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METHODS AND COMPOSITIONS FOR TREATING DERMAL LESIONS

Field of Invention
This invention relates to methods and compositions for treating and
preventing lesions of the skin in a mammal that can result from traumatic,

infective, physiologic, or pathologic causes.

Background of the Invention

Full thickness wounds of the skin can result from various causes, the most
common of which are traumatic or surgical lesions. Partial thickness wounds are
commonly caused by abrasions, burns, pressure injuries, or other minor trauma.
Skin epithelial destruction can also be a consequence of cancer chemotheréypy or
radiotherapy of the skin. Skin lesions can further result from a hypersensitive
reaction to a therapeutic agent either administered topically or systemically. In
addition to those drugs which can cause direct damage, certain drugs including
many antibiotics, can induce skin photosensitivity, which may in turn lead to
epithelial lesions. Alternatively, wounds and ulcers can also result from vascular
insufficiency; from chronic diabetes, which is often characterized by vascular
diseases; as well as from pressure necrosis and bedsores.

Typically, routine wound care is directed at reducing infection, ensuring an
adequate arterial supply and venous drainage, and in cases of moderate or severe
injury, ensuring the close approximation of the epithelial surfaces by mechanical
methods (e.g., sutures or wound clips). In this regard, secondary infections by
pathogenic microorganisms are important to consider, particularly in light of the
protective barrier function of the skin. These conditions, when severe, are risk
factors for chronic debilitating local infections and septicemias as
microorganisms may use the compromised epithelium as a portal of entry into the

body. Secondary infections may be further exacerbated in immunocompromised
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patients, such as those undergoing cancer treatment (chemotherapy or
radiotherapy). '

In addition to the functional restoration of the dermal barrier, wound care
is further concerned with the cosmetic outcome and the reduction of scar tissue.
As such, the rapid restoration of a normal epithelial layer has the potential to

reduce the amount of scar formation and secondary complications of the wound,

particularly infections.

Summary of the Invention

This invention features the treatment and prevention of lesions of the skin
of a mammal by administration to the lesion, or regions of the skin where a lesion
is to be prevented, therapeutically effective amounts of a trefoil peptide, or a
biologically active fragment thereof. Treatment or prevention of lesions
according to the invention can speed healing, reduce pain, delay or prevent
occurrence of the lesion, and inhibit expansion, secondary infection, or other
complications of the lesion. Preferably, the mammal is a human. In particularly
useful embodiments, the trefoil peptide is spasmolytic peptide (SP), pS2,
Intestinal Trefoil Peptide (ITF), ITF 573, ITF,1.73, ITF 75, ITF 5.7, or ITF;;75, and
is present in a pharmaceutical composition containing a pharmaceutically
acceptable carrier. Other useful trefoil peptides include polypeptides that are
substantially identical to SP, pS2, ITF, ITF;5.3, ITF;;.73, ITF5.72, or ITF;175.
Preferably, the trefoil peptide is ITF or a biologically active ITF fragment, which
may be administered as a monomer, a dimer, or another multimeric form.

The methods and compositions of this invention are particularly useful for
treating lesions of the skin caused by an inflammatory or allergic reaction such as
eczema, psoriasis, or contact dermatitis; pressure ulcers, acne, lesions caused by
physical trauma or surgical intervention (e.g., local biopsy or cut), lesions caused
by chemical, thermal or radiation burns, or lesions caused by antineoplastic
therapy (e.g., chemotherapy or radiation therapy). Additionally, lesions of the
skin that result from microbial infections, whether bacterial, viral (e.g., herpes or

papilloma virus) or fungal, are also amenable to treatment. More specifically,
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administration of trefoil peptides is also useful for treating lesions or promoting
epithelial growth and maturity in preterm infants whose epidermis is in an
immature state.

In the methods and compositions, a second therapeutic agent can be
included. Desirable second therapeutic agents include anti-inflammatory agents
(e.g., rofecoxib or celecoxib), antibacterial agents (e.g., benzoyl peroxide,
povidone iodine, azelaic acid, retinoids, clindamycin, erythromycin, penicillins,
cephalosporins, tetracyclines, and aminoglycosides), antifungal agents (e.g.,
nystatin, amphotericin B, benzoic acid, undecylenic alkanolamide, ciclopirox
olamine, polyenes, imidazole, allylamine, and thiocarbamate), antiviral agents
(e.g., acyclovir), topical analgesics (e.g., lidocaine and benzocaine), systemic
analgesics (e.g., opiates, fentenyl, and NSAIDS), steroids (e.g., triamcinolone,
glucocorticoid, budesonide, fluocinolone, betamethasone, diflucortolone,
fluticasone, mometasone, prednisone, methylprednisolone, betamethasone,
dexamethasone, triamcinolone, and hydrocortisone), and ultraviolet blocking
agents. Sedatives, such as the benzodiazepines (e.g., diazepam), may also be
administered systemically in severe cases of shock associated with dermal
trauma. Trefoil peptides when administered for the treatment of psoriasis may
include topical agents (e.g., anthralin, retinoids, vitamin D analogues, and
glucocorticoids) or systemic agents (e.g., methotrexate and cyclosporine). 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 be present in the same or different
pharmaceutical compositions 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 may be
administered orally, or by intravenous, intramuscular, or subcutaneous injection.

Thus, the second therapeutic need not be administered topically.



WO 03/030824 PCT/US02/31998

10

15

20

25

30

Of course, pharmaceutical compositions may contain two, three, or more
trefoil peptides or biologically active fragments. Alternatively, topical
administration of the trefoil peptide may be supplemented by oral administration
of the same or a different trefoil peptide.

The compositions of this invention can also be used prophylactically, prior
to therapies or conditions that will damage the dermis or epidermis. For example,
the compositions can be applied to an area of the skin prior to cancer therapy in
order to mitigate the loss of epidermal integrity. Compositions containing a
trefoil peptide can also be applied to an area of the skin prior to sun exposure or
prior to a surgical intervention.

Suitable pharmaceutical compositions include at least one trefoil peptide
and a pharmaceutically acceptable carrier. Treatment using trefoil peptide-
containing compositions of this invention is typically self-administered.
However, trefoil peptide therapy rﬁay be administered by a medical professional
or other health care provider. For example, a trefoil peptide-containing gel,
cream, solution, suspension, oil;.tment, spray, bioerodable polymer, or hydrogel
(non-bioerodable polymer) may be applied to lesions caused by the removal of a
malignant lesion immediately after a surgical or laser rembval procedure. In other
useful embodiments, a mucoadhesive, an osmotic agent, or viscosity-enhancing
agent is present. Alternatively, the trefoil peptide can be formulated for topical
application as a concentrated paste, suspension, a cream, or an ointment to be
applied directly to the lesion. . Alternatively, the trefoil peptide can be formulated
as a topical patch to provide sustained delivery of the peptide. This patch may or
may not be adhesive, and may or may not be occlusive. An occlusive patch may
increase the permeability of trefoil peptide through a partially denuded
epithelium. Other occlusive excipients (e.g., hydrophobic polymers) and also
penetration enhancers (fatty acids, alcohols, benzoates, glycols, or pyrrolidones)
may also be used to enhance trefoil penetration. Furthermore, the trefoil peptide
can be formulated to irrigate a wound prior to suturing or during a surgical
procedure. The trefoil peptide may therefore be formulated in an irrigation

solution such as saline or Ringer’s solution. Alternatively, trefoil peptides can be
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impregnated in suture material (gut, silks, collagens, glycolic acid polymers or
nylon) or wound dressings (gauze pads, occlusive dressings, semi-occlusive
dressings, alginates, hydrocolloids and adhesive films).

