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METHODS TO TREAT INFLAMMATION OF THE LUNG

FIELD OF THE INVENTION

[0001] The invention relates to pharmaceutical compositions, and methods for treating lung
inflammation.

BACKGROUND OF THE INVENTION

[0002] Lung inflammation is characterized by the massive infiltration of activated white
blood cells (WBCs) in the lung and airway subsequent to many immune related causes.
Although some treatments are available to treat the underlying disease, many of these diseases
do not have a cure and are chronic diseases, or the treatment for the disease is not immediately
effective, and the resulting lung inflammation remains a health concern for the patient. Steroids
are used as an adjunct therapy to treat lung inflammation, however the chronic use of steroids
often leads to multiple side effects such as proximal myopathy, chusinggoid habitus,
hyperglycemia, diabetes, infections and osteoporosis. Other drugs are known to down regulate
the immune system, but many of these drugs are unable to differentiate between resting and
activated immune cells, and generally have a potent immunosuppression effect. Thus, there is a
need for new treatments to reduce lung inflammation caused by many diseases and immune
related disorders, with minimal immunosuppression and associated side effects.

[0003] In lung related disorders, various subtypes of WBCs show up-regulation and
activation of Lymphocyte function-associated antigen 1 (“LFA-17). The activated LFA-1 then
mediates the migration of WBCs into the airways. Once migrated, the inflammatory WBCs
cause airway inflammation and bronchial remodeling that can lead to adverse effects in a subject

if the inflammation is uncontrolled.
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[0004] Lung inflammation is a general term for inflammation affecting any part of the lung
or surrounding tissue and fluid, and the up-regulation of certain cytokines. Clinical
characteristics of lung inflammation may include shortness of breath, increased fluid and/or
mucus in the lungs, increased coughing, associated pain when breathing and inability to breathe.
The treatment for lung inflammation is aimed at reducing inflammation and the associated
clinical symptoms caused by uncontrolled lung inflammation.

[0005] Agents that target LFA-1 have been used to treat asthma, a chronic disorder that
causes lung inflammation, including, for example, simvastatin, a small molecule drug that can
target LFA-1, and efalizumab, a monoclonal antibody against LFA-1_ In randomized controlled
trials of asthma patients, simvastatin was shown to reduce airway and sputum eosinophilia, but it
did not affect airway hyperresponsiveness or reduce the expression of inflammatory cytokines
(IL-4, 5) compared to the placebo. Treatment of asthma patients with efalizumab, by blocking
LFA-1 caused while the drug is bound to the receptor, caused a decrease in the number of
inflammatory cells as well as a decrease in the late airway response compared to placebo, but it
did not have any effect on the early asthmatic response.

SUMMARY OF THE INVENTION

[0006] In one embodiment, the present invention provides a method of reducing lung
inflammation in a subject in need thereof, characterized by increased levels of activated white
blood cells, the method comprising administering to the subject an amount of a pharmaceutical
composition effective to reduce said lung inflammation, wherein the pharmaceutical composition
comprises a leukotoxin and a pharmaceutically acceptable carrier. The activated white blood
cells express a greater level of LFA-1 compared to white blood cells from a normal healthy

subject, and may be further characterized as CD11a" cells. The leukotoxin may be prepared
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from Aggregatibacter actinomycetemcomitans, and recombinantly. In a preferred embodiment,
the leukotoxin has at least 90% homology with the peptide according to SEQ ID NO: 1. The
leukotoxin may be administered orally, parenterally, intravenously, intraperitoneally or by
inhalation.

[0007] In certain embodiments, the inflammation is caused by a disease or chronic disorder.
The disease or chronic disorder may be asthma, cystic fibrosis, chronic obstructive pulmonary
disease, an allergen, or an infection. The subject may also have a bacterial, fungal, or viral
infection that causes the inflammation. The amount administered to the subject is effective to
reduce local cytokine levels in bronchoalveolar lavage fluid or lung tissue, and the cytokines
may be IL-4, IL-5, IL-9, IL-17F and IL-230. In a preferred embodiment, the amount of
leukotoxin administered is effective to reduce the level of at least one cytokine at least about
five-fold. In a further embodiment, the pharmaceutical composition comprising leukotoxin is
formulated for and administered by using an inhaler selected from the group consisting of a
nebulizer, a metered-dose inhaler, and a dry powder inhaler.

[0008] In another embodiment, the present invention provides a method of treating a disease
characterized by lung inflammation, the method comprising administering a pharmaceutical
composition to a subject in need of such treatment in an amount effective to reduce said
inflammation, wherein the pharmaceutical composition comprises a leukotoxin and a
pharmaceutically acceptable carrier, and wherein the disease is selected from the group
congsisting of asthma, cystic fibrosis, chronic obstructive pulmonary disease, allergies, and an
infection.

