(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
5 June 2003 (05.06.2003) PCT WO 03/045332 A2
(51) International Patent Classification’: A61K (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(21) International Application Number: PCT/US02/38258 CZ, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,

GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
. . LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
(22) International Filing Date: MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
27 November 2002 (27.11.2002) SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW.
(25) Filing Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

(30) Priority Data:
60/333,836 28 November 2001 (28.11.2001) US

(71) Applicant: THE GENERAL HOSPITAL CORPORA-

TION [US/US]; 55 Fruit Street, Boston, MA 02114 (US). Published:

—  without international search report and to be republished
(72) Inventor: PODOLSKY, Daniel, K.; 157 Edmunds Road, upon receipt of[hat report

Wellesley, MA 02481 (US).

For two-letter codes and other abbreviations, refer to the "Guid-
(74) Agents: CLARK, Paul, T. et al.; Clark & Elbing LLP, 101  ance Notes on Codes and Abbreviations" appearing at the begin-
Federal Street, Boston, MA 02110 (US). ning of each regular issue of the PCT Gazette.

(54) Titlee METHODS AND COMPOSITIONS FOR TREATING LESIONS OF THE RESPIRATORY EPITHELIUM

(57) Abstract: This invention features methods of treating lesions of the airway epithelium by local or systemic administration
of intestinal trefoil peptides. The intestinal trefoil peptide can be administered either alone or in combination with one or more
therapeutic agents.

WO 03/045332 A2



10

15

20

25

30

WO 03/045332 PCT/US02/38258

METHODS AND COMPOSITIONS FOR TREATING
LESIONS OF THE RESPIRATORY EPITHELIUM

Field of Invention
This invention relates to methods and compositions for treating lesions of
the airway epithelium that can result, for example, from viral, bacterial, and
fungal infections, inflammation, allergens, inhaled organic solvents, particulates,

or irritant gases.

Background of the Invention

Upper airway lesions, including lesions from the external nasal nares to the
larynx, are caused by a wide variety of local irritants, allergens, and infectious
agents. Typically, these irritants give rise to the symptoms of thinitis or ‘runny
nose.” In cases of severe lesions however, the tight junctions of the respiratory
epithelial mucosa are disrupted such that entry of allergens or infectious agents is
facilitated.

Tracheo-bronchial lesions (trachea and conducting bronchial tubes to the
level of the respiratory bronchioles) are also commonly caused by respiratory
infections, irritants, and allergens. Once the tracheo-bronchial epithelium and
tight junctions have been disrupted, infectious, irritant, or allergic material may
sensitize the lung, triggering the release of mediators, and subsequent airway
constriction and asthma.

The alveolar epithelium, distal to the respiratory bronchioles, is generally
well protected against infectious, irritant, and allergic exposure. However,
infectious, immunologic, or chemical agents that penetrate the deep lung
structures can cause pneumonias. Infectious agents that gain access to the
systemic circulation in the lower airway can further result in sepsis pneumonias or

a respiratory distress syndrome. Moreover, in certain inflammatory conditions
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such as asthma, mucosal disruption results in increased levels of allergens and

irritants, such that both inflammation and mucosal lysis are further exacerbated.
Rapid restoration of the normal airway epithelial barrier is therefore critical

to reduce the damage caused by ongoing pathogenic or allergenic mechanisms in

respiratory tissues and alleviate the associated symptoms.

Summary of the Invention

The present invention features methods and compositions for the treatment
of lesions of the airway epithelium in mammals, by administering to the mammal
therapeutically effective amounts of trefoil peptides, or a biologically active
fragments thereof. Treatment of lesions according to the invention can speed
healing, reduce pain, delay or prevent the occurrence of the lesion, and inhibit
expansion, secondary infection, or other complications of the lesion. Lesions of
the airway epithelium may result from any cause, including for example, an
allergic reaction, asthma, an infection, an inhaled chemical or particulate
exposure, a thermal lesion, smoke inhalation, drug-induced lung damage, trauma
(caused, for example, by surgery or intubation), a microbial infection (e.g.,
bacterial, viral, or fungal), chronic obstructive pulmonary disease, anti-neoplastic
therapy, cystic fibrosis, cardiovascular compromise such as congestive heart
failure, or hyperbaric oxygen therapy.

In another aspect, the invention provides a composition, which includes a
trefoil peptide in a pharmaceutically acceptable carrier suitable for inhalation
administration. When formulated as such, the composition may be an aerosol
(e.g., nasal spray, inhalation spray, inhalation solution, inhalation suspension)
administered by a metered dose inhaler. If desired, the formulation containing the
trefoil peptide may be nebulized (e.g., by jet, ultrasonic nebulizer, or electronic
nebulizer). Alternatively, the trefoil peptide formulation may be administered as a

dry powder using a metered dose inhaler or a dry powder inhaler, for example.
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In all foregoing aspects of the invention, the mammal is preferably a
human and the trefoil peptide is human intestinal trefoil factor (ITF), spasmolytic
peptide (SP), pS2, or biologically active fragments thereof. Such fragments
include for example, ITF5.73, ITF21.73, ITF .72, [TF 1572, or ITF21.72 of SEQ ID
NO.: 1 .

In the methods and compositions of this invention, a second therapeutic
agent can be included. Such agents include anti-inflammatory agents such as
glucocorticoids (beclomethasone, flunisolide, budenoside, triamcinolone,
prednisolone, dexamethasone, or fluticasone) or non-steroidal anti-inflammatory
agents (e.g., ibuprofen, tacrolimus, cromolyn, nedocromil, refecoxib, or
celecoxib); antimicrobial agents (e.g., amikacin, gentamicin, kanamycin,
neomyein, netilmicin, paromomycin, streptomycin, or tobramycin); antihistamines
(e.g., diphenhydramine, fexofenadine, cetirizine, or loratadine); cholinergic
receptor antagonists (e.g., ipratropium bromide or tiotropium); neurokinin
receptor antagonists; leukotriene réceptor antagonists; decongestants;
phosphodiesterase inhibitors; or beta-adrenergic receptor antagonists (albuterol,
bitolterol, epinephrine, fenoterol, formoterol, isoetharine, isoproterenol,
metaproterenol, pirbuterol, procaterol, racepinephrine, salmeterol, or terbutaline).

The second therapeutic agent may be administered within (either before or after)
14 days, 7 days, 1 day, 12 hours, 1 hour, or simultaneously with the trefoil
peptide.

The second therapeutic agent can be present in the same or different
pharmaceutical composition as the trefoil peptide. When the second therapeutic
agent is present in a different pharmaceutical composition, different routes of
administration may be used. For example, the second therapeutic agent may be
administered orally, or by intravenous, intramuscular, or subcutaneous injection.
Thus, the second therapeutic agent need not be administered by inhalation.

Of course, pharmaceutical compositions may contain two, three, or more
trefoil peptides or biologically active trefoil peptide fragments. Alternatively,
inhalation of the trefoil peptide may be supplemented by systemic (e.g., oral or
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injectable) administration of the same or different trefoil peptide.

Airway epithelial lesions are prevented or ameliorated by administering the
intestinal trefoil peptide-containing composition prior to the anticipated insult
(e.g., surgery, or antineoplastic therapy for example). Preferably, the prophylactic
treatment begins at least one day, three days, five days, seven days, or ten days
prior to the insult. Treatment of unanticipated airway lesions preferably begin
immediately after insult, or within 24 hours.

In a preferred embodiment, the trefoil peptide or biologically active
fragment is encoded by an isolated nucleic acid sequence that hybridizes under
high stringency conditions to a polynucleotide sequence having the sequence of
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: §, or
SEQ ID NO: 9.

In another aspect, the invention features a pharmaceutical composition
suitable for inhalation administr;ition, containing a trefoil peptide or biologically
active fragment that is encoded by an isolated nucleic acid sequence that |
hybridizes under high stringency conditions to a polynucleotide sequence having
the sequence of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, or SEQ ID NO: 9

Mammalian trefoil peptides were discovered in 1982. One of the
mammalian trefoil peptides, human intestinal trefoil factor (ITF), has been
characterized extensively, and is described in U.S. Patent Nos. 6,063,755, and
6,221,840, hereby incorporated by reference. The other two known human trefoil
peptides are spasmolytic polypeptide (SP) and pS2. Trefoil peptides, described
extensively in the literature (e.g., Sands ef al., Annu. Rev. Physiol. 58: 253-273
(1996), hereby incorporated by reference), are expressed in the gastrointestinal
tract and have a three-loop structure formed by intrachain disulfide bonds
between conserved cysteine residues. These peptides protect the intestinal tract
from injury and can be used to treat intestinal tract disorders, such as peptic ulcers
and inflammatory bowel disease. Homologs of these human peptides have been

found in a number of non-human animal species. All members of this protein
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family, both human and non-human, are referred to herein as trefoil peptides.
Human ITF will be referred to most extensively in this application; however, the
activity of human ITF is common to each of the mammalian trefoil peptides.

The term “trefoil peptide” is meant to include all mammalian homologs of
human spasmolytic polypeptide, human pS2 and human ITF polypeptides, and
biologically active fragments thereof. Homologs of the trefoil peptides have,
preferably, 70% amino acid identity to the human sequence, more preferably 85%
identity, most preferably 95%, or even 99% sequence identity. The length of
comparison sequences will generally be at least about 8 amino acid residues,
usually at least 20 amino acid residues, more usually at least 24 amino acid
residues‘, typically at east 28 amino acid residues, and preferably more than 35
amino acid residues.

The term “fragment” is meant to include polypeptides that are truncations
or deletions of SP, pS2 and ITF. Preferably, the fragments have 70% amino acid
identity to the corresponding regions of the human polypeptide sequence. More
preferably, the fragments are 85% identical, most preferably 95%, or even 99%
identical to the human polypeptide sequence to which they correspond. The
length of comparison sequences will generally be at least about 8 amino acid
residues, usually at least 20 amino acid residues, more usually at least 24 amino
acid residues, typically at east 28 amino acid residues, and preferably more than
35 amino acid residues.

Preferable fragments contain four cysteine residues in any positions which
correspond to the cysteines at positions 25, 35, 45, 50, 51, 62, or 71, of human
ITF (Figure 1), or positions 31, 41, 51, 56, 57, 68, and 82 of human pS2 (Figure
2). More preferably, fragments contain five cysteine residues at these positions.
Most preferably, six, or even all seven cysteines are present.

