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COMPOSMTIONS AND METHODS RELATED TO THE TREATMENT OF
OCULAR DISEASES IN EQUINES

CrOSs REVERENCE TO RELATED APPLICATIONS

{66417 This apphication claims priority to and the bepefit of US. Provisional Patent
Appheation No. 63/183,234 filed May 3, 2021, which 1s mcorporated herein by reference in its

entirety for ali parposes.
GOVERNMENT SUPPORT

{021 This invention was made with govermment support under grant number KR2Z11915
awarded by the National fostitutes of Health. The govemment bas certain nights i the

mveniion.

FrELp

j83]  The present disclosure provides compositions and methods related to the treatment
of ocolar discases in equunes. In particular, the present disclosure provides novel compositions
and mcthods related to the adounistration of therapeutic composifions corapnsing equine [~
10 for the treatment and/or prevention of various ocular diseases {e.g., non-infectious uveilis).
BACKGROUND

j#8084]  Eguine recurrent uveitis {ERU) 1s a spontaneous, non~-infectious, painfil and sight-
threatening discase affecting up to 25% of equine populations worldwide. This disease is
characterized bv episades of active ocular inflanwnation alternating with varving intervals of
climical quiescence. Research in horses, humans, and laboratory animals has shown that non-
infectious recurrent uvettis have a T-cell mediated imflammatory response with a multifactorial
origin, related to the environmental factors and genetic makeup of an individual, Recurrent
uveitis in horses develops following primary uvettis when distuption to the blood-ocular barmer
occurs, allowing CD4+ T-lyvmphocytes to enter and remain in the eve. This disruption enables
host mmmune responses o react to ocular self-antigens that are not normally recognized by the
immune system, and subsequent episodes of uveitis develop as a consequence of now antigenic
detection. The accunusiated effects of recurrent “bouis” or “flares” of mflammation leads to
progressively destractive pathologic changes inchiding irreversible scarring, ocular cloudiness,
cataract formation, and vision loss. Conventional treatment of ERU {5 non-specific, including

frequent use of topical and svstemic corticosternids and other mmmuBOSUPPressive agenis; none
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of which are effective n preventing uveitis relapses. These therapies are limited by poor
treatment compliance and long-term adverse effects, such as comeal degeneration, glaucoma,
cataract, ocular hypertension, and infection, all of which may contribute to development of
blindness.

jB8838]  Experimental astoimmune uveitis (EAU} animal rodent models have been valuable
i the study of non-infectious, immune mediated uveitis. EAYU 13 mediated predominanily by
CD4+ T- vrophbocytes, and proinflammatory coyvtokines, which is very simular to the
mflammatory profile n naturally occurring vveitis in humans and horses. These models have
proven useful i developing therapeutics to treat or prevent the mmune inflammatory
responses within the eve. Blocking these proinflammatory T-cells and enhancing anti-
mflammatory T-cell eytokine function within the eye, could halt the inflammatory cvtokme

cascade and therefore would be an effective target for treating immune mediated uveitis.
SUMMARY

{8686 Embodiments of the present disclosure nclude a composition for treating ocular
disgase and other non-infections nflammatory diseases in equines. In accordance with these
embodiments, the composition includes an adenc-associated virus (AA V) vector comprising a
polynucleotide encoding an equine IL-10 polyvpeptide, or a functional derivative or variant
thereof, and a pharmaceutically acceptable carrier and/or excipient. in some embodiments, the
composition is suitable for ocular adounistration to an equid.

{88471 In some embodiments, the polynucleotide encoding the equine IL-10 polypeptide s
codon optimized. In some embodiments, the polymucleotide encoding the egquine IL-10
polvpeptide is at least 75% iwdentical to SEQ ID NO: 1. In some embodiments, the
polynucleotide encoding the equine [L-10 polvpeptide comprises SEQ 1D NOG: 1.

j3088]  In some embodiments, the IL-10 polvpeptide has at least 85% identity with SEQ 1D
NG 2. In some embodiments, the HL.-10 polypeptide comprises SEQ 1D NG: 2

{80691 In some embodiments, the AAY vector is at [east one of an AAVY serotvpe T {AAV])
vector, an AAY serotype 2 (AAVZ) vector, an AAV serotype 3B {AAV3B) vector, an AAY
serotype 4 {AAV4) vector, an AAVY serotype 3 (AAVS) vector, an AAY serotype 6 {AAVE)
vector, an AAYVY sorotype 7 {AAVT) vector, an AAY scrotvpe 8 (AAVSE) vector, an AAY
serotype ¥ {AAVY) vector, or a denvative or vanant thereof,

jB818]  In some embodiments, the composition is administered by mjection into a portion of
the subject’s eye or by direct application (e.g., topical application} of the composition o a

portion of the subject’s eve.

(S
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{8818  In some embodiments, the composition is admunistered intravitreally (IVT),
mtracomeally,  subconmjunctivally,  periocularly,  suprachoroidally,  inirasclerally,
intracamerally, intravenously, and/or subretinally. In some embodiments, the composition is
administered at a dose of at least 1.0 x 10°vg.

#8121 In some embodiments, the composition further comprises a buffer. In some
embodiments, the composition further comprises a surfactant. In some embodiments, the
composition comprises a pH from about 4.0 to about 8.0,

{88131  In some embodiments, the composition further comprises a biologically active agent.
In some embodiments, the biologically active agent is selecied from the group consisting of an
immunosuppressant, an NSAID, a steroid, an antibactenial, and any combination thercof in
some embodiments, the steroid is dexamethasone or prednisone, and any combination thercof
in some embodiments, the NSAID 1s selected from the group consisting of fhunixin megluming,
phenyibutazone, firocoxib, diclofenac, flurbiprofen, bromfenac, nepafenac, and any
combination thercof. in some embodiments, the immunosuppressand is selected from the group
consisting of cvclosporin, tacrolimus  (FK506), mapamyemn  (sirolimus), inthiximab,
bevacizumab, and any combination thereof. In some embodiments, the antibiotic is sclected
from the group consisting of gentamicin, tobramyein, amikacin, ceftazidime, vancomycin, and
any combination thereof,

j3814]  In some embodiments, the AAV vector further comprises a polynucleotide encoding
an immunomodulating agent selected from the group consisting of TGFR, an 1L-1 recepior
antagonist, 1L-33, 1L-35, 1L-37, IDO-1, and any combination thereof,

{66187  Embodiments of the present disclosure also imclude a kit comprising any of the
compositions described herein, and at least one container. In some embodiments, the at least
one container comprises a syringe and a needle suitable for administration to an equine. in
some embodiments, the kit further comprises instructions for administration to an equine.
jdis]  Embodiments of the present disclosure also imclude a method of treating or
preventing an ocular or inflammatory discase in equines. In accordance with these
embodiments, the method includes admimnistering anv of the compositions described herem to
an equine.

{88171  In some embodiments, the ocular disease causes blindness, impaired vision, and/or
ocular pain, and adounistration of the composition treats and/or prevents the blindness,
impaired vision, and/or ocular pain. In some embodiments, the treating and/or the preventing

of blindness comprises lvmphocyie suppression.
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[8818]  In some embodiments, the ocular discase comprises uveitts, wmmung-mediated
keratitis, heterochromic indocychtis  with  keratitis, endotheliis, posierior  uveitis,
chorioretinitis, optic neuritis, and any combination thercof. In some embodiments, the uveitis
1s recurrent, chronic, non-infectious wveitis.

{38181 In some embodiments of the method, the composition is administered by injection
into a portion of the subject’s eve or by direct application of the composttion o a portion of the
subiect’s eve. In some embodiments of the method, the composition is adroinistered
mtravitreally  (IVT), intracomeally, subconjunctivally, periocularly, suprachoroidally,
mtrasclerally, intracamerally, mtravenously, and/or subretinaily. In some embodiments of the
method, the composition is administered at a dose of at least 1.0 x 10° vg. In some embodiments
of the method, the composition 15 administered in a single dose, and wherein the single dose
treats and/or prevents at least one symptom assoctated with the ocular or inflammatory disease.
In some embodiments of the method, the at least one symptom comprises ocular cloudiness,

blindness, tupaired vision, and/or ocular pain.
Brupyr DESCRIPTION OF THE DRAWINGS

{60261 FIG I AAVS-Hguine TL-10 fmproves EAU clinical scores. Rats were treated by
miravitreal (IVT) mjections with scAAVE-Equine-1L-10 low dose or lugh dose {(n = 5 rais, 10
oyes) or treated with BSS (n = 4 rats, 8 eyes). One week after IVT injections, EAU was induced
by jmununization with IRBP and ocular inflammanion was examined by sl lamp
bionuecroscopy. Bar graph of EAU mean chinical exam score for each rat revealed that EAU
clinical scores peaked on days 12, 13, and 14 after uveitis induction. Mean clinical scores were
significantly lower on days 12-14 in the Equine-IL-10 high dose (2.4 x 10" vg) treated rats
corapared to the BSS rats and climcal scores were significantly lower on days 10-14 in the
Equine-1L-10 low dose (2.4 x 10° vg) treated rats compared to BSS rats. (p=0.002 to 0.049);
Pairwise Wilcoxon tests). There were no significant differences in mean clinical scores
between high dose or low dose rats treated with scAAVE-Equing-1L-10 on any day.

186211 FIG. 20 AAVE-Hquine-IL-10 Inproves EAU inflammatory cell count in the anterior
chamber. Optical coherence tomography (OCT) was performed once prior intravitreal
injections, once prior induction of EAU and then every other day folowing induction of EAU.
Scatter plot of EAU inflammatory cell count of cach rat revealed that there was evidence of
cellular infiltrate n the anterior chamber of rats on days 10, 12 and 14 following mmduaction of
FAU. Mean mflammatory cell count were significantly less in rats treated with a single

intravitreal injection of scAAVE-Equine-IL-10 (high or low dose} compared to BSS rats on
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days 10, 12 and 14 post EAU induction (p= <0.004 to 0.043); Pairwise Wilcoxon tests}. There
were no significant differences in mean inflammatory cell count between high or low dose
treated rats on any day.

j88221  FIGS. 3A-3E AAVE-Equine-TL~-10 Improves EAU histology scores. Representative
tmages of ocular histology demonstrate iris thickening and mflammatory cell infiltration in the
ciliary body, iris, anterior chamber and vitrecus body, as well as moderate vasculitis formation
i experimental autoimmune uveitis (EAUY BSS oves (A). Mild to no mfiltration of
inflammatory cells was observed in the inis or cihiary body of high dose and low dose Equine-
IL-10 treated EAU eves (B and C respectively; hematoxylin & cosin staiming; original
magnification; 10x}. The histological infiltrative scores (D) and structural scores (E} wers
significantly decreased in both low and high dose scAAVE-Equine-IL-10 treated eyes (n = §
eves) as compared to the BSS- EAU eyes (n = 4 eves) (p = 0.010, p = 0.015; Wilcoxon test).
Each point s the average score of an individual eyve of two blinded observers and mean scores
of cach treatment group are denoted by the bornzontal bars.

188231 FIGS 4A-48: AAVE-Equime-IL-10 expression and ocular distnibution. (A) Equine-
IE-10 abundance examination by gRT-PUR n selected tissues are presented as vector cBNA
fhost transcript {GAPDH) {One-way ANOVA * p<6.01). Results represent experiments dong
in triplicate with mean value expressed. (B) Vector genome copy number m distinct ocular
tissues are shown as vector genome copy number/og of host genome DNA (One-way ANOVA;
*p <001}

{6624]  FIG. 3; Representative images of retinal histopathology. Representative images of
ocular histology demonstrate inflammatory cell infiltration vitreous body, and reting n
experimental autoimmune vveitis (EAU) BSS eves, with almost infiltration of mflammatory
cells observed high dose and low dose Equine-{L-10 wreated EAU eyes (hematoxylin & eosin
staining; original magnification: 20x}.