[0009] In another embodiment, the present invention provides a pharmaceutical composition

comprising leukotoxin and a pharmaceutically acceptable carrier, wherein the pharmaceutical
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composition is in a form suitable for inhalation. In a further embodiment, the pharmaceutically
acceptable carrier is a form of an aerosol or a dry powder.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1A-B is a set of diagrams showing the examination of white blood cells in
bronchoalveolar lavage fluid (BAL) following treatment of house dust mite (HDM) exposed
mice with either a vehicle (saline, HDM/Dex vehicle; or HDM/LtxA vehicle), dexamethasone
(HDM/Dex) or leukotoxin (HDM/LtxA).

[0011] FIG. 2 is a diagram showing the examination of cytokines in lung tissue following
treatment of house dust mite (HDM) exposed mice with either a vehicle (saline, HDM/Dex
vehicle; or HDM/LtxA vehicle); dexamethasone (HDM/Dex); or leukotoxin (HDM/LtxA).
DETAILED DESCRIPTION OF THE INVENTION

[0012] This invention relates to methods for treating lung inflammation using LtxA, and
incorporates the discovery that administering LtxA to a patient suffering lung inflammation
characterized by activated inflammatory cells expressing LFA-1 results in the rapid depletion of
the activated inflammatory cells. LFA-1 is a B2-integrin expressed on the surface of white blood
cells that is composed of CD11la and CD 18, and in its active conformation is involved in
immune cell migration and signaling. It has now been discovered that LtxA rapidly targets all
inflammatory WBCs that express the activated conformation of LFA-1 on their surface that
migrate to the lung, providing a robust targeted anti-inflammatory local effect in the lung, while

having little or no toxic effect on bronchial/tracheal epithelial cells.

LtxA

[0013] LtxA is a ~115 kDa protein produced by the Gram negative bacterium
Aggregatibacter actinomycetemcomitans. LtxA binds specifically to LFA-1 and cells that lack

4
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LFA-1 are resistant to its toxicity. For example, LtxA is not active against human red blood cells,
human epithelial cells, rat cells, or mouse cells. LtxA also remains active in the presence of
human peripheral blood.
[0014] While many LtxA preparations can be used, highly purified LtxA is preferred.
Examples include LtxA polypeptide purified from Aggregatibacter actinomycetemcomitans
(SEQ ID NO: 1) and other variants having substantially the same biological activity as that
having the sequence of SEQ ID NO: 1. It was discovered that Aggregatibacter
actinomycetemcomitans secreted active LtxA into culture supernatants 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 LtxA polypeptide. In one
example, a purification procedure of the toxin involves:

a. inoculating a single colony of Aggregatibacter actinomycetemcomitans into a fresh
broth and growing cultures;

b. adding the growing cultures to fresh broth, adding glass beads and incubating;

c. centrifuging the incubated culture, forming a pellet and a supernatant;

d. filtering the supernatant through a membrane to provide a filtered supernatant;
e. mixing (NH4)2S04 and the filtered supernatant together to form a mixture;
f. centrifuging the mixture to form a mixture pellet;
g. resuspending the mixture pellet in buffer to form a protein resuspension;
h. passing the protein resuspension through a column; and

i. collecting the protein eluting off the column.
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[0015] See also PCT/US2006/45258 (WO 2007/062150); US Application 20090075883 (US

Ser. No. 12/154,843) and PCT/US10/52453 (WO 2011/047011).

[0016] An "isolated polypeptide" refers to a polypeptide that has been separated from other
proteins, lipids, and nucleic acids with which it is naturally associated. The polypeptide
constitutes at least 10% (i.e., any percentage between 10% and 100%, e.g., 20%, 30%, 40%, 50%,
60%, 70 %, 80%, 85%, 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,
polyacrylamide gel electrophoresis, or HPLC analysis. An isolated polypeptide of the invention
can be purified from a natural source, produced by recombinant DNA techniques, or by chemical
methods. A functional equivalent of LtxA refers to a polypeptide derivative of the LtxA
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 LtxA
polypeptide, i.e., the ability to target and kill WBCs that express the activated conformation of
LFA-1 on their surface while having little or no toxic effect on other cells or organs in the body.
The isolated polypeptide can contain SEQ ID NO: 1 or a functional fragment of SEQ ID NO: 1.
In general, the functional equivalent is at least 75% (e.g., any number between 75% and 100%,
inclusive, e.g., 70 %, 80%, 85%, 90%, 95%, and 99%) identical to SEQ ID NO: 1.

[0017] All of naturally occurring LtxA, genetic engineered LtxA, and chemically synthesized
LtxA can be used to practice the invention disclosed herein. LtxA obtained by recombinant
DNA technology may have the same amino acid sequence as naturally a occurring LtxA (SEQ
ID NO: 1) or an functionally equivalent thereof. The term “LtxA” also covers chemically

modified LtxA. Examples of chemically modified LtxA include LtxA subjected to
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conformational change, addition or deletion of a sugar chain, and LtxA to which a compound
such as polyethylene glycol has been bound. Once purified and tested by standard methods or
according to the method described in the examples below, LtxA can be included in a
pharmaceutical composition, e.g., a topical composition.

