinding stromal keratills, with a large perceniage still developing disease despite
effective suppression of viral replication Dy the antiviral 1% TFT. A mouse mode! of HSY RE sirain-

mnduced stromal keratitis that has characleristios of chronic herpetlic eye disease is used.

Sub-obiective 38, Evaluating the thecgpeutic efficacy of 5-MHT., agonists in resolufion of acute adenoviral

coniunclivitis {pink-evel,

The rabbit sye model of adenoviral replication and induction of associated disease is used as the
rabbit eye is a good pradicior of ophthalmic drug efficacy and the associated disease oulcomes mimio
that observed in a human infection.

New Zealand White rabbits {1.5-2 kgs) have the cormeas of both eves scarified in a 4x4 cross
hatched pattem and immeadiately inocculaled with 2x1 0° PFU of adenovirus suspended in a 50 yl drop of
ophithalmic BSS. Animals are randomily assigned inlo treaiment groups and drugs or specific controls are
administered beginning at three hours post-infection. Topical drugs are administered dally, such a5 4-8
times daily, except that the referance control, cidofovir, is adminisiered twice daily due o toxicity, Each
morming, scores for clinical disease parameters described herain arg assessed by shit famp
biomicroscopy. In addition, intraccular pressure is assessed. Following scoring, infectious virus are
coffected on ocular swabs and titered on AS49 calls 10 assess effects on viral replication,
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Given the viral- and hostmediated complexities of adenovirus-induced eye disease the endpoinis
of this mcde! include dally gssessments of drug effects on both viral replication and neovascularization-
associated ciinical disease. Effects on viral replication will be detennined both by number of syes positive
for infectious virus, as well as the relative titer of virus per ocular swab. Histological assessmaent of the
eye at day 8 are performed o visualize what is scored dlipically and virologically.

iV, Validation of anti-negvasculanzalion activities of 5-HT . recepior agonists,
This study confirms that 5-HT., receptor agonists directly affect neovascutarfangiogenic
processes, This objective is accomplished through three complamentary sub-siudies:

Sub-sludy 4A: Assessing the effects of 5-HT . agonist forrudations on expression of mediators of
neovascilarization (e.g., VEGF, nitric oxide, cvioking, and chemokine arrays).

Treatmeant with 5-HT ., receptor agonists can suppress expression of specific mediators of
neovascularization. Efecls of 5-HT,, recaplor agonists on production of mediators of vascularization is
assessad. Specifically, (1) vascularization-associated PCR arravs are ulifized to assess the relative
transcriptional profites of genes associated with these disease promoting pathologioat processas following
treatment and stimulation with various inducers. These arrays include analysis of growih factors and their
raceptors, signaling pathiways, sell oycle regidstory pathways, oytokines and chemokines, adhesion
molecules, profeases, and matix profeins. These arrays also provids statistical analysis of how §5-HT,,
receptor agoenists affect ansoriptional expression of ganes inthese pathways; {2) multiplexed
quantitative protein analysis of secreted proteins is peiformed via Bioplex following treatment and
stirmnutation by various inducers that are associated with disease progression or poor prognosis. This
work may be coupled with in vivo studies o vield additional mechanistic information on'the anti-
neovascularnzation activity; and (3) nitric oxide and/or other reaclive oxygen species involved in
dysraguiated vascular processes is assessaed from treated and stimulated macrophage and/or dendritic

cell lineages,

Sub-phiective 48 fdenfifving 5-HT,a 8gonists as direct suppressors of neovasculanization/angiogenesis
within in vitro and ex vivo madels of vaculogenesis.

Forexamyle, 5-HT . teceptor agonists can abrogate endothelial cell migration, vessel sprouting,
tube formation, and stabilization. Effects on sndothslial cell migration are assessed. Migration of
vascular endothelbam is essential for formation of new vasculature. The ability 8-HT., receplor agonisis
10 inhibit primary HUVEC & HMVEC migration is assessad via seraich wound healing assays and
transwell migration assays.