[025]  FIG. 6 Representative OCT wmages of each group of rat on day 12 post EAU
induction. The red circles used to demonstrate cells in the anterior chamber. The iris, comea
and anterior charnber (AC) are labeled in the top right image.

{88261 FIG. 7: Equine-IL-10 Western Blot. A Western blot was used to detect Eguine-iL-
10 protein following transfection of human embryonic kidney 293 cells (HEK293). Equine-IL-
10 protein {eg-1L~10} was detected m the supernatant of cultured HEKZ293 cells (KDa
{kilodaltons); GFP {green fluorescent protein); p459 (Equine 1L-10 plasmid)).

#8271 FIGS. 8A-BB: Representative data from equine [L-10 ELISA assavs. Interpolated

data from equine-1L-10 dilution 1:16 had a higher standard deviation and had data points

D
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higher than the standard curve; therefore, data from the 1:32 dilution was used to determine the
concentration of the Equine-1L-10 supernatant (A}). Average Interpolated data from Equine-IL-
10, 1:32 dilution = 9 7ng/mL concentration. Final superpatant concentration of Equine-1L-10
{interpolated concentration multiphied by dilution factor: 32) was approximately 310 4ng/mL
(B).

{28)  FIG. 90 Representative data demounstrating equine L-10 suppression of T-
bymphocvies. T-lymphocytes were extracted from cquine plasma and mcubated for 4 days in
at ~37°C with 3 different concentrations of Equine-1L-10 supernatant (100ng/mL, 30ng/mL
and Ing/mb}. Controls: T-lymphocoytes + ConA w/o equine-IL-10 {positive control); T-
tymphocytes + HEK cell supematant w/o Equine-{L-10.

[3028]  FIG. 10: Representative data trom expression studics performed in various ocular
tissues in the rat EAU model. Rats were administered AAV&-egiL-10 by intravitreal injection

atalow (1.2 x 10°ve) or a high (1.2 x 10 ve) dose (FIG. 10).
DETAILED DESCRIPTION

{8834] Embodiments of present disclosure provide compositions and methods related to the
treatment of ocular discases in equines. In particular, the present disclosure provides novel
compositions and methods related to the adomnistration of therapeutic compositions
comprising equing IL-10 for the treatment and/or prevention of various ocular discases {¢.g.,
non-infectious uveitis). Equine recurrent uveitis (ERU) is a chronic, intractable, ocular discase
that 13 considered to be one of the most common causes of blindness in horses. Corrent
treatments of ERU are non-specific and have many side effects which limits them to short-term
use. In order to develop an cffective therapy for ERU, experiments were conducted to
mvestigate the use of adenoc-associated virus (AAV) gene therapy, explotting a natural invoune
tolerance mechanism induced by equine interdeukin- 10 (Equme-1L-10).

{3338 As descnbed further herein, both low and high doses of AAV-Equine-1L-10
aduunistered to the eves demonstrated a significant decrease 1o clinical jnflanumatory scores
and AH cell counts compared to salime-treated EAU eves on days 10, 12 and 14 post HAU
mduction. Mean cellular histologic infilirative scores were also significantly less in AAV-
Equing-{L-10 dosed cyes compared to saline countrol eves. Intravitreal injoction of AAVE-
Equine-1L-10 resulted in Equine-1L-10 cDNA expression the ciliary body and retina of both
treatment groups. A dose dependent influence of ¢DNA expression in the comea and optic

nerve was observed. Taken together, these results demonstrate that a single IVT injection of
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AAVE-Equine-TL-10 mmhibited HAU in the Lowis rat. These results supports further evaluation
of this innovative therapy for ERU and other types of non-infectious uveitis.

{8832} Secction headings as used in this section and the entire disclosure herein are merely
for organizational purposes and are not intended to be limiting.

1. Befinitions

{88331 Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. In case of conflict,
the present document, mcluding definitions, will control. Preferred methods and materials are
described below, although methods and matenals similar or equivalent to those described
herein can be used in practice or testing of the present disclosure. AR publications, patent
applications, patents and other references mentioned herein are incorporated by reference in
their entivety. The roaterials, methods, and examples disclosed herein are dlustrative only and
not iniended o be imiting.

2

[8834] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain{s},” and
variants thergof, as used herein, are indended o be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms
“a,” “and” and “the” include plural references unless the context clearly dictates otherwise.
The present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting essertially of,” the cmbodiments or clements presented herein, whether explicitly
set forth or not.

[8838]  For the recitation of mumernic ranges herein, gach intervening number there between
with the same degree of precision is explicitly contempiated. For example, for the range of 6-
9, the numbers 7 and 8 are conternplated in addition to 6 and Y, and for the range 6.0-7.0, the
number 6.0,6.1,62,63,64,65, 66,67, 68,69, and 7.0 are explicitly contemplated.
{838)  “Correlated t0” as used herein refers to compared to.

10371 The terms “admuistration of " and “adnunistening” with respect to the compositions
described herein generally refers to providing a composition of the present disclosure 10 a
subject in need of treatment. The compositions of the present disclosure are generally
administered to a subject’s eve (ocular administration). In some embodiments, the
compositions can be administered by ijection o a portion of a subject’s eve or by direct
application of the composition fo a portion of the subject’s eve. For example, the composition
can be administered {e.g., via injection) mtravitreally (IVT), intracomeally, subconjunctivally,

periocularly,  suprachoroidally, intrasclerally, infracamerally, intravenously, and/or

~J
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subretinally. In other embodiments, the composition is formulated as a medicament that is
applied directly to a portion of a subject’s eve {e.g., topical application}. Routes of systemic
administration are alsc possible, in accordance with the compositions and methods describad
herem.

j#838]  The term “composition” as used herein refers to a product comprising the specified
ingredients in the specified amounts, as well as any product which results, directly or mdirectly,
from combmation of the specified mgredients in the specified amounts. Such aterm 1o relation
1o a pharmaceutical composition 1s miended to encompass a product comprising the active
ingredient(s), and the nert ingredient{s) that make up the carricr, as well as any product which
results, directly or indirectly, from combination, complexation, or aggregation of any two or
more of the ingredients, or from dissociation of one or more of the ingredients, or from other
types of reactions or ipteractions of one or more of the ingredients. Accordingly, the
phamaceutical compositions of the present disclosure encompass any composition made by
adouxing a compound of the present disclosure and a phanmaceuntically acceptable carer
and/or excipient. When a compound of the present disclosure 1s used contemporaneously with
one or more other drugs, a pharmaceutical composition contaiming such other drugs in addition
to the compound of the present disclosure is contemplated. Accordingly, the pharmaceutical
compositions of the present disclosure mclude those that also contain one or more other active
mgredients, in addition to a compound of the present disclosurs. The weight ratio of the
compound of the present disclosure to the second active ingredicnt may be varied and will
depend upon the effective dose of each ingredient. Generally, an effective dose of cach will be
used. Combmations of a compound of the present disclosure and other active ingredients will
generally also be within the aforementioned range, but in cach case, an effective dose of each
active ingredient should be used. In such combinations the compound of the present disclosure
and other active agerds may be adrownistered separately or 1o conjunction. In addition, the
adrmwistration of one eclement mayv be prior to, concurrent to, or subsequent to the
administration of other ageni{s).

168391 The tcom “pharrsaceutical composition” as used herein refers to a composition that
can be administered to a subject to treat or prevent a disease or pathological condition, and/or
to improve/enhance ong or more aspects of a subject’s physical health. The compositions can
be formulated according to kmown methods for preparing pharmaceutically usefid
compositions {¢.g., suitable for IVT injection). Furthermore, as used herein, the phrase
“phammaceutically acceptable carmer” means any of the standard pharmaceutically acceptable

carriers. The pharmaceutically acceptable carnier can include diluents, adjuvants, and vehicles,
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as well as implant carriers, and inert, non-toxic solid or liquid fillers, diluents, or encapsulatimg
material that does not react with the active ingredients of the invention, Examples inchude, but
are not limited to, phosphate buffered saline, physiclogical saling, water, and emulsions, such
as oil/water emulsions. The carrier can be a solvent or dispersing medium contaning, for
example, cthanol, polyol (for exarnple, glvcerol, propylenc glycol, liquid polyethylene glveol,
and the like), suitable mixturcs thercof. and vegetable oils. Formulations containing
phamaceunically acceptable carrers are descabed i a number of sources which are well
known and readily available to those skilled in the art. For example, Remington's
Pharmaceutical Sciences (Martin E W, Remington's Pharmaceutical Sciences, Faston Pa.,
Mack Publishing Company, 19.sup.th ed., 1995} describes formulations that can be used
connection with the subject invention.

jd8]  The term “pharmaceutically acceptable carner, excipient, or vehicle” as used herein
refers to a mediwm which does not interfore with the effoctiveness or activity of an active
mgredient and which 1s not toxic to the hosts to which it is admunistered and which 1s approved
by a regulatory agency of the Federal or a state government or listed in the U.S. Phammacopeia
or other generally recognized pharmacopeia for use m animals, and more particularly
humans. A carrier, excipieni, or vehicle includes diluents, binders, adhesives, lubricants,
disintegrates, bulking agents, wetting or emulsifying agents, pH buffering agents, and
miscellaneous materials such as absorbents that may be needed m order to prepare a particular
composition. Examples of carriers ete. include but are not himited to saline, buffered saline,
dextrose, water, glveerol, ethanol, and combinations thereot. The use of such media and agents
for an active substance 1s well known in the art.

[8848]  As used herein, the term “effective amount” gencrally means that amount of a drug
or phammaceutical agent that will elicit the biological or medical response of a tissue, system,
animal or human that is being sought, for instance, by a researcher or clinictan. Furthermore,
the term “therapeutically effective amount” generally means any amount which, as compared
to a corresponding subject who has not received such amount, resulis in improved treatment,
healing, prevention, or amelioration of a disease, disorder, or side effect, or a decrease in the
rate of advancement of a discase or disorder. The term also mcludes within its scope amounts
cffective to enhance normal physiclogical function.

[8642]  The term “combination” and derivatives thereof, as used herein, generally means
cither, simultancous administration or any manner of separate sequential adroinistration of a
therapeutically effective amount of Compound A, or a pharmaceutically acceptable salt thereof,

and Compound B or a pharmacestically acceptable salt thercof, in the same composition or
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different compositions. If the administration is not simultancous, the compounds are
administered in a close time proximity to each other. Furthermore, it does not matter if the
compounds are administered in the same dosage form (e.g. one compound may be
administered topically and the other compound may be adnunistered orally).

j843]  As used herein, the term “subject” and “patient” as used herein interchangeably
refers o any vertebrate, including, but not limited to, cow, pig, camel, Uama, horse, donkey,
mule, zebra, goat, rabbit, sheep, hamsters, guinca pig, cat. dog, rat, mouse, non-human
primates, and humans. fn some embodiments, the subject may be an equid, which refers to any
species from the genus Equus, including but not Himited to, horses donkeys, zebras, and mules,
and any variant thereof, The subject or patient may be undergoing various forms of treatment
separate and independent of the methods described herein,

”

jd4]  As used herein, the term “treat,” “treating” or “treatment” are cgach used
interchangeably herein to describe reversing, alleviating, or inhibiting the progress of a discase
and/or injury, or one or more symptoms of such disease, to which such term applies, and/or to
improve/enhance one or more aspects of a subject’s phvsical health. Depending on the
condition of the subject, the term also refers to preventing a discase, and mncludes preventing
the onset of a disease, or preventing the symptoms associated with a disease {¢.g., ocular
diseasc). A treatment may be either performed tnan acute or chronic way. The temm also refers
to reducing the severity of a disease or symptoms associated with sach disease prior to affliction
with the disease. Such prevention or reduction of the severity of a discase prior to affhiction
refers to adnunistration of a treatment to a subject that s not at the time of adounistration
afflicted with the disease. “Preventing” also refers to preventing the recurrence of a discase or
of one or more symptoms associated with such disease.