[0018] The amino acid composition of the LtxA polypeptide described herein 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 substitutions. A "conservative amino acid
substitution” is one in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These families include amino 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., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan),
beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted nonessential amino acid
residue in SEQ ID NO: 1 is preferably replaced with another amino acid residue from the same
side chain family. Alternatively, mutations can be introduced randomly along all or part of SEQ
ID NO: 1, such as by saturation mutagenesis, and the resultant mutants can be screened for the
ability to reduce inflammation and/or to identify mutants that retain the activity as described
below in the examples.

[0019] "Substantially identical" as used herein refers to that the nucleic or amino acid
sequence is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical

over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45,
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50 or more nucleotides or amino acids, or with respect to nucleic acids, if the first sequence is
substantially complementary to the complement of the second sequence. Preferably, such variant
nucleic acid and polypeptide sequences will share 75% or more (i.e. 80, 85, 90, 95, 97, 98, 99%
or more) sequence identity with the sequences recited in the application. Preferably such
sequence identity is calculated with regard to the full length of the reference sequence (i.e. the
sequence recited in the application). In a preferred embodiment, the leukotoxin has at least 90%
or greater per cent homology with the peptide according to SEQ ID NO: 1.

[0020] A LtxA polypeptide as described in this invention can be obtained as a naturally
occurring polypeptide or a recombinant polypeptide. To prepare a recombinant polypeptide, a
nucleic acid encoding it (e.g., SEQ ID NO: 2) can be linked to another nucleic acid encoding a
fusion partner, e.g., glutathione-s-transferase (GST), 6x-His epitope tag, or M13 Gene 3 protein.
The resultant fusion nucleic acid expresses in suitable host cells a fusion protein that can be
isolated by methods known in the art. The isolated fusion protein can be further treated, e.g., by
enzymatic digestion, to remove the fusion partner and obtain the recombinant polypeptide of this
invention.

Pharmaceutical Compositions

[0021] The present invention also provides a pharmaceutical composition that contains LtxA
and a pharmaceutically acceptable carrier suitable for administration to the lung. Examples of
phamaceutically acceptable carriers include, but are not limited tomicroparticles, dry dispersible
powders, anhydrous ethanol, , particles formed by spray drying, and the like, and other
preparations as known in the art to be suitable for pulmonary administration. As such the
pharmmaceutical compositions of the present invention containing [L.txA may be administered

using commonly known devices configured for the delivery of pharmaceutical compositions in
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the form of powder or liquid aerosol particles to the bronchioles of the lung. Such devices
include, but are not limited to. inhalers, nebulizers, nasal sprayers, dry powder inhalation
systems; ultrasonic inhalation systems; metered dose inhalers; solution metering devices The
pharmaceutically acceptable carriers of the pharmaceutical composition of the invention may
comprise a wide variety of non-active ingredients which are useful for formulation purposes and

which do not materially affect the novel and useful properties of LtxA.

[0022] The term "pharmaceutically acceptable” refers to a component that is not biologically
or otherwise undesirable, i.e., the component may be incorporated into a pharmaceutical
composition of the invention and administered to a patient's lung without causing any
undesirable biological effects or interacting in a deleterious manner with any of the other
components of the formulation composition in which it is contained. When the term
"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 is included on the Inactive Ingredient Guide prepared by the U.S.

Food and Drug Administration.

[0023] Inhalation products are typically packaged in multidose form, for nebulizers and other
inhalations systems as known in the art. Preservatives may be used to prevent microbial
contamination during use. Suitable preservatives include: biguanides, hydrogen peroxide,
hydrogen peroxide producers, benzalkonium chloride, chlorobutanol, benzododecinium bromide,
methyl paraben, propyl paraben, phenylethyl alcohol, edetate disodium, sorbic acid,
polyquaternium-1, or other agents known to those skilled in the art. Such preservatives are

typically employed at a level of from 0.001 to 1% (w/w). Unit dose formulations of the present
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invention will be sterile, but typically unpreserved. Such formulations, therefore, generally will

not contain preservatives.

[0024] The pharmaceutical composition may further comprise antibiotics, antiviral agents,
corticosteroids, P-agonists (long or short acting), leukotriene modifiers, antihistamines,

phosphodiesterase inhibitors, sodium cromoglycate, Nedocromil, cytokines, and theophylline.

[0025] Examples of antibiotics include without limitation, cefazolin, cephradine, cefaclor,
cephapirin, ceftizoxime, cefoperazone, cefotetan, cefutoxime, cefotaxime, cefadroxil,
ceftazidime, cephalexin, cephalothin, cefamandole, cefoxitin, cefonicid, ceforanide, ceftriaxone,
cefadroxil, cephradine, cefuroxime, ampicillin, amoxicillin, cyclacillin, ampicillin, penicillin G,
penicillin V potassium, piperacillin, oxacillin, bacampicillin, cloxacillin, ticarcillin, azlocillin,
carbenicillin, methicillin, nafcillin, erythromycin, tetracycline, doxycycline, minocycline,
aztreonam, chloramphenicol, ciprofloxacin hydrochloride, clindamycin, metronidazole,
gentamicin, lincomycin, tobramycin, vancomycin, polymyxin B sulfate, colistimethate, colistin,
azithromycin, augmentin, sulfamethoxazole, trimethoprim, derivatives thereof, and the like and

mixtures thereof.

