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AGONISTS OF GUANYLATE CYCLASE USEFUL FOR THE
TREATMENT OF GASTROINTESTINAL DISORDERS,
INFLAMMATION, CANCER AND OTHER DISORDERS

RELATED APPLICATIONS

This application claims the benefit of U.S.S.N. 61/058,892 filed June 4, 2008 the contenst

of which is incorporatcd herein by reference in its entirety.
FIELD OF THE INVENTION

The present invention relates to the therapeutic use of guanylate cyclase C (GC-C)
agonists as a means for enhancing the intracellular production of cGMP. The agonists may be
uscd cither alone or in combination with inhibitors of cGMP-specific phosphodicsterase to
prevent or treat inflammation, cancer and other disorders, particularly of the gastrointestinal tract

and the lung.

BACKGROUND OF THE INVENTION

Uroguanylin, guanylin and bacterial ST peptides are structurally related peptides that
bind to a guanylate cyclase receptor and stimulate intracellular production of cyclic guanosine
monophosphate (¢cGMP) (1-6). This results in the activation of the cystic fibrosis transmembrane
conductance regulator (CFTR), an apical membrane channel for efflux of chloride from
enterocytes lining the intestinal tract (1-6). Activation of CFTR and the subsequent enhancement
of transepithelial secretion of chloride lead to stimulation of sodium and water secretion into the
intestinal lumen. Therefore, by serving as paracrine regulators of CFTR activity, cGMP receptor
agonists regulate fluid and clectrolyte transport in the GI tract (1-6; US patent 5,489,670). Thus,
the cGMP-mediated activation of CFTR and the downstream signaling plays an important role in
normal functioning of gut physiology. Therefore, any abnormality in this process could
potentially lead to gastrointestinal disorders such as irritable bowel syndrome, inflammatory
bowel disease, excessive acidity and cancer (25, 26).

The process of epithelial renewal involves the proliferation, migration, differentiation,
senescence, and eventual loss of GI cells in the lumen (7, 8). The GI mucosa can be divided into

three distinct zones based on the proliferation index of epithelial cells. One of these zones, the
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proliferative zone, consists of undifferentiated stem cells responsible for providing a constant
source of new cells. The stem cells migrate upward toward the lumen to which they are
extruded. As they migrate, the cells lose their capacity to divide and become differentiated for
carrying out spccialized functions of the GI mucosa (9). Renewal of GI mucosa is very rapid
with complete turnover occurring within a 24-48 hour period (9). During this process mutated
and unwanted cells are replenished with new cells. Hence, homeostasis of the Gl mucosa is
regulated by continual maintenance of the balance between proliferation and apoptotic rates (8).

The rates of cell proliferation and apoptosis in the gut epithelium can be increased or
decreased in a wide variety of different circumstances, e.g., in response to physiological stimuli
such as aging, inflammatory signals, hormones, peptides, growth factors, chemicals and dietary
habits. In addition, an enhanced proliferation rate is frequently associated with a reduction in
turnover time and an expansion of the proliferative zone (10). The proliferation index has been
observed to be much higher in pathological cases of ulcerative colitis and other GI disorders
(11). Thus, intestinal hyperplasia is the major promoter of gastrointestinal inflammation and
carcinogencsis.

In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and
ion secretion, these peptides may also be involved in the continual renewal of GI mucosa by
maintaining the balance between proliferation and apoptosis in cells lining GI mucosa.
Therefore, any disruption in this renewal process, due to reduced production of uroguanylin
and/or guanylin can lead to GI inflammation and cancer (25, 26). This is consistent with
previously published data in WO 01/25266, which suggest a peptide with the active domain of
uroguanylin may function as an inhibitor of polyp development in the colon and may constitute a
trcatment of colon cancer. However, recent data also suggest that uroguanylin also binds to a
currently unknown receptor, which is distinct from GC-C receptor (3.4). Knockout mice lacking
this guanylate cyclase receptor show resistance to ST peptides in the intestine, but effects of
uroguanylin and ST peptides are not disturbed in the kidney in vivo (3). These results were
further supported by the fact that membrane depolarization induced by guanylin was blocked by
genistein, a tyrosine kinase inhibitor, whereas hyperpolarization induced by uroguanylin was not
effected (12, 13). Thus, it is not clear if the anti-colon cancer and anti-inflammatory activities of

uroguanylin and its analogs arec mediated through binding to one or both of these receptors.
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Inflammatory bowel disease is a general name given to a group of disorders that cause
intestines to become inflamed, characterized by red and swollen tissue. Gastrointestinal (GI)
inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such
inflammatory bowel discascs (IBD) include Crohn's discasc and ulecrative colitis (UC). It is
estimated that as many as 1,000,000 Americans are afflicted with IBD, with male and female
patients appearing to be equally affected. Most cases are diagnosed before age 30, but the
disease can occur in the sixth, seventh, and later decades of life.

Crohn's disease is a serious inflammatory disease that predominantly effects ileum and
colon, but can also occur in other sections of the GI tract, whereas UC is exclusively an
inflammatory discase of the colon, the large intestine (15). Unlike Crohn's disease, in which all
layers of the intestine are involved, and in which there can be normal healthy bowel in between
patches of diseased bowel, UC affects only the innermost lining (mucosa) of the colon in a
continuous manner (16). Depending on which portion of the GI tract is involved, Crohn's
disease may be referred to as ileitis, regional enteritis, colitis, etc. Crohn's disease and UC differ
from spastic colon or irritable bowel syndrome, which are motility disorders of the GI tract.

While the precise cause of IBD is not known, it is believed that the disruption of the
process of continual renewal of GI mucosa may be involved in disease (17,18). The renewal
process of the GI lining is an efficient and dynamic process involving the continual proliferation
and replenishment of unwanted damaged cells. Proliferation rates of cells lining the GI mucosa
are very high, second only to the hematopoietic system. Thus, the balance between proliferation
and apoptosis is important to the maintenance of the homeostasis of the GI mucosa (19,20).