Fragments of SP are meant to include truncations or deletions and
preferably have 70% sequence identity to the corresponding human SP
polypeptide sequence (Figure 3). More preferably, the fragments are 85%
identical, most preferably 95%, or even 99% identical to the human polypeptide
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sequence. Preferably, active fragments contain at least four cysteine residues,
which correspond to positions 6, 8, 19, 29, 34, 35, 46, 58, 68, 78, 83, 84, 95, and
104 in the human SP polypeptide. More preferably, fragments contain six
cysteines, which correspond to these positions. Even more preferable are
fragments that contain eight cysteines. Most preferable are fragments that contain
cysteines at ten, twelve, or even, all fourteen positions.

It is recognized in the art that one function of the identified cysteine
residues is to impart the characteristic three-loop (trefoil) structure. Accordingly,
preferred fragments of ITF and pS2 have a least one loop structure, more
preferably, the fragments have two loop structures, and most preferably, they have
three loop structures. It is equally well recognized that the native SP polypeptide
has a six loop confirmation. Preferable fragments contain at least two of these
loop structures, more preferably, four loop structures are conserved, and most
preferably, five, or even all six loop structures are present.

By “aerosol” is meant any composition of the trefoil peptide of the
invention administered as an aerosolized formulation, including for example an
inhalation spray, inhalation solution, inhalation suspension, a nebulized solution,
or nasal spray.

By “antimicrobial agent” is meant any compound that alters the growth of
bacteria or fungi cells, or viruses whereby growth is prevented, stabilized, or
inhibited, or wherein the microbes are killed. In other words, the antimicrobial
agents can be microbiocidal or microbiostatic.

By “antineoplastic therapy” is meant any treatment regimen used to treat
cancer. Typical antineoplastic therapies include chemotherapy and radiation
therapy.

By “biologically active,” when referring to a trefoil peptide, fragment, or
homolog is meant any polypeptide that exhibits an activity common to its related,
naturally occurring family member, and that the activity is common to the family
of naturally occurring trefoil peptides. An example of a biological activity
common to the family of trefoil peptides is the ability to restitute the
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gastrointestinal mucosa (Taupin ef al., Proc. Natl. Acad. Sci. U S A. 97(2): 799-
804).

The term “isolated DNA” is meant DNA that is free of the genes which, in
the naturally-occurring genome of the organism from which the given DNA is
derived, flank the DNA. Thus, the term “isolated DNA” encompasses, for
example, cDNA, cloned genomic DNA, and synthetic DNA.

The term “pharmaceutical composition” is meant any composition, which
contains at least one therapeutically or biologically active agent and is suitable for
administration to the patient. Pharmaceutical compositions suitable for delivering
a therapeutic to the respiratory airways include, but are not limited to, aerosols
and dry powders. Any of these formulations can be prepared by well-known and
accepted methods of the art. See, for example, Remington: The Science and
Practice of Pharmacy, 20" edition, (ed. AR Gennaro), Mack Publishing Co.,
Easton, PA, 2000.

By “high stringency conditions” is meant any set of conditions that are
characterized by high temperature and low ionic strength and allow hybridization
comparable with those resulting from the use of a DNA probe of at least 40
nucleotides in length, in a buffer containing 0.5 M NaHPO4, pH 7.2, 7% SDS,
1mM EDTA, and 1% BSA (Fraction V), at a temperature of 65 C, or a buffer
containing 48% formamide, 4.8X SSC, 0.2 M Tris-Cl, pH 7.6, 1X Denhardt’s
solution, 10% dextran sulfate, and 0.1% SDS, at a temperature of 42°C. Other
conditions for high stringency hybridization, such as for PCR, Northern,
Southern, or in situ hybridization, DNA sequencing, etc., are well known by those
skilled in the art of molecular biology. See, e.g., F. Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1998,
hereby incorporated by reference. Other features and advantages of the invention
will be apparent from the following detailed description, and from the claims.

By “substantially identical” is meant a polypeptide or nucleic acid
exhibiting at least 75%, but preferably 85%, more preferably 90%, most

preferably 95%, or 99% identity to a reference amino acid or nucleic acid
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sequence. For polypeptides, the length of comparison sequences will generally be
at least 20 amino acids, preferably at least 30 amino acids, more preferably at least
40 amino acids, and most preferably 50 amino acids. For nucleic acids, the length
of comparison sequences will generally be at least 60 nucleotides, preferably at
least 90 nucleotides, and more preferably at least 120 nucleotides.

By “therapeutically effective amount” is meant an amount sufficient to
provide medical benefit. When administering trefoil peptides to a human patient
according to the methods described herein, an effective amount will vary with the
size of the lesion area being treated; however, a therapeutically effective amount
is usually about 1-2500 mg of trefoil peptide per dose. Dosing is typically
performed one to four times each day. The patient may also be administered with

a trefoil peptide continuously over a set period of time.

Brief Description of the Drawings

Figure 1 is an amino acid sequence of a human intestinal trefoil factor
(ITF; Accession No. BAA95531) (SEQ ID NO.:1).

Figure 2 is an amino acid sequence of a human pS2 protein (Accession No.
NP _003216) (SEQ ID NO.:2).

Figure 3 is an amino acid sequence of human spasmolytic polypeptide (SP;
Accession No. 1909187A) (SEQ ID NO.:3).

Figure 4 is a cDNA sequence encoding a human intestinal trefoil factor
(SEQID NO.:4).

Figure 5 is a cDNA sequence encoding a human pS2 protein (SEQ ID
NO.:5).

Figure 6 is a cDNA sequence encoding a human spasmolytic polypeptide
(SEQ ID NO.:6).

Figure 7 is the nucleotide sequence of a gene encoding human intestinal
trefoil factor (locus 10280533:52117-55412) (SEQ ID NO.:7).

Figure 8 is the nucleotide sequence of a gene encoding human pS2 protein

(locus 10280533:16511-21132) (SEQ ID NO.:8).
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Figure 9 is the nucleotide sequence of a gene encoding human spasmolytic

polypeptide (locus 10280533:957-5208) (SEQ ID NO.:9).

Detailed Description

The invention provides methods and compositions useful for the treatment,
amelioration, and prevention of a wide range of lesions to the respiratory
epithelium. Lesions of the respiratory epithelium treated according to the present
invention can be caused by physical (e.g., surgical intervention or intubation),
chemical (e.g., smoking or exposure to volatile solvent), or thermal trauma;
vascular compromise (e.g., resulting from congestive heart failure or chronic
obstructive pulmonary disease); infective or inflammatory processes;
antineoplastic therapy (e.g., radiotherapy or chemotherapy); or other diseases
processes such as cystic fibrosis or asthma, for example. Furthermore, another
common chemical insult to the respiratory epithelium includes the exposure to
high concentrations of oxygen (e.g., hyperbaric oxygen therapies) for extended
periods of time.

Treatment of these lesions according to the invention can speed epithelial
healing, reduce symptoms associated with the disruption to the airway epithelium,
and reduce, delay or prevent the secondary complications of worsening rhinitis,
asthma, pneumonitis, or other complications of the airway epithelial lesion.
Further, since the invention will speed normal epithelial closure and reduce
infection, it will reduce the chance of both acquiring secondary infections as well
as late secondary effects of ongoing sensitization of the airway (e.g., hay fever
and asthma).

Lesions of the respiratory epithelium, such as those resulting from allergic
reactions or from physical trauma, are amenable to trefoil peptide therapy
delivered as an aerosol or a dry powder. The composition is formulated
(micronized) into a dry powder inhaler, or an aerosol according to known and
conventional methods for preparing such formulations. When used to treat the

tracheo-bronchial respiratory epithelium, administration of a composition of the
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invention preferably occurs as soon as symptoms occur and will last on the order
of three to ten days, or alternatively until the lesion to the respiratory epithelium
disappears. In the case of milder lesions however, trefoil peptide therapy may
resolve the lesion in a shorter period of time, particularly when combined with
another active ingredient.

The compositions of this invention can also be used prophylactically,
prior to therapies that will damage the respiratory epithelium. For example, the
compositions can be administered prior to anti-neoplastic therapy or prior to a
surgical intervention in order to mitigate the loss of epithelial integrity.
Prevention or amelioration of symptoms due to nasal-pharyngeal respiratory
epithelial disruption may also be achieved by administering the trefoil peptide
prior to the anticipated insult. For example, a patient may be administered trefoil
peptide therapy before the exposure to tree or grass pollen in "hay fever" season,
or by administering prophylactic treatment at reduced intervals, during the period
when the patient is at risk for nasal-pharyngeal infections.

Typically, a metered dose inhaler or dry powder inhaler will be self-
administered by the patient. Tidal breathing from a continuous nebulizer, usually
under physician supervision, also allows for independent regulation of trefoil

peptide and adjunct pharmaceutical dosages.

Pharmaceutical Formulations

Aerosols

Aerosolized formulations deliver high concentrations of the trefoil peptide
directly to the airways with low systemic absorption, and include for example
nasal sprays, inhalation solutions, inhalation suspensions, and inhalation sprays.
Nasal sprays typically contain a therapeutically active trefoil peptide dissolved or
suspended in solution or in a mixture of excipients (e.g., preservatives, viscosity
modifiers, emulsifiers, or buffering agents), in nonpressurized dispensers that
deliver a metered dose of the spray. Inhalation solutions and suspensions are

aqueous-based formulations containing the trefoil peptide and, if necessary,
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additional excipients. Such formulations are intended for delivery to the
respiratory airways by inspiration. Typically, metered-dose aerosol inhalers create
droplets that are 20 to 30 microns in diameter.

A major limitation of pulmonary delivery is the difficulty of reaching the
deep lung. To achieve high concentrations of a trefoil peptide solution in both
the upper and lower respiratory airways, the trefoil peptide is preferably nebulized
in jet nebulizers, a ultrasonic nebulizer, or an electronic nebulizer particularly
those modified with the addition of one-way flow valves, such as for example, the
Pari LC Plus™ nebulizer, commercially available from Pari Respiratory
Equipment, Inc., Richmond, Va., which delivers up to 20% more drug than other
unmodified nebulizers.