{8848]  As used herein, the term “salts” and “pharmaceutically acceptable salts” generally
refor to derivatives of the disclosed compounds wherein the parent compound s modified by
making acid or base salts thereof, Examples of phammaceutically acceptable salts include, but
are not limited to, mineral or organic acid salts of basic groups such as amines; and alkali or
organic salis of acidic groups such as carboxylic acids. Pharmaceutically acceptable salts
include the conventional non-toxic salts or the gquaternary ammomum salts of the parent
compound formed, for example, from non-toxic tnorganic or organic acids. For example, such
conventional non-toxic salts include those derived from inorganic acids such as hydrochloric,
hydrobromic, sulfuric, sulfanuc, phosphoric, and niiric; and the salts prepared from organic
acids such as acetic, propionic, succinic, glyveolic, stearic, lactic, malic, tartaric, citric, ascorbig,

pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, selfanilic, 2-
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acetoxybenzoie, fumane, toluenesulfonic, methanesulfonic, ethane disubfonic. oxalic, and
iscthionic, and the ke, Pharmaceutically acceptable salts can be synthesized from the parent
compound which contains a basic or acidic moiety by conventional chemical methods. In some
mstances, such salts can be prepared by reacting the free acid or base forms ot these compounds
with a stoichiometnie amount of the appropriate base or acid in water or in an organie solvent,
o1 i a mixture of the two; generally, nonagueous media ike ether, ethyl acetate, isopropanch,
and the like. Lists of suitable salts can be found, for example, in Remington's Pharmaceutical
Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 985,

{8846]  Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those of
ordinary skill in the art. For cxample, any nomenclatures used in connecction with,
and technigues of, cell and Hissue culture, molecalar biology, mmmunology, microbiology,
genetics and protein and nucleic acid chemistry and hybridization described berein are
those that arc well known and commonly used 1 the art. The mcaning and scope of the torms
should be clear; in the event, however of any latent ambiguity, definitions provided herein take
precedent over any dictionary or extrinsic definition. Further, unless otherwise required by

context, singular torms shall include phuralities and plural terms shall include the singular.
2. Compositions and Kits

{88471 The results of the prosent disclosure demonstrate that intravitreal tnjections of
AAVE-Eguine-[L-10 suppressed the development of mduced uveilis as determined by reduced
chinical mflammatory  scores, reduced OCT inflammatory cell counts, and reduced
histopathological scores in an experimental avtoimmune gveitis Lewis rat model. ERY is the
leading cause of progressive blindness in horses with fow effective and safe long torm
preventative or ireatment opiions. Recurrent bouts of intraccular inflammation lead to
progressive damage within the eye, which in turp, leads to significant economic loss and atility
for ER1J borse owners; as a result affected horses are often cuthanized. Results provided herein
demonsirate the efficacy of ocular gene therapy using AAV as a more effoctive treatment
strategy for recurrent immune mediated ocnlar inflammation. These data support that gene
therapy would reduce or ehiminate the need for topical corticosieroids and systemic anti-
mflaromatorics, thus sutigating the nsks of side offects and systemic immune suppression,
while still reducing ocular inflammation and preserving long term vision.

{048]  As demonstrated further herein, the eye has unique advantages for the use of gene

therapy: it is readily accessible and has a blood ocular barner that limits both an immune
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response and systemic redistribution of mtraccular therapeutics. Study results demonstrated
that both a high and lose dose intravitreal delivery of Equine-1L-10 gene resulted in expression
of Equine-1L-10 cDBNA 1 the ciliary body/iris and retina, which corresponded with decreased
chinical and histological inflammatory scores. Interestingly, the high dose group of rats also
exhibited viral expression in the comea and optic nerve, whereas the low dose groups did not.
This indicated a dose dependent influence for viral distribution of ocular tissues via intravitreal
mjcction. Previous studies have demonstrated that several factors iofhucnee AAV s affinity for
specific tissue transduction meluding different AAV serotvpe and route of injection. AAVS
has established affinity for both the cornea and optic nerve following subconjunctival or
intracameral injections. It is important to note that the target tissue, the iris/ciliary body, was
efficiently transduced by both the low and high dose groups. The ciliary body was targeted
because it 1s the location of the blood ocular barrier and localized 1L-10 at the blood ocular
barrier could aid in stabilizing the bamer and maintain the eve’s immune privilege state.
{849 {L-10 mcites imowmne folerance by directly inhibiting macrophages, namral killer,
Thl and dendntic ccll function. Dysregulation of {L-10 is associated with an increased
response to infection but alse an increased nisk for development of many autoimmune diseascs.
Several studies have evaluated the anti-inflammatory and immunosuppressive effects of IL-10
both as a svsteouc and local treatment.  Systemic administration of 1L-10 has been evaluated
as a treatment for patients with immune-mediated inflammatory diseases such as psoriasis,
Crohn’s disease (D}, and rheumatoid arthritis with trends toward efficacy in both psoriasis
and €D, Inthorses, mitra-articular mjection of AAV3-Equine-1L-10 was effective in modulating
synovial inflammation, with no svstemic or localized adverse effects.

[8854] In regard to ocular therapy, experimental awtoimmune aveitis (EAU), a uveitis
rodent disease model, is a predominant T-coll immune-mediated discase, similar to horses with
ERU. /n vivo studies have demonstrated that 1L-10 mRBNA coincides with a decreased T-cell
response. A report in 2003 demonstrated that gene therapy using AAV expressing IL-10 was
successful in reducing EAU disease severity in an EAU model following a single subretinal
mjcction. Another study in 2008 demonstrated that intracaraeral mjection of Lentiviral-vector
mediated expression of [L-10 reduced inflammatory cell infiltrate and protein content 1 a
mouse uveitis model saggesting that localized IL-10 aids in maintaining integrity of the blood
ocular barrier. Other studies have also demonstrated that subconjunctival and systemic
adrowistration of 1L-10 have bencficial effects on uvettis models. These studies support that
IL-10 has an important role in the downregulation of ocular mflammation and m the

maintenance of ocular immune privilege.
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{8088 In agreement with these studies, the data provided herein demonstrate that AAVS-
Equine-1L-10 treated EAU rats expenienced a significant reduction in ocular inflammation as
prdged by reduced clinical scores, decreased AH cellular infiltration on OCT, and decreased
histological exanmination scores relative to control rats. Though both groups effectively reduced
chnical seore and inflammatory cell counts within the eve, the low dose group sigmficantly
reduced clinical scores compared to control rats two dayvs before the high dose group. There
was no significant difference between the low dose or high dose groups’ clinical scores on any
davs. Inherently, a goal for chinical application 1s to determune the lowest possible effective
therapeutic dose. The results of the present disclosure demonstrate that the lower dose group
{1.2 x 10 vector genomes {vg]} was effective in inhibiting intraccular inflammation and
transducing the targeted tissue with no observed intraccular or systemic side cffects. Basod on
what is currently known in the art, the results provided herein indicate that this is the first report
to demounstrate the use of AAV-Equine-iL-10 as an equine specific DNA used as a single
mtravitreal injection for treatment of uveitis. Because Equing-IL-10 15 a cytokine already
naturally present in the equine eve, no long-term adverse effects of this optimized Equime-{L-
10 are expected in the horse.

{8652]  Thus, the compositions and methods of the present disclosure demonstrate that
miravitreal delivery of a single dose of scAAV3-Equine-{L.-10 established protection against
coular flammation w HEAU Lewis rats. In accordance with these embodiments, the
compositions of the present disclosure include an adeno-associated viras {AAVY) vector
comprising a polyoucleotide encoding an equine 1L-10 polypeptide, or a functional derivative
or variant thercof, and a pharmaceutically accepiable camer and/or excipient. In some
embodiments, the composition is suitable for ocular administration to an equid.

{8033]  In some cmbodiments, the polvnucleotide encoding the equine [L-10 polypeptide is
codon optimized. In some embodiuments, the polvnucieotide encoding the equine 1E-10
polypeptide i3 at least 75% identical to SEQ ID NO:. 1 In some embodiments, the
polymucleotide encoding the equine IL-10 polypeptide is at least 80% identical to SEQ 1D NO:
1. In some embodiments, the polynucleotide encoding the equine TL~10 polypeptide 1s at least
85% 1dentical to SEQ ID NGO 1. In some embodiments, the polynucleotide encoding the equine
IL-10 polypeptide is at least 90% identical to SEQ B NGO 1. In some embodiments, the
polviucleotide encoding the equine 1L-10 polypeptide is at feast 91% wdentical to SEQ D NG:
1. In some embodiments, the polyoucieotide encoding the equine 1L.-10 polvpeptide is at least
929% identical to SEQ 1D NG 1. In some embodiments, the polynucleotide encoding the equine

{L-10 polypeptide is at least 93% identical to SEQ 1D NG: 1. In some embodiments, the
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polynucleotide encoding the equine IL-10 polypeptide 1s at least 94% 1dentical to SEQ 1D NO:
1. In some embodiments, the polynucleotide encoding the equine HL-10 polypeptide s at least
05% identical to SEQ ID NGO 1. In some embodiments, the polynucleotide encoding the equing
IL-10 polypeptide 1s at least 96% identical to SHQ ID NO: 1. In some embodiments, the
polymucleotide encoding the equine TL-10 polvpeptide 1s at Igast 97% identical to SEQ 1D NO:
1. in some embodiments, the polynucieotide encoding the equine HL-10 polypeptide is at least
98% identical to SEQ ID NO: § In some embodiments, the polynucleotide encoding the equine
IL-10 polypeptide 1s at least 99% identical to SEQ D NO: 1. In some embodiments, the
polyvnuclestide encoding the equine [L-10 polypeptide comprises SEQ 1D NG: 1.