Wound healing migration assay: Contluent monolayers of HUVED or HMVYEC cells are freated
with 5-HT.a receptor agonisis and a scratch wound is induced in 8 ¢ross patiem using a pipetie tip. Cells
are microscopically imaged in real ime evary 30 minutes for 24 hours on a live cell bnager. The percent
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closure and kinetics of closure are determined and the ability of cells to migrate and fo form podia and calt
exdensions arg assessed from videos,

Transwell migration assay: Cells are seadad into the upper chamberof & transwell with VEGF
maintained in the lower chamber to faciiitate a chemotastic gradient. Wells are either be treated with 5-
HT .. receplor agonists or condrols and 24 hours later, celis that have migrated through the transwell are
inaged and quantified,

Effacts on vessatl sprouting and fube formation are assessed. The abifity of DO {o directly affect
vessel sprouting and lube formation is assessed in & matrige! fube formation assay and an aolic ring
sprout and vascularization assay. Matrigel comtaining 5-HTa recepior agonisis or conirols are solidified
onto 48 well plates. Vascular endothelial cells form 3D vascular tubes when plated onio malrigel. After
12 and 24 hours, cells are imaged and the exient of vascular tube formation, tube thickness, and branch
points are guaniified using WimTube/Wimasis image analysis package. For the sorlic sprouting assay, a
mouse gorta is removed and cut into 1 mm sections. The aora is placed upon the initial matrigel layer
and overiayed with additional matrigel containing 5-HT s receptor agonists or controls. Aorias are imaged
dally using a stereomicroscope and quantified for: 1) initlation of vessel sprouting; 2} length of sprouts; 3)
number of sprouts; 4} number of branch points,

i vivo studies demonstrate that vascularization of the sclera and comea had already occurred
prioy to beginning freatment. Thersfore, 5-HT receplor agonists may not ondy inhibit prograssion of
vaseularization, bal may resolve regions of neovascularzstion as indicated by a marked lessening of
branch structures and a thinning of size and density of vessels. This may be dus o the ability of 5-HTy
receptor agonists lo destabilize endothealial cell aftachments, branch structures and vascoular smocth
muscle coll stabliization of vessels. To assess the desiabilization activily of 5-HT, receptor agonists,
aortic rings are allowed 10 grow ube structures with multiple bravch points (these rings can be detived
from controf rings herein). Rings and tube shructures are imaged and treated in growth factor media
containing 5-HT,, receptor agonists or controls. The effects of 5-HT,, recaplor agonists on maintenance
of the branch points and tube structures are imaged daily over seven days and changes in tube
structures, tube length, and branch points will be determined quantitatively. Afler seven days, rings and
their attached struciures are fixed and a final assessment of struchural integrity/stability is determined by
staining with smpoth musdle actin, DAPI, and extraceliular markers. Tubes are imaged by deconvolution
flucrescent microscopy and analyzed for overall differences in integrity, branch point stabilization, length
of vessaels, and presence of SMA markers surrounding formed fubss.

Sub-objective 4C: Validaling the direct therapeutic potential of 5-HT s 8Qonist formuiations in Supprassing
neovascularization/angiogenesis in non-inflarmmafory VEGF-cornea! implant and matrigel plug implant in
vive models,

infactious and biochemical models describad herein are ulilized to determine ¥ 5-HT, receptor
agonists can prevent and resolve patholpgicsd vasoulwization. However, the nature of these studies
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preciudes assigument of direct anti-vascularization activity as they are complicated by the ability of 5-
T recepior ggonists o inhibitviral replication. VEGF is involved i inducing pathologic anglogenasis
and increased vascular permeability in several serious eye diseases and in cancer. 1 is therefore
assessad whather DO can directly block VEGF-mediated neovascularization inn two complementary and
directly transiatable modst systems: 1) in a VEGF-mediated ocular vascularization modsi that has
become a standard for evaluating a drug’s anti-vascularization activity; 2) in a matrige! implant tumor
vascularization moded that will assess the ability of locally and systemically administered DOI delivery o
block vascularization of a disease lissue.