Mammalian trefoil peptides were discovered in 1982. One of the
mammalian trefoil peptides, human intestinal trefoil factor (ITF; TFF3), 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; TFF2) and pS2 (TFF1). Trefoil
peptides, described extensively in the literature (e.g., Sands et al., Annu. Rev.
Physiol. 58: 253-273, 1996), 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 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.

“Trefoil peptide,” as used herein, includes all mammalian homologs of
human spasmolytic polypeptide (SP; also known as TFF2), human pS2 (also
known as TFF1) and human intestinal trefoil factor (ITF; also known as TFF3),
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 10 amino acid residues,
usually at least 20 amino acid residues, more usually at least 30 amino acid
residues, typically at least 45 amino acid residues, and preferably more than 60
amino acid residues. Alternatively, trefoil peptides are polypeptides encoded by a
polynucleotide that hybridizes with high stringency to the human ITF, pS2, or SP
cDNAs provided in SEQ ID NOs: 4, 5, and 6, respectively, or the human ITF,
pS2, or SP genes provided in SEQ ID NOs: 7, 8, and 9, respectively.
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The term “fragment” is meant to include polypeptides that are truncations
or deletions of SP, pS2 and ITF. Preferably, the fragments are biologically active
and 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 10 amino acid residues, usually at least 20 amino acid residues, more
usually at least 30 amino acid residues, typically at least 45 amino acid residues,
and preferably more than 60 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
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 to the protein.
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
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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 “co-formulated” is meant any single pharmaceutical composition,
which contains two or more therapeutic or biologically active agents.

By “pharmaceutical preparation” or “pharmaceutical composition” is
meant any composition, which contains at least one therapeutically or
biologically active agent and is suitable for administration to a patient. For the
purposes of this invention, pharmaceutical compositions suitable for delivering a
therapeutic to the skin include, but are not limited to aqueous solutions, creams,
gels, suspensions, sprays, bioerodable polymer, hydrogel (non-bioerodable gel
polymer), patches, irrigation solution, pastes, lotions, ointments, foams, wound
dressings, and sutures. Any of these formulations can be prepared by well-known
and accepted methods of art. See, for example, Remingtion: The Science and
Practice of Pharmacy, 19™ edition, (ed. AR Gennaro), Mack Publishing Co.,
Easton, PA, 1995.

By “topical administration” is meant the application of a therapeutically
effective amount of pharmaceutical composition to the external and/or exposed
surface of the skin, to access the dermis and/or epidermis.

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. Preferably, the patient
receives at least 10 mg, 100 mg, 500 mg, 750 mg, 1000 mg, 1500 mg, or 2000 mg
of trefoil peptide in each dose. Larger amounts may be required for large lesions
such as those caused by extensive thermal burns. Dosing is typically performed
1-5 times each day.

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
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common to the family of trefoil peptides is the ability to restitute the
gastrointestinal mucosa (Taupin et al, Proc. Natl. Acad. Sci. U S 4. 97(2): 799-
804).

By “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.

By “treating” is meant administering a pharmaceutical composition for
prophylactic and/or therapeutic purposes. The active ingredients of the
pharmaceutical composition can treat the primary indication (e.g., epithelial
lesion) or secondary symptoms (e.g., concomitant infection, pain, or
inflammation).

By “burn” is meant any injury to the dermis, epidermis, or underlying
tissue that results from exposure to heat, acids, caustics, chemicals, electricity, or
radiation (e.g., ultraviolet radiation), marked by varying degrees of skin
destruction and hyperemia often with the formation of watery blisters and in
severe cases by charring of the tissues, and classified according to the extent and
degree of the injury. There are three classifications of burns. A first-degree burn
is superficial, involving only the top layer of the skin (epidermis). First-degree
burns are characterized by dry, red skin, and typically heal within 5-6 days
without permanent scarring. A second-degree burn is a partial thickness burn,
mvolving the epidermis and the dermis. These burns will blister and weep, and in
the absence of therapy, usually require 3-4 weeks or longer to heal. Scarring may
occur. The most severe, third-degree burn, destroys all skin layers, and some of
the underlying tissue. Complications of shock and infection make a third-degree
burn potentially life threatening.

By “wound dressing” is meant any occlusive or semi-occlusive covering
that overlay a lesion or injury site. In addition to providing contact of the skin
with a trefoil peptide, preferable dressings maintain a moist environment at the
lesion site, remove excess exudates, have thermal insulation properties, allow

gaseous exchange, are impermeable to microorganisms, and/or allow trauma-free
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removal. The choice of dressing will be influenced, for example, by clinical
indications such as the type of wound, wound position, presence of debris or
infection, level of exudate, patient comfort, and cost efficiency.

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 “ultraviolet blocking agent” is meant any treatment regimen used to
block ultraviolet radiation. Typical ultraviolet radiation blockers are formulated
as creams or pastes to be applied before sun exposure.

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
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 “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,
ImM 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
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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.

Brief Descriptions of the Drawings

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

Figure 2 is an amino acid sequence of a human pS2 protein (Accession No.
NP_003216).

| Figure 3 is an amino acid sequence of human spasmolytic polypeptide (SP;

Accession No. 1909187A).

Figure 4 is a cDNA sequencé encoding a human intestinal trefoil factor.

Figure 5 is a cDNA sequence encoding a human pS2 protein.

Figure 6 is a cDNA sequence encoding a human spasmolytic polypeptide.

Figure 7 is the nucleotide sequence of a gene encoding human intestinal
trefoil factor (locus 10280533:52117-55412).

Figure 8 is the nucleotide sequence of a gene encoding human pS2 protein
(locus 10280533:16511-21132).

Figure 9 is the nucleotide sequence of a gene encoding human spasmolytic

polypeptide (locus 10280533:957-5208).

Detailed Description

The invention provides methods and compositions useful for the treatment
of a wide range of lesions to the dermis and epidermis. Lesions may occur on
any part of the human skin, including for example the scalp, groin and uro-genital
area, face, trunk, arms hands, legs, soles of the feet or between the toes. Lesions
of the dermis and epidermis amenable to treatment according to the present
invention can be induced by physical trauma (e.g., cuts, abrasions, and surgical
intervention), chemical and thermal burns (e.g., sunburn), vascular compromise
(e.g., resulting from diabetes), infective or inflammatory processes (e.g., eczema,

psoriasis, contact dermatitis, herpetic lesion, and acne), microbial infection (e.g.,
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viral, bacterial, and fungal), or antineoplastic therapy (e.g., radiotherapy). In the
case of burn patients, particularly those in which skin damage inflicted by the
burns is severe and extends to a large proportion of the body, epidermal loss may
deteriorate rapidly due to both heat and water transpiration. Although mechanical
systems such as hydrogels have been used to alleviate this problem, rapid
restoration of an adequate barrier is imperative for the recovery of such patients.
Preterm infants also suffer from impaired skin barrier function owing to
the immature state of the epidermis and the relative absence of the stratum
corneum in such infants. Although, the degree of severity is largely dependent on
gestational age, compromise to the skin barrier can ultimately cause significant
complications. In this respect, the increased permeability of the skin to water
leads to significant heat dissipation and also provides a nesting site for foreign
substances, including for example allergens, microorganisms, and toxins.
Overall, these lesions are treated by local application of trefoil peptides either

alone or in combination with another therapeutic agent.