[0026] Examples of corticosteroids include cortisone, prednisolone, triamcinolone,
flurometholone, dexamethasone, medrysone, loteprednol, fluazacort, hydrocortisone, prednisone
triamcinolone, betamethasone, prednisone, methylprednisolone, triamcinolone acetonide,
triamcinolone hexacatonide, paramethasone acetate, diflorasone, fluocinolone and fluocinonide,
derivatives thereof, and mixtures thereof. Examples of antiviral agents include interferon gamma,
zidovudine, amantadine hydrochloride, ribavirin, acyclovir, valciclovir, dideoxycytidine, and

derivatives thereof. Examples of antihistamines include, and are not limited to, loradatine,
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hydroxyzine, diphenhydramine, chlorpheniramine, brompheniramine, cyproheptadine,
terfenadine, clemastine, triprolidine, carbinoxamine, diphenylpyraline, phenindamine, azatadine,
tripelennamine, dexchlorpheniramine, dexbrompheniramine, methdilazine, and trimprazine
doxylamine, pheniramine, pyrilamine, chiorcyclizine, thonzylamine, and derivatives thereof.

Treatment Methods

[0027] The invention provides a method of reducing lung inflammation in a subject in need
thereof, characterized by increased levels of activated WBCs, by administering to the subject a
pharmaceutical composition comprising leukotoxin and a pharmaceutically acceptable carrier in
an amount effective to reduce lung inflammation. In another embodiment, the invention
provides a method of treating a disease characterized by lung inflammation, comprising
administering to a subject in need thereof a pharmaceutical composition comprising leukotoxin
and a pharmaceutically acceptable carrier in an amount effective to reduce lung inflammation
characterizing the disease.

[0028] In another embodiment, the invention provides a method for screening a subject for
lung inflammation by requesting a biological sample from the subject, requesting an analysis of
the biological sample to determine whether the subject expresses one or more biomarkers
associate with lung inflammation, and then treating the subject with a pharmaceutical
composition comprising LtxA. In certain embodiments, the subject is currently undergoing
treatment with LtxA, and the dose of LtxA is further determined according to the presence of
lung inflammation biomarkers.

[0029] Lung inflammation can be characterized by an increase in active WBCs expressing a
greater level of the activated conformation of LFA-1 compared to WBC’s of a healthy subject

without lung inflammation. These WBCs that have a greater level of the activated conformation
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of LFA-1 are also referred to as CD11a™ cells. CD11a" cells can be identified in biological
samples from a subject such as lung tissue, peripheral blood mononuclear cells (PBMCs) or a
BAL sample, thus a clinician can determine whether a subject is in need of treatment for lung
inflammation. In another embodiment, a biological sample from a subject can also be screened
for the increased expression of certain cytokines (biomarkers) to determine whether the subject is
in need of a treatment for lung inflammation. These cytokines/biomarkers include 1L-4, IL-5,
IL-S, IL-17F and IL-23a. Standard assays are known in the art to detect cytokines in biological
samples, examples of biological samples include without limitation lung tissue, peripheral blood
mononuclear cells (PBMCs) or a BAL sample.

[0030] Lung inflammation can be caused by many diseases and chronic conditions, such as
asthma, chronic obstructive pulmonary disease (COPD), allergic bronchopulmonary aspergillosis,
hypersensitivity pneumonia, eosinophilic pneumonia, emphysema, bronchitis, allergic bronchitis
bronchiectasis, cystic fibrosis, tuberculosis, hypersensitivity pneumonitis, occupational asthma,
sarcoid, reactive airway disease syndrome, interstitial lung disease, hyper-eosinophilic syndrome,
rhinitis, sinusitis, exercise-induced asthma, pollution-induced asthma, cough variant asthma,
parasitic lung disease, bacterial infections, respiratory syncytial virus (RSV) infection,
parainfluenza virus (PIV) infection, rhinovirus (RV) infection and adenovirus infection. Many
of the above described diseases and chronic disorders, cause an increase of WBCs expressing the
activated conformation of LFA-1 to migrate and congregate in lung tissue and BAL and are
suitable for treatment by the methods of the present invention.