{i} Validation of DO as a suppressor of VEGF-mediated coular neovascularzation and its associated
pathology following implant of & slow-release VEGF pellet within a rabbit corpeal micropocket,

A rabbit corneal micropoockst assay is used o assess the ability of topically administered DOl o
prevent VEGF-mediated corneal vascularization. VEGF or saline control stow release micropellets ara
generated as described previously. A corneal micropocket is created in each rabbit eve 3.0 mm from the
corneat Hmbus, and micropellets are implanted. Statling the day after implant, paired OD and 08 eves
are treated four times daily with elther control {OD eyes) or DO {OS eyes) drops, respectively, The
utitization of sister eyes for topical drug evaluation controls for animal-tc-animal variability. Eves are
chinlcally assessad daily and imaged by siit lamp bloricrascopy as desoribad in all other soular studies
herein,

The daily area of corneal neovascularization s determined by measuring the vessesl length (LY
from the Bmbus; the number of cloek hours {C) of imbus nvolved and the radius.of the comiss {£). The
amaurt of vasoularization prasent in each eve on gach day is calculated by the formuls: A=C/12 % 31418
(LY

VEGF-induced vascularization and vessel permeabilily can lead to corneal sdema, inflammation,
and ooular clouding. Therefore, a pansl of clinical parameters {desoribed hereln) is assessad daily by
flucrescent slitklamp biomicroscopy (o asceriain the therapeutic effects of fopical DO reatment on
vasculatizalion-mediated eve disaase.

Eves treated with DO not only showed a resolution of vascularization, but clinical presentation of
edema and chemosis ware greatly reduced. VEGF 8 & known mediator of vascular permeability and we
have observed in this model systam that edema and chemaosis is common, iirespective of the extent of
vasculatization induced. To asceriain the effects of DO on VEGF-mediated vascular leakage, FITC
dextran is systemically delivered via the ear vein and its presence is assessed in the cormea, conjunctiva
and sclera by fluorescent bionticroscopy. If visual examination shows claar indication that DO
suppresses vascular leakage by the relative absence of FITC within ocular tissues, animals ane sacsificed,
sorneas are removed, and the relative levels of FITC are determined spectrophotometrically following
Hissus homogenization and digestion. Representative eves are procassed for histology for direct
visuatization of extent of ooular vasaudarization and presence of edema.
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g Validating DO as a suppressar-of angiogenesis and vascularization of & mafrige! plug implantin a
fumor vascularization model.

Most anti-vascularization therapies are being developed o inhibit vascularization of solid tumors.
This study sopands the evaluation of the ability of 5-HT,a receplor agonists {0 suppress angiogenesis and
pathological vascularization, white simultaneously evalualing its effectiveness at supprassing
vascularization following local or systemic defivery. Malrige! is infused with VEGF {and/or PDGF) and
eithar combined with 5-HT 1 recepior agonisis or a control reaiment. The resulting paired suspensions
are injected subcutansiusly inlo each mouse flank and allowed 10 polymerize. Seven-io-ten days post
implant, mice are sacrificed and the extent of vascularization into the matrigel is assessed. in a parallel
experiment, untreated growth factor-infused matrigel is implanted and either 5-HT,, receplor agonisis or
controls are delivered systemically by suboutaneous injection each day 10 evaluate whether systemic
delivery can supprass vascularization of the matrige! implant.

The abitity of localized and systemic delivery of 5-HT ., receplor agonists (o thwart growth factor-
induced vascularization of the matrigel implant is assessed by: 1) direct visualization and imaging of the
blood content present belween the wo tregtments (matnigel is dear if no vascularization); 2) quantifying
the amount of hemoglobin present within the excised implants using Drabkins reagent; 33 immuno-
histopathological examination of sections of the plug with CD34 staining of the vascular endotheliom; 4)
FiTCdextran injection ito the tail vein followed by excision of the sxplant and confoesal 30imaging of
vascularization and extent of branching.