Necrotizing enterocolitis (NEC) is a devastating inflammatory condition of the
gastrointcstinal tract that afflicts 10% of precmaturc infants born weighing less than 1500 grams.
Despite modern medical advances, the ctiology remains clusive, and morbidity and mortality is
unacceptably high, with as many as 10-30% of affected infants succumbing to the discase.
Although the pathophysiology is incompletely understood, it is known that prematurity, formula
feeding, intestinal ischemia, and bacterial colonization are important risk factors. It has been
suggested that these risk factors initiate the activation of the pro-inflammatory response that
ultimately leads to bowel necrosis, and in some cases multi-organ dysfunction syndrome, and
death. Multiple inflammatory mediators have been identified that might contribute to this final

common pathway. Several of the pro- and anti-inflammatory molecules have been studied in
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detail in animal models, in humans, and in vitro, including 1L-6, 1L-8, and IL-10 as well as nitric
oxide, oxygen free radicals, and numerous others. Previously, we reported that SP-304
ameliorates GI inflammation in experimental models of murine colitis, possibly through
downregulation of pro-inflammatory cytokines such as IL-4, IL-5, IL-17, IL-23 and TNF-a.
(Shailubhai ct al, 2007 and 2008). Therefore, GC_C agonists such as uroguanylin, guanylin,
E.coli enterotoxin ST peptides and their analogs might be used to prevent, control and treat NEC.
GC-C agonists may be given either in drinking water or in mother’s milk to treat NEC in
newborne babies.

GI homeostasis depends on both proliferation and programmed cellular death (apoptosis)
of epithelial cells lining the gut mucosa. Hence, cells are continually lost from the villus into the
lumen of the gut and are replenished at a substantially equal rate by the proliferation of cells in
the crypts, followed by their upward movement to the villus. It has become increasingly
apparent that the control of cell death is an equally, if not more, important regulator of cell
number and proliferation index (19,20). Reduced rates of apoptosis are often associated with
abnormal growth, inflammation, and neoplastic transformation. Thus, both decreased
proliferation and/or increased cell death may reduce cell number, whereas increased proliferation
and/or reduced cell death may increase the proliferation index of intestinal tissue (20), which
may lead to GI inflammatory discases and cancer.

Uroguanylin and guanylin peptides also appear to promote apoptosis by controlling
cellular ion flux. Alterations in apoptosis have been associated with tumor progression to the
metastatic phenotype. While a primary gastrointestinal (GI) cancer is limited to the small
intestine, colon, and rectum, it may metastasize and spread to such localities as bone, [ymph
nodes, liver, lung, peritoncum, ovarics, and brain. By cnhancing the cfflux of K+ and influx of
Ca++, uroguanylin and related peptides may promote the death of transformed cells and thereby
inhibit metastasis

Irritable bowel syndrome (IBS) and chronic idiopathic constipation are pathological
conditions that can cause a great deal of intestinal discomfort and distress but unlike the IBD
diseases such as ulcerative colitis and Crohn's disease, IBS does not cause the serious
inflammation or changes in bowel tissue and it is not thought to increase the risk of colorectal
cancer. In the past, inflammatory bowel disease (IBD), celiac discase and irritable bowel

syndrome (IBS) were regarded as completely separate disorders. Now, with the description of
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inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS and celiac discase,
this contention has come under question. Acute bacterial gastroenteritis is the strongest risk
factor identified to date for the subsequent development of postinfective irritable bowel
syndromc. Clinical risk factors include prolonged acute illncss and the absence of vomiting. A
genctically determined susceptibility to inflammatory stimuli may also be a risk factor for
irritable bowel syndrome. The underlying pathophysiology indicates increased intestinal
permeability and low-grade inflammation, as well as altered motility and visceral sensitivity
(27). Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut function and is known
to play a major role in pathophysiology of IBS. It has been shown that the activity of 5-HT is
regulated by cGMP (28). Therefore, based on this observation as well as other effects of cGMP,
we believe that GC-C agonists will be useful in the treatment of IBS.

Given the prevalence of inflammatory conditions in Western societies and the attendant
risk of developing cancerous lesions from inflamed tissue, particularly intestinal tissue, a need
exists to improve the treatment options for inflammatory conditions, particularly of the
gastrointestinal tract.

SUMMARY OF THE INVENTION

The present invention is based upon the development of agonists of guanylate cyclase
receptor. The agonists arc analogs of uroguanylin and bacterial ST peptides and have superior
properties such as for example high resistance to degradation at the N-terminus and C-terminus
from carboxypeptidases and/or by other proteolytic enzymes present in the stimulated human
intestinal juices and human gastric juiccs.

The peptides of the invention may be used to treat any condition that responds to
enhanced intracellular levels of cGMP. Intracellular levels of cGMP can be increased by
enhancing intracellular production of cGMP and/or by inhibition of its degradation by cGMP-
specific phosphodiesterases. Among the specific conditions that can be treated or prevented are
gastrointcstinal disorders, inflammatory disorders, lung disorders, cancer, cardiac disorders, cyc
disorders, oral disorders, blood disorders, liver disorders, skin disorders, prostate disorders,
endocrine disorders, increasing gastrointestinal motility and obesity. Gastointestinal disorders
include for example, irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer
dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastrocsophageal reflux discase (GERD), ileus inflammation
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(e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the Gl tract), constipation
(e.g., constipation associated with use of medications such as opioids, osteoarthritis drugs ,
osteoporosis drugs; post surigical constipation, constipation associated with neuropathic
disordcrs. Inflammatory disorders include tissuc and organ inflammation such as kidncy
inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase and
ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g., bronchitis
or asthmay) or skin inflammation (e.g., psoriasis, eczema) . Lung Disorders include for example
chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancer includes tissue and organ
carcinogenesis including metatases such as for example gastrointestinal cancer, ( e.g., gastric
cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,
liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,
melanomay); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer
(e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,
congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.
Liver disorders include for example cirrhosis and fibrosis. In addition, GC-C agonist may also be
uscful to facilitate liver regeneration in liver transplant patients. Eye disorders include for
example increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders of
tear glands or eye inflammation. Skin disorders include for example xerosis. Oral disorders
include for example dry mouth (xerostomia), Sjogren's syndrome, gum diseases (e.g.,
periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include
for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example
diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

In onc aspeet, the present invention is directed to a peptide consisting cssentially of the
amino acid sequence of, SEQ ID NOs: 2-4 and to therapeutic compositions which contain these
peptides. The term "consisting essentially of™ includes peptides that are identical to a recited
sequence identification number and other sequences that do not differ substantially in terms of
either structure or function. For the purpose of the present application, a peptide differs
substantially if its structure varies by more than three amino acids from a peptide of SEQ ID
NOs: 2-4 or if its activation of cellular cGMP production is reduced by more than 50% compared
to a control peptide such as SEQ ID NO:1. Preferably, substantially similar peptides should

differ by no more than two amino acids and not differ by more than about 25% with respect to
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activating cGMP production. The instant peptide sequences comprise at least 12 amino acid
residues, preferably between 12 and 26 amino acids in length.