The pH of the formulation is also important for aerosol delivery. When the
aerosol is acidic or basic, it can cause bronchospasm and cough. The safe range
of pH is relative and depends on a patient's tolerance. Some patients tolerate a
mildly acidic aerosol, which in others will cause bronchospasm. Typically, an
aerosol solution having a pH less than 4.5 induces bronchospasm. An aerosol
solution having pH between 4.5 and 5.5 will occasionally cause this problem. The
aerosol solution having a pH between 5.5 and 7.0 is usually considered safe. Any
aerosol having pH greater than 7.0 is to be avoided as the body tissues are unable
to buffer alkaline aerosols and result in irritation and bronchospasm. Therefore,
the pH of the formulation is preferably maintained between 5.5 and 7.0, most
preferably between 5.5 and 6.5 to permit generation of a trefoil peptide aerosol
well tolerated by patients without any secondary undesirable side effects such as
bronchospasm and cough. The osmolarity of the formulation can also be adjusted
to osmolarities of about 250 to 350 mosm/L, according to the patient’s tolerance.
The administration of a hypertonic or a hypotonic solution may be poorly
tolerated in certain instances, particularly when administered to a denuded
mucosa. Propellants, such as HFA 134a, HFA 227, or combinations thereof, may
also be used in the formulation. If desired, excipients that promote drug

dispersion or enhance valve lubrication may also be formulated with the trefoil
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peptide.

Dry powder formulation

As an alternative therapy to aerosol delivery, the trefoil peptide may also
be administered in a dry powder formulation for efficacious delivery into the
endobronchial space. Such formulations have several advantages, including
product and formulation stability, high drug volume delivery per puff, and low
susceptibility to microbial growth. Therefore, dry powder inhalation and metered
dose inhalation are most practical when high amounts of trefoil peptide need to be
delivered, including for example cases in which a large portion of the respiratory
epithelium is affected with lesions. Depending on the efficiency of the dry
powder delivery device, effective dry powder dosage levels typically fall in the
range of about 20 to about 60 mg. The invention therefore provides a sufficiently
potent formulation of a trefoil peptide in dry powder or metered dose form of drug
particles. Such a formulation is convenient because it does not require any further
handling such as diluting the dry powder. Furthermore, it utilizes devices that are
sufficiently small, fully portable and tend to have a long shelf life.

For dry powder formulations of the invention, a trefoil peptide composition
is milled to a powder having mass median aerodynamic diameters ranging from 1-
10 microns by media milling, jet milling, spray drying, super-critical fluid energy,
or particle precipitation techniques.

Particle size determinations may be made using a multi-stage Anderson
cascade impactor or other suitable method. Alternatively, the dry powder
formulation may be prepared by spray drying or solution precipitation techniques.
Spray drying has the advantage of being the least prone to degrading the trefoil
peptides. Solution precipitation is performed by adding a co-solvent that
decreases the solubility of a drug to a uniform drug solution. When sufficient co-
solvent is added the solubility of the drug falls to the point where solid drug
particles are formed which can be collected by filtration or centrifugation.
Precipitation has the advantage of being highly reproducible and can be

performed under low temperature conditions, which reduce degradation. Super-
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critical fluid technology can produce particles of pharmaceutical compounds with
the controlled size, density and crystallinity ideal for powder formulations.

The dry powder formulations of the present invention may be used directly
in metered dose or dry powder inhalers. Currently, metered dose inhaler
technology is optimized to deliver masses of 1 microgram to 5 mg of a
therapeutic. Spacer technology, such as the aerochamber, may also be utilized to
enhance pulmonary exposure and to assist patient coordination.

An alternate route of dry powder delivery is by dry powder inhalers. There
are two major designs of dry powder inhalers, device-metering designs in which a
reservoir of drug is stored within the device and the patient ‘loads’ a dose of the
device into the inhalation chamber, and the inspiratory flow of the patient
accelerates the powder out of the device and into the oral cavity. Alternatively,
dry powder inhalers may also employ an air source, a gas source, or electrostatics,
in order to deliver the trefoil peptide. Current technology for dry powder inhalers
is such that payload limits are around 10 mg of powder. The dry powder
formulations are temperature stable and have a physiologically acceptable pH of

4.0-7.5, preferably 6.5 to 7.0.

Therapeutic agents

In addition to the trefoil peptide, the therapeutic formulation according to
the present invention may also comprise a second therapeutic agent, or regimen.
The second therapeutic agent may be administered within (either before, or after
administration of the trefoil peptide) 14 days, 7 days, 1 day, 12 hours, 1 hour, or
simultaneously with the trefoil peptide. The second therapeutic agent can also be
present in the same or different pharmaceutical compositions as the trefoil
peptide. Thus, pharmaceutical compositions for locally treating the respiratory
epithelium may include, in addition to a trefoil peptide, for example, an anti-
inflammatory compound, an antibiotic, a beta- adrenergic bronchodilator, a
cholinergic receptor antagonist, a neurokinin receptor antagonist, a steroid, a

decongestant, a phosphodiesterase inhibitor, an analgesic, or an anesthetic.
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When the second therapeutic agent is present in a different pharmaceutical
composition, different routes of administration may be used. For example, the
second therapeutic agent may be administered orally, or by intravenous,
intramuscular, or subcutaneous injection. Thus, the second therapeutic agent need
not be administered by inhalation. If desired, more than one therapeutic agent
may be administered with the trefoil peptide. Of course, pharmaceutical
compositions may also contain two, three, or more trefoil peptides, or biologically

active fragments.

Trefoil Peptides )

The therapeutic trefoil peptide(s) are typically mammalian trefoil peptides
or fragments thereof although non-naturally occurring homologs that are
substantially identical to the mammalian trefoil peptides are also useful.
Preferably, human trefoil peptides or fragments are used; however, trefoil
peptides from other species including rat, mouse, and non-human primate, may be
used. Typically, the trefoil peptide is intestinal trefoil factor (ITF); however,
spasmolytic polypeptide (SP), or pS2 are also useful.

Particular trefoil peptide fragments retain biological activity and may be
substituted in any method or composition in which a trefoil peptide is used.
Methods and compositions containing a trefoil peptide, in which these trefoil
peptide fragments may be substituted, are described, for example, in U.S. Patent
Nos. 6,063,755 and 6,221,840, and U.S. Patent Application Nos. 10/131,363, filed
April 24, 2002, 60/317,657, filed September 6, 2001, 60/327,673, filed October 5,
2002, 60/333,836, filed November 28, 2001, and 60/367,574, filed March 26,
2002 (hereby incorporated by reference).

Particularly useful ITF fragments that retain biological activity include the
polypeptide corresponding to amino acid residues 15-73 of SEQ ID NO:1 (ITFs.
73) and amino acid residues 21-73 of SEQ ID NO:1 (ITF,;.73). Other useful ITF
fragments are formed following cleavage of the C-terminal phenylalanine residue

(i.e., ITF 1-725 ITF 15-72, and ITF21_72).
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The biologically active trefoil peptide fragments of this invention can be
produced using any appropriate method. For example, cDNA encoding the
desired ITF fragment can be used with any method known in the art for producing
recombinant proteins. Exemplary methods are provided herein. ITF fragments,
particularly ITF,; 73, can be produced using a Pichia yeast expression system (see,
for example, U.S. Patent Nos. 4,882,279 and 5,122,465) transformed with a
cDNA encoding long ITF species, such as the full length ITF (e.g., SEQ ID NO:
4) or ITF 573, when the fermentation culture is maintained at pH ~ 5.0.

The trefoil pepticies, including ITF, are soluble, and can therefore be
dissolved in a pharmaceutically acceptable carrier liquid for aerosolization or
nebulization for example. Aerosols containing a trefoil peptide are optimized for
aerodynamic particle size, to target airway regions of interest. Typically aerosol
sizes of 1-3 micron Ktarget deep lung (alveolar) structures, while a particle size of
5-10 micron result in tracheo-bronchial deposition. Moreover certain excipients
may be used to prolong the local release of a trefoil peptide delivered in the lung
or nasal region, or to retain the trefoil peptide formulation in the desired local area

of the lung by modifying the mucociliary clearance rate.

Trefoil Peptide Dosages

Typically, the dosage, frequency and duration of therapy are tailored to the
type and severity of the lesion being treated. For example, intermittent dosing
may be sufficient to treat minor airway lesions. More severe airway lesions,
resulting from, for example, severe smoke inhalation or thermal damage, may
require continuous trefoil peptide administration. Alternatively, treatment may
also be administered prophylactically, in anticipation of lesions to the respiratory
epithelium. The prophylactic treatment may begin at least one day, three days,
five days, seven days, or ten days prior to the insult. Treatment of unanticipated
airway lesions preferably begin immediately after insult, or within 24 hours.
Preferably, trefoil peptide therapy is administered at least one, two, three, four, or

more than four times per day for at least one day, five days, fourteen days, or even
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for the lifetime of the patient being treated. Alternatively, the trefoil peptide may
be continuously administered to the patient over a set period of time, for a
duration of one hour, two hours, 6 hours, one day, or more than one day for
example. For this purpose, the trefoil peptide may be administered using a mask
adapter of a nebulizer system, for example.

Preferably, aerosol formulation contains a trefoil peptide concentration of
5, 10, 20, 40, 60, 80, 100 mg/mL, or more and is formulated in a physiologically
acceptable solution, preferably in one quarter strength of normal saline. Ideally,
the patient is administered with at least 10, 50, 100, 200, 500, 700, 1000, or more
than 1000 micrograms of a trefoil peptide administered as an aerosol. The use of
dry powder inhalation preferably results in the delivery of at least about 1, 5, 10,
20, 30, 40, 50, 60, or more than 60 mg of the trefoil peptide to the respiratory
airways of the patient receiving treatment. In such a formulation, the trefoil
peptide is delivered as a powder in an amorphous or crystalline state in particle
sizes between 1 and 10 microns in mass median aerodynamic diameter necessary
for efficacious delivery of the trefoil peptide into the endobronchial space for
treatment, amelioration, and prevention of lesions of the respiratory epithelium.
Fractions of 2 to 4 microns may also be employed to target the peripheral lung.
Patient inspiration techniques, such as breath holding for example, may also
optimize deposition of the trefoil peptide.

If desired, the trefoil peptide may also be administered orally, or by
intravenous injection, particularly in cases in which controlled or continuous
release of the trefoil peptide is the goal.

All of the therapeutic agents employed in the compositions of the present
invention, including the trefoil peptide component, can be used in the dose ranges
currently known and used for these agents. Different concentrations of either the
trefoil peptide or the other agents may be employed depending on the clinical
condition of the patient, the goal of the therapy (treatment or prophylaxis), the
anticipated duration, the lesion site, and the severity of the damage for which the

trefoil peptide is being administered. Additional considerations in dose selection
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and comorbidity.