{8634}  In some embodiments, the {L-10 polypeptide encoded by one or more of the IL-10

polyvnucleotides described above has at least 83% wdentity with SEQ 1D NG 2. In some

X

embodiments, the IL-10 polypeptide has at least 80% identity with SEQ 1D NO: 2. In some

embodiments, the HL~-10 polypeptide has at least 91% identity with SEQ 1D NO: 2. In some
embodiments, the HL~-10 polypeptide has at least 92% identity with SEQ 1D NO: 2. In some
embodiments, the IL-10 polvpeptide has at least 93% dentity with SEQ 1D NG: 2. In some
embodiments, the IL-10 polypeptide has at least 94% identity with SEQ 1D NG: 2. In some
crabodiments, the 1L-10 polypeptide has at least 95% identity with SEQ 1D NG: 2. In some
crobodiments, the 1L-10 polypeptide has at least 96% identity with SEQ 1D NO: 2. In some
embodiments, the 1L-10 polypeptide comprises SEQ ID NG: 2. In some embodiments, the IL-
10 polypeptide bas at feast 97% identity with SEQ ID NG: 2. In some embodiments, the IL-10
polvpeptide has at least 98% identity with SEQ 1D NO: 2. o sone embodiments, the 1L-10
polvpeptide has at least 99% identity with SEQ ID NO: 2. In some embodiments, the IL-10
polypeptide comprises SEQ 1D NG: 2

{885%]  In some embodiments, the IL-10 polymucleotides of the present disclosure are
adrowistered to an equine using a gene dehivery vector, such as, but vot linited 1o, an Adeno-
associated virus {AAV) vector. Adeno-associated virus is a member of the Parvovindae family
and comprises a linear, single-stranded BNA genome of less than about 5,000 nucleotides.
AAY requires co-infection with a belper virus {i.e. an adenovirus or a herpes virus), or
expression of helper genes, for efficient replication. AAV vectors used for admimstration of
therapeutic nucleic acids typically have approximately 96% of the parental genome deleted,
such that only the ternunal repeats {(I'TRs), which contain recognition signals for DNA
replication and packaging, remain. This eliminates wnmunologic or toxic side offects due to

expression of viral genes. In addition, delivenng specific AAY proteins to producimg cells
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cnables integration of the AAV vector comprismg AAV ITRs mto a specitic region of the
cellular genome, if desired.

{80636]  In some cmbodiments, the AAY I'TRs flank the unique coding nucleotide sequences
for the non-structural replication {Rep) proteins and the structural capsid {(Cap} proteins (also
known as virion proteins {VPs)}. The terminal 143 nuclectides are self-complementary and are
organized so that an encrgetically stable intramolecular duplex forming a T-shaped hairpin may
be formed. These hairpm structures function as an ornigin for viral DNA replication by serving
as primers for the cellular DNA polvmerase compiex. The Rep genes encode the Rep proteins
Rep78, Rop6g, RepS2, and Repdl. Rep78 and Repb¥ are transcribed from the p5 promoter,
and Rep-52 and Rep40 are transcribed from the p19 promoter. The Rep78 and Rep68 proteins
are multifunctional DMNA binding proteins that perform helicase and nickase functions during
productive replication to allow for the resolution of AAV termumi {seg, e.g., Im et al, Cefl, 61;
447-57 (19903}, These proteins also regulate transcription from endogenous AAY promoters
and promoters within helper viruses (see, c.g., Perciract al,,.J. Firel, 71 1079-1088 {1997)).
The other Rep proteins modify the fimetion of Rep78 and Rep68. The cap genes encode the
capsid proteins VP, VP2, and VP3. The cap genes are transcribed from the pd0 promoter,
{8637  The nucleic acid sequences encoding the equine 1L-10 polypeptides of the present

disclosure can be generated using methods known n the art. For example, nucleic acid

(423

equences, polypeptides, and proteins can be recombinantly produced asing standard
recombinant DNA methodology (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, 3%ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y ., 2001; and Ausubel ot
al., Current Protocols in Molecular Biology, Greene Publishing Associates and John Wiley &
Sons, NY, 1994}, Further, a synthetically produced nucleic acid sequence encoding an equine
1E-10 can be i1solated and/or purified from a source, such as a bacterium, an insect, or a
mamial, ¢z, a rai, a human, cic. Methods of 1solation and purification are well-known in the
art. Altermatively, the nucleic acid sequences descubed herein can be commercially
synthesized. In this respect, the nucleic acid sequence can be synthetic, recombinant, isolated,
and/or purified.

[8838]  In addition to the nucleic acid sequences encoding the equine HL-10 polypeptides of
the present disclosure, the AAV vector generally comprises expression control sequences, such
as promoters, enhancers, polvadenylation signals, transcription torminators, indernal nibosome
entry sites (IRES), and the like, that provide for the expression of the nucleic acid sequence

a host cell. Exemplary expression control scquences are known in the art and described in, for

ot
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example, Goeddel, Gene Fxpression Technology: Methods in Enzymologv, Vol 185,
Academic Pross, San Thego, Cabif (1990},

{8858) A large number of promoters, including constitutive, mducible, and repressible
promoters, trom a variety of different sources are well known 1n the art. Representative sources
of promoters include for example, virgs, mammal, msect, plant, veast, and bacteria, and
suitable promuoters from these sources arg readily available, or can be made synthetically, based
on sequences publicly available, for example, from depositonies such as the ATCC as well as
other commercial or individual sources. Promoters can be umidirectional (e imitiate
transcnption in one direction) or bi-directional {1.¢., nitiate transcription in gither a 3" or §
direction}. Non-limiting examples of promoters include, for exampile, the T7 bacierial
expression svstom, pBAD (araA)} bactenial expression system, the cviomegalovirus (CMV)
promoter, the 5V40 promoter, and the RSV promoter. Inducible promoters include, for
example, the Tet systern {(US. Pat. Nos. 5,464,758 and 5,814,618}, the Ecdysone inducible
system {(No ot al, Proc. Nail Acad Sci, 93; 3346-3351 (1996)), the T-REX™ gystom
{(nvitrogen, Carlsbad, Calify, LACSWITCH™ System {Stratagene, San Diggo, Cahif), and
the Cre-ERT tamonifen inducible recombinase system (Indra et al., Nue Acid. Res., 27: 4324-
4327 (1999 Nuc Acid Hes., 28: ¢99 (2000y, USN. Pat. No. 7,112,715, and Kramer &
Fussenegger, Meihods Mol Biol., 308; 123-144 (2003)).

j#868]  The term “enhancer” as used herem, generally refers to a DNA sequence that
increases transcription of, for example, a nucleic acid sequence to which it is operably linked.
Euobancers can be located many kilobases away from the coding region of the nucleic acid
sequence and can mediate the binding of regulatory factors, patterns of DNA methylation, or
changes in DNA structure. A large nomber of enhancers from a vanety of different sources are
well known in the art and are available as or within cloned polynucleotides (from, c.g..
depositorics such as the ATCC as well as other conumercial or individual sources). A number
of polvnucleotides comprismg promoters {such as the commonly-used CMV promoter) also
comprise enhancer sequences. Enhancers can be located upstream, within, or dowanstream of
coding sequences. fn some embodiments, the mucleic acid sequence encoding the equive 1L-10
is operably linked to a CMV enhancer/chicken Practin promoter {also referred to as a "CAG
promoter’) (see, e.g., Niwa et al, Gene, 108: 193-199 {1991} Daly et al, Proc. Natl Acad.
Sci. USA., 96: 2296-2300 (1999}; and Sondhi et al, Mol Ther, 15 481-491 (2007}

{8861  In accordance with the above, AAV vectors of the prosent disclosure can include,
but are not lnmted to, at least one of an AAV serotype | (AAV ]} vector, an AAV serotype 2
(AAV2) vector, an AAY serotype 3B (AAV3B) vector, an AAYV serotype 4 (AAV4} vector, an
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AAV serotype 5 (AAV3S) vector, an AAV serotype 6 (AAVS) vector, an AAY serotype 7
{AAVT) vector, an AAY serotype 8 (AAVE) vector, an AAY serotype 9 (AAVS) vector, ora
derivative or variant thereof. Any of these AAV vectors can be used to deliver the equine IL-
10 polynucleotides of the present disclosure. In some embodiments, AAVS 1s used to dehver
the equine 1L-10 polynaclestides of the present disclosure, as provided further herein.

{36621  Additionally, cmbodiments of the present disclosure mclude delivering
compositions comprising equine HL~-10 polynucieotides by any means that are suitable to treat
an ocular discase or condition. For example, equine IL-10 polvnucleotides can be administered
by mjection of the composition into a portion of the subject’s eye, and/or by direct application
of the composition to a portion of the subject’s eye. In some embodiments, the composition
can be administered intravitreally (IVT), mtracomeally, subconjunctivally, periocularly,
suprachoroidally, intrasclerally, mtracamerally, intravenously, and/or subretinally.

{8631 In some embodiments, the composition can be administered at any dose suitable to
treat at least one symptom n the equine {e.g., blindness or vision loss). For example, the
composition can be administered at a dose of at least 0.1 x 10° vz In some ermnbodiments, the
is administered at a dose of at least 0.5 x 10° vg. In some

composition embodiments, the
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composition is administered at a dose of at feast 8.0 x 10° vg. In some cmbodiments, the

composition is administered at a dose of at least 9.0 x 107 vg.
[8064]

the single dose treats and/or prevents at least one symptom associated with the ocular discase.

In some cmbodiments, the composition is admimistered in a single dose, and wherein

In other embodiments, the composition is adnunistered as part of a multi-dose regimen (i.c.
more than one dose), and the dosing regimen treats and/or prevents at least one svmptom

assoctated with the ocular disease. In some embodimenis, a multi-dose regimen includes
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admimisiering a first dose, followed by at least a sccond dose. In some embodiments, for
example, the second dose 1s administered about one month afier the first dose, about three
months after the first dose, about six months after the first dose, about one year after the first
dose, about two years afler the first doge, about three vears afier the first dose, about four vears
after the first dose, about five years after the first dose, about six vears after the first dose, about
seven vears after the first dose, about eight vears after the first dose, about nine years after the
first dose, about ten vears after the first dose. In some ombodiments, the second dose 15
administered more than ten vears after the first dose. In accordance with these embodiments,
the multi-dose regimen can include a third, fourth, fifth, sixth, seventh, eighth, ninth, or tenth
dose.

{80651  The AAV-IL-10 compositions of the present disclosure can include other
components that may enhance the therapeutic efficacy of the composition. In some
embodiments, the additional components can inchide excipients and/or adjuvants that enhance
the dehvery of the AAV-IL-10, meluding but not limited to, a surfactant. fo some
embodiments, the surfactant is a non-ionic surfactant, such as polysorbate 20, polvsorbate 80,
or polysorbate 85, Other surfactants can also be used, and at various concentrations, as would
be recognized by one of ordinary skill in the art based on the present disclosure. As used herein,
the term “surfactant” generally refors to organic substances having amphipathic structures (they
are composed of groups of opposing solubility tendencigs), tyvpically an oil-sohuble
hydrocarbon chain and a water-scluble tonic group. Surfactants can be classified, depending
on the charge of the surface-active moiety, into aniomc, cationic and dispersing agents for
various pharmaceutical compositions and preparations of biological matenals. Suitable
surfactants for use with the invention mnclade, but are not hmied {o, non-tonic surfactants, ionic
surfactants and zwitterionic surfactants. Typical surfactants for use with the invention include,
but arc not hmited to, sorbitan fatty acid esters {(c.g. sorbitan monocaprviate, sorbitan
monolaurate, sorbitan monopalmitate), sorbitan tnoleate, glveerine faity acid esters {e.g.
glycerine monocaprylate, glvoerine monomyristate, glveerine monostearate), polyglyeenne
fatty acid esters {c.g. decaglyceryl monosicarate, decaglyeeryl distearate, decaglyceryl
monolinoleate), polvoxyethylene sorbitan fatty acid csters {e.g. polvoxyethvicne sorbitan
monolavrate, polyoxyethylene sorbitan monocoleate, polyoxyethviene sorbitan monostearate,
polvoxyethyleng sorbitan monopalmitate, polyoxyethylone sorbitan tricleate, polyoxyethylens
sorbitan tristcarate), polyoxvethviene sorbitol faity acid csters (c.g. polvoxvethyiene sorbitol
tetrastearate, polvoxyethylene sorbitol tetraoleate), polvoxyethviene glycerine fatty acid esters