Pharmaceutical Formulations: Qintments, Pastes, Creams, Gels,
Irrigation Solutions, and Tissue Adhesives

Lesions of the epithelium of the skin, such as those resulting from trauma
or inflammation, are amenable to trefoil peptide therapy delivered as an ointment,
paste, or gel. The viscous nature of these types of preparations allows for direct
application to the wound site. Optionally, the wound site can be covered with a
dressing to retain the trefoil peptide-containing composition, protect the lesion
and/or absorb exudate. As discussed further below, these preparations are
particularly useful to restore epithelial integrity following traumatic surgical
procedures (e.g., skin biopsies and incisions). Such viscous formulations may
also have a local barrier effect thereby reducing irritation and pain. In addition,
trefoil peptides can also be present in any of the known irrigation solutions (e.g.

0.9% saline or Ringer’s solution) used for surgery purposes.
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Mucoadhesives

A mucoadhesive excipient can be added to any of the previously described
pharmaceutical compositions. The mucoadhesive formulations coat the lesioned
area, resulting in retention of the trefoil peptide at the lesion site, providing
protection, inhibiting irritation, and accelerating healing of inflamed or damaged
tissue. Mucoadhesive formulations suitable for use in these pharmaceutical
preparations are well known in the art (e.g., U.S. Patent No. 5,458,879).
Particularly useful mucoadhesives are hydrogels composed of about 0.05-20% of
a water-soluble polymer such as, for example, poly (ethylene oxide), poly
(ethylene glycol), poly (vinyl alcohol), poly (vinyl pyrrolidine), poly (acrylic
acid), poly (hydroxy ethyl methacrylate), hydroxyethyl ethyl cellulose, hydroxy
ethyl cellulose, chitosan, and mixtures thereof. These polymeric formulations can
also contain a dispersant such as sodium carboxymethyl cellulose (0.5-5.0%).

Other preferred mucoadhesive excipients for liquid compositions are ones
that allow the composition to be administered as a flowable liquid but will cause
the composition to gel on the skin, thereby providing a bioadhesive effect which
acts to hold the therapeutic agents at the lesion site for an extended period of
time. The anionic polysaccharides pectin and gellan are examples of materials
which when formulated into a suitable composition will gel on the skin, owing to
the presence of cations in the mucosal fluids. The liquid compositions containing
pectin or gellan will typically consist of 0.01-20% w/v of the pectin or gellan in
water or an aqueous buffer system.

Other useful compositions, which promote mucoadhesion and prolonged
therapeutic retention in the dermis and epidermis, are colloidal dispersions
containing 2-50% colloidal particles such as silica or titanium dioxide. Such
formulations form as a flowable liquid with low viscosity; however, the particles
interact with glycoprotein, especially mucin, transforming the liquid into a
viscous gel, providing effective mucoadhesion (e.g., U.S. Patent Nos. 5,993,846
and 6,319,513).

-12-
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Bioadhesives and bioerodable polymers are useful as an alternative method
of wound closure, or as a drug delivery vehicle. Bioadhesives are a particularly
useful alternative to sutures, for wound closure in geriatric populations, where the
skin is particularly friable. Any of the well-known bioadhesives or polymers is
suitable for use with the trefoil peptides of this invention (e.g. U.S. Patent Nos.
5,990,194, 6,159,498, and 6,284,235). The trefoil peptides are incorporated into
the adhesive or polymer by any method suitable for incorporating any other
therapeutic agent into these products. The particular method will depend on the

chemical composition of the product and the manufacturing process.

Medical Materials

Suture materials, sterile wound dressings (occlusive and semi-occlusive,
e.g., gauze pads), topical patches, adhesive films, and tissue adhesives can be
impregnated with the trefoil peptides of the present invention and used at an
incision site to promote dermal and epidermal healing. Any of the suture
materials, wound dressings, topical patches, adhesive films, and tissue adhesives
may also contain ITF-consisting bioerodable polymers and alginates.

These formulations can be made according to known and conventional
methods for preparing such formulations. For example, sutures made from
monofilaments can be impregnated by loading the polymer solution with a trefoil
peptide, prior to extrusion. Suture material can also be impregnated by repeated
soaking/drying cycles using a trefoil peptide-containing solution. The number of
cycles depends on the concentration of trefoil peptide in the soaking solution and
the final amount of peptide to be contained in the suture. Soaking is a particularly
effective impregnation method for braided suture materials because the trefoil
peptide is retained by the surface contours.

Sterile dressings and gauzes for wounds and burns, impregnated with a
trefoil peptide, can also be prepared by standard methods. Typically, the trefoil
peptide will be present in a viscous gel (e.g., hydrogel), separated from the

dermal lesion by a permeable fabric that does not adhere to the wound.
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Therapeutic Agents

Trefoil Peptides

The therapeutic trefoil peptide(s) are typically mammalian trefoil peptides
or fragments thereof. 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.

The trefoil peptides or fragments are administered at 1-5000 mg per dose,
preferably 5-2500 mg per dose, or more preferably 10-1500 mg per dose,
depending on the nature and condition of the lesion being treated, the anticipated
frequency and duration of therapy, and the type of pharmaceutical composition
used to deliver the trefoil peptide. The trefoil peptides are typically administered
1-5 times per day.

Therapeutic Fragments of Intestinal Trefoil Factor (ITF)

Particular ITF fragments retain biological activity and may be substituted
in any method or composition in which ITF is used. Methods and compositions
containing ITF, in which these ITF 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 33, ITF 5.75, and ITF;;.7,).

The biologically active ITF 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,
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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.

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 include, but are not limited to non-steroidal anti-
inflammatory drugs (e.g., ibuprofen and tacrolimus), cyclooxygenase-2-specific
inhibitors such as rofecoxib (Vioxx®) and celecoxib (Celebrex®). Anti-
inflammatory concentrations known to be effective following 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 lesion.

Antimicrobial Agents

Any of the many known antimicrobial agents can be used in the
compositions of the invention at concentrations generally used for these agents.
Antimicrobial agents include antibacterials, antifungals, and antivirals.

Although the most widely used antibacterial agents used for the skin are
benzoyl peroxide, povidone iodine, azelaic acid, retinoids, clindamycin and
erythromycin, other examples of 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 chloramphenicol,

clindamycin, cycloserine, isoniazid, rifampin, and vancomycin.
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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 protein 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, nystaitin, and
ketoconazole.

Antimicrobial concentrations known to be effective following topical
administration can be used. For example, tetracycline may be present in the
composition at concentrations that are known to provide between 100-1000 mg

per day to the lesion following topical application.