The peptides may be in a pharmaceutical composition in unit dose form, together with
one or more pharmaceutically acceptable carrier, excipients or diluents. The term "unit dose
form" refers to a single drug delivery entity, e.g., a tablet, capsule, solution or inhalation
formulation. The amount of peptide present should be sufficient to have a positive therapeutic
effect when administered to a patient (typically, between 100 pg and 3 g). What constitutes a
"positive therapeutic effect” will depend upon the particular condition being treated and will
include any significant improvement in a condition readily recognized by one of skill in the art.
For example, it may constitute a reduction in inflammation, shrinkage of polyps or tumors, a
reduction in metastatic lesions, etc.

In yet another aspect, an invention provides administering to said patient an effective
dose of an inhibitor of cGMP-specific phosphodiesterase (¢cGMP-PDE) either concurrently or
sequentially with said guanylate cyclase receptor agonist. The cGMP-PDE inhibitor include for
example suldinac sulfone, zaprinast, motapizone, vardenafil, and sildenafil. In addition, GC-C
agonist peptides may be used in combination with inhibitors of cyclic nucleotide transporters.

Optionally, anti-inflammatory agents are also administered. Anti-inflammatory agents
include for example steroids and non-steroidal anti-inflammatory drugs (NSAIDs).

Definitions of specific embodiments of the invention as claimed herein follow.

According to a first embodiment of the invention, there is provided a peptide consisting
essentially of an amino acid sequence of any one of SEQ ID NOs: 2-4.

According to a second embodiment of the invention, there is provided a pharmaceutical
composition in unit dose form comprising a guanylate cyclase receptor agonist peptide having
an amino acid sequence of any one of SEQ ID NOs: 2-4 present in a therapeutically effective
amount and a pharmaceutical carrier, excipient or diluent.

According to a third embodiment of the invention, there is provided a method of
preventing or treating a condition selected from the group consisting of Ulcerative Colitis,
Irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer dyspepsia chronic
intestinal pseudo-obstruction, functional dyspepsia, colonic pseudoobstruction, duodenogastric
reflux, constipation associated with use of opiate pain killers, gastroesophageal reflux disease
(GERD), post surgical constipation, gastroparesis, constipation associated with neuropathic
disorders, heartburn, poor gastrointestinal motility, congestive heart failure, hypertension,

benign prostatic hyperplasia (BPH), colon cancer, lung cancer, bladder cancer, liver cancer,
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salivary gland cancer, skin cancer, bronchitis, tissue inflammation, organ inflammation,
respiratory inflammation, asthma and COPD, said method comprising administering to a patient
in need thereof an effective dosage of a guanylate cyclase receptor agonist having an amino
acid sequence of any one of SEQ ID NOs: 2-4,

According to a fourth embodiment of the invention, there is provided use of a peptide
having an amino acid sequence of any one of SEQ ID NOs: 2-4 in the manufacture of a
medicament for treatment of a human disease.

According to a fifth embodiment of the invention, there is provided a method of
increasing cGMP production in a cell, said method comprising contacting said cell with a
peptide having an amino acid sequence of any one of SEQ ID NOs: 2-4.

The term “comprise” and variants of the term such as “comprises” or “comprising” are
used herein to denote the inclusion of a stated integer or stated integers but not to exclude any
other integer or any other integers, unless in the context or usage an exclusive interpretation of
the term is required.

Any reference to publications cited in this specification is not an admission that the
disclosures constitute common general knowledge in Australia.

Other features and advantages of the invention will be apparent from and are

encompassed by the following detailed description and claims.

DETAILED DESCRIPTION

The present invention is based upon the development of agonists of guanylate cyclase-C
(GC-C). The agonists are analogs of uroguanylin and have superior properties such as for
example high resistance to degradation at the N-terminus and C-terminus from
carboxypeptidases and/or by other proteolytic enzymes such as those present in the simulated
human intestinal fluid (SIF)and simulated human gastric fluid (SGF). Specifically, these
peptides contain polyethylene glycol or a polymer thereof at the amino terminus, carboxyl
terminus or both. Thus, the peptide is protected from degradation by proteases present in SIF
and SGF. Examples of such a peptide include SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO: 4
shown in Table 1.

[Text continues on page 8]
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The GC-C is expressed on various cells including on gastrointestinal epithelial cells, and
on extra-intestinal tissues including kidney, lung, pancreas, pituitary, adrenal, developing liver,
heart and male and female reproductive tissues (reviewed in Vaandrager 2002 Mol Cell Biochem
230:73-83). The GC-C is a key regulator of fluid and electrolyte balance in the intestine and
kidney. In the intestine, when stimulated, the GC-C causes an increase in intestinal epithelial
c¢GMP. This increase in cGMP causes a decrease in water and sodium absorption and an
increase in chloride and potassium ion secretion, leading to changes in intestinal fluid and
electrolyte transport and increased intestinal motility.

The gualylate cyclase-C agonists according to the invention include SEQ ID NO:2-4 and
arc summarized below in Table 1. The gualylate cyclase-C agonists according to the invention

are collectively refered to herein as “GCRA peptides™.
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The GCRA peptides described herein bind the guanylate cyclase C (GC-C) and stimulate
intracellular production of cyclic guanosine monophosphate (¢cGMP). Optionally, the GCRA
peptides induce apoptosis. In some aspects, the GCRA peptides stimulate intracellular cGMP
production at higher levels than naturally occurring GC-C agonists (e.g., uroguanylin, guanylin,
and ST peptides) and/or SP-304. For example, the GCRA peptides of the invention stimulate 5,
10%, 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP compared to naturally
occurring GC-C angonists and/or SP-304. Thc terms induced and stimulated arc used
interchangeably throughout the specification. The GCRA peptides described herein are more
stable than naturally occurring GC-C agonists and/or SP-304. By more stable it is meant that the
peptide degrade less and/or more slowly in simulated gastrointestinal fluid and/or simulatd
intestinal fluid compared to naturally occurring GC-C angonists and/or SP-304. For example,
the GCRA peptide of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% ,
75%, 90% or less compared to naturally occurring GC-C angonists and/or SP-304.