[0031] Cystic fibrosis (CF) is a disease characterized by chronic inflammation and immune-
mediated damage to the lung and airway, resulting in respiratory failure and death. Activated

LFA-1 neutrophils responding to bacterial infection are predominantly responsible for the
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immune-mediated injury. Neutrophils generally play a role in the elimination of bacterial
pathogens, however, in the case of CF, activated LFA-1 neutrophils are less immunologically
effective, thus a target for LtxA therapy. Asthma is a chronic condition that is also characterized
by lung inflammation, whereby activated WBCs infiltrate into the airways and release
inflammatory mediators which further cause bronchial epithelium damage. Allergic asthma is
IgE mediated and involves initial exposure to an inhaled allergen and subsequent antigen
presentation to T-helper type 2 lymphocytes, which secrete IL-4 and IL-13. Allergic asthma can
be further characterized by airway inflammation in BAL and lung tissue, persistent Th2 response
with increased cytokine production, progressive airway remodeling and bronchial hyperactivity.
The WBCs to be targeted can also be characterized as CD11a™ cells, which are monocytes and
non-helper T-cells that express LFA-1 with a Mean Fluorescent Intensity (MFI) of about 10° —
10°. In a preferred embodiment, the treatment methods of the present invention treat patients
suffering asthma attacks characterized by CD11a" cells with an LFA-1 MFI of about 10* — 10,
One with ordinary skill in the art can identify CD11a" cells by MFI using standard techniques
and reagents known in the art.

[0032] COPD, or chronic obstructive pulmonary disease, is a progressive disease that makes
it hard to breathe. COPD can cause coughing that produces large amounts of mucus (a slimy
substance), wheezing, shortness of breath, chest tightness, and other symptoms. In COPD, less
air flows in and out of the airways because of one or more of the following: the airways and air
sacs lose their elastic quality; the walls between many of the air sacs are destroyed; the walls of
the airways become thick and inflamed, and the airways make more mucus than usual, which can

clog them.
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[0033] In chronic bronchitis, the lining of the airways is constantly irritated and inflamed.
This causes the lining to thicken. Lots of thick mucus forms in the airways, making it hard to
breathe.

[0034] “Treating” or “treatment” refers to administration of a compound or pharmaceutical
composition to a subject, who has lung inflammation, with the purpose to cure, alleviate, relieve,
remedy, delay the onset of, or ameliorate lung inflammation, the symptoms of lung inflammation,

the disease state secondary to lung inflammation, or the predisposition toward lung inflammation.

[0035] As used herein, the term "subject” refers to any animal (e.g., a mammal), including,
but not limited to humans, non-human primates, rodents, dogs, cats, horses, cows, sheep,
domesticated animals and the like, which is to be the recipient of a particular treatment.
Typically, the terms "subject" and "patient”" are used interchangeably herein in reference to a

human subject.

|0036] A “therapeutically effective amount” refers to the amount of an agent or
pharmaceutical composition sufficient to produce beneficial or desired results. A therapeutically
effective amount can be administered in one or more administrations, applications or dosages

and is not intended to be limited to a particular formulation or administration route.

[0037] The agent or pharmaceutical composition can be administered in vivo alone or co-
administered in conjunction with other drugs or therapy. As used herein, the term "co-
administration" or “co-administered” refers to the administration of at least two agent(s) or
therapies to a subject. In some embodiments, the co-administration of two or more agents or

therapies is concurrent. In other embodiments, a first agent/therapy is administered prior to a
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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.

[0038] It will be appreciated by persons skilled in the art that the pharmaceutical
compositions of the invention may be administered locally or systemically. Routes of
administration include nasal, pulmonary, buccal, parenteral (intravenous, subcutaneous, and
intramuscular), and oral. Also administration from implants is possible. Suitable preparation
forms are, for example granules, powders, tablets, coated tablets, (micro) capsules,
microparticles, syrups, emulsions, microemulsions, defined as optically isotropic
thermodynamically stable systems consisting of water, oil and surfactant, liquid crystalline
phases, defined as systems characterized by long-range order but short-range disorder (examples
include lamellar, hexagonal and cubic phases, either water- or oil continuous), or their dispersed
counterparts, gels, dispersions, suspensions, creams, aerosols, droplets or injectable solution in
ampule form and also preparations with protracted release of active compounds, in whose
preparation excipients, diluents, adjuvants or carriers are customarily used as described above.
[0039] 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 clinician. Suitable dosages are
in the range of 0.01-100 mg/kg. Variations in the needed dosage are to be expected in view of
the variety of compounds available that may be combined with LtxA and the different
efficiencies of various routes of administration. Variations in these dosage levels can be adjusted
using standard empirical routines for optimization as is well understood in the art that may be

employed by the ordinarily skilled artisan without undue experimentation. Encapsulation of the
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compound in a suitable delivery vehicle (e.g., polymeric microparticles or implantable devices)
may increase the efficiency of delivery.

[0040] In alternative preferred embodiments, the pharmaceutical composition is suitable for
pulmonary administration or nasal administration.