Analgesics and Anesthetics

Any of the commonly used topical analgesics can be used in the
compositions of the invention. The analgesic is present in an amount such that
there is provided to the skin lesion a concentration of between one-half and five
percent concentration for lidocaine (e.g., 5-50 mg/ml in 20-40 ml per dose of
liquid). Examples of other useful anesthetics include procaine, lidocaine,
tetracaine, dibucaine, benzocaine, p-buthylaminobenzoic acid 2-(diethylamino)
ethyl ester HCI, mepivacaine, piperocaine, and dyclonine.

Other analgesics may be administered systemically, including opioids such
as, for example, morphine, codeine, hydrocodone, and oxycodone. Any of these
analgesics may also be co-formulated with other compounds having analgesic or

anti-inflammatory properties, such as acetaminophen, aspirin, and ibuprofen.
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Steroids

Steroids may be used to treat lesions of the skin and formulated to be used
in the compositions of the present invention. Typically, topical steroid agents
employed include but are not limited to fluocinolone, triamcinolone,
betamethasone, diflucortolone, fluticasone, hydrocortisone, mometasone,
methylprednisolone, and clobetasol. In extreme cases of skin urritation, systemic
steroid agents such as prednisone, prednisolone, meythylprednisolone,
betamethasone, dexamethasone, triamcinolone, and hydrocortisone, may also be

administered.

Dosages

All of the therapeutic agents employed in the topical compositions of the
present invention, including the trefoil peptide component, can be used in the
dose ranges currently known and used for these agents. The following are
illustrative examples of dose ranges for the active ingredients of the compositions
of the invention. 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 therapy (treatment or prophylaxis), and anticipated duration or
severity of the damage for which the agent is being given. Additional
considerations in dose selection include: disease etiology, patient age (pediatric,

adult, geriatric), general health and comorbidity.

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.
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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 expression.
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 be selected for in the presence of otherwise toxic drugs, and
sequences 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
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amounts of mMRNA 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),

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 systems and purification systems may be used to
produce recombinant trefoil peptides and fragments thereof. Some of these
systems are described, for example, in Ausubel ef 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 ef al., Curr. Genet. 39:365-370, 2001).
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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.

Example 1: ITF Therapy Following A Surgical Intervention

To speed healing of a surgical incision and reduce scar formation, the
surgical patient is administered ITF-containing preparations using a variety of
modalities. Just prior to surgery, an ITF-containing gel is applied to the skin at
the site of impending incision. Following the surgical procedure, the incision is
irrigated with sterile saline, or another irrigation solution, containing 25 mg/ml
ITF. The incision is closed using ITF-impregnated suture silk and the incision
site is treated with a paste or gel preparation containing 5 mg/ml ITF. The ITF-
containing paste or gel is reapplied during each dressing change. Preferably, the
paste or gel is reapplied for at least three days, more preferably for five days,
most preferably for seven days, or even ten days, or until the incision is

completely healed, and the sutures are removed or absorbed by the body.
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Example 2: Burn Treatment

The ultimate goal of burn-wound management is closure and healing of the
wound. In this respect, scarring is a common result of second-and third-degree
burns. Given that scars are formed when the proliferative and migratory capacity
of fibroblasts exceed that of the epithelial cells, therapies that promote epithelial
restitution will reduce scar formation. In addition, it is known that topical or
systemic administration of an antimicrobial can dramatically decrease the
bacterial burden of burn wounds and reduce the incidence of burn-wound
infection.

Three widely used topical antimicrobial agents, namely silver sulfadiazine
cream, mafenide acetate cream, and silver nitrate can be admixed, alone or in
combination, with ITF to treat burn wounds. Burn victims are therefore treated
with a paste or gel containing 1% silver sulfadiazine, mafenide acetate cream
and/or silver nitrate, along with a topical analgesic, and 10 mg/ml ITF. Topical
treatment is re-applied every 12 hours for the duration of therapy. In addition to
topical application of the ITF-containing ointment, the burn site may be wrapped
in an ITF-impregnated bandage.

Normally, analgesic and antibiotic therapy will be terminated once
satisfactory capillary development and epithelialization has occurred. In order to
minimize scarring, ITF therapy is continued until epithelialization is complete. In
the case of invasive wound infection, systemic treatment with antibiotics along

with topical treatment with ITF therapy can be administered.

Example 3: Treatment of Herpetic Lesions

Patients suffering lesions caused by any of the herpes simplex viruses
(HSV) can be treated with combination or monotherapy containing ITF. Herpetic
lesions are typically on the face or genitalia and are treated with antiviral agents.
Both HSV I and HSV II are transmitted by direct contact with an open lesion, or
through secondary contact with infected objects. Thus, agents that promote
epidermal healing will not only repair the cosmetic damage created by the lesion,

it will also reduce the likelihood of viral transmission.
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Presently, herpetic lesions are treated with standard antiviral therapy
administered orally. According to this invention, ITF is administered
concurrently in a topical preparation (e.g., paste or gel) at 5 mg/ml. Alternatively,
the antiviral is coformulated with ITF for topical administration. For treatment of
severe lesions, the amount of ITF can increased to 25 mg/ml, or more, and can be
further combined with medications that relieve secondary symptoms.
Corticosteroids, for example, may be included in the topical preparation, to
relieve itching. Typically, the medicament is applied every 12 hours to the lesion
until the outbreak subsides and the lesion is resolved. The lesion can be dressed
with a bandage or gauze impregnated with the antiviral and ITF as an alternative,

more convenient, means of drug delivery.

Example 4: Treatment of Hand Dermatitis

Treatment of hand dermatitis is mostly concerned with avoidance of
irritants, treatment of secondary infection, and reduction of inflammation.
Lesions on the hand can be treated with cool dressings impregnated with trefoil
peptides to dry and debride acute inflammatory lesions as well as to decrease
swelling. Application of mid- to high potency topical glucocorticoid (e.g., 4%
w/v hydrocortisone) formulated with 5mg/ml ITF should also be administered to
lesions. The topical steroid-containing trefoil peptides can be reapplied during
each dressing change, or as often as required. . The hands of an affected patient
should be protected by gloves to keep the dressings, glucocorticoid, and ITF in
place. If needed, a systemic steroid can also be administered. Treatment with
topical antibiotics formulations containing trefoil peptides to limit secondary

infections is also recommended.

What is claimed 1is:
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CLAIMS

1. A method for treating or preventing a lesion of the skin of a mammal
comprising administering to the lesion, or the region of the skin where a lesion is
5  to be prevented, a therapeutically effective amount of a trefoil peptide or

biologically active fragment thereof.

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

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

10
3. The method of claim 1, wherein said biologically active fragment is
ITF 593, ITF2 73, ITF 72, ITF 572, o1 ITF21.75.
4. The method of claim 1, wherein said mammal is a human.
15
5. The method of claim 4, wherein said human is a preterm infant.
6. The method of claim 1, wherein said lesion is a traumatic lesion, a
surgical lesion, a burn, or a pressure ulcer.
20

7. The method of claim 1, wherein said lesion is an allergic reaction,

eczema, contact dermatitis, psoriasis, or acne.

8. The method of claim 1, wherein said lesion is caused by a bacterial,

25  viral, or fungal infection.

9. The method of claim 8, wherein said lesion is caused by a herpes virus

or a papilloma virus.

30 10. The method of claim 1, wherein said lesion is caused by antineoplastic

therapy.
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11. The method of claim 1, wherein said method further comprising

administering to said mammal a second therapeutic agent or regimen.

