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TREATMENT AND DIAGNOSIS OF OCULAR DISEASE
{CROSS-REFERENCE TO RELATED APPLICATION
o001} This application claims priority of US. Provisional Applhication No, 61/840,045 filed
on June 27, 2013, The content of the application 1s incorporated herein by reference m #s

entivety.

FIELD OF THE INVENTION

{00021 This mvennion relates to pharmaceotical compositions, reagents and methods for
treating or diagnosing ocular disease.

BACKGROUND OF THE INVENTION

{0003} Ocular mflammatory disease is a geveral term embracing a number of diseases and
conditions 1 which inflammation affects the eve or surrounding tssues. Inflammation is doe to
abnormal activation and migration of white blood cells to regions for example, the conjunctival
epithelium and tear glands, Although some treatments are presently gvailable, many possess
significant side effects or are not very effective in alleviating all symptoms, Thus, there 18 a need
for drugs and reagents for treatment and diagnosis of ccular mflammatory disease.

SUMMARY OF THE INVENTION

[8004]  This invention relates to ireatment and diagnosis of ocular inflammatory disease
using leukotoxin (LixA), a bacterial protein,

{0005} At least one aspect of the nvention is directed to a method of treating a disease
characterized by ocular mflammation, the method comprising administering a pharmaceutical
composition 10 a subject in need of such treatment v an ameunt effective to redwee said
mflammation, wherein the pharmacentical composition  comprises a loukotoxin and a

pharmaceutically acceptable carrier, and wherein the disease is an ocular inflammatory disease.
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The ocular mflanmatory disease mavbe keratoconjunctivitis sicca, diabetic retinopathy, digbetic
macula edema, Sjopren syndrome, dry eve, scleritis, birdshet retinochoriodopathy, ocular
cicatricial  pemphigoidm, Keratitis, sympathetic ophthalmia, vogt-kovanagi harada, fochy
heterochromic irdocveliis, uvedis, pars planiis, episcleritis, optic neuritis, orbital pseudotwmor,
retinal vasculitis, ocular allergy, and chronie conjunctivitis.

[8006]  Another aspect of the invention is directed to a method of reducing ocular
inflanumation in an ocalar region within a subject in need thereof, characterized by increased
levels of activaied white blood celly m a subject in need thereof, the method comprising
administering to the subject an amount of a pharmaceutical composition in amowt effective to
reduce said ocular inflanwnation, wherein the pharmaceutical composition comprises a
leukotoxin and a phanaceutically acceptable carrier. The ccnlar mflammation may be cansed
by an infection, antoimmume disease, allergen, ocudar trauma, and ocular allograft rejection. The
infection may be a viral, bacterial, or a fungal infection.

{6007} in at least one embodiment, the leukotoxin is LixA, prepared from Aggregatibacter

ety

R

actinomycetemcomitans. In yet another embodiment, LixA has at least 90% homology with the
peptide according to SEQ ID NO: 1.

{0008} 1n apother embodiment, the pharmaceutical composition comprising leukotoxim is
administered topically to the ocular region.  In another embodiment, the pharmacentical
compositionn 15 m a form suitable for topical admumstration.  In another embodiment, the
pharmaceutical composition 1s formulated for and administered by using an eve drop dispenser.
In another embodiment, the pharmaceutically acceptable carrier is an eve gel, eve cream,
suspension-type eve drops, eve wash, ointment, gel, liposomal dispersion, colloidal microparticle

suspension, implant or a contact lens.
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{00091 In another embodiment the amount of the pharoacentical composition comprising
leukotoxin adininistered to & subject 1 need thereot is effective to reduce local eytokine levels in
the ocular region, One or more of the following cytokines expression levels are reduced, IL-4,
A3 -9, ILITF and 1L-230

0010} Another aspect of the invention is directed to a kit comprising a pharmacentically
effective amount of lenkotoxin tor the treattnent of an ocular inflammatory disease. The kit may
contain multiple doses of a pharmaceutical composition comprising an effective amount of
leukotoxin to trept an ocular wmflammatory disease or to reduce ocular inflammation
characterized by the mcrease of activated white blood cells in the ocular region that express a
gregter level of LFA-1 compared to white blood cells from a normal healthy subject.

DESCRIPTION OF DRAWINGS

LUURE FIG. 1 1s a diagram showing migration of white blood cells (WBCs) across an
endothelial barmner.

{6012} FIG. 2 15 a diagram showing sensitivity of activated T-cells.

j0013]  FIG. 3A-F is a set of diagrams showing the activity of LixA under physiologic
conditions.

{0014} FIG. 4 is 8 disgram showing the examination of cyvtokines in hmg tissue following
treatment of bouse dust mite (HDM) exposed nuce with either a vehicle (saline, HDM/Dex
vehicle; or HDMLixA vehicle); dexamethasone (HDM/Dex); or leukotoxin (HDM/LixA)
DETAILED DESCRIPTION OF THE INVENTION

[0015]  This mvention relates to reagents and methods for treating or diagnosing ocular

mflammatory disease and incorporates the discovery that administering LxA to a subject
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suffering ocular inflammation characterized by activated inflammatory cells expressing LFA-
results in the depletion of the activated wmflanmmmatory cells.

{6016} LFA-1, a B2-antegrin on the surface of white blood cells, 18 composed of CD1a and
CDIR and invobved in immane cell migration and signaling.  In the absence of infection,
circglating WBCs express a “resting state” LFA-1 on their surface. Inflammatory cyvtokines
cause LFA-1 to asstune an active conformation, which results i binding of activated LFA-1 to
interceliular adhesion molecule-1 (ICAM-1) on the surface of endothehial cells. The interaction
between LFA-1 and ICAM-1 resalis in migration of WBUs across the endothelial barvier and
wto the mfected tissue. It has now been discovered that LixA targets mflammatory white blood
cells WBCs that expwess the activated conformation of LFA-1 on their syrface that migrate to the
eve and surrounding tissue resulting i ocular nflammation and local organ damage.

{017} Ocular inflammatory disease i a general term for inflammation affecting the ocudar
region. The ocular region means any part of the eve or surrounding tissue, as known by one with
ordinarv skill in the art.  Inflammation involving the eve can range from the familiar allergic
conjunctivitis of hay fever to rare, potentially blinding conditions such as uveitis, scleritis,
episcleritis, optic nearitis, keratiss, orbutal pseudotumor, retinal vasculitis, and chvonic
conjunctivitis.

0018 Broadly speaking, #f inflammation develops i the evels), ot in the optic nerve, bleod
vessels, muscles or other tissues that surround the eye, the resalting iiness is referred o as an
ocular inflammatory disease.

[0019]  The location of the nflammation may govern the diagnostic name for the ocular
mflammatory disease.  For example, uveitis is inflammation in the uveal tract; sclentis is

inflammation of the sclera, pars planitis 15 mflammation of the pars plana, and so forth, The
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treatment of oculwr mflammatory disease 13 aimed at reducing inflamunation.  Ocular
inflamimation can occur for many reasens for example, as a result of an infection, an autoimnune
disorder, trauma to the eve, or allergies.