The GCRA peptides described herein have therapeutic value in the treatment of a wide
variety of disorders and conditions including for example gastrointestinal disorders,
inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,
blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,
increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,
irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic
intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric
reflux, gastroesophageal reflux disease (GERD)ileus (e.g., post-operative ileus), gastroparesis,
heartburn (high acidity in the GI tract), constipation (e.g., constipation associated with use of
medications such as opioids, ostcoarthritis drugs , osteoporosis drugs; post surigical
constipation, constipation associated with neuropathic disorders. Inflammatory disorders include
tissue and organ inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal
systcm inflammation (e.g., Crohn’s discasc and ulccrative colitis); pancrcatic inflammation (e.g.,
pancreatis), lung inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis,
cczema) . Lung Disorders include for example chronic obstructive pulmonary disease (COPD),
and fibrosis. Cancer includes tissue and organ carcinogenesis including metatases such as for

10
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cxample gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer
colorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer;
lung cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidncy cancer); blood cancer (e.g. mycloma or lcukemia) or prostatc cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal
degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
xerosis. Oral disorders include for example dry mouth (xerostomia), Sjégren's syndrome, gum
diseases (e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate
disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

As used herein, the term “guanylate cyclase C (GC-C)” refers to the class of guanylate
cyclase C receptor on any cell type to which the inventive agonist peptides or natural agonists
described herein bind. As used herein, “intestinal guanylate cyclase receptor” is found
exclusively on epithelial cells lining the GI mucosa. Uroguanylin, guanylin, and ST peptides are
expected to bind to these receptors and may induce apoptosis. The possibility that there may be
different receptors for each agonist peptide is not excluded. Hence, the term refers to the class of
guanylate cyclase receptors on epithelial cells lining the GI mucosa.

As used herein, the term “GCR agonist” is meant to refer to peptides and/or other
compounds that bind to an intestinal guanylate cyclase C and stimulate fluid and electrolyte
transport. This term also covers fragments and pro-peptides that bind to GC-C and stimulate
fluid and water sccretion.

As used herein, the term “substantially equivalent” is meant to refer to a peptide that has
an amino acid sequence equivalent to that of the binding domain where certain residues may be
deleted or replaced with other amino acids without impairing the peptide’s ability to bind to an
intestinal guanylate cyclase receptor and stimulate fluid and electrolyte transport.

Addition of carriers (e.g., phosphate-buffered saline or PBS) and other components to the
composition of the present invention is well within the level of skill in this art. In addition to the
compound, such compositions may contain pharmaccutically acceptable carriers and other

ingredients known to facilitate administration and/or enhance uptake. Other formulations, such
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as microspheres, nanoparticles, liposomes, and immunologically-based systems may also be used
in accordance with the present invention. Other examples include formulations with polymers
(e.g., 20% w/v polyethylene glycol) or cellulose, or enteric formulations.

The present invention is based upon scveral concepts. The first is that there is a cGMP-
dependent mechanism which regulates the balance between cellular proliferation and apoptosis
and that a reduction in cGMP levels, due to a deficiency of uroguanylin/guanylin and/or due to
the activation of cGMP-specific phosphodiesterases, is an early and critical step in neoplastic
transformation. A second concept is that the release of arachidonic acid from membrane
phospholipids, which leads to the activation of cytoplasmic phospholipase A2 (cPLA2),
cyclooxygenase-2 (COX-2) and possibly 5-lipoxygenase (5-LO) during the process of
inflammation, is down-regulated by a cGMP-dependent mechanism, leading to reduced levels of
prostaglandins and leukotrienes, and that increasing intracellular levels of cGMP may therefore
produce an anti-inflammatory response. In addition, a cGMP-dependent mechanism, is thought
to be involved in the control of proinflammatory processes. Therefore, elevating intracellular
levels of cGMP may be used as a means of treating and controlling gastrointestinal disordets,
inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,
blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,
increasing gastrointestinal motility and obesity Gastointestinal disorders include for example,
irritable bowel syndrome (necrotizing enterocolitis (NEC), ), non-ulcer dyspepsia, chronic
intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric
reflux, gastroesophageal reflux disease (GERD)ileus (e.g., post-operative ileus), gastroparesis,
heartburn (high acidity in the GI tract), constipation (e.g., constipation associated with use of
mcdications such as opioids, ostcoarthritis drugs , ostcoporosis drugs; post surigical
constipation, constipation associated with neuropathic disorders. Inflammatory disorders include
tissue and organ inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal
system inflammation (e.g., Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g.,
pancreatis), lung inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis,
eczema) . Lung Disorders include for example COPD and fibrosis. Cancer includes tissue and
organ carcinogenesis including metatases such as for example gastrointestinal cancer, ( e.g.,
gastric cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal

cancer, liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer
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(e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood
cancer (e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,
congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.
Liver disorders include for ecxample cirrhosis and fibrosis. Eye disorders include for cxample
increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders of tear glands
or eye inflammation. Skin disorders include for example xerosis. Oral disorders include for
example dry mouth (xerostomia), Sjogren's syndrome, gum diseases (e.g., periodontal disease),
or salivary gland duct blockage or malfunction. Prostate disorders include for example Benign
prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,
hyperthyroidism, hypothyroidism, and cystic fibrosis.

Without intending to be bound by any theory, it is envisioned that ion transport across the
plasma membrane may prove to be an important regulator of the balance between cell
proliferation and apoptosis that will be affected by agents altering cGMP concentrations.
Uroguanylin has been shown to stimulate K+ efflux, Ca++ influx and water transport in the
gastrointestinal tract (3). Morcover, atrial natriurctic peptide (ANP), a peptide that also binds to
a specific guanylate cyclase receptor, has also been shown to induce apoptosis in rat mesangial
cells, and to induce apoptosis in cardiac myocytes by a cGMP mechanism (21-24).