12. The method of claim 11, wherein said second therapeutic agent is an

ultraviolet blocking agent.

13. The method of claim 11, wherein said second therapeutic agent is an

anti-inflammatory agent.

14. The method of claim 11, wherein said second therapeutic agent is a

steroid.

15. The method of claim 14, wherein said steroid is a corticosteroid.

16. The method of claim 14, wherein said steroid is selected from the
group consisting of fluocinolone, betamethasone, diflucortolone, fluticasone,
mometasone, methylprednisolone, clobetasol, glucocorticoid, triamcinolone,
hydrocortisone, fluticasone, budesonide, prednisone, prednisolone,

methylprednisolone, dexamethasone, and beclomethasone.

17. The method of claim 11, wherein said second therapeutic agent is an

antibacterial agent, an anti-fungal agent, or an anti-viral agent.
18. The method of claim 17, wherein said antibacterial agent is a

penicillin, a cephalosporin, a tetracycline, an aminoglycoside, benzoyl peroxide,

povidone iodine, azelaic acid, retinoid, clindamycin, or erythromycin.
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19. The method of claim 17, wherein said anti-fungal agent is benzoic
acid, undecylenic alkanolamide, ciclopirox olamine, polyenes, imidazole,
allylamine, thiocarbamate, clindamycin, econaxole, fluconazole, flucytosine,
griseofulvin, nystatin, clotrimazole, Amphotericin B, ketoconazole, enilconazole,

itraconazole, butoconazole, tioconazole, or miconazole.

20. The method of claim 17, wherein said anti-viral agent is acyclovir.

2]1. The method of claim 11, wherein said second therapeutic agent is an

analgesic agent.

22. The method of claim 21, wherein said analgesic is lidocaine,

benzocaine, or an opiate.

23. The method of claim 11, wherein said second therapeutic is anthralin,

aretinoid, a vitamin D analog, methotrexate, a benzodiazepine, or a cyclosporine.

24. The method of claim 11, wherein said trefoil peptide and said second

therapeutic are administered in the same formulation.

25. The method of claim 11, wherein said trefoil peptide and said second

therapeutic are administered in different formulations.

26. The method of claim 11, wherein said trefoil peptide and said second

therapeutic are administered by different routes of administration.

27. The method of claim 11, wherein said trefoil peptide and said second

therapeutic are administered within 24 hours of each other.
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28. A pharmaceutical composition suitable for topical administration to
the skin of a mammal, wherein said composition comprises a trefoil peptide or a

biologically active fragment thereof and a pharmaceutically acceptable carrier.

29. The composition of claim 28, wherein said trefoil peptide or
biologically active fragment thereof is spasmolytic polypeptide, pS2, or intestinal

trefoil factor.

30. The composition of claim 28, wherein said biologically active

fragment is ITF15_73, ITF21_73, ITF1_72, ITF15_72, or ITF21_72.

31. The composition of claim 28, wherein said composition further

comprises a mucoadhesive agent, or an osmotic agent.

32. The composition of claim 28, wherein said composition further

comprises a second therapeutic agent.

33. The composition of claim 32, wherein said second therapeutic agent is

an anti-inflammatory agent, or an analgesic.

34. The composition of claim 33, wherein said analgesic is lidocaine,

benzocaine, or an opiate.

35. The composition of claim 32, wherein said second therapeutic agent is

an antibacterial agent, an anti-fungal agent, or an anti-viral agent.
36. The composition of claim 35, wherein said antibacterial agent is a

penicillin, a cephalosporin, a tetracycline, an aminoglycoside, benzoyl peroxide,

azelaic acid, retinoids, povidone iodine, clindamycin, or erythromycin.
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37. The composition of claim 35, wherein said anti-fungal agent 1s
benzoic acid, undecylenic alkanolamide, ciclopirox olamine, polyenes, imidazole,
allylamine, thiocarbamate, nystatin, clindamycin, econaxole, fluconazole,
flucytosine, griseofulvin, clotrimazole, ketoconazole, enilconazole, itraconazole,

butoconazole, tioconazole, miconazole, or Amphotericin B.

38. The composition of claim 35, wherein said anti-viral agent is

acyclovir.

39. The composition of claim 32, wherein said second therapeutic agent is

a steroid.
40. The composition of claim 39, wherein said steroid is a corticosteroid.

41. The composition of claim 39, wherein said steroid is fluocinolone,
betamethasone, diflucortolone, fluticasone, mometasone, methylprednisolone,
glucocorticoid, clobetasol, triamcinolone, hydrocortisone, fluticasone,
prednisone, prednisolone, methylprednisolone, dexamethasone, beclomethasone,

or budesonide.

42. The composition of claim 32, wherein second therapeutic agent is
anthralin, a retinoid, a vitamin D analog, methotrexate, a benzodiazepine, or

cyclosporine.

43. The pharmaceutical composition of claim 28, wherein said

composition is a spray, ointment, paste, foam, lotion, gel, solution, or suspension.

44, A medical material comprising a trefoil peptide or a biologically

active fragment thereof.
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45. The medical material of claim 44, wherein said trefoil peptide is

spasmolytic polypeptide, pS2, or intestinal trefoil factor.

46. The medical material of claim 44, wherein said biologically active

fragment is ITF;5.73, ITF31.73, ITF 75, ITF 5.9, o1 [TF21.95,

47. The medical material of claim 44, wherein said medical material is
selected from the group consisting of topical hydrogel dressings, patches,
occlusive wound dressings, semi-occlusive wound dressings, tissue adhesives,

sutures, and adhesive films.
48. The composition of claim 47, wherein said suture comprises material

selected from the group consisting of gut, silk, collagen, glycolic acid polymer,

and nylon.
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ctgagttcaa
taaatttttt
gaactcttga
gtgagccacc
taaagtaaaa
tctetttete
gatctgecetg
ctgccaccte
agattgactg
tt
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<1l60> 9
<170> FastSEQ for Windows Version 4.0
<210> 1
<211l> 73

<212> PRT
<213> Homo sapien

<400> 1
Met Leu Gly Leu Val Leu Ala Leu Leu Ser Ser Ser Ser Ala Glu Glu
1 5 10 15
Tyr Val Gly Leu Ser Ala Asn Gln Cys Ala Val Pro Ala Lys Asp Arg
20 25 30
Val Asp Cys Gly Tyr Pro His Val Thr Pro Lys Glu Cys Asn Asn Arg
35 40 45
Gly Cys Cys Phe Asp Ser Arg Ile Pro Gly Val Pro Trp Cys Phe Lys
50 55 60
Pro Leu Gln Glu Ala Glu Cys Thr Phe
65 70
<210> 2
<211> 84
<212> PRT

<213> Homo sapien

<400> 2
Met Ala Thr Met Glu Asn Lys Val Ile Cys Ala Leu Val Leu Val Ser
1 5 10 15
Met Leu Ala Leu Gly Thr Leu Ala Glu Ala Gln Thr Glu Thr Cys Thr
20 25 30
Val Ala Pro Arg Glu Arg Gln Asn Cys Gly Phe Pro Gly Val Thr Pro
35 40 45
Ser Gln Cys Ala Asn Lys Gly Cys Cys Phe Asp Asp Thr Val Arg Gly
50 55 60
vVal Pro Trp Cys Phe Tyr Pro Asn Thr Ile Asp Val Pro Pro Glu Glu
65 70 75 80
Glu Cys Glu Phe