LixA

00204 LixA 15 a ~115 kDa protein produced by the Gram negative bacterium
Aggregatibacter actinomycetemconutans (Kachlany, S, C. 2010, 1 Dent Res 89:561-570.). LixA
specifically kills leukocytes of humans and Old World Primates by forming pores in the
membrane and causing apoptosis or necrosis (Mangan et al., 1991, Infect Immun 59326772}
LixA binds spectfically to LFA-1 and cells that lack LFA-1 are resistant to its toxicity {Kachlany,
S Coet al, 2010 Leukema Research 34,777-85), For example, LIxA 18 not active apgainst
human red blood cells, human epithelial cells, rat colls, or mouse cells. LixA also remaras active
in the presence of human peripheral blood.
{8021} Mapy LixA preparations can be used, highly punified LixA is preferred. Examples
mclade LixA polypeptide purified from Aggregatibacter actinomycetemcomitans {SEQ 1D NO:
1 shown above) and other variants having substantially the same biological activity as that
having the sequence of SEQ ID NO: 1. It was discovered that Aggregatibacter
actinomyveetemoeomitans secreted active LIxA into cultwre supernatants (Kachlany, S. €, et al.
2000, Infect Immun 68:6094-100) and an efficient method for its purification was described in
Kachlany, S, C., et al. 2002, Protein Expr Purif 25:465-71. This method can therefore be used to
prepare isolated or purified LixA polypeptide. In one example, a purification procedure of the
toxin involves:

a. inoculating a single colony of Aggregatibacter actinomycetemcomitans mto a fresh

broth and growing cultures;
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b. adding the growing cultures to fresh broth, adding plass beads and ncubating;
¢. centrifuging the mcubated culture, forming a pellet and & supernatant;

d. fHiliering the supernatant through a membrane to provide g filtered supernatant;

it

mixing (INH4)2504 and the filtered supernatant together to form & mixture;
£ centrifuging the mixture to forny a mixture pellet;
g. resuspending the muxture pellet in butfer to form a protein resuspension;

h. passing the protein resuspension through a column; and

-

collecting the protem eluting off the column.

See also PCT/LIS2006/458258 (WO 2007/062150), UN Application 20090075883 (LIS Ser. No.
12/154,843) and PCT/USIONS2453 (WO 2011/047011). The contents of these documents are
mcorporated herem by reference.

{022} An "solated polypeptide” refers to a polypeptide that has been separated from other
proteins, hipids, and nucleic acids with which it iy paturally associated. The term “polvpeptide™
and “protein” can be used interchangeably when refernng to LixA. The polypeptide constitutes
at least 10% (1., any percentage between 10% and 10089, e.g., 20%, 30%, 40%, 50%, 60%,
70 %o, 80%, 83%, 90%, 95%, and 99%;) by dry weight of the purified preparation. Purity can be
measured by any appropriate standard method, for example, by column chromatography,
polyacrviamide gel electrophorests, or HPLC analysis. An isolated polypeptide of the invention
can be purified from a natural source, produced by recombinant DNA techniques, or by chenucal
methods. A fonctional equivalent of LixA refers to a polvpeptide derivative of the LixA
polypeptide, e.g., a protein having one or more point mutations, insertions, deletions, truncations,
a fusion protein, or a combination thereof. It retains substantially the activity of the LixA

polypeptide, Le., the ability to target and kill WBCs that express the activated conformation of
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LFA-] on their surface while having little or no toxie effect on other cells or organs in the body.
The solated polypeptide can contain SEQ 1D NO: 1 or a functional fragment of SEQ 1D NO: L
in general, the functional equivalent is at least 75% (e.g., any number between 75% and 100%,
mclusive, e.g., 70 %, 80%, 83%5, 9%, 05%, and 99%) wdentical to SEQIDNO: 1.

00234 Al of paturally occurring LixA, genetic engineered LixA, and chemically synthesized
LIxA can be used to practice the invention disclosed herein.  L4xA obtained by recombinant
DNA technology miay have the same amino acid sequence as naturally a occurring LtxA (SEQ
> NO: 1) or an functionally equivalent thereof. The term “LixA” also covers chemically
modified LixA.  Examples of chenucally modified LtxA weclude LixA  subjected to
conformational change, addition or deletion of a sugar chain, and LixA to which a compound
such as polyvethylene glveol has been bound. Once purified and tested by standard methods or
according to the method described in the examples below, LtxA can be cluded in a
pharmacestical composition, e.g., a topical composition,

6024} The amino acid composition of the LtxA polypeptide descnibed hersin may vary
without disrupting the ability of the polypeptide to target and kill WBCs. For example, it can
contain one or more conservative amino acid substitotions. A Vconservative amuno acid
substitution” is one m which the aming acid residue s replaced with an ammo acid residue
having a sinular side chain. Famihies of amino acid residues having simular side chams have
been dehined in the art. These families include anuno acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains {e.g., aspartic acid, glutamic acid), uncharged polar side
chains {e.g., glvane, asparagine, glotamine, sering, threonine, tyrosing, cvsteine), nonpotlar side
chains {e.g., alanine, valine, leucine, isolencine, proline, phenylalanine, methionime, wyptophan),

beta-branched side chains {e.g., threonine, valine, isoleucine) and sromatic side chains (e.g.,
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tyrosine, phenylalanineg, tryptophan, histiding). Thus, 8 predicted nonessential ammo acid
residue in SEQ 1D NO: 1 s preferably replaced with another amino acid residue from the same
side chain farmily. Alternatively, mutations can be introduced randomly along all or part of SEQ
I NO: 1, such as by saturation mutagenesis, and the resultant mutants can be screened for the
ability to mnprove the ocular condition and/or to identify mutants that retain the activity as
described below in the examples.

j0025] A LtxA polypeptide as described in this invention can be obtained as a naturally
occwring polypeptide or a recombmant polypeptide. To prepare a recombinant polypeptide, a
nucleic acid encoding it {e.g., SEQ 1D NO: 2} can be hinked to another nucleic acid encoding a
fusion partner, ¢.1., plutathione-s-transferase (GST), 6x-His epitope tag, or M13 Gene 3 protein,
The resultant fusion nucleic acid expresses i spitable host cells a fusion protein that can be
1solated by methods known in the art. The solated fusion proteis can be huther treated, e.g. | by
enzvmatic digestion, to remove the fusion pariner and obtain the recombinant polvpeptide of this
mvention.

Pharmaceutical Compositions

60261 The present invention also provides a pharmaceutical composition that containg LixA
and a pharmaceuntically acceptable carrier suitable for ocular adounistration.  Examples of
pharmaceutically acceptable carriers include, but are nor limited o eve gel, eve cream,
suspension-type eve drops, eve wash, ointment, gel, liposomal dispersion, colloidal microparticle
suspension, contact lens, and the {ike, and other preparations known in the art to be suitable for
ocular administration.  As such, the pharmaceutical compositions of the present invention
containing LixA may be administered using commonly known devices configured for the

delivery of the pharmaceutical compositions i the form of to the region surrounding the eve
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An ocular insert, may also comprise a biodegradable controlled release polymeric matrix. The
ponlar insert can be mmplanted i the conjunctiva, sclera, pars plana, anterior segment, or
posterior segment of the eye. Implants provide for controlled release of the pharmaceutical
composition to the ocular sarface, typically sustain release of LtxA over an extended time period.
The pharmaceutically accepiable carrier of the pharmacentical composition of the invention may
comprise & wide variety of non-active ingredients which are useful for formulation purposes and
which do not materially affect the novel and usefud properties of LixA.