Binding of the present agonists to a guanylate cyclase receptor stimulates production of
¢GMP. This ligand-receptor interaction, via activation of a cascade of cGMP-dependent protein
kinases and CFTR, induces apoptosis in target cells. Therefore, administration of the novel
peptides defined by SEQ ID NO:2-4, as shown in Table I are useful in eliminating or, at least
retarding, the onset of gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,
cardiac disordcrs, cyc disorders, oral disorders, blood disorders, liver disorders, skin disorders,
prostate disorders, endocrine disorders, increasing gastrointestinal motility and
obesity.Gastointestinal disorders include for example, irritable bowel syndrome (1BS),
necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,
functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux
discase (GERD), ileus inflammation (e.g., post-operative ileus), gastroparesis, heartburn (high
acidity in the GI tract), constipation (e.g., constipation associated with use of medications such
as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation
associated with neuropathic disorders. Inflammatory disorders include tissue and organ
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inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal system inflammation
(e.g., Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disordcrs include for cxample chronic obstructive pulmonary discasc ( COPD), and fibrosis.
Cancer includes tissuc and organ carcinogencsis including metatases such as for example
gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal
cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung
cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal
degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
xerosis. Oral disorders include for example dry mouth (xerostomia), Sjégren's syndrome, gum
diseases (e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate
disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

Uroguanylin is a circulating peptide hormone with natriuretic activity and has been found
to stimulate fluid and clectrolyte transport in a manner similar to another family of heat stable
enterotoxins (ST peptides) secreted by pathogenic strains of E. coli and other enteric bacteria that
activate guanylate cyclase receptor and cause secretory diarrhea. Unlike bacterial ST peptides,
the binding of uroguanylin to guanylate cyclase receptor is dependent on the physiological pH of
the gut. Thercfore, uroguanylin is cxpected to regulate fluid and clectrolyte transport in a pH
dependent manner and without causing severe diarrhea.

GCRA PEPTIDES

In one aspect, the invention provides a GCRA peptide. The GCRA peptides are
analogucs uroguanylin and bacterial ST peptide. No particular length is implicd by the term
“peptide”. In some embodiments, the GCRA peptide is less than 25 amino acids in length, e.g.,
less than or equal to 20, 15, 14, 13, 12, 11, 10, or 5 amino acid in length.
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The GCRA peptides can be polymers of L-amino acids, D-amino acids, or a combination
of both. For example, in various embodiments, the peptides are D retro-inverso peptides. The
term “retro-inverso isomer” refers to an isomer of a linear peptide in which the direction of the
scquence is reversed and the chirality of cach amino acid residuc is inverted. See, e.g., Jamcson
et al., Nature, 368, 744-746 (1994); Brady et al., Nature, 368, 692-693 (1994). The net result of
combining D-enantiomers and reverse synthesis is that the positions of carbonyl and amino
groups in each amide bond are exchanged, while the position of the side-chain groups at ecach
alpha carbon is preserved. Unless specifically stated otherwise, it is presumed that any given L-
amino acid sequence of the invention may be made into an D retro-inverso peptide by
synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence. For
cxample a GCRA peptide includes the sequence of SEQ ID NO: SEQ ID NO:2-4.

By inducing ¢cGMP production is meant that the GCRA peptide induces the production
of intracellular cGMP. Intracellular cGMP is measured by methods known in the art. For
example, the GCRA peptide of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% , 75%,
90% or more intracellular cGMP compared to naturally occurring GC-C angonists. Optionally,
the GCRA peptides of the invention of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% ,
75%, 90% or more intracellular cGMP compared SP-304 (SEQ ID NO:1). In further
embodiments, the GCRA peptide stimulates apoptosis, e.g., programmed cell death or activate
the cystic fibrosis transmembrane conductance regulator (CFTR). In some embodimenst the
GCRA peptides described herein are more stable than naturally occurring GC-C agonists and/or
SP-304 (SEQ ID NO:1). By more stable it is meant that the peptide degrade less and/or more
slowly in simulated gastric fluid and/or simulated ntestinal fluid compared to naturally occurring
GC-C angonists and/or SP-304. For cxample, thc GCRA peptide of the invention degrade 2%,
3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% , 75%, 90% or less compared to naturally occurring
GC-C angonists and/or SP-304.

As used herein PEG3, 3 PEG, is meant to denote polyethylene glycol such as include
aminoethyloxy-ethyloxy-acetic acid (AecA).

In certain embodiments, one or more amino acids of the GCRA peptides can be
replaced by a non-naturally occurring amino acid or a naturally or non-naturally occurring amino
acid analog. There are many amino acids beyond the standard 20 (Ala, Arg, Asn, Asp, Cys, Gln,
Glu, Gly, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val). Some are naturally-
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occurring others are not. (See, for example, Hunt, The Non-Protein Amino Acids: In Chemistry
and Biochemistry of the Amino Acids, Barrett, Chapman and Hall, 1985). For example, an
aromatic amino acid can be replaced by 3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine,
trilodothyroninc, L-thyroxine, phenylglycine (Phg) or nor-tyrosine (norTyr). Phg and norTyr and
other amino acids including Phe and Tyr can be substituted by, e.g., a halogen, -CH3, -OH, -
CH2NH3, -C(O)H, -CH2CH3, - CN, -CH2CH2CH3, -SH, or another group. Any amino acid
can be substituted by the D-form of the amino acid.

With regard to non-naturally occurring amino acids or naturally and non-naturally
occurring amino acid analogs, a number of substitutions in the polypeptide and agonists
described herein are possible alone or in combination.

For example, glutamine residues can be substituted with gamma-Hydroxy-Glu or
gamma- Carboxy-Glu. Tyrosine residues can be substituted with an alpha substituted amino acid
such as L-alpha-methylphenylalanine or by analogues such as: 3-Amino-Tyr; Tyr(CH3);
Tyr(PO3(CH3)2); Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta-
Cyclopentyl-Ala; beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2-Thiazolyl)-Ala; beta-
(Triazole-1-yl)-Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)-Ala; Amino-Phe; Fluoro-Phe;
Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothienyl)-Ala; beta-(2-thienyl)-Ala; 5-Methyl-Trp; and
A- Methyl-Trp. Proline residues can be substituted with homopro (L-pipecolic acid); hydroxy-
Pro; 3.,4-Dchydro-Pro; 4-fluoro-Pro; or alpha-methyl-Pro or an N(alpha)-C(alpha) cyclized
amino acid analogues with the structure: n= 0, 1, 2, 3 Alanine residues can be substituted with
alpha-substitued or N-methylated amino acid such as alpha-amino isobutyric acid (aib), L/D-
alpha-ethylalanine (L/D-isovaline), L/D-methylvaline, or L/D-alpha-methylleucine or a non-
natural amino acid such as beta-fluoro-Ala. Alaningc can also be substituted with: n=0,1,2,3
Glycine residues can be substituted with alpha-amino isobutyric acid (aib) or L/D-alpha-
cthylalanine (L/D-isovaling).