<210> 3
<211l> 106
<212> PRT
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<213> Homo sapien

<400> 3
Glu Lys
1
Thr Asn

Gly Cys
Leu
50

Arg

Pro

Arg
65
Arg Lys

Phe Pro

Pro
Cys
Cys
35

Pro
Asn
Cys

Asn

Ser
Gly
20

Phe
Lys
Cys
Cys

Ser
100

Pro
5
Phe

Asp
Gln
Gly
Phe

85
vVal

Cys
Pro
Ser
Glu
Tyr
70

Ser

Glu

Gln
Gly
Ser
Ser
55

Pro

Asn

Asp

Cys
Ile
Val
40

Asp
Gly
Phe

Cys

Ser
Thr
25

Thr
Gln
Ile
Ile

His
105

Arg
10
Ser

Gly
Cys
Ser
Phe

90
Tyr

Leu
Asp
Val
Val
Pro

75
Glu

<210> 4
211> 222
<212> DNA
<213> Homo

<400> 4

atgetgggge
tctgcaaacc
acccccaagg
tggtgtttca

<210> 5
<211> 255
<212> DNA
<213> Homo

<400> 5

atggccacca
ggcaccctgg
tgtggttttc
accgttegtg
gagtgtgaat

<210> 6
<211l> 390
<212> DNA
<213> Homo

<400> 6

atgggacggc
gcggggagtyg
aactgcgget
tccagtgtca
tgegtcatgg
tgcgeetcete
ccgaagtcectg

<210> 7
<211l> 3280

sapien

tggtcctggce
agtgtgeccgt
agtgcaacaa
agccectgea

sapien

tggagaacaa
ccgaggecca
ctggtgtcac
gggtcccctg
tttag

sapien

gagacgccca
agaaacccte
tcectggaat
ctggggtecce
aggtctcaga
ggaagtgctg
tggaagactg

cttgctgtec
gccagccaag
ccggggetge
ggaagcagaa

ggtgatectge
gacagagacg
gcecteccag
gtgcttcetat

gctcctggea
ccectgecag
caccagtgac
ctggtgttte
ccgaagaaac
cttcteccaac
ccattactaa

tccagetcetg
gacagggtgg
tgctttgact
tgcaccttect

gccctggtece
tgtacagtgg
tgtgcaaata
cctaatacca

gcgectecteg
tgctccagge
cagtgttttg
caccccectec
tgtggctacc
ttcatectttg

Ser Pro His

Gln Phe
30

Cys

Cys

Pro Trp
Met
60

Glu

Glu Vval

Glu Cys

Val Pro Trp

ctgaggagta
actgcggceta
ccaggatccc

ga

tggtgtccat
cceccecegtga
agggctgetg
tcgacgtece

teetggggcet
tgagcceccca
acaatggatg
caaagcaaga

cgggcatcag
aagtgceetg

PCT/US02/31998

Asn
15
Asp

Arg
Asn

Phe His

Ser Asp

Ala Ser
80
Cys Phe
95

cgtgggcecetg
ccecceatgte
tggagtgcct

gctggeccte
aagacagaat
tttcgacgac
tccagaagag

atgtgccctg
taacaggacg
ctgtttcgac
gtcggatcag
cccecgaggaa
gtgettette

60

120
180
222

60

120
180
240
255

60

120
180
240
300
360
390
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<212> DNA
<213> Homo

<400> 7

atgctggggce
tgtgagtact
taagggggga
cgctageccet
cagagaaagt
tgagcctgag
aatataggte
aaccctgact
agcaaccctg
ggcttttatce
cattagaatc
gggcatctcc
cactcactgc
tcaagcaatt
ccagctaatt
tcaaactcct
gtgtaagcca
tgtgagcgaa
aatgtaagac
acgcagtgaa
ggggactgaa
cagaaaaaag
ctgtcacggt
aactttgttt
tacccaggtc
cttaggcaaa
ttcacaggga
ggtggggcegy
cagcaagggc
tgccagccaa
accggggcetg
aggaagcagg
tctcagggece
acacacacac
ccaggggctg
gtgttcaaaa
tggaaacgca
cccagagtet
cgtcaggect
tctecectete
cccaggggceg
caccctgget
catctgccat
ttcctggaac
aggctgagtc
cttcacccte
agagagaggyg
acactctect
tgateccctgg
catgtggtgg
gccttggage
cacaagcctt

cgggggatgc
tctecagettt

sapien

tggtcctgge
gccctgactg
ttctgecatte
ttgaagtggg
taacaactta
cccatccect
tttatgcatt
tcagaacact
ccatggggtg
tgggtgtcett
acctggagag
aggcaagate
tggagtgeag
cttgtgecte
ttttggattt
ggcctcaagt
ccatgcccag
gtttggatgce
actgcacgtg
cttectgetge
ggatgtcececg
tgaaaagcag
tttcatttaa
ctgggttcaa
cgtatgtgac
tggccagagt
aagtgcatct
agcgggagga
tctggecaget
ggacagggtg
ctgctttgac
taaggcccca
teceetgtect
acctgttcca
tcctettetg
tgatggcatc
taggtgtgga
tgtcatttgt
cggtgccaca
tctgecgtgg
gagagcctgce
ccaccaggcet
gtccaagtge
cagcatccag
ctgctggcce
cccagcaagt
gtctggctac
ctgagtgcecca
gtcccactat
ggactcaaca
ctgcectgac
tgctetgttt
gaggctcgga
tectgteectt

cttgctgtece
cececeggtgge
atttaataat
tctttattgt
tccaaggcag
atgaccccat
gttccacatt
gtcaataccg
tggctgcectece
ctgagcaggg
ctttaaaaat
caggcctceag
tggcacaatc
ggcttcaagt
ttagtagaga
gatcctectg
ccaacgtcag
caggaggata
attgccattt
acatacagac
ggagggtggg
gcagcatgcg
aacaaagggg
gggaccccag
ttceccgagaa
ccecegagetg
tecctaaggge
tgcaaacttg
gacagggctt
gactgcggcet
tccaggatce
gtggcatcgt
ttctgggcetg
aggcctcaga
tcceetttat
gcatagaggg

aagccgggcec
ggcatcccct
cccecaccteca
tggagggcag
gtgctgtgeg
tagctgcccece
cagctcagcce
aggggcctct
cggcteectg
ccagggtagg
tgtccactgce
gccatggecce
cttgcttage
ctceceeggtyg
cttgggaagc
gcagaatgca
gcaccecttgce
tgctceccegge

tccagctetg
agggtgggeg
ggccacctgt
cccecatttca
ccectgeccag
agccatcttt
tacaaagaaa
gcaggcacaa
attaacccaa
tcaaaggcag
cctaatgcett
ctgttttgtt
tcagetcact
agctgggatt
tggagtttecg
ccttggecte
tcatttttaa
agcaattacg
tcctaaggaa
atagaggctt
acatgctcaa
ttgcaatgat
caaggttttg
attccccagg
ggtgataaga
agcatttaac
gagggtttca
caaagtgaag
tgtctgggac
acccceatgt
ctggagtgcece
ggtctgggee
gagatggagg
gcagaggcett
gtaaaacata
aactgattta
gacttttggg
acacagacgg
ccecactetge
gtgcagggca
ggtaacagat
acatcgtggg
cccacgaagg
cttgcecettt
atcaatgatg
ggtgggggtyg
cggtectgtt
tgccaaggece
aacccgaggt
actctgggga
tgggcagegt
ccttetgagg
ccggcectgtga
aagcgcttct