6027} By a "pharmaceutically acceptable™ or "ophthalmologically acceptable” component,
means a component that 1s not biologically or otherwise undesirable, i.e., the component may be
tncorporated mto a pharmaceutical composition of the invention and administered topically to a
patient’s gye without cansing any undesirable biclogical effects or nteracting m a deleterious
manner with any of the other components of the formulation composition in which it is contamed.
When the termt “pharmaceutically acceptable” is used to refer to a component other than a
pharmacologically active agent, it is implied that the component has met the required standards
of toxicological and manufacturing testing or that it 1s incloded on the Inactive Ingredient Guide
prepared by the LS. Food and Drug Adnumistration.

{(28] Suitable thickeners will be known to those of ordinary skifl in the art of ophthalmic
formulation, and mclode, by way of example, cellulosic polymers such as methvlcellulose (MC),
hvdroxyethylcellulose (HEC), hvdroxypropyleellulose (HPC), hydroxypropyimethylcelivlose
{HPMC), and sodiom carboxymethyvicellulose (NaUMC), and other swellable bydrophilic
polymers such as polyvinyl alcobol (PVA), hyaluronic acid or a salt thereof {e.g., sodium
hvaluronate), and crosslinked acrvlic acid polvmers commonly referred to as "carbomers”. The

weferred amount of any thickener is such that a viscosity in the range of about 15 ¢ps to 25 ¢ps
3 ¥ g P P
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1s provided, as a solution having a viscosity in the aforementioned range is generally considered
pptimal for both comfort and retention of the formulation in the eve.  Any suitable isotone
agents and buffering agents commonly used in ophthalnue formulations may be used, providing
that the osmotic presswre of the solution does not deviate from that of lachnmal fhud by more
than 2-3% and that the pH of the formulation is maintained in the range of about 6.5 to about 8.0,
prefecably in the range of about 6.8 to about 7.8, and optimally at a pH of gbout 7.4, Preferred
buffering agents inclade carbonates such as sodiom and potassium bicarbonate.

{00291  The pharmaceutical compositions of the invention may also be prepaved as a hydrogel,
dispersion, or colloidal suspension. Hydrogels are formed by incorporation of a swellable, gel-
forming polvmer such as those set forth above as switable thickening agents (te., MC, HEC,
HPC, HPMC, NaCMC, PVA, or hvalwonic acid or a salt thereof, eg. sodium hyaluronate},
except that a formulation referred to w the art as a "hydrogel” typically has & higher viscosity
than a formulation referred o as a "thickened" solution or suspension. In conirast to such
preformed hydrogels, a pharmaceutical composition may also be prepared so as to form a
hydrogel i situ following application fo the eve. Such gels are liguid at room temperature but
gel at higher temperatures (and thus are termed "thenmoreversible” hydrogels), such as when
placed in contact with body fluids. Biocompatble polvmers that impart this property include
acrviic acid polymers and copolymers, N-isopropyvlacrylanude derivatives, and ABA block
copolymers of ethyvlene oxide and propylene oxide. The pharmaceutical compositions can also
be prepared in the form of a dispersion or colloidal suspension. Preferred dispersions are
liposomal, in which case the pharmaceutical composition is enclosed within "liposomes,”
microscopic vesicles composed of alternating aqueous compartments and lipid bilavers.

Colloidal saspensions are generally formed from microparticles, ve. from microspheres,
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nanospheres, microcapsules, or nanocapsules, wherein microspheres and nanospheres are
penerally monolithic particles of a polymer matrix in which the pharmaceutical composition is
trapped, adsorbed, or otherwise contaimed, while with macrocapsules and nanocapsoles, the
formulation 1s actually encapsulated.

00304 The pharmaceutically acceptable ophthalmic carrier used with the pharnsaceutical
composition of the tnvention mway be of a wide range of types known to those of skill in the art.
For example, the pharmaceutical compositions of the mvention can be provided as an ophthalmic
solution or suspension, in which case the carrier 1s at least partially agueous. The pharmaceutical
compositions may also be oinunents, in which case the pharmaceutically acceptable carrier
comprises an omtment base. Preferred ointinent bases herein have a melting or softening point
close to body temperature, and any ointment bases commonly used in ophthalmic preparations
may be advantageously emploved. Common omtment bases mnclude petrolatum and mixtures of
petrolatum and mineral oil.

{6031} The phammaceutical composition may also be incorporated into a sterile ocular msert
that provides for controlied release of the formulation over an extended time period, generally in
the range of about 12 hows to 60 davs, and possibly up to 12 months or more, following
mplantation of the nsert o the conjunctiva, sclera, or pars plana, or into the anterior segment
or posterior segment of the eye. One type of ocular iusert 18 an implant in the form of a
monolithic polymer matnix that gradually releases the pharmaceutical composition to the eve
through diffusion andfor mairix degradation. With sach an insert, it i3 preferred that the polymer
be completely soluble and or biodegradable (3.e., physically or enzymatically eroded in the eve)
s0 that removal of the insert is unnecessary. These types of inserts are well known i the art, and

are typically composed of g water-swellable, gel-forming polymer such as poly ethylene glycol.
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collagen, polyvinyl alcohol, or a cellnlosic polymer. Another type of msert that can be used to
deliver the present formulation is a diffusional aplant in which the formulation is contained in a
central reservorr enclosed within a pormeable polymer membrane that allows for gradual
diffusion of the pharmaceutical composition out of the maplant. Osmotic inserts may also be used,
ie., implants in which the pharmaceutical composition is released as a result of an increase in
osmotic pressure within the implant following application to the eve and subsequent absorption
of tears.

{00321  The ferm "controlled release” refers to an agent-containing formudation or fraction
thereof in which release of the agent i not inuvediate, e, with a "controlled release”
formulation, administration does not result in famediate release of the agent o an absorption
pool. The term is used interchangeably with "nomimmediate release”™ as defined in Renungton:
The Science and Practice of Pharmacy, Nmeteenth Ed. {Easton, Pa.- Mack Publishing Company,
1995}, In general, the teom "controlied release” as used herein refers to "sustained release” rather
than to "delayed release” formulations. The term "sustamed release” {synonymous with
"extended release”) s used i its conventional sense to refer to a formulation that provides for
gradual release of an agent over an extended period of time.

{033] in an embodiment, the LiIxA is released over & pertod of at least 12 hours, at least 18
hours, at least 24 hours, at least 48 hours, at least 3 days, at least 7 days, at least 14 days, a1 least
30 days, at least 60 days, at least 90 days, at least 100 days, at least 120 davs, at least 150 days, at
least 180 days, or even longer.