Anti-Inflammatory Agents

Any suitable anti-inflammatory agent can be formulated with the trefoil
peptide and employed using the method of this invention. Suitable anti-
inflammatory agents can be administered systemically, or can be administered by
inhalation. Exemplary agents include, but are not limited to non-steroidal anti-
inflammatory drugs (e.g., ibuprofen, tacrolimus, Cromolyn, Nedocromil),
cyclooxygenase-2-specific inhibitors such as rofecoxib (Vioxx®) and celecoxib
(Celebrex®), and glucocorticoids.
Particularly effective glucocorticosteroid agents that may be used by
aerosolization include for example beclomethasone, flunisolide, budesonide and
triameinolone. Other useful glucocorticoisteroid agents include prednisolone,
dexamethasone and fluticasone. Although asthma is the main lung condition in
which corticosteroids are used, such agents may also be useful when the
respiratory epithelium is damaged by cigarette smoke as in chronic bronchitis and
emphysema for example. Corticosteroids are also useful in the treatment of other
lung diseases such as sarcoidosis, alveolitis and chronic inflammatory conditions.
These drugs may be given orally, intravenously (e.g., in severe cases), or by
inhalation. Preferably, inhaled corticosteroids are administered to the patient
because the dose required is much less and is delivered directly to the small air
passages in the lungs with fewer associated side effects.

Anti-inflammatory concentrations known to be effective following
inhalation administration can be used. For example, ibuprofen may be present in
the composition at concentrations sufficient to deliver between 25-800 mg per day

to the respiratory lesion.
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Bronchodilator Agents

Any active bronchodilator agent may be co-formulated with the trefoil
peptide in the usual doses for respiratory application to the nasal-pharyngeal or
tracheo-bronchial anatomy. Useful bronchodilators include, but are not limited to
methylxanthines (e.g., theophylline, theobromine, and caffeine), sympathomimetic
agents (e.g., adrenaline, epinephrine, isoproterenol, and beta-adrenergic agonists),
cholinergic receptor antagonists such as ipratroprium bromide and tiotropium and
neurokinin receptor antagonists.

Adrenergic bronchodilators are usually administered by inhalation to open
up the bronchial tubes (air passages) of the lungs and are typically used to treat,
ameliorate, or prevent the symptoms of asthma, chronic bronchitis, emphysema,
and other lung diseases. Such exemplary bronchodilators include albuterol,
bitolterol, epinephrine, fenoterol, formoterol, isoetharine, isoproterenol,
metaproterenol, pirbuterol, procaterol, racepinephrine, salmeterol, and terbutaline.

Alternatively, the trefoil peptide of the invention may be administered with
a leukotriene receptor antagonist (e.g., montelukast, or zafirlukast), a neurokinin
receptor antagonist, an antihistamine (e.g., diphenhydramine, fexofenadine,
cetirizine, or loratadine) or a cholinergic receptor antagonist.

Antimicrobial Agents

Any suitable antimicrobial agent can be used in the compositions of the
invention at concentrations generally used for these agents. Suitable antimicrobial
agents include, antibacterial, antifungal, antiparasitic, and antiviral agents.
Exemplary antibacterial agents (antibiotics) include the penicillins (e.g., penicillin
G, ampicillin, methicillin, oxacillin, and amoxicillin), the cephalosporins (e.g.,
cefadroxil, ceforanid, cefotaxime, and ceftriaxone), the tetracyclines (e.g.,
doxycycline, minocycline, and tetracycline), the aminoglycosides (e.g., amikacin,
gentamycin, kanamycin, neomycin, streptomycin, and tobramycin), the macrolides
(e.g., azithromycin, clarithromycin, and erythromycin), the fluoroquinolones (e.g.,
ciprofloxacin, lomefloxacin, and norfloxacin), and other antibiotics including
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chloramphenicol, clindamycin, cycloserine, isoniazid, rifampin, and vancomyecin.
Particularly useful formulations contain aminoglycosides, including for example
amikacin, gentamicin, kanamycin, neomycin, netilmicin, paromomycin,
streptomycin, and tobramycin.

Antiviral agents are substances capable of destroying or suppressing the
replication of viruses. Examples of anti-viral agents include 1,-D-ribofuranosyl-
1,2,4-triazole-3 carboxamide, 9->2-hydroxy-ethoxy methylguanine,
adamantanamine, 5-iodo-2'-deoxyuridine, trifluorothymidine, interferon, adenine
arabinoside, protease inhibitors, thymidine kinase inhibitors, sugar or glycoprotein
synthesis inhibitors, structural protéin synthesis inhibitors, attachment and
adsorption inhibitors, and nucleoside analogues such as acyclovir, penciclovir,
valacyclovir, and ganciclovir.

Antifungal agents include both fungicidal and fungistatic agents such as,
for example, benzoic acid, undecylenic alkanolamide, ciclopirox olamine,
polyenes, imidazoles, allylamine, thicarbamates, amphotericin B, butylparaben,
clindamycin, econaxole, fluconazole, flucytosine, griseofulvin, nystatin, and
ketoconazole.

Other antimicrobial agents such as the antiparasitics like pentamidine, are
known to have respiratory side effects. Therefore, co-administration of a trefoil
peptide and an antimicrobial of this type may reduce or prevent adverse events.

Antimicrobial concentrations known to be effective in treating respiratory

infections can be used.

Anticancer Agents

Cancers of the lung, incl;lding small cell and non-small cell carcinomas,
damage the lung epithelium. Frequently, this injury is exacerbated by anticancer
therapy because many anticancer agents have adverse effects on epithelial cells.
Therefore, it is beneficial to administer trefoil peptide therapy in anticipation of,
concurrent to, or following antineoplastic therapy to prevent, ameliorate, or treat

damage to the respiratory epithelium. Chemotherapeutics are usually
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administered systemically by intravenous injection. T\he trefoil peptides may
administered simultaneously, as an additive to the chemotherapeutic preparation,
or separately, by inhalation. For patients undergoing radiation therapy, trefoil
peptides are preferably administered by inhalation beginning one to three days
prior to each therapeutic session, continuing through the course of therapy, and

continuing for one to three days after the final radiation treatment.

Production of Trefoil Peptides

Trefoil peptides and fragments can be produced by any method known in
the art for expression of recombinant proteins. Nucleic acids that encode trefoil
peptides (e.g., human intestinal trefoil factor (Figure 4 and 7), human pS2 (Figure
5 and 8), and human spasmolytic polypeptide (Figure 6 and 9) or fragments
thereof may be introduced into various cell types or cell-free systems for
expression thereby allowing large-scale production, purification, and patient
therapy.

Eukaryotic and prokaryotic trefoil peptide expression systems may be
generated in which a trefoil peptide gene sequence is introduced into a plasmid or
other vector, which is then used to transform living cells. Constructs in which the
trefoil peptide cDNA contains the entire open reading frame inserted in the correct
orientation into an expression plasmid may be used for protein expressiomn.
Prokaryotic and eukaryotic expression systems allow for the expression and recovery
of trefoil peptide fusion proteins in which the trefoil peptide is covalently linked to a
tag molecule, which facilitates identification and/or purification. An enzymatic or
chemical cleavage site can be engineered between the trefoil peptide and the tag
molecule so that the tag can be removed following purification.

Typical expression vectors contain promoters that direct the synthesis of large
amounts of mRNA corresponding to the inserted trefoil peptide nucleic acid in the
plasmid-bearing cells. They may also include a eukaryotic or prokaryotic origin of
replication sequence allowing for their autonomous replication within the host

organism, sequences that encode genetic traits that allow vector-containing cells to
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be selected for in the presence of otherwise toxic drugs, and sequénces that increase
the efficiency with which the synthesized mRNA is translated. Stable long-term
vectors may be maintained as freely replicating entities by using regulatory elements
of, for example, viruses (e.g., the OriP sequences from the Epstein Barr Virus
genome). Cell lines may also be produced that have integrated the vector into the
genomic DNA, and in this manner the gene product is produced on a continuous
basis.

Expression of foreign sequences in bacteria, such as Escherichia coli,
requires the insertion of a trefoil peptide nucleic acid sequence into a bacterial
expression vector. Such plasmid vectors contain several elements required for the
propagation of the plasmid in bacteria, and for expression of the DNA inserted
into the plasmid. Propagation of only plasmid-bearing bacteria is achieved by
introducing, into the plasmid, selectable marker-encoding sequences that allow
plasmid-bearing bacteria to grow in the presence of otherwise toxic drugs. The
plasmid also contains a transcriptional promoter capable of producing large
amounts of mRNA from the cloned gene. Such promoters may be (but are not
necessarily) inducible promoters that initiate transcription upon induction. The
plasmid also preferably contains a polylinker to simplify insertion of the gene in
the correct orientation within the vector. Mammalian cells can also be used to
express a trefoil peptide. Stable or transient cell line clones can be made using
trefoil peptide expression vectors to produce the trefoil peptides in a soluble
(truncated and tagged) form. Appropriate cell lines include, for example, COS,
HEK293T, CHO, or NIH cell lines.

Once the appropriate expression vectors are constructed, they are
introduced into an appropriate host cell by transformation techniques, such as, but
not limited to, calcium phosphate transfection, DEAE-dextran transfection,
electroporation, microinjection, protoplast fusion, or liposome-mediated
transfection. The host cells that are transfected with the vectors of this invention
may include (but are not limited to) E. coli or other bacteria, yeast, fungi, insect

cells (using, for example, baculoviral vectors for expression in SF9 insect cells),
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or cells derived from mice, humans, or other animals. In vitro expression of
trefoil peptides, fusions, or polypeptide fragments encoded by cloned DNA may
also be used. Those skilled in the art of molecular biology will understand that a
wide variety of expression systeins and purification systems may be used to
produce recombinant trefoil peptides and fragments thereof. Some of these
systems are described, for example, in Ausubel et al. (Current Protocols in
Molecular Biology, John Wiley & Sons, New York, NY 2000, hereby
incorporated by reference).

Transgenic plants, plant cells and algae are also particularly useful for
generating recombinant trefoil peptides for use in the methods and compositions
of the invention. For example, transgenic tobacco plants or cultured transgenic
tobacco plant cells expressing a trefoil peptide can be created using techniques
known in the art (see, for example, U.S. Patent Nos. 5,202,422 and 6,140,075).
Transgenic algae expression systems can also be used to produce recombinant
trefoil peptides (see, for example, Chen et al., Curr. Genet. 39:365-370, 2001).