Further examples of unnatural amino acids include: an unnatural analog of tyrosing; an
unnatural analogue of glutamine; an unnatural analogue of phenylalanine; an unnatural analogue
of serine; an unnatural analogue of threonine; an alkyl, aryl, acyl, azido, cyano, halo, hydrazine,
hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl, seleno, ester, thioacid, borate,
boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine, aldehyde, hydroxylamine,

keto, or amino substituted amino acid, or any combination thereof; an amino acid with a
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photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid
with a novel functional group; an amino acid that covalently or noncovalently interacts with
another molecule; a metal binding amino acid; an amino acid that is amidated at a site that is not
naturally amidated, a metal-containing amino acid; a radioactivc amino acid; a photocaged
and/or photoisomerizable amino acid; a biotin or biotin-analogue containing amino acid; a
glycosylated or carbohydrate modified amino acid; a keto containing amino acid; amino acids
comprising polyethylene glycol or polyether; a heavy atom substituted amino acid (e.g., an
amino acid containing deuterium, tritium, 13C, 15N, or 18O); a chemically cleavable or
photocleavable amino acid; an amino acid with an clongated side chain; an amino acid
containing a toxic group; a sugar substituted amino acid, e.g., a sugar substituted scrine or the
like; a carbon-linked sugar-containing amino acid; a redox-active amino acid; an a-hydroxy
containing acid; an amino thio acid containing amino acid; an a, o disubstituted amino acid; a [3-
amino acid; a cyclic amino acid other than proline; an O-methyl-L-tyrosine; an L-3-(2-
naphthyl)alanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine; an O-4-allyl-L-tyrosine;
a 4-propyl-L-tyrosine; a tri-O-acetyl-GlcNAc B -sering; an L-Dopa; a fluorinated phenylalanine;
an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-L-phenylalanine; a p-
benzoyl-L-phenylalanine; an L-phosphoserine; a phosphonoserine; a phosphonotyrosine; a p-
iodo-phenylalanine; a 4-fluorophenylglycine; a p-bromophenylalanine; a p-amino-L-
phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alanine; D- 3-(2-naphthyl)alanine
(dNal); an amino-, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-
L-tyrosine; a glycosylated amino acid; a p-(propargyloxy)phenylalanine; dimethyl-Lysine;
hydroxy-proline; mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-
glutamic acid; Z (Carbobenzoxyl); e- Acctyl-Lysine; B -alaninc; aminobenzoyl derivative;
aminobutyric acid (Abu); citrulline; aminohexanoic acid; aminoisobutyric acid (AIB);
cyclohexylalanine; d-cyclohexylalanine; hydroxyproline; nitro-argining; nitro-phenylalanine;
nitro-tyrosine; norvaline; octahydroindole carboxylate; ornithine (Orn); penicillamine (PEN);
tetrahydroisoquinoline; acetamidomethyl protected amino acids and pegylated amino acids.
Further examples of unnatural amino acids and amino acid analogs can be found in U.S.
20030108885, U.S. 20030082575, US20060019347 (paragraphs 410-418) and the references
cited therein. The polypeptides of the invention can include further modifications including those

described in US20060019347, paragraph 589. Exempary GCRA peptides which include a nOn-
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naturally occurring amino acid include for example SP-368 and SP-369.
In some embodiments, an amino acid can be replaced by a naturally-occurring, non-

essential amino acid, e.g., taurine.

Alternatively, the GCRA peptides are cyclic peptides. GCRA cyclic peptide are prepared
by methods known in the art. For example, macrocyclization is often accomplished by forming
an amide bond between the peptide N- and C-termini, between a side chain and the N- or
C-terminus [e.g., with KsFe(CN)g at pH 8.5] (Samson et al., Endocrinology, 137: 5182-5185
(1996)), or between two amino acid side chains, such as cystcine. Sce, e.g., DcGrado, Adv
Protein Chem, 39: 51-124 (1988). In various aspects the GCRA peptides are [4,12; 7,15]

bicycles.

In some GCRA peptides one or both members of one or both pairs of Cys residues which
normally form a disulfide bond can be replaced by homocysteine, penicillamine, 3-
mercaptoproline (Kolodzigj ¢t al. 1996 Int J Pept Protein Res 48:274); B, B dimethylcysteine
(Hunt et al. 1993 Int JPept Protein Res 42:249) or diaminopropionic acid (Smith et al. 1978 J
Mcd Chem 2 1:117) to form altcrnative internal cross-links at the positions of the normal

disulfide bonds.

In addition, one or more disulfide bonds can be replaced by alternative covalent cross-
links, e.g., an amide linkage (-CH2CH(O)NHCH 2- or -CH2NHCH(O)CH 2-), an ester linkage,
a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourea linkage, a
phosphonate ester linkage, an alkyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(-CH
2CH=CHCH 2-), an cther linkage (-CH2CH20CH2- or -CH20OCH2CH?2-), a thiocther linkage (-
CH2CH2SCH2- or - CH2SCH2CH2-), an aming linkage (-CH2CH2NHCH?2- or -CH2NHCH
2CH2-) or a thioamide linkage (-CH2CH(S)HNHCH 2- or -CH2NHCH(S)CH 2-). For example,
Ledu et al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) describe methods for preparing lactam
and amide cross-links. Exemplary GCRA peptides which include a lactam bridge include for
example SP-370.

The GCRA peptides can have one or more conventional polypeptide bonds replaced by
an alternative bond. Such replacements can increase the stability of the polypeptide. For
example, replacement of the polypeptide bond between a residue amino terminal to an aromatic

residue (e.g. Tyr, Phe, Trp) with an alternative bond can reduce cleavage by carboxy peptidases
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and may increase half-life in the digestive tract. Bonds that can replace polypeptide bonds
include: a retro-inverso bond (C(O)-NH instead of NH-C(O); a reduced amide bond (NH-CH2);
a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-0); an
cthylenc bond (CH2-CH?2); a thioamidc bond (C(S)-NH); a trans-olcfine bond (CH=CH); a
fiuoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR or CHR-C(O)
wherein R is H or CH3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-C(O) wherein R is
H or F or CH3.