[0034] The LixA or pharmaceutical composition can be administered, as described herem,
according to any of a number of standard methods including, but not himited to injection, nasal

spray, time-release implant, transdermal patch, eve drops, gels, ointments, orally, intraocular
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mjection, subconjuctival injection, peri~retrobulbar injection, transdermally, or topically to the
ocular regron by an eve drap dispenser, or the hike, meluding topical intranasal adnunistration or
administration by mhalant, and the like, spray, emulsion, suspension, via any drug carriers as
sponges, contact lenses, polvmers, microspheres, and implants. The topical administration can be
ophthalncally or intranasally.

{8033]  Topical ophthalmic products may be packaged in multidose fonm, Preservatives are
thus required to prevent nycrobial comtamination during use. Suitable preservatives include:
biguanides, hydrogen peroxide, hydrogen peroxide producers, benzalkonium chionide,
chlorobutanol, benzododecum bromide, methyl paraben, propyl paraben, phenylethyt alcohol,
pdetate disadium, sorbic acid, polyquaterninm-1, or other agents known ¢ those skilled m the art.
Such preservatives are tvpically employed at a level of from 0.001 o %% (w/w) Unit dose
formulations  of the present invention will be stenle, but typically nnpreserved. Soch
formulations, therefore, generally will not contain preservatives,

6036} The pharmacentical composition may fourther comprise antibiotics.  Examples of
antibiotics mclude without limitation, cefazolin, cephradine, cefaclor, cephapirin, ceftizoxime,
cefoperazone, cefotetan,  cefotoxime,  cefotaxnme,  cefadroxil, ceftazidime,  cephalexin,
cephalothin, cefamandole, cefoxitin, cefonicid, ceforanide, ceftriaxone, cefadroxil, cephrading,
cefuroxime, ampicilhin, smoxicithm, cvclacilling ampicillin, penwillin G, pemicillin V potassiwm,
piperaciiling oxacilling bacampicithing cloxaciibing tcarcillin, azlocillin, carbemicithin, methicillin,
nafciliin, ervthromycin, tetracyeline, doxyevcline, minocyelime, aztreonam, chioramphenicol,
ciprofloxacin hydrochloride, clindamycin, metronidazole, gemtamicin, lincomycin, tobramyvein,
vancomycin, polymvxin B sulfate, colistimethate, colistin, azithromycin, augmentin,

sulfamethoxazole, trimethoprim, derivatives thereof, and the like and muxtores thereof.
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{00377 The pharmaceuntical composition may further comprise corticosteroids. Examples of
corticosteroids include cortisone, prednisolone, riameinclone, flarometholone, dexamethasone,
medrysone, foteprednol, flupzacort, hvdrocortisone, preduisone tamcinolone, betamethasone,
preduisone,  methyipreduisolone,  irlamcinolone  acetonide, irlamcinolone hexacatonide,
paramethasone acetate, diflorasong, fluocwmolone and fluocinonide, derivatives thereof, and
nuxtares thereof,

j0038]  The pharmaceuntical composition may further comprise immunosupprossive agents,
Examples of immunosuppresive agents mclude cyclosporine, azathioprine, tacrolimus, TNFea-
wmhibitors, infliximab, {Remicade), adalimumab {(Humira), certolizumab pegol {Cimzia), and
polimumab {Simpor), and etanercept {Enbrel) and derivatives thereof

[003%]  The pharmaceutical composition may further comprise antivial agents. Examples of
antiviral agents inclode and are not limited to. mterferon gamma, zidovudine, amantadine
hydrochloride, nibavirn, acyelovir, valoiclovir, dideoxyovtidine, and derivatives thereof.

{6040} The pharmacentical composition may further comprise antihistamines. Examples of
antilustamines include, and are not limited to, loradatine, hydroxyzine, diphenhydramine,
chlorpheniramine, brompheniramine, cyproheptadme, terfenadine, clemastine, triprolidine,
carbinoxamine, diphenyipyraline, phenindamine, azatading, tripelennamine,
dexchlorpheniramine,  dexbrompheniramine, methdilazine, and trimprazine  doxylamine,
phemramine, pyridamine, chiorevehizine, thonzviamine, and derivatives thereof.

Treatment Methods

{0041}  The mvention provides a method of weating a disease charactenized by ocular
mflammation in a subject characterized by increased levels of activated WBCs, by administering

to the subject a pharmaceutical composition compnising LixA and a pharmaceotically accepiable
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carrier in an amount effective to reduce ocular inflammation characterizing the disease. In
another emboediment, the invention provides a methed of reducing ccular inflammation n a
subject characienized by increased levels of activated WBUs, by admimistening to the subject a
pharmaceutical composition comprising leukotoxin and a pharmacentically acceptable carvier
an amount effective to reduce ocular inflammation.

{8042  Ocular mflammatory disease 1s characterized by a sumber of diseases and conditions
in which inflarmation atfects the eye or swrroanding tissues. Examples of ocular inflanmatory
disease include keratoconjunctivilis sicca, diabetic retinopathy, diabetic macula edema, Sjogren

syndrome, dry eye

3

scleritis, birdshot retmmochoriodopathy, ocular cicatricial pemphigoid,
keratitis, sympathetic ophthalmia, vogt-koyanagi barada, fuchs' heterochromic iridocyclitis,
uvertis, pars planiis, episcleritis, optic neuritis, orbital pseudotumor, retinal vascolits, ocular
allergy, chronic conjunetivitis. Many of the above described diseases and inflammation disorders,
cause an increase of WBC's expressing the activated conformation of LFA-1 to migrate and
congregate m the ocular region and are suitable for reatment by the methods of the present
invention.

0043} There is evidence that mdicates “retinal inflammation” contributes to the pathogenesis
of diabetic retinopathy. There are common sets of inflammatory cytokines that are upregulated in
both the serum and vitreous and agueous samples, m subjects with diabetic retinopathy, and
these cytokines can have multiple interactions to inpact the pathogenesis of the disease. The key
nflammatory events involved in the blood retinal barrier (BRB) alteration appear to be: (1)
Increased expression of endothelial adhesion molecules such as ICAMI, VCAMI, PECAM-1,
and P-selectin, (2) adhesion of leukocytes to the endothelium, (3) release of mflammatory

chemokines, cvtokines, and vascolar permeability factors, (4} alteration of adherens and tight
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Junctional proteins between the endothelial cells, and (5) infiltration of leukocytes into the neuro-
reting, resulting in the alseration of the bood reting barrier (dlapedesis).

6044} Sidgren's syndrome is an inflammatory disease that can affect many difterent parts of
the body, but most often affects the tear and saliva glands. Patients with this condition may
notice writation, a gritty feelmg, or paintul burning i the eves. Membrane bound ICAM-1 s
over expressed n the saltvary glands (5G) of Sjogren's syndrome {85} patients.

[0045] Diry eve occurs when the eye does not produce tears properly, or when the tears are
not of the correct consistency and evaporate too quickly. Dry eye can be assoctated with
mflammation of the surface of the eve, the lacrunal gland, or the conjunctiva.