Once a recombinant protein is expressed, it can be isolated from cell
lysates using protein purification techniques such as affinity chromatography.
Once isolated, the recombinant protein can, if desired, be purified further by e.g.,
high performance liquid chromatography (HPLC; e.g., see Fisher, Laboratory
Techniques In Biochemistry And Molecular Biology, Work and Burdon, Eds.,
Elsevier, 1980).

Polypeptides of the invention, particularly trefoil peptide fragments can
also be produced by chemical synthesis using, for example, Merrifield solid phase
synthesis, solution phase synthesis, or a combination of both (see, for example,
the methods described in Solid Phase Peptide Synthesis, 2nd ed., 1984, The Pierce
Chemical Co., Rockford, IL). Optionally, peptide fragments are then be
condensed by standard peptide assembly chemistry.

The following examples are intended to illustrate the principle of the
present invention and circumstances when trefoil peptide therapy is indicated.

The following examples are not intended to be limiting.
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Example 1: Treatment of Rhinitis due to Rhinovirus

The patient is administered a trefoil peptide-containing preparation
beginning immediately after the onset of a head cold. The preparation contains a
therapeutic dose of ITFs73. The trefoil peptide can be administered as a nasal
spray using standard formulating methods to deliver 100 microliters of a 50
mg/ml spray of trefoil peptide. The patient receives medication by self-
administering the nasal spray every 12 hours for the next five consecutive days.
Also, the trefoil peptide active material may be applied with the standard dose of a
nasal decongestant spray (e.g. 0.05% oxymetazoline HCI).

Example 2: Treatment of Allergic Rhinitis due to Grass Pollen

During hay fever season, the patient affected with allergic rhinitis is
administered with antihistamines such as diphenhydramine, fexofenadine,
cetirizine, or loratadine. Also, the patient is éoncurrently administered a nasal
spray preparation containing a therapeutic dose of ITF;s5.73. This component, in
one example, is a nasal spray using standard formulating methods to deliver a 5
mg/ml spray of ITF. Continuing for the subsequent five days, the patient receives
medication by self-administered nasal spray every 12 hours or as needed. In
severe cases, the ITF active material may further be applied with the standard
dose of a nasal glucocorticoid spray (e.g., beclomethasone, fluticasone,

mometasone, or triamcinolone).

Example 3: Treatment of a Post Viral Prolonged Bronchospasm

In treatments for post-viral tracheo-bronchial epithelial disruption, the
trefoil peptide containing material may be co-formulated with the standard dose of
an inhaled salmeterol preparation, in a dry powder inhaler, an aerosol metered
dose inhaler, or as a solution or a suspension in a ultrasonic or air-jet nebuliser.
The treatment continues with the patient self-administering the medication every

12 hours for a period of at least 72 hours.
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Example 4: Treatment of Adult Respiratory Distress Syndrome (ARDS)

Acute respiratory distress syndrome (ARDS) is a characteristic response of
the lung in reaction to a wide variety of injury. Treatment of ARDS is initiated as
soon as possible to minimize damage caused to the lung. The objective of
treatment is to provide enough support for the failing respiratory system (and
other systems) until these systems have time to heal. The main supportive

treatment of the failing respiratory system in ARDS is mechanical ventilation (a

' breathing machine) to deliver high doses of oxygen and a continuous level of

pressure called PEEP (positive end-expiratory pressure) to the damaged lungs. To
speed healing, a trefoil peptide is administered by inhalation to patients with
established ARDS or a syndrome of pre-ARDS. The amount of I'TF;;.73 will be
on the order of 1000 mg every 24 hours. The treatment is continued for at least 72
hours depending on the severity of the case and the clinical response of the
patient. The regimen is repeated until healing or for ten days of therapy. It may
be more convenient to administer trefoil proteins to these patients less frequently
(e.g. every 12 or 24 hours) and in higher concentrations with or without
formulations to enhance the exposure of the lung capillary epithelium to the
peptide. Additional forms of treatment that may be used along with the trefoil
peptide therapy include for example antibiotics, immunosuppressants, blood
pressure supporting medications, tube feedings, and diuretics, which are used to
reduce the fluid in the lungs. Since the pathology of ARDS is also linked to

excessively produced nitric oxide, a NO blocker may be administered, if desired.

Example 5: Treatment of Human Respiratory Syncitial Virus

Human respiratory syncitial virus is the most important cause of
hospitalizations for viral respiratory tract disease in young children worldwide.
Primary infection usually causes upper respiratory symptoms. Although the
infection initiates in the upper respiratory tract, it can spread to the lower tract, via

aspiration of secretions or via the respiratory epithelium, causing bronchiolitis and
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pneumonia. During the infection, RSV causes extensive damage to the epithelium
and the bronchiolar ciliary apparatus. Children affected by RSV fnay be
administered ITF therapy to accelerate recovery of the respiratory epithelium.
Patients are administered a trefoil peptide by inhalation, using for example, a dry
powder inhaler, an aerosol metered dose inhaled, a solution or a suspension in a
ultrasonic or air-jet nebuliser. The trefoil peptide is administered three times a
day, at a dose of 1mg/puff. Desirably, Ribavirin, an aerosolized drug that can

reduce the severity and the duration of illness, is also administered.

Example 6: Treatment of Influenza Infection

The influenza virus infects epithelial cells of the trachea and the bronchi.
Extensive damage to the epithelium due to infection can cause severe coughing as
well as pain in the chest, and the release of cytokines from damaged cells can
further cause fever, chills, malaise, and muscular pains. Also, severe destruction
of the mucous epithelium may lead to secondary bacterial infection and
bronchitis. To alleviate the symptoms and accelerate the rate of recovery, the
patient is administered trefoil peptide therapy as soon as symptoms of infection
are manifested. ITF, or a biologically active fragment thereof, is administered in
a dry powder inhaler, an aerosol metered dose inhaled, or as a solution or a
suspension in an ultrasonic or air-jet nebuliser. Alternatively, patients may also
be administered the trefoil peptide therapy by a nasal spray. This therapy is
administered three to four times a day, and may be continued for a week

following dissipation of the symptoms.

Example 7: Treatment of Chronic Bronchitis

Chronic Bronchitis is typically caused by chronic irritation of the
respiratory airways or by microbial infections. As such, it is a condition often
associated with smoking and its incidence is often associated with emphysema.
Patients typically have a chronic cough with sputum. Damage to the epithelium

from chronic bronchitis may predispose individuals to pneumococcal bacterial
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invasion, which can lead to further complications, such as pneumonia. Therefore,
restoration or improvement of the respiratory epithelium can alleviate symptoms
associated with chronic bronchitis. Patients diagnosed with chronic bronchitis, or
smokers, are immediately administered with a trefoil peptide in a dry powder
inhaler, an aerosol metered dose inhaled, or as a solution or a suspension in an
ultrasonic or éir-j et nebuliser. Patients can self-administer this regimen at least
three times a day, for a period of at least seven days, or until the coughing ceases.
If desired, the trefoil peptide therapy may also include administration of

antibiotics.

Example 8: Treatment of Lesions Caused by Smoke Inhalation

Direct toxic effects caused by rapidly acting toxins such as smoke can
incapacitate patients within moments. As such, the resulting effects, which
include bronchospasm and alveolar damage, may cause rapid deterioration of the
patient and high mortalities. Inhalation of smoke can initiate an inflammatory
response in a patient causing the release of histamine and other vasoactive
substances that cause damage to the respiratory épithelium. Treatment will vary
with the severity of the damage caused by smoke inhalation. The primary focus of
treatment is to maintain an open airway and provide an adequate level of oxygen.
If the airway is open and stable, the patient may be given high-flow humidified
100% oxygen by mask. If swelling of the airway tissues is closing off the airway,
the patient may require the insertion of an endotracheal tube to artificially

maintain an open airway.

The patient is also immediately and continuously administered ITF;5.73 by
jet nebulizer for at least five days to reduce smoke-induced damage to the airway

epithelium and the deleterious effects of hyperbaric oxygen therapies.
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Example 9: Treatment of Asthma k

The management of asthma is concerned primarily with the relief and
prevention of symptoms through the treatment of underlying inflammatory
processes, which cause damage to the respiratory epithelium. Furthermore, if
untreated, chronic inflammation makes the airways hyper-responsive to stimuli
such as cold air, exercise, dust mites, pollutants in the air, thus exacerbating
damage to the epithelium. Consequently, the asthmatic patient is administered
with theophylline, an anti-inflammatory agent and a therapeutically effective
amount of ITF ;573 to ameliorate asthma-associated symptoms and to reduce

damage to the respiratory airways.

What is claimed is:
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CLAIMS
1. A method for treating lesions of the respiratory epithelium in a
mammal, comprising administering to said mammal a composition comprising a
therapeutically effective amount of a trefoil peptide, or a biologically active

fragment thereof.

2. The method of claim 1, wherein said trefoil peptide is intestinal trefoil

factor (ITF), spasmolytic polypeptide, or pS2.

3. The method of claim 1, wherein said biologically active fragment is

ITF 573, [TF3 73, ITF 172, ITF5.72, or ITF31.7.

4. The method of claim 1, wherein said mammal is a human.

5. The method of claim 1, wherein said lesion is the result of an allergic

reaction.

6. The method of claim 1, wherein said lesion is the result of asthma.

7. The method of claim 1, wherein said lesion is the result of a bacterial,

viral, or fungal infection.

8. The method of claim 1, wherein said lesion is the result of inhalation

of a chemical exposure, particulate matter, or smoke.

9. The method of claim 1, wherein said lesion is the result of a thermal

burn.
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10. The method of claim 1, wherein said lesion is the result of drug-

induced lung damage, or anti-neoplastic therapy.
11. The method of claim 1, wherein said lesion is the result of trauma.

12. The method of claim 11, wherein said trauma is the result of a

surgical procedure or intubation.

13. The method of claim 1, wherein said lesion is the result of chronic

obstructive pulmonary disease or asthma.

14. The method of claim 1, wherein said lesion is the result of hyperbaric

oxygen therapy.
15. The method of claim 1, wherein said administration is by inhalation.

16. The method of claim 15, wherein said composition is administered

using a metered dose inhaler, or dry powder inhaler.

17. The method of claim 1, wherein said composition is an aerosol or a

dry powder.

18. The method of claim 17, wherein said composition is nebulized in a

jet nebulizer, ultrasonic nebulizer, or electronic nebulizer.