The GCRA peptides can be modificd using standard modifications. Modifications may
occur at the amino (N-), carboxy (C-) terminus, internally or a combination of any of the
preceeding. In one aspect described herein, there may be more than one type of modification on
the polypeptide. Modifications include but are not limited to: acetylation, amidation,
biotinylation, cinnamoylation, farnesylation, formylation, myristoylation, palmitoylation,
phosphorylation (Ser, Tyr or Thr), stearoylation, succinylation, sulfurylation and cyclisation (via
disulfide bridges or amide cyclisation), and modification by Cys3 or Cys5. The GCRA peptides
described herein may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification
by 7-Amino-4-methyl- coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-1,3-Diazole), p-
nitro-anilide, rhodamine B, EDANS (5-((2-aminoethyl)amino)naphthalene-1- sulfonic acid),
dabeyl, dabsyl, dansyl, texas red, FMOC, and Tamra (Tetramethylrhodamine). The GCRA
peptides described herein may also be conjugated to, for example, polycthylene glyveol (PEG);
alkyl groups (e.g., C1-C20 straight or branched alkyl groups); fatty acid radicals; combinations
of PEG, alkyl groups and fatty acid radicals (See, U.S. Patent 6,309,633; Soltero et al., 2001
Innovations in Pharmaceutical Technology 106-110); BSA and KLLH (Keyhole Limpet
Hemocyanin). The addition of PEG and other polymers which can be used to modify
polypeptides of the invention is described in US20060 19347 section IX.

Also included in the invention are peptides that biologically or functional equivalent to
the peptides described herein. The term "biologically equivalent” or functional equivalent” is
intended to mean that the compositions of the present invention are capable of demonstrating

some or all of the cGMP production modulatory cffects.

GCRA peptides can also include derivatives of GCRA peptides which are intended to

include hybrid and modified forms of GCRA peptides in which certain amino acids have been
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deleted or replaced and modifications such as where one or more amino acids have been changed
to a modified amino acid or unusual amino acid and modifications such as glycosylation so long
the modified form retains the biological activity of GCRA peptides. By retaining the biological
activity, it is mcant that cGMP and or apoptosis is induced by the GCRA peptide, although not
necessarily at the same level of potency as that of a naturally-occurring GCRA peptide

identified.

Preferred variants are those that have conservative amino acid substitutions made at one
or morc predicted non-cssential amino acid residucs. A "conscrvative amino acid substitution" is
one in which the amino acid residue is replaced with an amino acid residuc having a similar side
chain. Families of amino acid residues having similar side chains have been defined in the art.
These families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic
side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valing, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in a GCRA polypeptide
is replaced with another amino acid residue from the same side chain family. Alternatively, in
another embodiment, mutations can be introduced randomly along all or part of a GCRA coding
sequence, such as by saturation mutagenesis, and the resultant mutants can be screened to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide
which may be isolated by virtuc of cross-rcactivity with antibodics to the GCRA peptide.

PREPARATION OF GCRA PEPTIDES

GCRA peptides are casily prepared using modern cloning techniques, or may be
synthesized by solid state methods or by site-directed mutagenesis. A GCRA peptide may

include dominant negative forms of a polypeptide.

Chemical synthesis may generally be performed using standard solution phase or solid
phase peptide synthesis techniques, in which a peptide linkage occurs through the direct
condensation of the amino group of one amino acid with the carboxy group of the other amino

acid with the elimination of a water molecule. Peptide bond synthesis by direct condensation, as
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formulated above, requires suppression of the reactive character of the amino group of the first
and of the carboxyl group of the second amino acid. The masking substituents must permit their

ready removal, without inducing breakdown of the labile peptide molecule.

In solution phase synthesis, a wide varicty of coupling methods and protecting groups
may be used (See, Gross and Meienhofer, eds., "The Peptides: Analysis, Synthesis, Biology,"
Vol. 1-4 (Academic Press, 1979); Bodansky and Bodansky, "The Practice of Peptide Synthesis,"
2d ed. (Springer Verlag, 1994)). In addition, intermediate purification and linear scale up are
possiblc. Thosc of ordinary skill in the art will appreciate that solution synthesis requires
consideration of main chain and side chain protecting groups and activation method. In addition,
careful segment selection is necessary to minimize racemization during segment condensation.
Solubility considerations are also a factor. Solid phase peptide synthesis uses an insoluble
polymer for support during organic synthesis. The polymer-supported peptide chain permits the
use of simple washing and filtration steps instead of laborious purifications at intermediate steps.
Solid-phase peptide synthesis may generally be performed according to the method of Merrifield
etal., J. Am. Chem. Soc., 1963, 85:2149, which involves assembling a lincar peptide chain on a
resin support using protected amino acids. Solid phase peptide synthesis typically utilizes either

the Boc or Fmoc strategy, which are well known in the art.

Those of ordinary skill in the art will recognize that, in solid phase synthesis,
deprotection and coupling reactions must go to completion and the side-chain blocking groups
must be stable throughout the synthesis. In addition, solid phase synthesis is generally most

suitable when peptides are to be made on a small scale.

Acetylation of the N-terminal can be accomplished by reacting the final peptide with
acctic anhydride before cleavage from the resin. C-amidation is accomplished using an

appropriate resin such as methylbenzhydrylamine resin using the Boc technology.

Alternatively the GCRA peptides are produced by modern cloning techniques For
example, the GCRA peptides are produced either in bacteria including, without limitation, E.
coli, or in other existing systems for polypeptide or protein production (e.g., Bacillus subtilis,
baculovirus expression systems using Drosophila Sf9 cells, yeast or filamentous fungal
expression systems, mammalian cell expression systems), or they can be chemically synthesized.
If the GCRA peptide or variant peptide is to be produced in bacteria, e.g., E. coli, the nucleic
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acid molecule encoding the polypeptide may also encode a leader sequence that permits the
secretion of the mature polypeptide from the cell. Thus, the sequence encoding the polypeptide
can include the pre sequence and the pro sequence of, for example, a naturally-occurring
bactcrial ST polypeptide. The scercted, mature polypeptide can be purified from the culture

medium.

The sequence encoding a GCRA peptide described herein can be inserted into a vector
capable of delivering and maintaining the nucleic acid molecule in a bacterial cell. The DNA
molccule may be inscrted into an autonomously replicating vector (suitable vectors include, for
example, pPGEM3Z and pcDNA3, and derivatives thercof). The vector nucleic acid may be a
bacterial or bacteriophage DNA such as bacteriophage lambda or M13 and derivatives thereof.
Construction of a vector containing a nucleic acid described herein can be followed by
transformation of a host cell such as a bacterium. Suitable bacterial hosts include but are not
limited to, E. coli, B subtilis, Pseudomonas, Salmonella. The genetic construct also includes, in
addition to the encoding nucleic acid molecule, elements that allow expression, such as a
promoter and regulatory sequences. The expression vectors may contain transcriptional control
sequences that control transcriptional initiation, such as promoter, enhancer, operator, and

Trepressor sequences.