0046} Conunctivitis s an mflanemation of the compunctiva.  The conjunctiva is the thi,
transparent membrane hning that covers the outer surface of the eve. The conjunctiva &
nourished by tiny blood vessels that are nearly mvisible to the naked eve. The conjunctiva also
secretes mucus that moistens and lubricates the eve. Conjunctivitis that persists for four or more
weeks is considered chronic. Conjunctivitis can be caused by an infection or by an allergen.
{0047  Another condition, allografi rejection is the main cause of graft failure in hwman
corneal transplantation. LFA-L in conjonction with ICAM-1 has been shown {0 be upportant m
anpnal models of corneal graft rejection, thus allograft rejection is another condition that would
be suitable for treatment by the methods of the present fwvention.

{6048} A Tsobject” refers to human and non-homan ammals, Examples of non-human
animals inclode all vertebrates, e.g., mammals such as non-human primates {particulatly higher
primates), dogs, rodents (e.g., mice or rats), guinea pigs, cats and non-mammals, such as birds,
amphibians, reptiles, ete. In a preferred embodiment, the subject 15 a human.  In another

embodiment, the subject is an experimental animal or animal suitable as a disease model.
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{0049 A subject to be treated for ocular inflammatory disease can be identified by standard
diggnosing techniques. Optionally, the subject can be examined for the level or percentage of
WBCs that bind 1o LtxA 10 a test sample obtatned from the subject by methods deseribed below.
if the binding level or percentage 1§ at or above a threshold value (which can be obtained from a
normal subject}, the subject is a candidate for treatment with an effective ameount of LixAL

6050} “Treating” or “treatment” refers to administration of a compound or pharmaceutical
composition to a subject, who has an ocular imflammatory disease, with the purpose to cure,
alleviate, relieve, remedy, delay the onset of, or ameliorate the disorder, the symptom of the
disorder, the disease state secondary to the disorder, or the predisposition toward the disorder.
0051} A Utherapeutically  effective amount” refors o the amount of an agent or

poe
1

pharmaceutical composition sufficient 1o effect beneficial or desired results. A therapeutically

effective amount can be admunisterad in one or more administrations, applications or dosages

andd is not intended to be himited 1o a particular formulation or administration route.

6052} The LtxA pharmacentical composition can be adnunistered in vivo o1 ex vivo, alone
or co-admunistered in conjunction with other drugs or therapy. As used herein, the term "co-
administration” or “co~adminssiered” refers to the admumistration of at least two agent(s) or
therapies t0 a sebject  In some embodiments, the co-admunistration of two or more
agentstherapres is concurrent. In other embodiments, & first agentitherapy s administerad prioy
to a second agent'therapy. Those of skill in the art understand that the formulations and/or routes
of administration of the various agents/therapies used may vary.

{00537  The L&xA pharmaceutical composition can be administered locally by topically
applving the LixA phammaceutical composition to the eye in the form of an ointment, gel or

droppable hquids using an ocular delivery system known to the an such as an applicator or
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evedropper. Alternatively, the LixA may be administered intraccularly via a polymer implant
that 15 placed under the under the conjunciiva of the eve or through injection directly mto the eye.
6054} In another embodiment, & phanmaceutical composition comprising LixA can be
administered systemically.  Generally, LixA is suspended in a pharmaceuntically-acceptable
carrier {e.g., physiological saline) and administered ovally or by intravenous mfusion, or injected
subcutancously, intramuscularly, intrathecally, intraperuoneally, infranasally, wtragastrically,
intratracheally, or intrapulmonarily.

[0055]  The dosage required depends on the choice of the route of administration; the nature
of the formulation; the nature of the patient’s illness; the subject’s size, weight, surface area, age,
and sex; other drugs being administered; and the judgment of the attending physician, Suitable
dosages are in the range of 0.01-100 migke. Varigtions i the needed dosage are 10 be expected
m view of the variaty of compounds available and the different efficiencies of various routes of
administration.  Variatons in these dosage levels can be adjusted using standard empirical
routines for optimization as is well understood in the an that may be employed by the ordinarily
skifled artisan without undue experimentation. Encapsulation of the compound in a suitable
delivery wvehicle {(e.g., polymeric microparticles or implantable devices) may mcrease the
efficiency of delivery.

Diasnostic and Prosnostic Methods

{6036]  Ocalar mflammation can be characterized by an increase in active WBUs expressing
a greater level of the activated conformation of LFA-I compared to WBCs of a healthy subject
without ocular inflammation. LFA-1, present on WBCs of ocular imflamymatory disease patients,
can act as a marker to detect and monitor the treatment of these afflictions while providing a

therapeutic target for pharmaceutical agents. LixA specifically targets WBCs that express the
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activated conformation of LFA-1, and therefore can be used in diagnosing diseases meditated by
such WBCs.

{6057} In another embaodiment, the present invention provides a method to diagnose ocular
mflamunation characterized by the increase of acthvated LFA-1 WBCs in the ocular region.
WB(Cs expressing the activated conformation of LFA-~1 can be detected in a subject based on the
presence of the binding of LixA in a test sawple from the subject. In other words, the binding of
LixA can be used as markers to indicate the presence or absence of WBCs involved in ocular
mflammatory disease. Diagnostic and prognostic assays of the invention include methods for
assessing the binding level of LixA with WBCs m the eve and the surrounding tissue.

{0058}  The hinding level in a test sample can be evaluated by obtaining a test sample from a
test subject and contacting the test sanple with LixA. The “test sample”™ meludes tissues, cells
and biological flaids isolated from a subject, as well as tiszues, celly and faids present within a
subject, and from the ocular region. The level of bmdmg of LixA to WBCs can be measured in a
number of ways, including that described i the examples below. In a preferred embodiment,
LixA or its fragments that mediate binding between LixA and LFA- (i.e, probes) are labeled
with a detectable agent. The term “labeled™ is intended to encompass direct labeling of the probe
by physically linking a detectable substance to the probe, as weall as indirect labeling of the probe
by regetivity with a detectable substance. For example, LixA (or is fragment) can be indirectly
labeled using a second antibody directed against LixA, wherein the second antihody 1s coupled
to a detectable substance. Examples of detectable substances or labels include radio isotopes
{e.g., 1251, 1311, 358, 3H, or 32P), enzymes {e.g., alkaline phosphatase, horseradish peroxidase,

haciferase, or P-glactosidase), fluorescent moieties or proteins {e.g., fluorescem isothiocyanate,
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rhodamune, phycoerythrin, GFP, or BFP), or luminescent moieties (e g, QdotTM nanoparticles
by the Quantum Dot Corporation, Palo Ao, CA)

{6039} LixA not ondy binds to, but also kills, WBCs, In the diagnostic or prognostic methad,
to minimize any potential errors caused by cel] death, the binding of LixA and WB(Cs can be
conducted at low temperatures {e g, 0-4°C) and for a short period of time such as 5 to 20 or 30
mnutes.