[0041] The pharmaceutical compositions of the invention can be administered intranasally or
by inhalation and are conveniently delivered in the form of a dry powder inhaler or an aerosol
spray presentation of liquid or powder particles from a pressurized container, pump, spray or
nebulizer with the use of a suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoro-
methane, dichlorotetrafluoro-ethane, a hydrofluoroalkane such as 1,1,1 2-tetrafluoroethane (HFA
134A3 or 1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA3), carbon dioxide or other suitable gas.
In the case of a pressurized aerosol, the dosage unit may be determined by providing a valve to
deliver a metered amount. The pressurized container, pump, spray or nebulizer may contain a
solution or suspension of the active compound, e.g. using a mixture of ethanol and the propellant
as the solvent, which may additionally contain a lubricant, e.g. sorbitan trioleate. Capsules and
cartridges (made, for example, from gelatin) for use in an inhaler or insufflator may be
formulated to contain a powder mix of a polypeptide of the invention and a suitable powder base
such as lactose or starch.

[0042] Aerosol or dry powder formulations are preferably arranged so that each metered
dose or “puff’ contains at least 0.1 mg of the LtxA polypeptide of the invention for delivery to
the patient. It will be appreciated that the overall daily dose with an aerosol will vary from
patient to patient, and may be administered in a single dose or, more usually, in divided doses

throughout the day.
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[0043] In certain embodiments, the invention provides a kit for the treatment of lung
inflammation. The kit may contain multiple doses, capsules, or cartridges of a pharmaceutical
composition comprising LtxA to be used in conjunction with an inhalation device to administer
the LtxA pharmaceutical composition. The kit may further comprise a set of instructions to
perform the methods of treatment as previously described. The kit may further comprise
reagents to detect lung inflammation, or determine the efficacy of the LtxA treatment.

[0044] The following non-limiting example serves to further illustrate the invention.
EXAMPLES

Materials and Methods

[0045] LtxA Purification. LtxA was purified from culture supernatants of A.

actinomycetemcomitans strain 4500 (Diaz et al., (2006) Microb Pathog 40, 48-55.)

[0046] Isolation of PBMCs from blood. Whole blood was collected from 8 allergic asthma

patients and 11 non-allergic healthy controls who did not exhibit any allergies. All of the
allergic asthma patients are ages 5-50. Patients had recent evidence of reversible airway disease
on spirometry and allergy to dust mite as determined by skin testing. Patients were allowed to be
on any combination of short-acting bronchodilators, inhaled corticosteroids, and long-acting
bronchodilators. Patients were excluded if they were pregnant, taking omalizumab (Xolair®) or
other immunotherapy treatment, systemic corticosteroids, antibiotics within 30 days, or had
significant comorbidities such as HIV, heart disease, diabetes, and cancer. The control group
had no history of asthma or allergic conditions. The collection protocol was approved by the
Rutgers Institutional Review Board and written informed consent was obtained from all study
subjects. PBMCs were isolated using ficoll density gradient separation (Comning Cellgro,

Manassas, VA). Viable cells were counted using Vi-Cell viability instrument.
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[0047] Analysis of PBMCs. PBMCs (10° cells/ml) from patients and controls were stained

with antibodies (Biolegend, San Diego, CA) to the following markers: CD4 (T helper cells),
CDlla, CD14 (monocytes), and CD3 (T-cells). PBMCs from asthma patients were also
incubated overnight with either buffer or LtxA (500 ng/ml) in RPMI 1640 medium. The treated
PBMCs were washed with PBS and stained with annexin V along with the above antibodies and
analyzed through flow cytometery to measure LtxA-mediated cell death.

[0048] Animal study. Female BALB/c mice (6-8 weeks, 15-20 g, Jackson Laboratories, Bar
Harbor, ME) were housed under specific pathogen-free conditions and a 12-hour light/dark cycle
with access to food and water. Under isoflurane anesthesia, mice were exposed to HDM extract
(D. pteronyssinus; Greer Laboratories, Lenoir, NC) intranasally (25 pg in 10 pl of saline per
nostril). Control (non-asthmatic) animals were administered an equal volume of saline alone
(saline/no treatment, FIG. 1 and 2). The frequency of exposure for HDM/saline was 5 days/week,
for a total of 5 weeks. Power calculations from pilot studies indicated that four animals per
group were sufficient to detect a significant difference between control and experimental groups.
[0049] After two weeks, HDM-exposed mice were divided into 4 groups of 4 mice/group
and treated with (1) dexamethasone vehicle, saline (HDM/Dex vehicle, FIG. 1 and 2)
subcutaneously (s.c.) once daily, five days per week, (2) dexamethasone, Sigma; 1.25 mg/kg
(HDM/Dex, FIG. 1 and 2) s.c. once daily, five days per week, (3) LtxA vehicle, buffer
(HDM/LtxA vehicle, FIG. 1 and 2) intraperitoneally (i.p.), three days per week, and (4) LtxA,
0.5 mg/kg (HDM/LtxA, FIG. 1 and 2) i.p., three days per week. HDM exposure was continued
throughout the 3-week treatment period.