Example §: Aortic Ring Assay

Aonrtas from sacrificad mice are removed, cleansd, and dissected into 1 mm tubule sections, as
shown in FiGG. 13. These aortfic rings are implanted into matrigel basemeant membrane and incubated in
endothelial cell growth medium containing vascular endothelial growth facltor. Aortic rings are
continuously incubated in the presence of 5-HTy, receplor agonists and antagonisis at the indicated
concentrations and sxamined by microscopy daily. Extensive sprouting, branching and networking of
new blood vessels can be observed in control aortic tings, where multiple images needad 1o be stitched
together ity order 1o capture the exiensive blood vessel network formed.

By contrast, 5-HT,, agonists (R-DOI and TCRZ), inhibited blood vessel sprowuting, branching and
formation. i was aiso determined that at a 10 nM concentration of R-DOI, the inhibitory effects for

neovascularizalion, sprouting, branching, and networking began to no longer be as effective.

Example 6: Endothelial Tubule Formation Assay

Toassess the ability of 5-HT,, agonists and antagonists teinhibit-cagiflary-dike endothelial tube
formation, human microvascular endothelial calis were seeded into geltrex basement membrane and
overiaid with endothelial growth medium containing vascular endothelial growth factor {VEGF) and the
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indicated drugs. As shown in FIG. 14, 5-HT., agonists and antagonists distupted formation of endothelial
tube networks, the formation of branching, complex capilflary structures, and interconnesctivity of capillary
tubes,

Example 7: {nhibition of H3V-1 neuronal reactivation from latency within frigeminal ganglia.

14 trigeminal ganglia from 7 ocularly infectad mice that contained latent HBV-1 genomes within
its newrons for greater than 80 days were reampved, randomiy divided into 2 groups of 7 ganglia, and wers
subsequently explanted and eviscarated in media that conlained eithar 500 ndt of DO or an equivalent
buffer control without drug.  HSV-1 reactivation from Iatent neurons was induced using hypenthermic
shock {42C) for 1 houwr. Each day for 10 days post explant and induction of reactivation, 1/5 volume of
media voltme was removed and assessed for the presence of infectious H8V-1, indicating reactivation of
virus from latency. This volume was replaced with miedia that contained sither 500 nbd of DO drug or an
equivatent of mock carrier buffer.

As shown in Table 8, the SHT agonist, BOL, mainiains latency of HEV-1 within reactivation
induced neurons as observed by the number and percentage of neurons positive for the presence of any
infectious HSV-1. In addition, there was a significant delay in reactivation (2 fold greater) of HSV-1 from
TGs that showed slight positivity for eventual presence of infectious virus,

in addifion, the 8HT agonist, DOI significantly inhibited the degres of reastivation and amount of
infectious vivus shed from iatent newons.  Analysis of average total reactivatsd infectious virus
{(PFUMIITG, FIG. 154 or total reactivaled infectious virus per positive TG (PRUmifpositive TG, FIG.
158) both indicate that DO suppressed HBV reactivation, active replication, and shedding of infectious

virus from latent neurons relative 10 mock reated neurons.