{0060}  The prognostic assays described herein can be nsed to determine whether a subject is
sattable to be admumistered with an agent {e.g., a drug) to treat an ccalar inflammatory disease.
For example, such assays can be used to determine whether a subject can be adnunistered with a
cyvtotoxic drug or anmune-suppressants to treat ccular mflammatory disease.

{68061} In another embodiment, a biological sample from a subject can also be screened for
the muoreased expression of certain eytokines {biomarkers) to determine whether the subject is i
nead of a treatment for ocular mflammation. These eviokines/biomarkers include IL-4, {L.-5, .-
9, 1L-17F and IL-23¢. Standard assays are known in the art to detect oviokines in brological
sampies. including without limitation biclogical samples isolated from the ocular region.

0062 Thus, also featared in this invention is a method of monitorimg a treatment for ocular
mflamnatory disease in a subjact, For this purpose, the binding level between LixA and WBCs
can be detenmined for test samples from a subject before, during, or after undergoing a treatment.
A decrease in the binding level after the treatment indicates that the subject can be further treated
by the same treatment. For example, a patient who has received a cornea transplant often faces
the problem of tissue rejection. That is, the body has an immune response 0 a comnea transplant.
To address this problem, cornea transplant is often accompanied by noaspecific innmune

suppression therapy o prevent T cell-mediated rejection. To that end, LoxA’s binding fevel can
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serve as a marker for a proper level or degree of imwuune suppression, andior biomarker
gxpression level be determined compared to the normal oytokine level of g subject without ocular
mflammation. A person skilled in the art can adjost the amount of LixA administered and length
of treatment based on the level of the binding during the course of the treatment.

0063} Information obtained from the practice of the above assays i85 wseful
prognostication, dentifving progression of, and chnical wanagement of diseases and other
deleterions conditions affecting an individual's health status. The information more specifically
assists the climician n designing therapy or other treatment regimens for ocular mflammatory
disease.

{6064} In another aspect, the invention provides kits. In one embodiment, a kit containing a
pharmaceutically acceptable dose wmit of a pharmaceutically effective amount of leukotoxin, and
a set of instructions containing methods of treating an ocular inflamomatory disorder as descnbed.
The kit mav further contain an apphicator to administer the pharmaceuntically acceptable dose unit
of a pharmaceutically effective amount of leukotoxin o the ocular region. Ocular applicators are
known in the art.

EXNAMPLE

0065} Leukotoxin {LixA} kills WBCs and prevents migration of WBCs across an
endothelial barrier even at doses that do not kall cells (FIG. 1}

[o66]  Testing to determine if LixA could block binding of activated PBMUCs to human bramn
endothelial cells (HBECs) to model the mitial steps leading to inflammation were carried out,
The initial steps leading to inflammation include the binding of activated PBMCs to endothelial

cells and migration across the endothehial bamier. Swrategies to treat inflammatory response
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melude depletion of those WBCs that are mvolved in pathogenesis and interruption of thew
binding and migration nto the affected tissue. (Weksler, B, B, E. A, Subuleau, N, Perriere, P
Chameau, K. Holloway, M. Leveque, H. Tricotre-Leignel, A, Nicotra, S. Bourdoulons, P
Tarowski, D. K. Male, F. Roux, §. Greenwood, 1. A. Romero, and P. O. Couraad. 2003, Blood-
brain barrier-specific properties of a human adult brain endothelial cell line. Faseb J 19:1872-4)
or {(Wassmer, S. C., V. Combes, F. I Candal, I Johan-Vague, and G. E. Graw 2006, Platelets
potentiate brain endothelial alterations mduced by Plasmodium falaparwm. Infect Imnun
74:645-33)

[0067]  HBECs were grown to monolaver on collagen or gelatin and then stimulated with
TNF. Calcem-labeled PBMCs activated with PMA were then added 1o the monolaver and
mcubated for 2 hours,  Unbound cells were washed and the percent PBMC binding was
calcutated by measwring fluorescence. LixA was able to prevent binding of activated PBMCs to
the endothelial cells i a dose-dependent manner. Greater than 0% blocking was observed at
higher doses of LixA. Because these PBMUCs were from a healthy individual, complete blocking
was not observed since most of the cells were normal and not affected by LixA. Cytotoxicity
assays showed that only approximately 10-20% of the cells stained with propidnmm todide after
two hours thereby indicating that many of the cells that were blocked by LixA were not killed.
LixA can block the migration of monocytes across & human braiun endothelial cell layer (HBECs),
LoxA has the ability 1o selectively deplete and block activated PBMCs from binding to and
crossing endothelial cells.

0068} Next, the specificity of LixA by examining the effects of LixA on activated versus
non-activated {resting) WBCs was demonsirated.  Primary CD4 T-cells were stimulated by

cross-linking their T-cell receptor with anti-CD3/CD28 mAb, winch is known to cause
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physiological activation. We then tested the effects of LixA on activated CD4 Tecells. The
activated CD4 T-cells were more than 100-times more sensitive 0 LixA than resting T-cells
{F1(z. 2}. Healthy PBMCs were mintmally affected by Lix& while the same PBMUs activated ex
vivo with 12-O-etradecanoylphorbol-13-acetate {TPA)Y were highly sensitive 1o LixA~mediated
killing. Analysis of LEA-1 on activated cells revealed that LixA preferentially depletes cells
with the highest level of LFA-1 activation as revealed by binding to mAb24, which binds
specifically to LFA-1 in the activated state, but not in the resting state.

6069} LixA was next tested in the rhesus macaque (Macaca mulatta) under physiological
conduions {(FIG. 3A-F}. One monkey received a single ntravenous miusion of 300 ug LixA (22
pedke) while the second animal served s a contrel. Throughout the 3-week study, red blood cell
{RBC), platelet {(PLT}), and hemoglobin (HGB) values remained wochanged w the LixA-treated
monkey and were similar to the vehicle-treated control animal. In contrast, the total white blood
cell (WBC), Lymphocyte (LYM) and Neutrophil (NEU) count m the treated animal dropped
markedly during the first several hours post-infusion and then increased. By 24 hours, counts
recovered and long-term myelosuppression was not observed.

j60704 Blood chenustry values for the LixA-treated monkey revealed no change in markers
for either liver toxicity {AST, bilirgbin, alkaline phosphatase) or kidney fumction {BUN,
creatinine) during the course of the experiment, and anumals appeared i good health as
evaluated twice daily by the veterinary staff {data not shown). Taken together, these results
indicate that LixA 13 active and specific in a non-human primate at a non-toxic dose. Primate
experiments were carried out at the University of Wisconsin Nationa! Primate Research Center
{WNPRC) and approved by the University of Wisconsin-Madison Asnimal Care and Use

Commiites.