[0050] BAL fluid from each mouse was subjected to RBC lysis for 10 minutes at room

temperature, followed by washing twice at 400 x g for 5 minutes and resuspending the cell pellet
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in PBS. Total BAL fluid cell number was counted using a hemocytometer. Immunophenotypic
analysis of BAL fluid cells was performed by antibody staining and flow cytometry. For each
antibody stain, 10° cells were first blocked with Fc blocker (rat anti-mouse CD16/CD32, BD
Biosciences, San Jose, CA) for 10 minutes at room temperature, followed by incubation with
monoclonal antibodies at 4° C for 30 minutes and analysis on an LSR II flow cytometer (BD
Biosciences). Antibodies (BD Biosciences) to the following markers were used to identify the
various cellular subtypes: CD3e (T-cells), CD45R/B220 (B-cells), Ly6G, CCR3 (neutrophils),
CCR3, Ly6G (eosinophils), MHC II (macrophages). Relevant isotype controls were included
with each experiment.

[0051] Blood from the mice was collected by ileac vein puncture immediately following the
BAL fluid isolation. Blood was collected in anticoagulant tubes and centrifuged at 400 x g for
10 minutes.

[0052] Lung tissue histology. After collecting BAL fluid and blood, lungs were removed

through dissection and stored in 10% neutral buffered formalin at room temperature until
microscopic analysis. Sections of paraffin embedded fixed lung tissues were stained with H&E
to analyze total lung inflammation. Sections were also stained with periodic acid Schiff reagent
to identify mucous and goblet cell hyperplasia and Sirius red for eosinophils. The tissue
preparation and examination was carried out at the New Jersey Medical School Histology Core
Facility. Samples were examined by a board certified pathologist.

[0053] Cytokine Analysis. Quantitative RT-PCR was used to determine the expression levels

of proinflammatory cytokines (IL-4, 5, 9,17F and 23a) in the lungs 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
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transcribed using High Capacity cDNA Reverse Transcription Kit (Life Technologies, Grand
Island, NY). Amplification was carried out using TagMan Fast Universal PCR Master Mix (Life
Technologies, Grand Island, NY). The data was normalized to GAPDH. Gene expression was

calculated using the AACT method relative to naive sample.

[0054] Statistical analysis. BAL fluid cell counts, differential cell counts, and cytokine

levels were compared by Students 7-test. A p value of <0.05 was considered significant.

Results

[0055] Expression of LFA-1 on WBCs from allergic asthma patients and healthy controls.

We analyzed peripheral blood mononuclear cells (PBMCs) from the blood of eight allergic
asthma patients and eleven matched healthy controls. Patients diagnosed with asthma tested
positive for an allergic reaction to house dust mite. From the total PBMC population, the
percentage of CD11a (LFA-1) positive cells from patients was significantly higher than from the
healthy controls. Patients had 95.1+3.14% CD11a positive cells while healthy controls had
90.3+4.11%. In addition, the number of LFA-1 molecules on the surface of CD11a" WBCs from
allergic asthma patients (8605+2519) was significantly greater than on the surface of healthy
control WBCs (5089+2107) as indicated by the mean fluorescence intensity (MFI).

[0056] WBCs stained with anti-CD4 and anti-CD11a antibodies revealed a unique cellular
population in allergic asthma patients that consisted of CD4'CD11a™ cells (MFI 10* - 10°), which
was absent from the healthy control samples. Immunophenotypic analysis revealed that this
CD11a™ population in asthma samples consisted primarily of CD14" monocytes and CD3" non-
helper T-cells. Thus, high LFA-1 expression defines a unique cellular population that is present

in patients with allergic asthma.
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[0057] Effects of LtxA on PBMCs from allergic asthma patients. To determine which cells

from patients are targeted by LtxA, PBMC samples were treated with LtxA for 24 hours and then
stained with annexin V and analyzed by flow cytometry (Figure 3A). Of the CD11a" PBMCs,
LtxA killed only the CD11a" cells and did not affect cells that had low expression of LFA-1.
Cells were killed by both apoptosis (annexin V positive) and depletion. The cells that were
depleted by LtxA express active state LFA-1 as revealed by staining with an antibody (mAb24)
that recognizes specifically LFA-1 in the active conformation. The majority of these cells also
stained positive for CD14, indicating that they were monocytes.

[0058] 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-1" WBCs ex vivo that are unique to allergic asthma patients, an initial
proof-of-principle evaluation of LtxA in a mouse model for allergic asthma was performed.
Mice were administered house dust mite (HDM) extract or saline intranasally (i.n.) five days per
week for five weeks. After two weeks of administration, HDM-exposed mice were subdivided
into four groups of four mice per group and received the following treatments for an additional
three weeks: dexamethasone vehicle, subcutaneous (s.c.) 5 days/week; dexamethasone (1.25
mg/kg), s.c. 5 days/week; LtxA vehicle, intraperitoneal (i.p.) 3 days/week; LtxA (0.5 mg/kg), i.p.
3 days/week.