Table 6.
‘Days post- | DOIBOO oM | Mock
Explant
1 017 {0%) 0f7 (0%
2 7 (0%} OfF {0%)
3 &7 (O%) Q77 (0%}
FU 077 (0%) | 07 (0%
5 017 {0%) 247 {(28.8%)
6 |o7(0% | 47 (5T %)
7 017 (0% 477 {57.1%)
8 WY {14.3%) 517 (71.4%)
8 147 {14.3%) SIT {T1.4%;)
10 27 {28.6%) BT {71.4%)
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Serotonin induced vascularization-like replication and tubule growth and in Hissue-like spheroids
derivad from human microvascular endothadial celis (HMEC,; FIG. 168}, in contrast, muitiple 5-HTs.
recaptor agonists (DO, TCB2, and 2C21) unexpectedly abrogated formation of vascutardike tubular
growth from HMEC spheroids. RMEC cells ware cultured in specially coated U-shaped botiony 96 wall
plates in order to form lissue-like three-dimension spheroids. Sphernids weare subsequently implanted
into wells that contained matrige! basement membranes supplemented with vascular endothelial growth
factor {VEGF) or starved (Starvation control-na VEGFL Culture media was treated with either serotonin
{50 nM), (R-DOE {100 nld), or TCB2 (500 nM) outgrowth from the spheroids of vascular-like struclures
was monitored microscopically.

Example 9: Specific killing of retinoblastoma

Haalthy {APRE} and cancerous (Y-79} retinal cell lines ware reated with varying dosss of R-DGH
and monitored for cytotoxicity by lysis at 24 hour intervals. Results, shown it FIG 17, indicate that R-DOI
exhibited strong, dose-dependeant toxiclly of retinoblastoma celis at 24 hours, and the killing effect was
saturated at all doses by 48 hours. In comparison, only the highest doss of R-DOI tested exhibited
modest cytotoxicity to healthy retinal pigment epithefial cells. Together, these data support the use of 5-
HT.s receplor agonists to selectively kill cancerous cells.

OTHER EMBODIMENTS

All patents, patent applications and publications clted herein are hereby incorporated by
reference in theirentirely. The disclosures of these publications in thelr entireties are heraby
incorporated by reference info this application in order to more fully describe the state of the art as known
1o those skilled therein as of the date of the invention described and claimed herein.

This patent disclosure contains material that is subjedt to copyright protection. The copyright
owner has no objection 1o the facsimile reproduction by anyone of the patent document or the patent
disolosure as # appears in the U.S. Patent and Trademark Qffice patent file or records, but otherwise
raserves any and all copyright rights.

While the invention has been descoribed in sonnection with specific embodiments thereof, i will be
understood that it is capable of further modifications and this application is intended {o cover any
variations, uses, or adaplations of the invention following, in general, the principies of the invention and
including such depariures from the present disclosure that come within known or customary practics
within the art to which the invantion pertains and may be applied {0 the sssential features herasinbefore
set forth, and follows in the scope of the claims.

Qther embodiments are within the claims.
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CLAIMS
What is claimed is:

1. A method of treating a condition associated with pathological ocular neovascularization, the
method comprising administering o a subject in need thereof a therapeutically effective amount of 3
seratonin recaptor agonist in @ pharmaceutically acceptable carrier or salt thereot,

2. The method of claim 1. wherein the pathological ocular neovascularization is a comesl
neovascularization or a choroidal neovasculatization.

3. The method of claim 1 or 2, wherein the pathogeric ccular neovascularization is associated
with macular degenaration, keratoconjunctivitis, conjunctivitls, diabetic retinitis, retinopathy of prematurity,
polypoidal choroidal vasculopathy, ischemic proliferative retinopathy, retinitis pigmentosa, cone
dystrophy, profiferative vitreorgtinopathy, retinal artery occlusion, retinal vein ocalusion, Leber's disease,
refinal detachment, retinal pigment epithelial detachmeant, rubeosis iridis, corneal neovascularization,
retinal neovascularization, choroidal neovascularization, retinochoroidal neovascularization, cancer, or a
combination theveof.

4. A method of reducing scarring of the gye, the msthod comprising administerning {o a subject in
need thereof g therapautioslly effeclive amount of a serctonin recepltor agonist in a pharmacseutioally

acceptable carder or salt thereof,

5. A'method of treating dry eye, the method comprising administering fo & subject inneed thereof
a tharapeutically effective amount of a serotonin receplor agonist in a pharmaceulically acceptable carrier

or salt thersof.