{e.g. polvoxyethvlene glveeryl monostearate), polyethyvlene glveol fatty acid esters {e.g.
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polvethvlene glycol distearate), polyvoxyethyviene alkyl ethers (e.g. polvoxyethylene lauryl
cther), polvoxyethviene polyoxypropylene  alkyl  ethers  {eg.  polyoxyethylene
polyoxypropyiene glycol, polvoxyethylene polyoxyvpropylens propyl ether, polyvoxyethylens
polvoxypropylene cetyl ether), polvoxyethvlene alkylphenyl ethers (eg. polvoxyvethylenc
nonylphenyl ether}, polyoxyethylene hyvdrogenated castor oils {e.g. polvoxyethylene castor oil,
polyoxyethyiene hydrogenated castor oil), polyoxyvethylene beeswax derivatives {e.g.
polvoxyethylene sorbitol beeswax), polvoxvethyiene lanolin denvatives (e.g. polyoxvyethylene
lamohin}, and polvoxyethylene fatty acid amides {e.g. polvoxvethylene stearic acid amide); Cio-
Cig alkyl sulfates {e.g. sodium cetyl sulfate, sodnom lavwryvi sulfate, sodium cleyl sulfate),
polyoxvethyiene Cio-Cig alkyl ether sulfate with an average of 2 1o 4 moles of ethyvlene oxide
units added {e.g. sodium polyoxyethylene lavry] sulfate), and Ci~Cis atkyl sulfosuccinate ester
salts {e.g. sodinum lauryl solfosuccinate ester), and natural surfactants such as lecithin,
glycerophospholipid, sphingophospholipids (¢.g. sphingomyelin), and sucrose esters of C12-
18 faity acids. A composition may include onc or more of these swrfactants. Proferred
surfactants are polvoxyethylene sorbitan fatty acid esters ¢.g. polvsorbate 20, 40, 60 or 80.
Polysorbate 80 is particularly preferred.

[8666]  Generally, the AAV-IL-10 compositions of the present disclosure contain a
buffering agent {¢.g.. balanced salt solution} that is sustable for ocular adnuinistration. Suitable
buffering agents for use with the invention include, but are not limited to, organic acid salts
such as salts of citric acid, ascorbic acid, gluconic acid, carbonic acid, tartaric acid, succinic
acid, acetic acid or phthalic acid; Tris, thorethamine hvdrochlonde, or phosphate buffer. In
addition, amino acid components can also be used as buffering agent(s). For example, cifrate
or histidine buffers can be used. Additionally, the AAV-IL-10 compositions can include such
buffering agent{s) or pH adjusting agent{s} to provide improved pH control. In some
crobodiments, the AAV-IL-10 compositions of the present disclosure can have a pH from about
4.0 to about 8.0, a pH from about 4.0 to about 7.0, a pH from about 4.0 to about 6.0, a pH from
about 4.0 to about 5.0, a pH from about 3.0 to about 8.0, a pH from about 6.0 to about 8.0, a
pH from about 7.0 to about 8.0, or a pH {rom about 5.0 to about 7.0

{88671  The AAV-IL-10 compositions of the present disclosure can also comprise a
biclogically active agent, which can enhance the efficacy of the IL-10, and/or provide an
additional therapeutic benefit. For example, in some embodiments, the biologically active
agent 15 one or more of an immunosuppressant, an NSATD, a steroid, an antibactenal, and any
cornbination thereof. In some embodiments, the steroid is dexamethasone or prednisone, and

any compination thereof. In some embodiments, the NSAID is selected from the group
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consisting of flunixin meglumine, phenvibutazone, firocoxib, diclotenac, flurbiproten,
bromfenac, nepafenac, and any combination thercof. In some embodiments, the
immunosuppressant is selected from the group consisting of cyclosporin, facrolimus (FK506),
rapamycin {sivolomus}, mfliximab, bevacizumab, and any combination thereof In some
embodiments, the antibiotic is sclected from the group consisting of gentamicin, tobramycein,
amikacin, coftazidime, vancomycin, and any combination thereof

{6068]  In some embodiments, the AAV-1L-10 compositions of the present disclosure can
further comprise a polynucleotide cencoding an  immumomodulating  agent.  The
immunomodulating polynuclieotide can be integrated into the AAV vector, or it ¢an be part of
a separate gene delivery platform, mchuding a separate AAV vector. In some embodiments, the
mmmunomodulating polynucleotide encodes one or more of TGFP, an IL-1 receptor antagonist,
{L-33, IL-35, IL-37, IBO-1, and any combination thereof (ther immunomodulating
polymucieotides can alse be included, as would be recognized by one of ordinary skill in the
art based on the present disclosure.

{88681  Embodiments of the present disclosure also include a kit comprising any of the
compositions described hercin, and at least one container. In some embodiments, the kit
includes a device that can be used to admimster any of the compositions described hergin,
mechading but not limited to, a syringe, an applicator, a depressor, and the hike, to the eye of a
subject. In some embodiments, the at least one container comprises a syringe and/or a needle
suitable for administration to an eve of an equune. In some cmbodiments, the kit further
comprises mstructions for administration to an eve of an equine. In some embodiments, the
mstructions include steps for admmistering the compositions to an equine, melading such
mformation as dosing regimens, frequency of administration, rostes of administration, side
cffects, and the like. In some embodiments, the kit mchudes a pre-filled syringe containing the
AAV-HL~10 composttions. Generally, the syringe is filled with a therapeutically effective dose
of the AAV-IL-10 composiion that 1s sufficient to modulate one or more sympioms or
conditions associated with the disease. The therapeutically effective dose does not have to
completely cure the discase or completely climinate symptoms. In some embodiments, the
therapeutically effective dose can at least partially arrest the disease and its complications in a
patient already suffering from the disease. Amounts effective for this use will depend upon the

severity of the disorder being treated and the general state of the patient's own immune system.
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3. Therapeutic Methods

[8078]  Embodiments of the present disclosure also ioclude a method of treating or
preventing an ocular disease 1m equines usmg the equine H-10 compositions desenbed herem.
In accordance with these embodiments, the method inchudes administering any of the
compositions described hercin to an cquine. In some cmbodiments, the equine 1L-10
polvnuclectides of the present disclosure arc adnunistered by anv means that arc suitable to
treat an ocular disease or condition. For example, equine IL~10 polvnucleotides can be
administered by mjection of the composition into a portion of the subject’s eve, and/or by direct
application of the composition to a portion of the subject’s eve. In some embodiments, the
coraposition can be administered mtravitreally (IVT), intracomeally, subconjunctivally,
periocularly, saprachoroidally, inirasclerally, mtravenously, and/or subretinally. In some
embodiments, the composition can be administered at any dose suitable to treat at least one
{c.z.. blindness

symptom 1 the equine or viston loss}. For example, the compostition can be
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In some cmbodiments, the composition is administered in a single dose, and wherein

the single dose treats and/or provents at least one symptom associated with the ocular disease.
In other embodiments, the composition is adnunistered as part of a multi-dose regimen (i.c.
more than one dose), and the dosing regimen treats and/or prevents at least one svmptom

assoctated with the ocular disease. In some embodimenis, a multi-dose regimen includes
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admimisiering a first dose, followed by at least a sccond dose. In some embodiments, for
example, the second dose 1s administered about one month afier the first dose, about three
months after the first dose, about six months after the first dose, about one year after the first
dose, about two years afler the first dose, about three vears afier the first dose, about four vears
after the first dose, about five years after the first dose, about six vears after the first dose, about
seven vears after the first dose, about eight vears after the first dose, about nine years after the
first dose, about ten vears after the first dose. In some ombodiments, the second dose 15
administered more than ten vears after the first dose. In accordance with these embodiments,
the multi-dose regimen can include a third, fourth, fifth, sixth, seventh, eighth, ninth, or tenth
dose.

{B8672]  In some embodiments, the equine 1L-10 compositions of the present disclosure are
used 1o treat and/or prevent an ocular disease that is associated with blindoess, impaired vision,
and/or ocular pain. In accordance with these embodiments, administration of the composition
treats and/or prevents the blindness, impaired vision, and/or ocular pain. In some embodiments,
the treating and/or the preventing of blindness comprises lvmphocyvie suppression. In some
embodiments, the ocular disease comprises uveitis, immune-mediated keratitis, heterochromic
inidocyelitis with keratitis, endothelitis, posterior aveitis, chorioretinitis, optic neurntis, and any
combination thereof. In some embodiments, the uveltis is recurrent, chronic, non-nfectious

uveltis.
4. Materials and Methods

[8673]  Ansmals, Animals were handled in accordance with North Carolina University
Institutional Animal Care and Use Committee {(IACUCY and performed according to the
Assoctation tor Research i Vision and Ophthalology Statement for the Use of Animals in
Ophthabmic and Visual Research. Lowis rats (fomale, n=14} (Charles River Labs, Wilmingion,
MA} were housed under 12/12 hour light/dark cycle in the NC State University Laboratory
Amimal Resources facihity. Rats were randomly divided mto 3 groups: the first and second
groups had both eves injected intravitreally with AAV8-cquine-1L-10 at either alow dose 1.2
% 10° viral genomes {vg) (n=5 rats), or a high dose, 1.2 x 101 vg (n=5 rats) and the third group
of rats were injocted with balanced salt solution (BSS, Alcon Labs} {(n=4 rats} {se¢ description
of injections below). Expernimental autoimmune uveitis (EAU) was tnduced w all rats 7 days
followmg IVT injections. Scerum for neutralizing antibody analysis was obtained from the
lateral tail vein before mitraccular injection and then obtaimed via intracardiac blood draw

immediately afier euthanasia. Seram collected was stored m -80°C. Daily blinded biomicrosepy
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examinations and every-other-dayv optical coherence tomography (OCT) assessed ocular
abnormalities indaced by IVT injections and following mduction of EAU. Animals were
sacrificed on day 21 and tissues were harvested for further analyses, as described below.
j#8074] Intravitreal administration. For IV T mnjections, rats were anesthetized with 2-3%
{soflurane (Henry Scheind in oxygen to effect. Topical anesthstic, proparacaine HCL 0.1%
{Bausch and Lomb}, was applied topically to cach cye prior to IVT injection. Animals were
placed m lateral recumbency {left eve uyected first followed by the night eve). Each eve was
cleaned with dilute 3% betadine solution. Intraccular mjections were performed under an
operating microscope using a Hamilion svringe (Hamilton Co.) and a 34-gauge stainless stecl
needle. Three microliters of exther viral suspension (low dose or high dose) or BSS, mixed with
$.01% fluorescein sodium salt {Sigmal was administered IVT m both eves, with the needle
placement | mm postertor (o the temporal limbus. After injections were completed, mitravitreal
mnjection was verified {presence of flucrescence in the vitreous) followed by application of an
antibiotic solution (Moxifloxacin 0.5%; Apotex Corp.) and ocular lubrication to the ocular
surface fo prevent infoction and desiceation. Rats were recovered from anesthesia on a heating
pad until fully ambulatory,

{8673 EAU indoection and clinical evaluation of EAU. Seven davs affer intravitreal
injection, rats were immunized subcutancously at the base of the tad (100ug) and both thighs
BSOug) with a 111 volume of human interphotoreceptor retinoid binding protein, IRBP
{ AnaSpec Inc., Fromont, CA) and Complete Freunds Adjpuvant, CFA (Sigma-Aldnich, St
Louis, M{).