[0059] At the end of the study, bronchoalveolar lavage (BAL) fluid, lung tissue, and blood
were collected from all mice for further evaluation. Examination of WBCs in the BAL fluid
revealed that HDM-exposed mice treated with the dexamethasone vehicle or LtxA vehicle had

significantly higher levels of all WBC subsets than mice that were given only saline (Figure 1).
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Treatment of HDM-exposed mice with dexamethasone or LtxA caused significant reduction in
the numbers of WBCs in the BAL fluid.

[0060] To determine if LFA-1 is involved in the migration of WBCs to the lung tissue in this
animal model, the levels of LFA-1 on PBMCs and BAL fluid WBCs in two HDM-exposed mice
that were treated with LtxA vehicle were examined. The migrated WBCs that were present in
the BAL fluid had significantly higher levels of LFA-1 than on the WBCs in the peripheral blood
of the same animal.

[0061] Lung tissue was sectioned and stained with H&E, PAS, or Sirius Red. H&E staining
revealed a large infiltration of WBCs in the lung tissue of HDM-exposed mice treated with
dexamethasone vehicle or LtxA vehicle. Infiltration was not evident in saline-exposed mice.
The infiltration of WBCs in HDM-exposed mice was most evident surrounding the blood vessels
and bronchioles. Significant goblet cell hyperplasia surrounding many of the bronchioles in the
vehicle-treated controls, but not in the other samples was observed. Staining of polysaccharides
with PAS in the lung tissue from LtxA vehicle-treated mice confirmed the presence of mucin-
producing goblet cells and subepithelial accumulation of collagen. Sirius Red staining of
sections revealed pink-staining eosinophils in the vehicle-treated mice, but not in the LtxA-
treated mice. Mice that were treated with dexamethasone had a reduced number of eosinophils
compared to the vehicle control, but still greater than LtxA-treated mice.

[0062] Proinflammatory cytokines play a crucial role in the pathogenesis of allergic asthma
and other inflammatory conditions. In allergic asthma, IL-4, IL-5, IL-9, IL-17F, and IL-230 are
the primary signaling molecules involved in disease. The levels of IL-4, IL-5, IL-9, IL-17F, and
IL-230. mRNA in the lung tissue from all mice were evaluated (FIG. 2). The vehicle-treated

mice had significantly greater expression of the proinflammatory cytokines compared to saline-
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exposed mice. In addition, dexamethasone caused reduction of IL.-9, IL-17F, and IL-230 while
LtxA treatment caused significant reduction of all the cytokines that were examined.

[0063] All publications cited in the specification, both patent publications and non-patent
publications, are indicative of the level of skill of those reasonably skilled in the art to which this
invention pertains.

[0064] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is therefore to be understood that
numerous modifications may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit and scope of the present

invention as defined by the following claims.
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CLAIMS

What is claimed is:

1. Use of a pharmaceutical composition comprising leukotoxin and a pharmaceutically
acceptable carrier for the treatment of lung inflammation in a subject,

wherein the pharmaceutical composition is effective to reduce local cytokine levels in
bronchoalveolar lavage fluid or lung tissue in the subject, wherein the subject has been identified
as having increased levels of activated white blood cells,

wherein the lung inflammation is characterized by an infiltration in the lung tissue of
white blood cells comprising cells with upregulated and activated LFA-1 on their surface to
which the leukotoxin specifically binds and the lung inflammation is caused by a respiratory
disease or a respiratory allergy,

wherein the subject has been identified as having increased levels of activated white
blood cells that express a greater level of LFA-1 compared to white blood cells from a normal
healthy subject, and

wherein the pharmaceutical composition is in a form suitable for administration by using
an inhaler selected from the group consisting of a nebulizer, a metered-dose inhaler, and a dry

powder inhaler.

2. The use of claim 1, wherein the activated white blood cells are CD 11a" cells.

3. The use of claim 1, wherein the leukotoxin is prepared from Aggregatibacter

actinomycetemcomitans.

4. The use of claim 1, wherein the leukotoxin consists of the amino acid sequence defined

by SEQ ID NO: 1.

5. The use of claim 1, wherein the disease is an infection, wherein the infection is a

bacterial, fungal, or viral infection.
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6. The use of claim 1, wherein one or more of the cytokines are selected from the group

consisting of 1L-4, IL-5, IL-9, IL-17F and IL-23q.

7. Use of a leukotoxin for treating a disease in a subject characterized by lung inflammation
by reducing local cytokine levels in bronchoalveolar lavage fluid or lung tissue in the subject,
wherein the disease is a respiratory disease or a respiratory allergy,
wherein the leukotoxin is formulated to be administered by using an inhaler selected from

the group consisting of a nebulizer, a metered-dose inhaler, and a dry powder inhaler.

8. The use of claim 7, wherein the leukotoxin consists of the amino acid sequence defined

by SEQ ID NO: 1.

9. The use of claim 7, wherein one or more of the cytokines are selected from the group

consisting of 1L-4, IL-5, IL-9, IL-17F and IL-23q.
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