19. The method of claim 1, wherein said composition further comprises a

second therapeutic agent.

20. The method of claim 19, wherein said trefoil peptide and said second

therapeutic agent are administered in the same formulation.
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21. The method of claim 19, wherein said trefoil peptide and said second

therapeutic agent are administered by different routes of administration.

22. The method of claim 19, wherein said trefoil peptide and said second

therapeutic agent are administered within 24 hours of each other.

23. The method of claim 19, wherein said second therapeutic agent is

tobramycin.

24. The method of claim 19, wherein said second therapeutic agent is an
anti-inflammatory agent, antimicrobial agent, antihistamine, neurokinin receptor
antagonist, leukotriene receptor antagonist, decongestant, cholinergic receptor

antagonist, phosphodiesterase inhibitor, or beta-adrenergic bronchodilator.

25. The method of claim 24, wherein said anti-inflammatory agent is a

glucocorticoid.

26. The method of claim 25, wherein said glucocorticoid is
beclomethasone, flunisolide, budesonide, triamcinolone, prednisolone,

dexamethasone, or fluticasone.

27. The method of claim 24, wherein said anti-inflammatory agent is a

non-steroidal anti-inflammatory agent.
28. The method of claim 27, wherein said non-steroidal anti-

inflammatory agent is ibuprofen, tacrolimus, cromolyn, nedocromil, refecoxib,

or celecoxib.
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29. The method of claim 24, wherein said beta-adrenergic receptor
agonist is albuterol, bitolterol, epinephrine, fenoterol, formoterol, isoetharine,
isoproterenol, metaproterenol, pirbuterol, procaterol, racepinephrine, salmeterol,

or terbutaline.

30. The method of claim 24, wherein said antimicrobial agent is
amikacin, gentamicin, kanamycin, neomycin, netilmicin, paromomycin,

streptomycin, or tobramycin.

31. The method of claim 24, wherein said antihistamine is

diphenhydramine, fexofenadine, cetir)izine, or loratadine.

32. The method of claim 24, wherein said cholinergic receptor antagonist

is ipratropium bromide or tiotropium bromide.

33. The method of claim 1, wherein said biologically active fragment of
a trefoil peptide is encoded by an isolated nucleic acid molecule that hybridizes
under high stringency conditions to a polynucleotide having the sequence of
SEQ ID NO.: 4, SEQ ID NO.: 5, SEQ ID NO.: 6, SEQ ID NO.: 7, SEQ ID NO.:
8, or SEQ ID NO.: 9.

34. A pharmaceutical composition suitable for inhalation administration,
wherein said composition comprises a trefoil peptide, or a biologically active

fragment thereof, and a pharmaceutically acceptable carrier.

35. The composition of claim 34, wherein said trefoil peptide is intestinal

trefoil factor (ITF), spasmolytic polypeptide, or pS2.

36. The composition of claim 34, wherein said biologically active

fragment is ITF 15-73» ITF21_73, ITF 1-72> ITFl 5.72, OT ITF21_72.
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37. The composition of claim 34, wherein said composition is an aerosol

or a dry powder.

38. The composition of claim 34, wherein said composition further

comprises a second therapeutic agent.

39. The composition of claim 38, wherein said second therapeutic agent

is tobramycin.

40. The composition of claim 38, wherein said second therapeutic agent
is an anti-inflammatory agent, antimicrobial agent, antihistamine, cholinergic
receptor antagonist, neurokinin receptor antagonist, leukotriene receptor
antagonist, decongestant, phosphodiesterase inhibitor, or beta-adrenergic

receptor agonist.

41. The composition of claim 40, wherein said anti-inflammatory agent

is a glucocorticoid.
42. The composition of claim 41, wherein said glucocorticoid is
beclomethasone, flunisolide, budesonide, triamcinolone, prednisolone,

dexamethasone, or fluticasone.

43. The composition of claim 40, wherein said anti-inflammatory agent

is a non-steroidal anti-inflammatory agent.

44, The composition of claim 43, said non-steroidal anti-inflammatory

agent is ibuprofen, tacrolimus, cromolyn, nedocromil, refecoxib, or celecoxib.
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45. The composition of claim 40, wherein said beta-adrenergic receptor
agonist is albuterol, bitolterol, epinephrine, fenoterol, formoterol, isoetharine,
isoproterenol, metaproterenol, pirbuterol, procaterol, racepinephrine, salmeterol,

or terbutaline.

46. The composition of claim 40, wherein said antimicrobial agent is
amikacin, gentamicin, kanamycin, neomycin, netilmicin, paromomycin,

streptomycin, or tobramycin.

47. The method of claim 40, wherein said antihistamine is

diphenhydramine, fexofenadine, cetirizine, or loratadine.

48. The method of claim 40, wherein said cholinergic receptor antagonist

is ipratropium bromide, or tiotropium bromide.

49. A composition suitable for inhalation administration comprising a
trefoil peptide or a biologically active fragment thereof, encoded by an isolated
nucleic acid sequence that hybridizes under high stringency conditions with the
sequence of SEQ ID NO.: 4, SEQ ID NO.: 5, SEQ ID NO.: 6, SEQ ID NO.: 7,
SEQ ID NO.: 8, or SEQ ID NO.: 9.
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FIGURE 1

MLGLVLALLS SSSAEEYVGL SANQCAVPAK DRVDCGYPHV
TPKECNNRGC CFDSRIPGVP WCFKPLQEAE CTF (SEQ ID NO.:1)



41
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FIGURE 2

MATMENKVIC ALVLVSMLAL GTLAEAQTET CTVAPRERQN
CGFPGVTPSQ CANKGCCFDD TVRGVPWCFY PNTIDVPPEE
ECEF (SEQ ID NO.:2)
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FIGURE 3

1 EKPSPCQCSR LSPHNRTNCG FPGITSDQCF DNGCCFDSSV
41 TGVPWCFHPL PKQESDQCVM EVSDRRNCGY PGISPEECAS
81 RKCCFSNFIF EVPWCFFPNS VEDCHY (SEQ ID NO.:3)
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FIGURE 4

1 atgctgggge tggtcctgge cttgetgtece tccagectetg ctgaggagta cgtgggectg
61 tctgcaaacc agtgtgccegt gccagccaag gacagggtgg actgeggcta cccceatgte
121 acccccaagg agtgcaacaa ccggggetgce tgetttgact ccaggatcce tggagtgect

181 tggtgtttca agcccctgea ggaagcagaa tgcaccttct ga (SEQ ID NO.:4)
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atggccacca
ggcaccectgg
tgtggtttte
accgttcgtg
gagtgtgaat

5/12

FIGURE 5

tggagaacaa ggtgatctgec gccctggtec
ccgaggccca gacagagacg tgtacagtgg
ctggtgtcac geccctceccag tgtgcaaata
gggtccecctg gtgcttctat cctaatacca

tttag (SEQ ID NO.:5)

PCT/US02/38258

tggtgtccat getggcecte
cccceegtga aagacagaat
agggctgctg tttecgacgac
tcgacgtcce tccagaagag
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atgggacggc
gcggggagtg
aactgcggct
tccagtgtca
tgcgtecatgg
tgecgectcte
ccgaagtctg

gagacgcecca
agaaaccctc
teccctggaat
ctggggtccc
aggtctcaga
ggaagtgctg
tggaagactg

6/12

FIGURE 6

gctcetggea
cccetgecag
caccagtgac
ctggtgttte
ccgaagaaac
cttctccaac

ccattactaa

gcgetecteg
tgetcecagge
cagtgttttg
caccccetea
tgtggctace
ttcatctttg

teectgggget
tgagccccca
acaatggatg
caaagcaaga
cgggcatcag
aagtgccctg
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atgtgccectg
taacaggacg
ctgtttcegac
gtcggatcag
ccccgaggaa
gtgcttettc

(SEQ ID NO. :6)
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atgctggggc
tgtgagtact
taagggggga
cgctageccect
cagagaaagt
tgagcctgag
aatataggtc
aaccctgact
agcaaccctg
ggcttttate
cattagaatc
gggcatctcc
cactcactgce
tcaagcaatt
ccagctaatt
tcaaactect
gtgtaagcca
tgtgagcgaa
aatgtaagac
acgcagtgaa
ggggactgaa
cagaaaaaag
ctgtcacggt
aactttgttt
tacccaggtce
cttaggcaaa
ttcacaggga
ggtggggcgg
cagcaagggc
tgccagccaa
accggggctg
aggaagcagg
tctcagggcc
acacacacac

ccaggggctg
gtgttcaaaa
tggaaacgca

cccagagtcet

cgtcaggect

tectecectcete

cccaggggcd

caccctgget

catctgccat

ttcctggaac

aggctgagtc

tggtectgge
gccctgactg
ttctgecattce
ttgaagtggg
taacaactta
cccatceect
tttatgcatt
tcagaacact
ccatggggtg
tgggtgtctt
acctggagag
aggcaagatc
tggagtgcag
cttgtgecte
ttttggattt
ggcctcaagt
ccatgcceag
gtttggatgc
actgcacgtg
cttctgctge
ggatgtceccg
tgaaaagcag
tttcatttaa
ctgggttcaa
cgtatgtgac
tggccagagt
aagtgcatct
agcgggagga
tctggcaget
ggacagggtg
ctgetttgac
taaggcccca
tcectgtecet
acctgttecca
tcctettcetg
tgatggcatc
taggtgtgga
tgtcatttgt
cggtgcecaca
tctgcegtgg
gagagcctge
ccaccaggcet
gtccaagtge
cagcatccag
ctgctggecc
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FIGURE 7

cttgetgtce
cceeggtgge
atttaataat
tctttattgt
tccaaggcag
atgaccccat
gttccacatt
gtcaataccg
tggectgetcece
ctgagcaggg
ctttaaaaat
caggcctcag
tggcacaatc
ggcttcaagt
ttagtagaga
gatcctectg
ccaacgtcag
caggaggata
attgeccattt
acatacagac
ggagggtggg
gcagcatgcg
aacaaagggg

gggaccccag
ttcccgagaa

ccccgagetg
tcctaagggce
tgcaaacttg
gacagggcett
gactgcggct
tccaggatcc
gtggcatcgt
ttctgggcetg
aggcctcaga
teeccctttat
gcatagaggg
aagccgggcec
ggcatcccect
cceccacctce
tggagggcag
gtgctgtgeg
tagctgececce
cagctcagcce
aggggcctct
cggctecctg