186761  Chmical assessment of ocular inflammation by shit lamp biomicroscopy (SL-17,
KOWA} was performed datly with the examiner blinded to the treatment groups. Each eve was
graded, according to previously desenbed EAU scoring svstem: 0, nommal; 0.5, dilated blood
vessels 10 the wis; i, abnormal pupil contraction; 2, hazv anterior chamber; 3, moderately
opague antertor chamber, but pupil still visible; 4, opague anterior chamber and obscured pupil.
HF7Y Optical coherence tomography of the ocular anterior segment. Spectral domain
opiical coherence tomography (8D-0CT) was performed to tmage the anterior segment of the
eve {Envisa R-class SD-0OCT; Bioptigen, Inc, Morrisville, NC). The SD-0CT contains a super-
himinescent light emitting diode delivering a wavelength of 840 mm. Imaging was performed
psing the handheld probe of the SD-OCT device fitted with a noncontact 12-mm telecentric
lens for image acquisttion. After adjusting the arm reference length on the SD-OCT device by
manutacturer recommendations, SB-0CT was setto 1000 A scans per B scan, and 100 B scans

i fotal for each eve of cach rat, to generate a radial volume of 4 mum in diameter. Fach animal

3
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was manually restrained in night or lett recumbency. Following imaging, cells m the anterior
chamber were mamually counted on 3 representative b-scan images of each eve, as previously
described. Cell candidates within the anterior chamber were defined as at least two adjacent
pixels with an mtensity greater than a prespecified background threshold (FI1G. 6).

j878]  Tisswe collection. Immediately after cuthanasia, the left eye of cach rat was
dissected and tissues collected. A strict tissue collection and cleaning procedures were used
hetween sample collections to minimize the potential of cross-contamination. Control rats
(BSS mijected) were dissected first followed by rats treated with viral vector. Different sets of
mstruments were used to coliect issues for different treatment groups of rats. lnstruments were
cleaned with 70% alcchol, 5% sodium dodecy] sulfate detereent, and sterile saline between
cach sample taken. Upon collection, tissue samples were frozen on dry ice and then stored at
~80 °C. Specific ocular sections collected included the comea, conjunctival, s/ ciliary body,
retina, and optic nerve.

BT Quantification of transgene expression by gRT-PCH. DNA/RNA from the
conjunctiva, comea, reting, optic nerve, lens, and ciliary bodv/iris were extracted with the
AllPrep DNA/RNA Mim Kit according to the kit protocol (Qiagen, Valencia, CA). Vector
biodistribution was quantitatively analyzed by gPCR unilizing the Tagman probe technology.
In short, the amount of vector- specific SV40 genome copies was standardized agamnst an
amplicon from a single copy rat gepe, lamin B2, amplified from genomic DNA. For the
detection of vector genomes, the plasmid (AAV-) standard curve was generated by senal ten-
fold dilutions in 10 Mm Trs- HCL gPCR was camied out with an mitial denaturation step at
85 °C for 10 win, followed by 45 cyeles of denaturation at 95 °C for 16 s, and
annealing/exiension at 60 °C for 43 s using SV40 polvA primers and an intemal fleorescent
probe (3'-fam AGCATTTTTTTCAC TGCATTCTAGTIGTGGTTTGTC tamra-3") (SEQ 1D
NO: 7). Genoroie gPCR of rat lanin B2 was performed with LightCycler® 480 SYBR Green
I Master with the following primers: forward primer 5.
GGACCCAAGGACTACCTCAAGGG-3 (SEGQ 1D NG &), reverse prmer 5
AGGGCACCTCCATCTCGGAAAC-S (SEQ 1D NO: 9). Punfied and quantified mouse
genomic DNA was used as a standard. The gPCR was camed out with an nitial denaturation
step at 95 °C for 10 mun, followed by 45 cycles of denaturation at 95 °C for 10 s, and amnealing
first 5 cycles at 64 °C for 10 seconds then followed by a touch down PCR with a decrease of
2°C every cvcle for 10 s until ©t reaches the annealing at 60°C for 10 seconds in the rest of the

cveles. Extension was performed at 72°C for 10 seconds. A melting curve analysis was
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performed at the end to ensure that a single product was amplified. Vector biodistribution data
are reported as the number of double-stranded vector DNA (SV40) copies per ug of gDNAL
{8088] Histopathological Evaluation of EAU and Scoring. Animals were cuthanized
during peak disease activity (day 14 afer indaction of EAU), and the vight eyve was enucleated
from each rat for histopathology. The globe from cach rat was fixed in 4% buffered
paraformaldehyde overnight at 4 °C and then transferred to 70% cthanol betore embedding in
paraffin. Eves were sectioned 5 pm through the optic nerve bonzontal plane, and stained with
hematoxyhin and eosin. Blinded infiltrative and structural grades of each eve were scored as
previously described. The globes were scored by two blinded observers separately and
averaged to deternine infiltrative and structural scores for cach rat. Bata are presented as mean
/— standard deviation {SD}.

[H8E]  AAY neutralizing antibody assay. To determime if intravitreal mjection of AAV
vectors results in an antibody response to the injected capsid, a noutralizing antibody assays
were performed on HEK 293 cells using a previously reported method. In short, colis were
seeded in 48-well plate at 25,000 celi/well in duplicate on the dav before perfommng vector
transduction. The next day, the pre- and posi-injection serum was ased 1:1 and then serially
diluted 1.2 10 1:256 in DPBS to a final volume of 13 ul and ncubated with AAYS CMVY-Firetly
Luciferase titer to §x10° total viral genomes per replicate in 13 ul DPBS for 2 hours at 4 °C.
Serum/vector mixiure was then added to cells and a luciterase assay was performed 48 hours
post transduction using Promega Luciferase Assay System (Bright-Glo; Promega, Madison,
W using a Perkin Elmer Victor 3 1420 Multi-label Counter Luminometer. Results were
plotted to find the pomt at which the serum dilution suppressed transduction to less than 50%
of pre-injection serum levels.

{8832]  Statistical analysis, Comparisons of chinical and histologic scores from the
experiments described herein were analyzed jntially using the non-parametric Kruskal-Wallis
test, 1.¢., fo determine 1t at least one sample dominated. If there was a sigmificant difference,
then pairwise Wilcoxon {Mann-Whitney) tests were performed fo eovaluate for group
differences using JMP version 14.0 (SAS Institiie Cary, NC). gPCR data generated from the
experiments of the present disclosure were analyvzed with GraphPad Prism, version 8.0, using

the Mann-Whitney test. Significance was set at p < 0.03 for all comparisons.
5. Fxamples

JBE3] It will be readily apparent to those skilled in the art that other suitable modifications

and adaptations of the methods of the present disclosure described hergin are readily applicable

b
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and appreciable, and may be made using suttable equuivalents without departing from the scope
of the present disclosure or the aspects and embodiments disclosed hergin. Having now
described the present disclosure in detail, the same will be more clearly understood by
reference to the tollowing examples, which are merely intended only to iHlustrate some aspects
and embodiments of the disclosure, and should not be viewed as limiting to the scope of the
disclosure. The disclosures of all joumnal references, U S, patents, and publications referred to
herein are hereby incorporated by reference in their entircties.

{66841  The present disclosure has multiple aspects, illustrated by the following non-hmiting

examples.

Example 1

{80851  AAV-Equine-1L-10 gene therapy reduces inflammation in EAU rats. Rats were
mjected intravitreally in both eves one week prior to induction of EAU. Chinmical scores
following IVT and prior to subcutancous IRBP imjection revealed very mild ocular
mflammation (£0.3 clinical mflammatory score} (sce FIG. 4). Following EAU induction,
coular inflammation in BSS-dosed rats developed starting on day 9 after IRBP injection and
peaked on davs 12 and 13 (F1G 1), Cliucal EAU scores revealed that intravitreal AAVS-
Equine-1L-10 consistently resulted m atienuated ocular inflammation as compared to the BSS
dosed EAU rats (FIG.1). Mean EAU clinical scores were significantly lower on days 12-14 in
the AAV Equme-IL-10 high dose (1 2 x 10" vg) treated rats compared to the BSS rats. And
mean EAU cluucal scores were significantly lower on days 10-14 1n the AAV-Equine-1L-10
fow dose (1.2 x 10%vg) treated rats compared to BSS treated rats. (p=0.002 to 0.049); Pairwise
Wilcoxon tests). There were no significant differences in mean EAYU scores between eves
dosed with AAV Eguine-tL-10 tugh dose or low dose on any experimental day.

{88861  Optical coherence tomography (OCT) was performed prior IVT injections, once
prior induction of EAU and then every other day following induction of EAU (FIG. 2). No
AH cells were noted in any rat eve prior to IVT injection or prior to EAU mmduction. Mean
mflaromatory OCT AH cell counts were significantly less 1o rats treated with IVT AAVE-
Equine-{L-10 (lugh or low dose} compared to BSS rats on days 10, 12 and 14 post EAU
mduction (p= <0.004 to 0.043}); (Oneway ANOVA}. There were no significant differences in
mean mflammatory cell counts between AAVE-Equine-tL-10 high or low dose treated rats on
any experimental day.

{86871  Following examination and scoring on day 14 after EAU induction, the right ove of

cach rat was fixed, sectioned, stained with H&E, and graded in a blinded manuer by two
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experienced examiners using a well-established scoring system, which includes infiltrative and
struchure assessment scores. Histological examination in BSS dosed EAU eves demonstrated
severe mtraccular inflammation as evidenced by iris thickening, and severe inflammatory cell
mfiltration in the ciliary body, 1118, agueous humor and vitreous, as well as moderate vasculitis
formation. However, in both the high and low dose AAVE-Equine-IL-10 eyes, only a few
scattered inflammatory cells were observed (FIGK. 3A-3C). The mean infiltrative and
structural histological scores were significantly less in the AAVR-Equine-1L-10 low dose
treated eyes treated eves {mean £8D = 10400, 024045 [infiltrative and structural,
respectivelyl), as well as AAVS-Equine-1L-10 bigh dose treated eves (1.0£0.0, §.4+0435)
compared to the non-ircated BSS-EAU cves 3.5+, 3.0+0.82) (Wilcoxon; p=0.01, p = 0.G13)
{(FIGS. 3C-3D).

Example 2

{HI88]  Eguine 1L-18 lymphocyte suppression. FIG. 7 includes representative images of
1L-10 Western blots demonstrating expression of 1L-10 in the supematants of HEKZ93 cells.
Plasmuds were transfected suoilarky to previous ELISA experniment (20 ug of total protein was
loaded tn each lane}. The primary antibody (R&DP#AF1605} was used at 11000 dihution in 3%
BSA, and incubated overnight at 4C. The secondary antibody (R&EDH#HAFO1T) was used at
13060 dilution in 3%BSA and incubated for 1 hr at RT. Images were developed using Super
Signal Femto (Fisher #34094).

j888]  Next, experiments were conducied to determine the concentration of IL-10 in the
supernatants of HEKZ293 cells using ELISA assays. FIGS. 8A-88 includes representative data
from equine [L-10 ELISA assays. Interpolated data from equine-11-10 dilunion 1:16 had a
higher standard deviation and had data points higher than the standard curve; therefore, data
from the 1:32 dilution was used to determine the concentration of the Equine-1L-10 supematant
{A}. Average Inferpolated data from Equine-1L-10, 1:32 dilution = 9.7ng/mL concentration.
Final supematant conceniration of Egquine-IL-10 (nterpolated concentration muiltiplied by
dibstion factor: 32} was approximately 310.4ng/mb (B).