WO 2014/210454 PCT/US2014/044567
24

{071} LixA 1 solation is highly stable. Soluble LixA was incubated at room temperature
for several davs and then tested for Moactivity against a sensitive leukemia cell ine (THP-1).
Lix A retains full activity even after seven davs at room temperature 1 solution.  Similar results
were obtained for numerous ditferent preparations of LixA. We also tested the stabtlity of LixA
at different temperatures. LixA was incubated for ten minutes at 40, 50, 60, 70, 80, and 90° C
and then tested agamst THP-1 cells. LixA was stable up 1o 607 C and then began 10 lose activity.
We tested the stability of LixA at 40% C and 50° € over time and found that LixA retains full
activity even after a $-hour mcabation at 40° € or 307 €. LixA is also fully stable after ten
freeze-thaw cycles,

0072} Immunophenctvpic analvsis of WBCs was perfornmed in rhesus monkeys. LixA {22

ug/kg) was infused v, into two monkeys over g twenty-minote period and then blood was drawa
from aniaals at different time pomnts. WBCs were analvzed by flow eytometry. Tecells (CD3+),
B-cells {CD20+), and natural killer (NK) cells were depleted by LixA. NK cells, which have
been shown to have an important vole in the pathogenesis of mflammatory eye diseases,
demonstrated the greatest sensitivity to LixA. Only the cells with highest levels of LFA-1 were
targeted by LixA.  Effector memory T-cells were highly susceptible to LixA while central
memory T-cells were minimally affected and naive T-cells were not affected. Inflanumatory eye
diseases, such as dry eye, the effector T-cells exert damagmg effects through thew functions of
mducing overt inflanumatory responses even in the absence of antigen in fissues. Regulatory T-
celis {Tregs) were not depleted by LixA. Tregs are an unportant component of the immuone
systemn that prevents excessive immune reactions and can help abrogate antoinunune disease.
Thus, LixA acts on relevant cell tvpes in a highly specific manner, sparing healthy and

immunosuppressive cells that are not involved in disease.



WO 2014/210454 PCT/US2014/044567
25

Evaluatton of LixA in a Lung Inflammation Mouse Model

Materials and Methods

{6073} LoxA  Punification: LixA was pwified from  culture sopernatants of AL
actinomycetencomitans strain 4300 {(Diaz et al, (2006) Microb Pathog 40, 48-35)

j0874| Animal study. Fenmale BALB/ mice (6-8 weeks, 1520 g, Jackson Laboratosies, Bay
Harbor, ME) were housed under specific pathogen-free conditions and a 12-hour light'dark cvcle
with access to food and water. Under isoflurane anesthesia, mice were exposed to HDM extract
{D. pteronyssinus; Greer Laboratonies, Lenotr, NC) miranasally (23 ug in 10 pl of sahne per
nastril). Control (non-asthunatic) animals were administered an equal volume of saline alone
{saline/no treatment, FIG. 4}, The frequency of exposure for HDM saline was § days/week, tor a
total of § weeks., Power caleulations from pilot studies indicated that four ammals per group
were sufficient to detect a significant difference between control and experimental groups.

{8075} After two weeks, HDM-exposed mice were divided into 4 groups of 4 mice/group
and treated with (1} dexamethasong wvehicle, salme (HDM/Dex wvehicle, FIG. 4A-B)
subcutanecously (s.c.) once daily, five days per week, (2) dexamethasone, Sigma; 125 mg/kg
{HDM/Dex, FIG. 4) s.c. once datly, five days per week, (3} LixA vehicle, butfer (HDM/LixA
vehicle, FIG. 4} intraperitoneally (ip.), three davs per week, and (43 Lixa, 05 mgkg
(HDMAL A, FIG. 4) Lp., three davs per week, HDM exposure was contmued throughout the 3-
week treatment pentod.

{076} BAL fhad from each mouse was subjected fo RBC lysis for 10 minutes at room
temperature, followed by washing twice at 400 x g for 5 minutes and resuspending the cell pellet
m PBS. Total BAL fluid cell number was counted using a hemocviometer. Immunophenotypic

analysis of BAL fluid cells was performed by antibody staining and flow cytometry. For each
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antibody stain, 106 cells were first blocked with Fe blocker (rat anti-mouse CDI6/CD3Z, BD
Biosciences, San Jose, CAj for 10 minutes at room temperature, followed by incubation with
monoclonal antibodies at 4% C for 30 nunutes and analysis on an LSR 11 flow cytometer (BD
Biosciences). Antibodies {BD Biosciences) to the following markers were used to identify the
various cellular subtypes: CD3e (T-cellsy, CD4IRMBIZN (B-cells), LydG, CCR3 (neutrophils),
COR3, Ly6G (eosinophils), MHC I (macrophages). Relevant isotype controls were included
with each experiment,

0077} Blood from the mice was collected by tleac vem puncture immediately following the
BAL fluid isolation. Blood was collected in anticoagulant tubes and centrifuged at 400 x g for
10 nunutes.

{6078} Lung tissue histology:  After collecting BAL floid and blood, lungs were removed
through dissection and stored i 10% neatral boffered formalin at room temperatwre wntid
microscopic analysis. Sections of paraffin embedded fixed lung tissues were stained with H&E
to analvze total lung inflammation. Sections were also stained with periodic acid Schiff reagent
to identify mwucous and goblet cell hyperplasia and Sirins red for cosinophils.  The tissue
preparation and examunation was carned owt at the New Jersey Medical School Histology Core
Facility, Samples were examined by a board certified pathologist.

0079 Cyrolane Analysis: Quantitative RT-PCR was used to determine the expression fevels
of proinflammatory eviokmes {IL-4, 1L-5, 1L-9, IL-17F and 1L-23¢) in the tongs of mice. Total
RNA from the lung tissue was extracted with Trizol reagent (Life Technologies, Grand Island,
NY}. Relative mRNA levels were determined by qRT-PCR. One microgram of total RNA was
reverse transcribed using High Capacity ¢DNA Reverse Transcription Kit {(Life Techunologies,

Grand Island, NY)  Amplification was carried out using TagMan Fast Universal PCR Master



WO 2014/210454 PCT/US2014/044567
27

Mix (Life Technologies, Grand Island, NY})  The data was nommalized to GAPDH. Gene
gxpression was caloulated using the AACT method relative 1o nalve sanple,

{6080} Evaluation of LtxA in a mouse model for allergic asthma, Given the potential role
that LFA-1 plays in the pathogenesis of allergic asthma and the ability for LtxA to target
specifically the LFA-1ht WBCs ex vivo that are unigue to allergic asthma patients, an initial
proof-of-principle evaluation of LtxA 1 a mouse meodel for allergic asthma was performed.
Mice were admimistered hoose dust mite (HDM) extract or saline intranasally (1n)) five days per
week for five weeks. After two weeks of admuimistration, HDM-exposed mice were subdivided
wto four groups of four mice per group and received the following treatments for an additional
three weeks: dexamethasone velucle, subcutaneons {s.¢.) § daysiweek; dexamethasone (1.25
mgtked, 5.0 5 davsiweek; LA vehicle, wntraperitoneal {1.p.3 3 daysiweek; L& (0.5 mafke), 1p.
3 daysiweek.

j0081} At the end of the stwdy, bronchoalveolar lavage {BAL)Y fluid, lung tssue, and blood
were collected from all mice for further evaluation. Examination of WBCs in the BAL flud
revealed that HDM-exposed mice treated with the dexamethasone vehicle or LixA vehicle had
significantly higher levels of all WBC subsets than mice that were given only saline. Treatment
of HDM-exposed mice with dexamethasone or LixA caused significant reduction in the numbers
of WBCs in the BAL fluid.