tccagctctg
agggtgggcg
ggccacctgt
ccccatttea
ccctgeccag
agccatcttt
tacaaagaaa
gcaggcacaa
attaacccaa
tcaaaggcag
cctaatgectt
ctgttttgtt
tcagctcact
agctgggatt
tggagtttcg
ccttggecte
tcatttttaa
agcaattacg
tcctaaggaa
atagaggctt
acatgctcaa
ttgcaatgat
caaggttttg
attccccagg
ggtgataaga
agcatttaac
gagggtttca
caaagtgaag
tgtctgggac
acccccatgt
ctggagtgcc
ggtctgggcec
gagatggagg
gcagaggctt
gtaaaacata
aactgattta
gacttttggg
acacagacgg
cccactctge
gtgcagggca
ggtaacagat
acatcgtggg
cccacgaagg
cttgeccettt
atcaatgatg

ctgaggagta
tgaagggaag
cacatataca
cagacaagga
tctgtgttga
gctggagatt
aaggaaagat
ggttcattta
gtttgaagga
tggttcccga
ggggcacacc
ttgagatagc
gcaacctecg
acaggcatgc
ctatgttggce
ccaaagtgct
agctctgcag
gactgggagc
atactcagtt
gcctgaaaca
caattcagga
ctctatggceg
ttggtcaaac
ggttcctgcec
gcgtgecaag
agactgcctc
gcagtggttg
caaacacact
agctgcaaac
cacccccaag
ttggtgtttc
cagccccata
cacaaggacc
cacacttagg
aaagcaattg
gtaactattc
ctgtttttge
caggcggtcce
cccccacaag
accaccctgg
ggccctgcac
tggggcgatt
ccgcacctge
gtcctagggt
ggcccctgece
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cgtgggecetg
ggatccagga
ctttttectg
aaccgaggct
aatcagggtt
tctaaattac
gcaggagaaa
gccattgecat
atgagggcat
acttgecagcc
agttacatca
cttgctttgt
cctectgggt
accaccatgce
caagctggtc
ggaattacag
ctgattccag
aagagaaggg
cgttaatgaa
tgaaaatatt
aggggagatg
tgtgcectete
aatgaagggt
agctggaagg
gagaaagaca
tctttaaata
aactcggegyg
caccgcagec
cagtgtgccyg
gagtgcaaca
aagcccctge
aggcaggggyg
ccaggaagcce
gcagccatgg
tttcaaaaag
ttgagagaag
aaatcggccce
cagccctaga
ggtcatctece
gggttceccecte
acgggtttge
ggctataagc
gtgaggtacc
gaaatgcggg
cagggcctece



WO 03/045332

2701
2761
2821
2881
2941
3001
3061
3121
3181

3241

cttcacccte
agagagadgdg
acactctcct
tgatccctgg
catgtggtgg
gccttggage
cacaagcctt
cgggggatgc
tctcagettt

gectgatgte

cccagcaagt
gtctggctac
ctgagtgecca
gtcccactat
ggactcaaca
ctgccectgac
tgctectgttt
gaggctcgga
tctgtcectt
ttaacgaata
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ccagggtagg
tgtccactge

gccatggceccce
cttgcttage
ctcececggtg
cttgggaagce
gcagaatgca
gcacccttgce
tgctececegge
aaggtcccat

ggtgggggtg
cggtcetgtt

tgccaaggcec
aacccgaggt
actctgggga
tgggcagegt
ccttetgagyg
ccggctgtga
aagcgcttet
gctccaceccg

ggggtccaga
ccttcagete

catctegett
gggaatcttg
ggaggcagca
gggtggagag
cacctccagc
ttgctgececag
gctgaaagtt
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gaaggccagg
cactggaact
gttatctgee
gctattcccc
ctaggtgctg
agactgctca
tgcecececegge
gcactgttca
catatctgga

(SEQ ID NO.:7)
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ccetggggtg
ctegtcetgg
tetttttatg
acttgagagg
gccactgcetce
ggcaggtgtce
gtecccagagce
ctaggagggt
gagtgcagtg
cccacctcag
tttttttttg
ctcectgaget
agccaccatg
agccctatcg
gtgtttctet
gcagtgtggt
agtgctccag
accagtgttt
tccacccect
acccaggacc
agtctagggt
tagcccaggt
tggttagtct
aaggctagcc
gcccaggttyg
gttagtctgg
ggctagtagc
gtaggctagt

tagtctgggg
gggctagcat
cccaggttgg
ttaatcggag
ctagtagccce

aggttgttta

tctagaggta
tagtctgggg

tagcccaggt

ggttaggttg

ttagtctggg

ctagtctgga

tgttagtcta

gtttctacac

agttgagaaa

ctgaagaagc

gacagcectce

cagctgagcet
ggctatgtge
tgetttcettt
gggaatgget
aggagggtgg
agcgggcecec
actcacctct
tttgtttttg
gtgtgatctt
ccgectgagt
tattgtttgt
caagcaatct
cctggetttt
gcttctecagg
atgtggcaac
ctggggtacc
gctgagecce
tgacaatgga
cccaaagcaa
cagcttcaca
tagcctgggt
tggttagtct
ggggctagcec
caggttggtt
gttagcctgg
ggctagccca
ccaggttggt
tagtctaggg
ctagtagcct
aggctggtta
ttagtctagg
ctagcccagg
aggttggtta
gtetggaget
gcctagagga
ctagccceatg
tgtttagtct
gttagtctgg
actagcctgg
ctgctagtct
gaggtaaccc
tgttagttcet
aaaatatata
ttccatgggg
aaatgttagg
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agacatggga
cctggegggg
atttctctta
ataaaggcat
ctccaagaag
gtgtegggee
cgcctggatce
ttttttteeg
ggctcactgce
agctgaaacc
agagatgggg
gececcgecteg
tttttttttt
aggaaaccgc
aagacagtag
agggtggggce
cataacagga
tgctgttteg
ggtaatcttc
ggcggagecc
gggttagtct
agagctagcce
caggttggtt
agtttggage
agctagccea
ggttggttag

tagtectgggg
ctagcccagg

aggttggtta
gtctggggcet
gctagegtag
ttggttagtce
gtctggggct
agcccaggtt
ctgctagtcet
ttggttagte
ggtactagcc
gactagtctg
actgttagtc
agaggtagcc
aggtcagcca
ttcaacagac
tatatatagt
aaatgaaggt

gaaggaagtg

cggcgagacg
agtgagaaac
aagaaaaaaa
ctggcaatgt
ggcctecctce
aggagggcat
ttggccttgg
agacaggatc
aacctctgcce
acagttgtgg
tttcgacatg
gcttectaaa
ccttttaaac
attgcttaaa
aggcatcccce
cgactgaggg
cgaactgecgg
actccagtgt
cagggaatct
agagcagggg
cgagctagce
caggttggtt
agtctagggc
tagcgcaggt
ggttggttag
tctggagcta
ctagcccagg
ttagttagtt
gtectggagcet
agtagcctag
gctggttagt
tggagctagce
agcccaggtt
ggttagtctg
agaggtagtc
ttagactagce
tggactgtta
gactgttagt
tagaggtagc
caggttggtt
acagtgagat
atgtgtgtgt
aggtctccte
atttaatagg
aagccttcta

cccagctect
cctgtaagtg
aaaagcacaa
gtgttgttca
ctagggaaag
tcececaccaag
gtececatctgt
tggcectttgece
tceccaggcete
accatcatgc
ttgcccagga
gtgctgggat
taatataaca
tatgggcaag
tagaacctct
tetttccaca
cttcectgga
cactggggtc
tcctgggceccea
ccggaggagyg
ccggttggtt
agtectggggce
tagtgtaggc
tggttagtct
tctagggcta
gceccaggttg
ttggttagtc
tggagctagce
agcccaagtt
gtttgttagt
ctagggctag
ccaggttggt
tgttagtctg
ggactagccect
tagggctagc
ctggactgct
gtctagaggt
ctagaggtag
ccagattggt
agcctggggc
gaaaatttcc
ggagccatca
tagtttttga
acagcagtaa
gggttetttg
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ggcagcgctce
aaggagagdg
ccataaatta
catgggattt
gctgagtgac
ggtccttgga
tcaccctcect
gcccaggecag
aagtgatcct
ccggceccaatt
tggtcttgaa
tataggtatg
atttcagcaa
ataagacttt
gagagaagga
gceccecetgee
atcaccagtg
ccectggtgtt
gcagctggcea
cccagttget
agtctgggge
tagcccaggt
tagttagtct
ggggctagta
gcgtaggcetg
gttagtctgg
tagggctagt,
acaggttgat‘
ggttagtcta
ctggagctag’
cccaggttgg
tagtctgagg
gagctagccce
ggactgctag
ccaggttggt
agtctagagg
agcccaggtt
cccaggttgg
tagtctggga
cagcctggac
cacctaccct
gttttacttt
agtgtgactt
cataagggct
ggagtgagtt
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ttatgttagt
ttgtgtgtgt
ttcatcccca
gtggattgtt
aacgctttce
ccccatttac
tccagagctt
ccaagegtceg
cacttccaca
gatccacgga
ggcacagcag
tgcgtcatgg
tgecgectcte
ccgaagtcetg
attcctecte
ccatcgaggc
ggcaaagaca
tgatggctct
ggcgttgect
gtgectgggta
cecgttetcecc
gtccegggag
tagtgtgttc
tggggaaaga
aagcactcca
gacctaaagg
aactctggcc
ccttcttecag
aggcactccec
cattactaag
aagaagaaac
cttttectea

ct

gcacgggatc
gtegtgcacce
agattgttge
cacgagecgcce
atcttaccaa
tgagaacact
ctgactgtga
ctggggccga
gtcccegggg
ggctgcaaat
gcctgactgg
aggtctcaga
ggaagtgctg
tggaaggtaa
cgtecgtaga
cagggcccct
gcgtetttte
agaaacagcg
gttttattgce
ccagagaggyg
ccacatgacc
ggtccegeceg
ctgactcgga
gctactggcc
aagagcgaaa
tccacctaga
tggggtggga
taggaagctc
atttctgggg
agaggctggt
ttegecttat
ttttcaatgg
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aggacccaag
tgtgtgegtg
tgggaggctt
cactgaatgg
ggtgcccaca
gagtccecgag
ccaccccaca
cacttccaca
gaggccgtcc
cagcgctgcet
gtectcggtge
ccgaagaaac
cttctccecaac
cgtecgetgtg
ggtggggtgc
gcctectatg
aataagttta
gctcatccct
aagcccatct
cccaactcaa
ccgaatgaca
gcagaggtga
gtgtggcgag
cttgaaggat
tatttcatgt
aaatgttcac
agatttggtce
ctgggcaaag
ttccettacc
tccagaggat
cagcttcata
tttaacatat