{88]  Additionally, experiments were conducted to test the effecis of IL-10 on T-
bymphocvies isolated from equine plasma. FIG. 9 includes representative data demonstrating
equine IL-10 suppression of T-lyvmphocytes (using the supematants described above). T-
bymphocytes were extracted from equine plasma and incubated for 4 days in at ~37°C with 3
different concentrations of Hquine-iL-10 sepernatant {100ng/mb., 50ng/mbl and Ing/mi).

Controls included T-lymphocytes + ConA w/o equing-HL-10 (positive control}; and T-
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Iymphocyvies + HEK cell supematant w/o Equine-TL-10. As shown in FIG. 9, these resulis
demonstrate that all three concentrations sappressed T-lvmphocytes more than the positive
control {dotted hine). The 100 ng/ml. concentration of Equine [L-10 suppressed proliferation
more than the control supematant (solid black ing). The 50ng/mL and Ing/mL concentrations

did not suppress the T-Lymphocytes morg than the control supernatant,

Example 3

{3398 Equive-1L-10 ocular expression following intravitreal imjection. Expression
studies were also performed in various ocular tissucs in the rat EAU model. Rats were
administered AAV8-eqlL-10 by mtravitreal injection at a low (1.2 x 10° vg) or a high (1.2 x
10Y vg) dose (FIG. 10). Equine-{L-10 expression in treated rats was confirmed by RT-gPCR
usimg RNA recovered from the wis/ciliary body and retina i the left eve of cach vat (8 eves per
group} of both high and low dose treatment groups. In the low dose group, Hqune-IL-10 cDNA
transcript was detected 1n the wis/ciliary body 2/5 rats (40%), the comjunctiva in 1/3 rats (109%),
and the retina in 1/5 rats {10%). In the high dose group, Equine-1L-10 transcript was detected
m the iris/cihary body 3/5 rats {100%), the comea m 573 rats (1009}, the optic nerve in 3/3 rais
{60%0}, the conjunctiva in 4/3 rats (80%), and the retina n 4/5 rats {(80%). In the high dose
group, Equine-1L-10 ¢cDNA expression was a detected in the cormnea in 4/5 rats (80%3), and o
the optic nerve in 2/5 rats (40%).

{38831 Taken together, the vector bome egll-10 ¢DNA was significantly detected m the
high dose cohort in the retina, cornea, iris/eiliary body, and optic nerve. This vecior genome
biodistribution analysis demonstrated dose dependent detection of eqll-10 sequence in the
retina and ms/ciliary body, while vector genomes were only detected i the comea and optic

nerve at the high dose.
6, Sequences

8931 The vanous embodiments described hercin make reference to the following
nucleotide and amino acid sequences.

{66947 Equioe IL-10 optimized mucleotide sequence (SEQ D NG 1)y

18698 ATGCACAGCTCCGCCCTGCTGTGCTACCTGOTGTTCCTGGCAGGAGTGE
GAGCAAGCCGGGACCGCGGCACCCAGAGCGAGAACTCCTGTACCCACTTICLCCA

CCAGCCTGUCTCACATGCTGCACGAGUTGAGGGUAGUUTTCTCCAGGGTGAAGA

CCTTCTTCCAGATGAAGGACCAGCTGGACAACATGCTGUTGAACGGCAGCCTGCT
GGAGGACTTCAAGGGATACCTGGGATGCCAGGCCOUTOGTCCGAGATGATCCAGTT
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CTACCTGGAGUGAAGTGATGCCACAGGCCGAGAACCACGGUCCCGACATCAAGGA
GCACCGTCGAACTCCCTGOOGCGAGAAGUTGAAGACCCTGAGGGTGAGACTGAGGAG
ATGCCACAGGTTCCTGCCCTGTGAGAACAAGAGCAAGGCCGTGGAGCAGGTGAA
GAGCGCCTTCTCCAAGCTGCAGGAGAAGGGCGTGTACAAGGCCATGTCCGAGTT
COGACATCTTCATCAACTACATCGAGGCCTACATGACTCACCAAGATGAAGAAL
{3696 Equine [L-10 optimized polypeptide scquence (SEQ 1B NO: 2):

697 MHSSALLCYLVFLAGVGASRDRGTOSENSCTHFPTSLPHMLHELRAAFSR
VETFFOMEDQLDNMLLNGSLLEDFKGYLGCQALSEMIQFYLEEVMPQAENHGPDIK
EHVNSLGEKLKTLERVRLRRCHRFLPCENKSKAVEQVKSAFSKLQEKGYVYKAMSEFD
IFINYIEAYMTTKMEKN

[B098]  Egquine IL~-10 wit (SEQ 1D NO: 3}

je8]  ATGCACAGUCTCAGCACTGCTATGTTACCTGOTCTTCCTGGCCGOGGGTGE
GAGCCAGCCGAGACCOGGGCACCCAGTUTGAGAACAGUTGCACCLALTICCCAA
CCAGUCCTGCCCCACATGUTCCATGAGUTCCGAGCCGUCTTCAGCAGGGTGAAGA
CTTTCTTTCAAATGAAGGACCAGCTGGACAACATOGTTOGTTGAACGGGTCCUTGLT
GGAGGACTITAAGGGTTACCTGGOTTGCCAAGCCTTIGTCGGAGATGATCCAGTTT
TACCTGGAGGAGGTGATGCCCCAGGCTGAGAACCACGGCCCAGACATCAAGGAG
CACGTGAACTCCCTGOGGGAAAAGUTGAAGACCCTCCGAGTGAGGCTGCGGCGT
TGTCATCGATTTCTGUCCTGTGAAAATAAGAGUCAAGGCAGTGGAGCAGGTGAAG
AGTGCCTTCAGTAAGCTCCAAGAGAAAGGTGTCTACAAAGCCATGAGTGAGTTT
GACATCTTCATCAACTACATAGAAGCCTATATGACAACGAAGATGAAAAACTGA
AGCATCCTAGGGAACGAAGCATCCAGGACGGTGACTCTACTAGACTUTAGGACA
TAAATTGGAGATCTCCCAAATCCCATCCAGGGTTICTGGGAGAGCTGAATCAGUTC
CTTGGAAAACCCTGTGGTACCTCTCTCCTGAATATTITATTAACTCTGATACCTCAA
CTCCTATTTCTATTTATITACTGAGCTTCTCTGTGAA

j188]  Mouse IL-10 (SEQ 1D NO: 4):

{01 ACATTTAGAGACTTGUTCTTGCACTACCAAAGCCACAAGGCAGCCTTIGC
AGAAAAGAGAGCTCCATCATGCCTGGUTCAGCACTGCTATGCTGCCTGCTICTTAL
TGACTGGCATGAGGATCAGCAGGOGCCAGTACAGCCGGGAAGACAATAACTGCA
CCCACTTICCCAGTCOGOCCAGAGCCACATGUTCUTAGAGUTGCGOGACTGCCTTCAG
CCAGGTGAAGACTTICTTTCAAACAAAGGACCAGUTGGACAACATACTGUTAAC
CGACTCCTTAATGCAGGACTTTAAGGGTTACTTGGGTIGCCAAGCCTTATCGGAA
ATCGATCCAGTTTTACCTGGTAGAAGTGATGCCCCAGGCAGAGAAGCATGGCCCA
GAAATCAAGGAGCATTTGAATTCCCTGGGTGAGAAGCTGAAGACCCTCAGGATG
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CGGCTGAGGCGCTGTCATCGATTTCTCCCCTGTGAAAATAAGAGCAAGGCAGTG
GAGCAGGTGAAGAGTGATITTAATAAGCTCCAAGACCAAGGTGTCTACAAGGCC
ATGAATGAATTTGACATCTTCATCAACTGCATAGAAGCATACATGATGATCAAAA
TGAAAAGCTAAAACACCTGCAGTGTGTATTGAGTCTGCTGGACTCCAGGACCTAG
ACAGAGCTCTCTAAATCTGATCCAGGGATCTTAGCTAACGGAAACAACTCCTIGG
AAAACCTCGTTTGTACCTCTCTCCGAAATATTTATTACCTCTGATACCTCAGTTCC
CATTCTATTTATTCACTGAGCTTCTCTGTGAACTATTTAGAAAGAAGCCCAATATT
ATAATTTTACAGTATTTATTATTTTTAACCTGTGTTTAAGCTGTTTCCATTGGGGA
CACTTTATAGTATTTAAAGGGAGATTATATTATATGATGGGAGGGGTTCTTCCTT
GGGAAGCAATIGAAGCTTCTATTCTAAGGUTGGCCACACTIGAGAGCTGCAGGG
COCTTTGCTATGGTGTCCTITCAATTGCTCTCATCCCTGAGTTCAGAGCTCCTAAG
AGAGTTGTGAAGAAACTCATGGGTCTTGGGAAGAGAAACCAGGGAGATCCTTIG
ATGATCATTCCTGCAGCAGCTCAGAGGGTTCCCCTACTGTCATCCCCCAGCCGLT
TCATCCCTGAAAACTGTGGCCAGTTTGTTATTTATAACCACCTAAAATTAGTTCTA
ATAGAACTCATTTTTAACTAGAAGTAATGCAATTCCTCTGGGAATGGTGTATIGT
TIGTCTGCCTITGTAGCAGACTCTAATTTTGAATAAATGGATCTTATTCG

[6162]  Human IL-10 v1 (SEQ ID NO: 5):

16183]  ACACATCAGGGGCTTGCTCTTGCAAAACCAAACCACAAGACAGACTIG
CAAAAGAAGGCATGCACAGCTCAGCACTGCTCTGTIGCCTGGTCCTCCTGACTGG
GGTGAGGGCCAGCCCAGGCCAGGGCACCCAGTCTGAGAACAGCTGCACCCACTT
CCCAGGCAACCTGCCTAACATGCTTCGAGATCTCCGAGATGCCTTCAGCAGAGTG
AAGACTTTCTTTCAAATGAAGGATCAGCTGGACAACTTGTTGTTAAAGGAGTCCT
TGCTGGAGGACTTTAAGGGTTACCTGGGTTGCCAAGCCTTGTCTGAGATGATCCA
GTTTTACCTGGAGGAGGTGATGCCCCAAGCTGAGAACCAAGACCCAGACATCAA
GGCGCATGTGAACTCCCTGGGGGAGAACCTGAAGACCCTCAGGCTGAGGCTACG
GCGCTGTCATCGATTTCTTCCCTGTGAAAACAAGAGCAAGGCCGTGGAGCAGGT
GAAGAATGCCTTTAATAAGCTCCAAGAGAAAGGCATCTACAAAGCCATGAGTGA
GTTTGACATCTTCATCAACTACATAGAAGCCTACATGACAATGAAGATACGAAAC
TGAGACATCAGGGTGGCGACTCTATAGACTCTAGGACATAAATTAGAGGTCTCC
AAAATCGGATCTGGGGCTCTGGGATAGC TGACCCAGCCOCCTTGAGAAACCTTATT
GTACCTCTUTTATAGAATATTTATTACCTCTGATACCTCAACCCCCATTTCTATTT
ATTTACTGAGCTICTCTGTGAACGATTTAGAAAGAAGCCCAATATTATAATTITET
TCAATATTTATTATTTTCACCTGTTTITAAGCTGTTTCCATAGGGTGACACACTAT
GGTATTTGAGTGTTTTAAGATAAATTATAAGTTACATAAGGGAGGAAAAAAAAT
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GTTCTTTGOGOGAGUCAACAGAAGCTTCCATTCCAAGUCTGACCACGUTTTCTAGC
TCTTGAGUCTOTTITICCCTGACCTCCOTCTAATTTATCTIGTCTCTGOGCTTIGCGGGE