{0082]  To determine if LFA-1 i3 involved m the migration of WBCs to the long tissue in this
animal model, the levels of LFA-1 on PBMUCs and BAL fluid WBCs in two HDM-exposed mice
that were weated with LixA vehicle were examined. The migrated WBCs that were present in
the BAL fluid had significantly higher levels of LEA-1 than on the WBCs in the peripheral blood

of the same animal.
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{0083} Lung tssue was sectioned and stained with H&E, PAS, or Sirus Red. H&E staming
revealed a large wfiltration of WBCs i the lung tissue of HDM-exposed mice treated with
dexamethasone velucle or LixA wvehicle. Infilration was not evident in saline-exposed mice.
The infiliration of WBCs m HDM-exposed mice was most evident surrounding the blood vessels
and bronchiples. Significant goblet cell hyperplasia suwrrounding many of the bronchioles m the
velucle-treated contrels, but not in the other samples was observed. Staining of polysacchandes
with PAS in the lung tissue from LixA velucle-treated nuce contirmed the presence of mucin-
producing goblet cells and subepithelial accumulation of collagen.  Sirtus Red stamnmg of
sections revealed pink-stainmg eosinophils in the vehicle-treated nuice, but not in the LixA-
treated muce, Mice that were treated with dexamethasene had a reduced number of cosinophils
compared to the vehicle control, but still greater than LtxA-reated mice.

{0084) Proinflammaiory cyiokines play a crucial role in the pathogenesis of allergic asthma
ancd other inflanematory conditions, In allergic asthima, 1L-4, 1L-8, IL-9, IL-17F, and 1L-23¢ are
the primary signaling molecules involved in disease. The levels of IL-4, 1L-5, IL-9, IL-17F, and
IL-23¢ mRNA in the lung tissune from all mice were evaluated (FIG. 9). The vehicle-treated
mice had significantly greater expression of the proinflammatory cytokines compared to saline-
exposed mice. In addition, dexamethasone caused reduction of {L-9, 1L-17F, and 1L.-230 while
LixA treatment caused signiticant reduction of all the cytokines that were examined.

{6085] Al poblications cited tn the specification poblications, are mdicattve of the level of
skill of those reasonably skifled i the art to which this invention pertams. All these publications
are herein fully incorporated by reference to the same extent as if each individual publication

were specifically and individoally indicated as being incorporated by reference.
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What is clatimed 1s:
i A method of treating a disease characterized by ocular fnflammation, the method

comprising administering a pharmaceutical composition to a subject in need of such treatment m
an amount effective to reduce said inflammation, wherein the pharmaceutical composition
comprises a leukotoxin and a pharmaceutically acceptable carrier, and wherein the disease 15 an
ocular mftammatory disease.

2. A method of reducing ocular inflammation in an ocular region within a subject in need
thereof, charactenized by mncreased levels of activated white blood cells in a subject in need
thereof, the method comprising administering to the subject an amount of a pharmaceutical
composition in amount effective to reduce said ocular mflammation, wherein the pharmaceutical
composition comprises a leukotoxin and a pharmaceuucally acceptable carrier.

3 The method of claim 1 or 2, wherein the leukotoxin s prepared from Aggregatibacter
AcHNOMyCetemeonitans.

4. The method of claim 1 or 2, wherein the lenkotoxm has at least 90% homology with the
peptide according to SEQ ID NO: 1.

S, The method of claim 1, wherein the ocular wflanumatory discase is selected from the
group consisting of keratoconjunctivilis sicca, diabetic retinopathy, diabetic macula edema,
Siogren  syndrome, dry  eve, scleritis, birdshot retinochoriodopathy, ocular cicatricial
pemplugeidm, keratitis, sympathetic ophthahmg, vogt-kovanagt harada, fuchs’ heterochromic
wridocvehitis, uveitts, pars planitis, episclenitis, optic neworitis, orbital psendotumor, retinal
vasculitis, ocudar allergy, and chronic conjunctivitis.

8. The method of claim | or 2, wherein the pharmaceutival composition 18 administered

topically to the ocular region.
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7. The method of claim 1 or 2, wherein the pharmaceutical composition 13 administered
systemically.
8. The method of clanm 1 or 2, wherein the amount administered to sad subject 1s effective
to reduce local eytokine levels in the veular region.
9. The method of clamm 7 or & wherein one or more cvtokines are selected fromy the group

consisting of IL-4, 1L-5, 1L-9, IL17F and [L-23:

10, The method of clayim 1 or 2, wherein the pharmaceutical composition s formulated for
and administered by nsing an eye drop dispenser,

i1, The method of clamm 2, wheremn the activated white blood cells express a greater leved of
LFA-T compared to white blead cells from a normal healthy subject.

12, The method of claim 2, wherein the mflammation is caused by a disease or condition
selected from the group consisting of an infection, moimmune disease, allergen, ocular trauma,
ancd ocular allografi rejection.

13, The method of clamm 12, wherem the infection may be caused by a virus, bacteria, or a
fungus.

4. A pharmacentical composition, comprising a leukotoxin and a pharmacentical carrier,
whergin the pharmaceutical composttion s in a form suitable for topical administration.

15, The pharmaceutical composition of claim 14, wherein the pharmaceutical carrier is
selected from the group consisting of an eve gel, eve cream, suspension-type eve drops, eye wash,

Ly

omiment, gel, liposomal dispersion, colloidal microparticle suspension, unplant and a contact
lens.

16, The pharmaceuntical composition of claim 13, wherein the pharoacentical camier is @

controlied release formulation.
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17, Leukotoxin LixA {SEQ ID NO:1) or a polypeptide having at least 90% identity with SEQ
D NOC 1 oand retaining the activity of the LtxA polvpepiide for use in treating an oculay
mflammatory discase.

18 Leukotoxin LixA or polvpeptide for wse according to claim 17, wherein the ocular
inflammatory disease s selected from the group consisting of keratoconjunctivits sieca, diabetic
retinopathy,  diabetic macula  edema, Sjopren  syodrome, dry  eve, sclentis,  birdshot
retinochoriodopathy, ocular cicatricial pemphigotdm, keratitis, sympathetic ophthalna, vogt-
kovanagi harada, fochs” heterochromic inidocychiis, aveitis, pars plamitis, episcleritis, optic
neuriis, orbital pseudotumor, retinal vasculitis, ocular allergy, mfection, and chronic
CONJUNCHVILS,

19, Use of Levkotoxin LixA {SEQ 1D NO:1) or a polypeptide having at least 90% wdentity
with SEQ 1D NO- 1 for the manufacture of @ medicament for treating an ocular inflammatory
disease.

20, A kit comprising a pharmacsutically acceptable dose unit of a pharmacentically effective

amount of levkotoxin for the treatment of an ocular inflammatory disease.
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