(SEQ ID NO.:8)

ttgtaacgcc
gaaccaggca
gctgggcccce
cagtgtcttt
aaccttttet
aggcaaaatg
tgggcececcac
gteccegggg
cgggggatgce
ctcagaggag
tgtgcetgtce
tgtggctacc
ttcatctttg
ggactctctg
agggagggga
ggattctgaa
tagcctecag
gttgectcece
gcatttggag
gcagacctgg
aacctcatcc
acgggtccac
gtaaaaaaag
gccttttett
tcaggatttt
ttgtcetgggg
cctttacacc
tgatgcacgc
aaccatcttg
gcatctgget
cttecatgaaa
aatttcttta

gacgagtgct
cgtcctetgg
gcagggaaac
gggaatcaat
catcttggcc
atttcceccaa
cttecgecggag
gaggcggtce
tgccececcaggce
gaaggggtgg
ccatggcaga
cgggcatcag
aagtgccctg
tctggttcecce
gctgeetege
ggcaattcca
cattgccact
caggtgttgce
gctactgagt
cceettetec
acaacgtcct
ttctceccacce
accaagcaga
tteccttttgt
ccgagtgatt
agaatgcgcc
ccctececegg
ccaccccagce
catttaaact
caccgggtgt
tcctgggttt
aataaaaccc
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caaaggaagg
agaaggagga
caggcagatg
accatgtcca
cgggggacca
ggcgggggac
gacaggccag
caggggccga
agcacctcat
agctttccag
gtcggatcag
cceccgaggaa
gtgcttettc
ggacaccatg
agcctcagtg
gaatgttctt
gcgtcatetg
aacgttcaga
gtcttgecact
cgtggettce
gctcecgggcea
cgcttagtga
tccaggaaaa
taggatatca
ttttttatgt
ccacagagga
gaaaggagct
ttcgcagcct'
tctagactgce
tccgaaécca
tcttaaccat
ttaaaatctg
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atccctgact
ggtgatctge
gacaggtaag
ccaggagcca
taggccctta
gggtggcagg
ggggetgttt
ggaagtgttg
caggggcaga
cacctgggag
accctectect
tctctcatga
ccctgggtcece
catctcaact
gctgtgtgge
tgccgttatt
agcaagggtt
ctgcccteca
ggcagcgtag
gggagcgggyg

ggtgggtcce
gcccccaget

accccacaca
tcctgttaca
accatttcca
gccggaggcea
cccaggatga
gtgggcgatg
tggaagctgc
tctccaaaga
cggccteeece
tatgccccaa
tgcaggctgt
gctcagagcc
gccagcecca
caagctgttt
ctcaccttac
ttgceccatge
tgttcaacct
gcaccctggg
gatccttaga
gagtgcaatg
cctgecteag
ttttgtattt
gacctcaagt
gggcccagat

cggggtegec
gccctggtcece
gcgtgcttct
ctgttttaca
aaagtatatc
gcecceecggag
tcctgtgtta
gcgtggggte
cccteccaag
accctcteec
acaggttcct
gtgegtggcet
ttctagggag
cctttacctg
agcatctgcg
aggtacagtt
tccagagagg
gccacctctt
aagagcagcc
gagctttgga
cgtgectggec
ctgcecceccetg
ccctectgget
actgaaatct
tttatttceca
gagcaccggg
tgatcctcce
atcacctteca
tgggcagcgg
catctcgagg
tggggcgceec
ggcagggaca
caaccaccag

tgaagctctg
tectgtecacyg
cacagcttgt
ctgcaatggg
ggctccatcect
gcttgtcatt
acgatggcct
ctecttttttt
gtgcgatctt
cctececcaagt
ttagtagaga
gattcacctc
atttagactc
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tttggagcag
tggtgtccat
tcctgctetg
tacatatttt
caatttacag
accttcgaga
ggaagactat
tcagaatagt
gcccatccag
acaggcccga
gggctcccet
ggcaacccat
tggaggagga
cagaatggat
acttgcactt
tcaaggtggg
cctgaagagg
gatctctget
agcattgggc
acccgagaga
acccccaggc
tgctgtggga
caaggctcag
agaaaattgt
tcatgcgaca
gctggaaatc
tcaccacggg
cgtecgegatg
gagctgaaca
cagtccctga
tcacctgagc
gggaccggag
atcctaatag
gtgttagaac
tgtctteccte
accctetgte
tttccaccte
tcacctggtg
ggcctctceg
tgcgttgtet
tttttttttg
ggctcactac
agctgggatt
tggggcttca
cttcagccetce
ttattaatga

agaggaggca

gctggcccte

tggggccaca

tgagcacctg

gatcggcaaa

agtgcgacga

acaatcctcc

gcttttgact

ataggcccaa
atgcccgtece

gggatccatg
attccctggt
ggccattctt
caacggtctg
tgccagetgt
ggcaggagaa
gagcgcecag
gtggggtacc
tgcagtggga
ggaagtggcc
ccatctgect
tcacagaggce
agcgtectttg
gattacagtt
aagacaaagc
ttcectcectg
gcectctettg
gatccagacc
cggatccttce
tagcaaagca
cagtgtggcc
ggtgetctgg
gttgctttect
ctettgcata
ctctagatcce
ggcteccteet
ctgaacacac
aacctectcce
gggagtgcce
cgcacatgtt
agatggagtc
aacctctgcc
acagacgtgt
ccattttggt
ccaaagtgct
cttectetggt

atggccacca
ggcaccctgg
gccagctctg
ttttgtgcca
agcaggtgga
ggagggggct
caagtgtcat
gttcatgcca
atgeceggtce
cagtggtggce
ctctgggagt
gttgtcaagt
gctteettgg
ccctagggcet
ggggagctga
agggctttct
tggtgctgte
gggcctgagg
agacccccaa
tcggtgtaca
gcgececttge
cgtggcaaac
cgggtcactc
tagtgcattc
gggtgggcaa
aggaggaaac
acccccacag
ccaggagggce
ccagcaagcc
gacaagagaa
agactgagtt
gctecctettt
gagacctttg
agatcctgeg
ctttecteac
agaccacccce
ctgggtctct
tgcagggagc
taccceecgtg
cttgcctttc
ttgctctgte
tcctgggttce
gccacaatgce
caggctggtc
gggattacag
tttaatttct

PCT/US02/38258

tggagaacaa
ccgaggcecca
gcagcectecg
ggtgectgtte
gagtaactca
gccttcagte
gtttcaaaga
acatctcccce
cagtgatggc
caactgggag
caaagccacce
ggatcggttg
gaagtgtttg
gtcaggaaat
ataacttatt
acgtttccaa
cgtgeccccca
ggtgggcttg
gcececatggcea
gaacgaactg
ccccaccceca
tececcteceo
aggtccatga
gtgtgtggaa
gacagagtct
cceceecgace
tgtccecgagg
aaggttccca
aggaacactt '
cagecccctcet
cctecectec
cacccectge
attccgcgga
gcagccccececa
tgecectgett
accecggtccect
ggaatggecct
cceceetgett
gttaccctgg
tcctecateca
actcaggctg
aagtgattct
ccgcctaatt
ttgaactcct
gcatgagcct
gggtctctct
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FIGURE 9
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cacctggcac
tgctcagtaa
tgaataaata
ccctgagegt
gggttttata
gtgtgtgceat
actttcagag
cacgccctcece
ctggtgcette
tgggttctga
agcatcacca
gcctgagtcea
gaaacctgat
ctgttggtaa
gacatttcat
ctgagctgga
cctcagcettce
ttgtattttt
cctcaggtga
gtgccegget
actctgtaat
cctcecccecte
catcctgacg
caccggacac
ctctgacttt

(SEQ ID NO.:

agtgectgge
atatttatgt
agttacctag
aatgtttgca
tccgecteac
gataacatca
acgtgtacag
cagtgtgcaa
tatcctaata
agatttagaa
gctatgeccett
ggctgcattce
ttceececegg
cgetttetag
gtattctttt
gtgcaatggt
ctagtagctg
agtatagacg
tetgecegece
gacagttcat
tgtttaaatg
acccctgtag
cggtgeccgtce
ctcagacacg
gactactcaa

9)

ttttgcecatg
attgagtaaa
aaagatgcaa
catcaggatg
tggacagttg
aggaattcag
tggececccecg
ataagggctg
ccatcgacgt
ttagttagaa
tacacagagt
aggtccagga
cttectcttea
cttgcectagg
ttttttttet
gcgatcettgg
agattacagg
gggtttcacc
tcagcctece
gttttctaaa
tgaaagaaaa
aggagtgtga
cccagcacgg
cttectgecage
aattggccta

ctagctccecea
atttaataat
agtccacaaa
tgaggaccac
ctgatgtcat
cccacaactt
tgaaagacag
ctgtttegac
ccctccagaa
aagtcattta
cacggcecgcce
atagaaaggc
catctctaac
atagaggggg
tttttgaaat
ctcactgcaa
tgtgtgccac
atgttggcca
agagagctgg
gaatgtgect
tgtttatcct
attttagaca
tgattagtce
tgtgecetegg
aaaattaaaa

cttecteatgce
catttgttga
cctggggcac
gtctcectet
tggagaagga
actttgette

aattgtggtt

gacaccgtte
ggtatggecet
agactacaga
agtggtggtg
agggctaagg
caaaagcecctg
aaggcatgac
ggagtectege
tctctgecte
tacgcccagce
gaccggtcectt
gattacaggc
atggatactt
cactaaagca
cttectgecagg
cagagctegg
ctcacaacac
gagatcgata

acacaaatgg
aattaaaaag
cttgcecatttt
catgtcctga
agctggatgg
ttacctgtge
ttcctggtgt
gtggggtccce
ttttatacga
ggctctgate
caatggggta
gacttgggaa
ggaagagcca
gaaatctgaa
tecgttgecece
ctgagttcaa
taaatttttt
gaactcttga
gtgagccacc
taaagtaaaa
tctetttete
gatctgcectg
ctgccacctce
agattgactg
tt
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