TTCCTAACTGCTACAAATACTCTTAGGAAGAGAAACCAGGGAGCCCUTTIGATGA
TTAATTCACCTTCCAGTGTCTCGGAGGOGATTCCCCTAACCTCATTCCCCAACCALT
TCATTCTTGAAAGCTGTGGCCAGCTTOTTATTTATAACAACCTAAATTITGGTTUTA
GGCCOGGGCGCGGTGOCTCACGCCTGTAATCCCAGCACTTTGOUAGGUTGAGGCG

GOGTGOATCACTTGAGGTCAGGAGTICCTAACCAGUUTGUGTCAACATGOTGAAAL

CCCOTCTCTACTAAAAATACAAAAATTAGUCGGGCATGOTGGCGCGCACOTGTA

ATCCCAGCTACTIGGGAGGCTGAGGUAAGAGAATTGCTTGAACCCAGGAGATGE
AAGTTGCAGTGAGUTCGATATCATGCCCCTGTACTCCAGCUTGOGTGACAGAGCAA
GACTUTOTUTCAAAAAATAAAAATAAAAATAAATTTGOTTICTAATAGAACTCAGT
TITAACTAGAATTTATTCAATTCCTCTGGGAATOGTTACATIGTTTGTCTGTCTICA

TAGCAGATTTTAATTTIGAATAAATAAATGTATCTTATICACATCA

6341 Humao [L-10 v2 (SEQ 1D NG 6y

i8] AGTCCOTTCGOGUAGGCTTICTGOGTGAAGGAGGATCGUTAGAACCAAGC
TCTCCTCTTAAGCTAGTTGCAGCAGUCCCTCCTCCCAGCCACCTCCOGCUAATCTCT
CACTCACCTTTGGCTCCTGUCCTTAGGGTTACCTGOOTTGCCAAGCCTIGTCTGADG
ATGATCCAGTTTTACCTGGAGGAGGTGATGCCCCAAGCTGAGAACCAAGACCCA

GACATCAAGGCGCATOTGAACTCCCTGOOOOGAGAACCTGAAGACCCTCAGGUTG
AGGCTACGOUGUTGTCATCGATTICTICCCTGTGAAAACAAGAGCAAGGCCGTGE
AGCAGGTGAAGAATGCCTTTAATAAGCTCCAAGAGAAAGGCATCTACAAAGCCA
TCGAGTGAGTITGACATCTTICATCAACTACATAGAAGCCTACATGACAATGAAGAT
ACGAAACTGAGACATCAGGGTGGCGACTCTATAGACTCTAGGACATAAATTAGA
GOGTCTCCAAAATCOGATUTGGOGGUTCTGGGATAGUCTRACCCAGUCCCTIGAGAA

ACCTTATIGTACCTCTCTTATAGAATATTITATTACCTCTGATACCTCAACCCCCATY
TICTATTTATTITACTGAGCTTCTCTGTGAACGATTTAGAAAGAAGCCCAATATTAT
AATTTTTTTCAATATTTATTATTTTICACCTGTTTITAAGCTGTTICCATAGGUTGALC
ACACTATGGTATTTGAGTGTTTTAAGATAAATTATAAGTTACATAAGGGAGGAAA
AAAAATOTTCTTIGGGGAGCCAACAGAAGCTTCCATTCCAAGCUTGACCACGOTT
TCTAGUTOGTTGAGCTOGTTTTCCCTGACCTCCOTCTAATTTATOTTOTCTCTGOGGCTT
GGGGCTTCCTAACTGUTACAAATACUTCTTAGGAAGAGAAACCAGGGAGCCCCTTT
GATGATTAATTCACCTICCAGTGTCTCGGAGGGATTCCCCTAACCTCATICCCCA

ACCACTTCATTCTTGAAAGCTGTGGCCAGCTTIOGTTATITATAACAACCTAAATITG
GTTCTAGGUCGGGUGUGOTGOUTCACGUCTGTAATCCCAGCACTTTGGGAGGCTG
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AGGCGGOTOGATCACTTGAGOGTCAGGAGTTCCTAACCAGCUTGGTCAACATGGT
GAAACCCCGTCTCTACTAAAAATACAAAAATTAGCCGGGCATGOGTGGCGCGCALC
CTOTAATCCCAGCTACTTIGGGAGGUTCGAGGUAAGAGAATTGUTTGAACCCAGGA
GATGOAAGTTGCAGTCGAGCTGATATCATGUCCCTGTACTCCAGCCTGOGGTGACAG
AGCAAGACTCTGTUTCAAAAAATAAAAATAAAAATAAATTIGOGTICTAATAGAA
CTCAGTTTTAACTAGAATTTATICAATICOTCTGGGAATGTTACATIGTTTIGTCTG
TCTTCATAGCAGATTTTAATTTTGAATAAATAAATGTATCTTATICACATCA

[8186]  Percent identity matnx produced using the varnous nucleotide sequences provided

above:

Wehvi wihvd eg-wh
2 100,00 F2.82
3 wih-moussILl-10 G4 .54 TEL39
5 wr-horseli-1d TI.82 IL56.00
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{LAIMS

What s claimed 1s:

1. A composition for treating ocular disease in equines comprising:

an adenoc-associated virus (AAV) vector comprising a polvnucleotide encoding an
cquing 1L-10 polvpeptide, or a functional dertvative or variant thereof, and

a pharmaceutically acceptable carrier and/or excipient;

wherein the composition is suitable for ocular administration to an equid.

2 The composition according to claim 1, wherein the polynuciestide encoding the

equine 1L-10 polypeptide 1s codon optimized.

3. The composition according to claimm | or claim 2, wherein the polvnucleotide

encoding the equine IL-10 polvpeptide is at lsast 75% wdentical to SEQ ID NG 1.

4. The composition according to any of clamms 1 to 3, wherein the polynucleotide

encoding the equine [L-10 polypeptide comprises SEQ 1D NQG: 1

5 The composition according to any of claims 1 to 4, wheren the 1L-10 polypeptide has

at least 85% identity with SEQ 1D NO: 2.

6. The composition according to any of claims 1 to 5, wherein the 1-10 polypeptide

comprises SEQ D NGO: 2

7. The composition according to any of claims 1 o 6, wherein the AAV vector is at least
one of an AAV serotype | (AAV1) vector, an AAY serotype 2 (AAV2) vector, an AAY
serotype 3B (AAV3B} vector, an AAY serotype 4 {AAV4) vector, an AAV serotype 5

{AAVS) vector, an AAY serotvpe 6 (AAVE) vector, an AAY serotype 7 (AAVTY vector, an

i3
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AAV scrotype 8 {AAVE) vector, an AAV serotype 9 {AAVY) vector, or a denivative or

variant thereof

8. The composition according to any of claims 1 to 7, wherein the composition is
adounistcred by ingection o a portion of the subject’s eye or by direct application of the

composition to a portion of the subject’s eve.

9. The composition according to any of clamms 1 to 8, wherein the composition 1s
adnministered intravitreally (JVT), intracomneally, subconjunctivally, periccularly,

suprachoroidally, intrasclerally, intracamerally, intravenously, and/or subretinally.

10 The composition according to any of clamms 1 to 9, wherein the composition is

administered at a dose of at least 1.0 x 10%ve.

11, The composition according to any of clamms 1 to 10 wherein the composition further

comprises a buffer.

12, The composttion according to anv of claims 1 to 11, whercin the compaosttion further

comprises a surfactant.

13 The composition according to any of claims 1o 12, wherem the composttion
5 » 5

comprises a pH from about 4.0 to about 8.0

14 The composition of any of claims 1 to 13, wherein the composition further comprises

a biologically active agent.

15, The composttion of claim 14, wherein the biologically active agent 1s selected from
the group consisting of an immunoseppressant, an NSAID, a steroid, an antibacterial, and any

combination thereof.

P8
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16. The composition of claun 15, wherein the steroid is dexamethasone or prednisone,
2 &

and any combination thereof.

17. The composition of claim 15, wherein the NSAID is selected from the group
consisting of flunian meghimine, phenvibutazone, firocoxib, diclofenac, flurbiprofen,

bromfenac, nepafenac, and any combination thergof,

18 The composttion of claim 15, wherein the tmmunosuppressant is selected from the
group consisting of cyclosporin, tacrolimus (FK506), rapamyein (sirolimus), mnthiximab,

bevacizumab, and any combination thereof.

19, The composition of claim 15, wheretn the antibictic 15 selected from the group
consisting of gentamicin, tobramyein, anukacin, ceftazidinme, vancomycin, and any

combination thereof.

20 The composition of any of claims 1 10 19, wherein the AAV vector further comprises
a polynucleotide encoding an mnmunomodulating agent selected from the group consisting

of: TGFP, an 1L-1 receptor antagomist, H.-33, 1L-35, IL-37, ID0-1, and any combination

thercof.
2L Akt comprising any of the compositions of claims 1 1o 20, and at least one container.
22 The kit of claim 21, wherein the at least one container compnises a synnge and 3

needle switable for adounistration to an equing.

23. The kit according to claim 21 or claim 22, further comprising nstractions for

administration 1o an equine.

o
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24, A method of treating or preventing an ocular disease in equines, the method

comprising admistering any of the compositions of claims 1 to 20 to an equine.

25, The method according to claim 24, wherein the ocular discase causes Mindoess,
mmpaired vision, and/or ocular pam, and wherein the adounistration of the composition treats

and/or prevents the blindness, impaired vision, and/or ocular pain,

26. The method according to claim 24, wherein the treating and/or the preventing of

blindness comprises lymphooyte suppression.

27. The method according to any of claims 24 to 26, wherein the ocular discase
comprises uveitis, immune-mediated keratitis, heterochromic iridocyclitis with keratitis,

endothelitis posterior uveitis, chororstinitis, optic neuritis, and anyv combination thereof.

28. The method according to claim 27, wherein the uveitis 18 recurrent, chronic, non-

mfectious uveitis.

29, The method according to any of claims 24 to 28, wherein the composition is
administered by imgection nto a portion of the subject’s eve or by direct application of the

composition to a portion of the subject’s eve.

30.  The method according to any of claims 24 to 29, wherein the composition is
adounistered intravitreally (JV'T), mtracomeally, subconjunctivally, perocularly,

suprachoroidally, intrasclerally, intracamerally, intravenously, and/or subretinally,

31, The method according to any of claims 24 to 30, wherein the composition is

administered at a dose of at least 1.0 x 10%vg.

(8
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32. The method accordimg to any of claims 24 to 31, wherein the composition is
administered in a simgle dose, and wherein the single dose treats and/or prevents at Ieast one

symptom associated with the ocular discase.

33. The method of claim 32, wherein the at least one symptom comprises ocular

cloudiness, blindness, impaired vision, and/or ocular pain.

(8]
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13fer. 1(a) for the purposes of intemational search
only in the form of an Annex C/ST.25 text file.

C. D furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 137er1(a)).

on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. l:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/27283

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. l:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-33

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims, it is covered by claims Nos.:

Remark on Protest |—_—| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - wo-search-report
	Page 55 - wo-search-report
	Page 56 - wo-search-report