8. A method of treating magular degeneration, the method comprising administering to a subject
in need thereof a therapeutically effective amount of a serctonin receptor agonist in a pharmaceutically

acceptable carvier ov sall thereof.

7. The method of claim 8, whersin the macular degeneration is age-related macular
degeneration.

8. A method of treating keratiis, the method comprising administeding to a subject in need
thersof a ther‘ap&uticaiiy effactive amount of a serstonin recepior BQOYHSE i1 a pharmace:uticaiiy

acceptable carrer or saft thereof.
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8. The method of claim 8, wherein the kerstitis is a viral kergtitis.

1. The method of claim 8, wherein the viral keratitis is herpetic keratitis.

5
11. The method of any one of claims 1-10, wherein the sevotonin recepior agonist is 3 5-HTaw
recaptor agowist,
12, The method of claim 11, whergin the serotanity receptor agonist is a compound of
18 formuila (b, formula {13, or formula (1),
Yoy
£
13, The mathod of claim 11, whearain the 5-HT;, receptor agonist is 2,5-Dimethoxy-4-
indoamphetamine (DO1).
15

14. The method of claim 12, wherein the 5-HT. recepior agonist is R-2.5-Dimethoxy-4~

iodoamphetaniine (R-DOY).

15. The method of any one of claims 114, wharein the serofonin receptor agonist is
20 administered in combination with one-or more additional therapeutic agents.

18. The method of claim 18, whatein the one of more additional therapeutic pgents comprise an
antiviral agent, an aniibacterial agent, an antibiotic agent, an anti-inflammatory agend, an ant-VEGF
agent, a corticosterold, or a combination thereof.

25
17. The method of claim 18, wherein the anfiviral agent s wifluridine (TFT) or ganciclovir.

18. The mathod of any ane of clgims 1517, whereln the serofonin receptoragonistis
administersed at a difersnt lime from the additional therapsutic agent.
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8. The method of any one of claims 1517, wherein the serotonin recepltor agonist is
administered concurrently with the additional therapeutic agent.

2¢. The method of any one of claims 1-19, wherein the serotonin receplor agonist is
administered ocularly.

21. The method of clain 20, wherein the occular administration is topical adniinistration,
instillation in the conjunctival sac, intravitreal administration, subconjunctival administration, retrobutbar,
infracameratl, or sub-Tenon's administration.

22, The method of claim 21, wherein the topical administration is by aye drop or gel.

23. The method of claim 1-198, wherain the serotonin recsptor agonist is administered
systamicaily.

24, The method of any one of claims 1-23, wherein the subject is 8 mammal.

25, The method of claim 24, whereln the mammal iz a human,

26, A pharmaceuytical composition comprising 8 serofonin raceptor agonist and an antiviral agent.

27, The pharmaceutics! composition of elaim 28, wherein the serotonin recepior agonistis a 5-

M1y, receptor agonist.
28. The pharmaceutical composition of claim 26 or 27, wherein the serofonin receptor agonist is

a compound of
formula (1), formuida {11}, ar formula (D).
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28. The pharmacsutical composition of claim 27, wherein the 5-HT,, receptor agonist is 2,5~

Dimethoxy-d-iodoamphetaming (DO,

30. The pharmaceutical composition of claim 28, whersin the 5-HT,, receptor agonist is R-2,5-

Dimethoxy-d-indoamphstamine (R-DOIL

31. The pharmacsuticsl composition of any one of claims 38-30, wherein the anliviral-agent is

10 TFT, ganciclovir, acycliovir, pencicioviy, famiciclovir, cidofovir, eidofovir analog dernvatives, Abavirin,

interfaron, phosphonoacetats, fostamet, fomivirsen, or valganaiciovir,

32. A kit comprising the pharmaceutical composition of any one of claims 28-31.

15
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