-3-

ctgaggagta
tgaagggaag
cacatataca
cagacaagga
tctgtgttga
gctggagatt
aaggaaagat
ggttcattta
gtttgaagga
tggttccecga
ggggcacacce
ttgagatagc
gcaacctcecg
acaggcatgc
ctatgttggce
ccaaagtgct
agctctgeag
gactgggage
atactcagtt
gcctgaaaca
caattcagga
ctectatggeg
ttggtcaaac
ggttcctgee
gcgtgecaag
agactgecctc
gcagtggttyg
caaacacact
agctgcaaac
cacccccaag
ttggtgtttc
cagcccceata
cacaaggacc
cacacttagg
aaagcaattg
gtaactattc
ctgtttttge
caggcggtcc
cccccacaag
accaccctgg
ggccctgeac
tggggcgatt
ccgecacctge
gtcctagggt
ggccectgee
ggggtccaga
ccttcagete
catctcgett
gggaatcttg
ggaggcagca
gggtggagag
cacctccage
ttgctgecag
gctgaaagtt

PCT/US02/31998

cgtgggectg
ggatccagga
ctttttectg
aaccgaggct
aatcagggtt
tctaaattac
gcaggagaaa
gccattgeat
atgagggcat
acttgcagcc
agttacatca
cttgetttgt
cctectgggt
accaccatgc
caagctggtc
ggaattacag
ctgattccag
aagagaaggg
cgttaatgaa
tgaaaatatt
aggggagatg
tgtgcctcete
aatgaagggt
agctggaagg
gagaaagaca
tctttaaata
aactcggecgg
caccgcagec
cagtgtgceeg
gagtgcaaca
aagcccctge
aggcaggggg
ccaggaagcc
gcagccatgg
tttcaaaaag
ttgagagaag
aaatcggecce
cagccctaga
ggtcatctcce
gggttceccte
acgggtttge
ggctataagc
gtgaggtacc
gaaatgecggg
cagggcctec
gaaggccagg
cactggaact
gttatctgece
gctatteceec
ctaggtgcetg
agactgctca
tgceceegge
gcactgttca
catatctgga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240



WO 03/030824

gcctgatgte

<210> 8

<211l> 4623
<212> DNA
<213> Homo

<400> 8

dcectggggt
cctegtectg
gtctttttat
aacttgagag
tgeccactgcet
cggcaggtgt
agtcccagag
tctaggaggg
ggagtgcagt
tceccacctceca
tttetttttt
actecctgage
gagccaccat
aagccctatce
tgtgtttctce
agcagtgtgg
cagtgctcca
gaccagtgtt
tteccaccecece
aacccaggac
tagtctaggg
ctagcccagg
ttggttagtc
taaggctagc
agcccaggtt
ggttagtctg
gggctagtag
tgtaggctag
ttagtctggg
agggctagca
gccecaggttg
gttaatecgga
gctagtagce
caggttgttt
gtctagaggt
ttagtctggg
gtagcccagg
tggttaggtt
gttagtctgg
actagtctgg
ctgttagtcet
tgtttctaca
tagttgagaa
tctgaagaag
tgacagccct
tttatgttag
gttgtgtgtg
attcatceccce
ggtggattgt
aaacgctttce

ttaacgaata

sapien

gcagctgage
gggctatgtg
gtgctttcectt
ggggaatgge
caggagggtg
cagcgggcecc
cactcaccte
ttttgttttt
ggtgtgatct
gccgeetgag
gtattgtttg
tcaagcaatc
gectggettt
ggcttctecag
tatgtggcaa
tctggggtac
ggctgagecc
ttgacaatgg
tcccaaagceca
ccagcttcac
ttagcectggg
ttggttagtc
tggggctage
ccaggttggt
ggttagcectg
gggctagccc
cccaggttgg
ttagtctagg
gctagtagcee
taggctggtt
gttagtctag
gctageccag
caggttggtt
agtctggage
agcctagagg
gctagcccat
ttgtttagtce
ggttagtctg
gactagcctg
actgctagte
agaggtaacc
ctgttagtte
aaaaatatat
ctteccatggg
caaatgttag
tgcacgggat
tgtecgtgecac
aagattgttg
tcacgagcge
catcttacca

aaggtcccat

tagacatggg
ccetggeggg
tatttctcett

tataaaggca
gctccaagaa
cgtgteggge
tcgectggat
gtttttttce
tggctcactg
tagctgaaac
tagagatggg
tgcecgecte
ttttttettt
gaggaaaccg
caagacagta
cagggtgggg
ccataacagg
atgectgttte
aggtaatctt
aggcggagcc
tgggttagtc
tagagctage
ccaggttggt
tagtttggag
gagctagccce
aggttggtta
ttagtctggg
gctagcccecag
taggttggtt
agtctggggce
ggctagcgta
gttggttagt
agtctggggc
tagcccaggt
actgctagtc
gttggttagt
tggtactagc
ggactagtct
gactgttagt
tagaggtagc
caggtcagcce
tttcaacaga
atatatatag
gaaatgaagg
ggaaggaagt
caggacccaa
ctgtgtgegt
ctgggaggcet
ccactgaatg
aggtgcccac

gcteccacceg

acggcgagac
gagtgagaaa
aaagaaaaaa
tctggcaatg
gggcctecect
caggagggca
cttggecettyg
gagacaggat
caacctctge
cacagttgtg
gtttcgacat
ggcttectaa
tcettttaaa
cattgcttaa
gaggcatccc
ccgactgagg
acgaactgeg
gactccagtg
ccagggaatce
cagagcaggyg
tcgagcetage
ccaggttggt
tagtctaggg
ctagcgcagg
aggttggtta
gtctggaget
gctagccecag
gttagttagt
agtctggagce
tagtagccta
ggctggttag
ctggagctag
tagcccaggt
tggttagtct
tagaggtagt
cttagactag
ctggactgtt
ggactgttag
ctagaggtag
ccaggttggt
aacagtgaga
catgtgtgtg
taggtctcct
tatttaatag
gaagccecttet
gttgtaacgce
ggaaccaggce
tgctgggecce
gcagtgtett
aaaccttttce

-4-

gcccagcetece
ccetgtaagt
aaaaagcaca
tgtgttgtte
cctagggaaa
ttccecaccaa
ggtccatctg
ctggetttge
ctceccaggcet
gaccatcatg
gttgcccagg
agtgectggga
ctaatataac
atatgggcaa
ctagaacctc
gtctttececac
gcttecetgg
tcactggggt
ttectgggece
gccggaggag
cceggttggt
tagtctgggg
ctagtgtagg
ttggttagte
gtctaggget
agcccaggtt
gttggttagt
ttggagctag
tagcccaagt
ggtttgttag
tctagggcta
cccaggttgg
ttgttagtct
gggactagcc
ctagggctag
cctggactge
agtctagagg
tctagaggta
cccagattgg
tagecctgggg
tgaaaatttc
tggagccatc
ctagtttttg
gacagcagta
agggttettt
cgacgagtge
acgtcctcetg
cgcagggaaa
tgggaatcaa
tcatcttgge

PCT/US02/31998

tggcagcget
gaaggagagg
accataaatt
acatgggatt
ggctgagtga
gggtcettgg
ttcaccctcece
cgcccaggca
caagtgatcc
cccggcecaat
atggtcttga
ttataggtat
aatttcagca
gataagactt
tgagagaagg
agcccecetge
aatcaccagt
cccetggtgt
agcagctgge
gcccagttge
tagtctgggg
ctagccecagg
ctagttagtc
tggggctagt
agcgtagget
ggttagtctg
ctagggctag
cacaggttga
tggttagtct
tctggageta
gccecaggttg
ttagtctgag
ggagctagcc
tggactgcta
cccaggttgg
tagtctagag
tagcccaggt
gcccaggttg
ttagtctggg
ccagcctgga
ccacctacce
agttttactt
aagtgtgact
acataagggc
gggagtgagt
tcaaaggaag
gagaaggagg
ccaggcagat
taccatgtcce
ccgggggace

3280

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
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accccattta
ctccagagcet
gccaagcgte
acacttccac
tgatccacgg
gggcacagca
gtgecgtcatg
atgcgecctet
cccgaagtet
gattcctect
gccatcgagg
tggcaaagac
gtgatggcte
aggegttgece
tgtgetgggt
ccegttctece
agtcccggga
atagtgtgtt
atggggaaag
aaagcactcc
tgacctaaag
aaactctgge
tecttcttea
taggcactcc
ccattactaa
aaagaagaaa
tettttecte
gct

<210> 9

<211> 4252
<212> DNA
<213> Homo

<400> S

atccectgact
ggtgatctge
gacaggtaag
ccaggagcca
taggccctta
gggtggcagg
ggggctgttt
ggaagtgttg
caggggcaga
cacctgggag
accctctect
tctectecatga
ccetgggtcec
catctcaact
gctgtgtgge
tgccgttatt
agcaagggtt
ctgcectecea
ggcagcgtag
g99agcgggg

ggtgggtceccc
gcccccaget

accccacaca

ctgagaacac
tctgactgtg
gctggggeeyg
agtcccecggyg
aggctgcaaa
ggcctgactg
gaggtctcag
cggaagtgct
gtggaaggta
ccgteegtag
ccagggccecce
agegtcetttt
tagaaacagc
tgttttattg
accagagagg
ccecacatgac
gggtcccgec
cctgactegg
agctactggce
aaagagcgaa
gtccacctag
ctggggtggg
gtaggaagcet
catttctggg
gagaggctgg
cttegectta
attttcaatg

sapien

cggggtegec
gcecctggtee
gegtgettet
ctgttttaca
aaagtatatc
gccceecggag
tecctgtgtta
gegtggggte
cceteceaag
accctectece
acaggttcct
gtgcgtgget
ttectagggag
cctttacctg
agcatctgeg
aggtacagtt
tccagagagg
gccacctett
aagagcagce
gagctttgga
cgtgetggec
ctgceeectg
cectetgget

tgagtcecega
accaccccac
acacttccac
ggaggecegte
tcagecgetge
ggtcteggtg
accgaagaaa
gcttectececaa
acgtcgetgt
aggtggggtg
tgccteoctat
caataagttt
ggctcatcce
caagcccatce
gcccaactcea
ccecgaatgac
ggcagaggtg
agtgtggcga
ccttgaagga
atatttcatg
aaaatgttca
aagatttggt
cctgggcaaa
gttcecttac
ttccagagga
tcagcttcecat
gtttaacata

tttggagcag
tggtgtccat
tcectgetetg
tacatatttt
caatttacag
accttecgaga
ggaagactat
tcagaatagt
gcccatccecag
acaggcccga
gggcteececet
ggcaacccat
tggaggagga
cagaatggat
acttgcactt
tcaaggtggg
cctgaagagg
gatctctget
agcattgggce
acccgagaga
acccccagge
tgctgtggga
caaggctcag

gaggcaaaat
atgggcccca
agtcceccggg
ccgggggatg
tctcagagga
ctgtgcectgt
ctgtggctac
ctteatcttt
gggactctct
cagggagggg
gggattctga
atagcctcca
tgttgcctcee
tgcatttgga
agcagacctg
aaacctcatc
aacgggtcca
ggtaaaaaaa
tgcecttttcet
ttcaggattt
cttgtctggg
ccetttacac
gtgatgcacg
caaccatctt
tgcatctgge
acttcatgaa
taatttcttt

agaggaggca
gctggecectce
tggggccaca
tgagcacctg
gatcggcaaa
agtgcgacga
acaatcctcc
gcttttgact
ataggcccaa
atgcccgtece
gggatccatg
attcecectggt
ggccattctt
caacggtctg
tgccagetgt
ggcaggagaa
gagcgcccag
gtggggtacc
tgcagtggga
ggaagtggcc
ccatctgect
tcacagaggce
agegtctttg

-5~

gatttccccea
ccttegegga
ggaggcggte
ctgcceccagg
ggaaggggtyg
cccatggecag
ccgggcatca
gaagtgeccct
gtectggttcce
agctgecteg
aggcaattcc
gcattgecceac
ccaggtgttg
ggctactgag
gcececttete
cacaacgtce
cttcteccac
gaccaagcag
ttteettttg
tcegagtgat
gagaatgcge
ccecteaceceg
cccaccccag
gcatttaaac
tcaccgggtg
atcctgggtt
aaataaaacc

atggccacca
ggcaccctgg
gccagctcetg
ttttgtgcca
agcaggtgga
ggagggggct
caagtgtcat
gttcatgcceca
atgccggtce
cagtggtgge
ctctgggagt
gttgtcaagt
gcttecttgg
ccctagggcet
ggggagctga
agggctttcet
tggtgctgte
gggcctgagg
agaccccecaa
tecggtgtaca
gcgeccttge
cgtggcaaac
cgggtcactc
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aggcggggga
ggacaggcca
ccaggggcecyg
cagcacctca
gagctttcca
agtcggatca
gcecccgagga
ggtgettett
cggacaccat
cagccteagt
agaatgttcect
tgcgtcatct
caacgttcag
tgtcttgecac
ccgtggette
tgctceggge
ccgettagtg
atccaggaaa
ttaggatatc
tttttttatg
cccacagagg
ggaaaggagc
cttegecagece
ttctagactg
ttecgaaacce
ttcttaacca
cttaaaatct

tggagaacaa
ccgaggcceca
gcagccteeg
ggtgctgtte
gagtaactca
gccttecagte
gtttcaaaga
acatctceccc
cagtgatggce
caactgggag
caaagccacc
ggatcggttg
gaagtgtttg
gtcaggaaat
ataacttatt
acgtttccaa
cgtgccecea
ggtgggcettg
gcccatggcea
gaacgaactg
cceccaccceea
teceecteece
aggtccatga

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
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