A variety of transcriptional control sequences are well known to those in the art. The
expression vector can also include a translation regulatory sequence (e.g., an untranslated 5'
sequence, an untranslated 3' sequence, or an internal ribosome entry site). The vector can be
capable of autonomous replication or it can integrate into host DNA to ensure stability during

polypeptide production.

The protein coding sequence that includes a GCRA peptide described herein can also be
fused to a nucleic acid encoding a polypeptide affinity tag, e.g., glutathione S-transferase (GST),
maltose E binding protein, protein A, FLAG tag, hexa-histidine, myc tag or the influenza HA
tag, in order to facilitate purification. The affinity tag or reporter fusion joins the reading frame
of the polypeptide of interest to the reading frame of the gene encoding the affinity tag such that
a translational fusion is gencrated. Expression of the fusion gene results in translation of a single

polypeptide that includes both the polypeptide of interest and the affinity tag. In some instances
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where affinity tags arc utilized, DNA sequence encoding a protease recognition site will be fused

between the reading frames for the affinity tag and the polypeptide of interest.

Genetic constructs and methods suitable for production of immature and mature forms of
the GCRA peptides and variants described herein in protein expression systems other than
bacteria, and well known to those skilled in the art, can also be used to produce polypeptides in a

biological system.

The peptides disclosed herein may be modified by attachment of a second molecule that
confers a desired property upon the peptide, such as increased half-life in the body, for example,

pegylation. Such modifications also fall within the scope of the term "variant” as used herein.
THERAPEUTIC METHODS

The present invention provides for both prophylactic and therapeutic methods of treating
a subject at risk of (or susceptible to) a disorder or having a disorder associated that is mediated
by guanylate cyclase receptor agonists. Disorders mediated by the guanylate cyclase receptor
agonists include gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,
cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,
prostate disorders, endocrine disorders, increasing gastrointestinal motility
and obesity.Gastointestinal disorders include for example, irritable bowel syndrome (IBS),
necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,
functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux
discase (GERD)ileus (e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI
tract), constipation (e.g., constipation associated with use of medications such as opioids,
osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation associated with
neuropathic disorders. Inflammatory disorders include tissue and organ inflammation such as
kidney inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase
and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g.,
bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung Disorders include
for example chronic obstructive pulmonary discase ( COPD), and fibrosis. Cancer includes
tissue and organ carcinogenesis including metatases such as for example gastrointestinal cancer,
( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer,
anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin
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cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer);
blood cancer (e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for
example, congestive heart failure, trachea cardia hypertension, high cholesterol, or high
tryglyccrides. Liver disorders include for example cirrhosis and fibrosis. Eyc disorders include
for example increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders
of tear glands or eye inflammation. Skin disorders include for example xerosis. Oral disorders
include for example dry mouth (xerostomia), Sjogren's syndrome, gum diseases (e.g.,
periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include
for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example
diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

The term “treatment” refers to reducing or alleviating symptoms in a subject, preventing
symptoms from worsening or progressing, and/or preventing disease in a subject who is free
therefrom. For a given subject, improvement in a symptom, its worsening, regression, or
progression may be determined by any objective or subjective measure. Efficacy of the
treatment may be measured as an improvement in morbidity or mortality (e.g., lengthening of
survival curve for a selected population). Thus, effective treatment would include therapy of
existing disease, control of disease by slowing or stopping its progression, prevention of disease
occurrence, reduction in the number or severity of symptoms, or a combination thercof. The
cffect may be shown in a controlled study using one or more statistically significant criteria.

Intracellular cGMP induced by exposing, e.g., contacting a tissuc (e.g., gastrointestinals
tissue) or cell with GCRA agonists. GC-C receptors are expressed throughout the GI tract
starting from esophagus, duodenum, jejunum, ilium, caecum and colon. Human colon cancer
ccll lines (T81, CaCo-2 and HT-29) also cxpress GC-C receptors. By inducing is mcant an
increase in cGMP production compared to a tissue or cell that has not been in contact with
GCRA peptide or variant. Tissues or cells are directly contacted with a GCRA peptide or
variant. Alternatively, the GCRA peptide or variant is administered systemically. GCRA
peptide or variant are administered in an amount sufficient to increase intracellular cGMP

concentration. ¢cGMP production is measured by a cell-based assay known in the art (25).

Disorders are treated, prevented or alleviated by administering to a subject, e.g., a
mammal such as a human in need thereof, a therapeutically effective dose of a GCRA peptide.

The GCRA peptides may be in a pharmaceutical composition in unit dose form, together with
24
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one or more pharmaceutically acceptable excipients. The term “unit dose form™ refers to a single
drug delivery entity, e.g., a tablet, capsule, solution or inhalation formulation. The amount of
peptide present should be sufficient to have a positive therapeutic effect when administered to a
paticnt (typically, between 10 png and 3 g). What constitutes a “positive therapeutic cffeet” will
depend upon the particular condition being treated and will include any significant improvement
in a condition readily recognized by one of skill in the art.

The GCRA peptides can be administered alone or in combination with other agents. For
example the GCRA peptides can be administered in combination with inhibitors of cGMP
dependent phosphodiesterase, such as, for example, suldinac sulfone, zaprinast, motapizone,
vardenafil or sildenifil; one or more other chemotherapeutic agents; or anti-inflammatory drugs
such as, for example, steroids or non-steroidal anti-inflammatory drugs (NSAIDS), such as
aspirin.

Combination therapy can be achieved by administering two or more agents, e.g., a GCRA
peptide described herein and another compound, each of which is formulated and administered
separately, or by administering two or more agents in a single formulation. Other combinations
arc also encompassed by combination therapy. For example, two agents can be formulated
together and administered in conjunction with a separate formulation containing a third agent.
While the two or more agents in the combination therapy can be administered simultancously,
they need not be. For example, administration of a first agent (or combination of agents) can
precede administration of a second agent (or combination of agents) by minutes, hours, days, or
weeks. Thus, the two or more agents can be administered within minutes of each other or within
1,2,3,6,9,12,15, 18, or 24 hours of each other or within 1,2,3,4,5,6,7,8,9, 10, 12, 14 days
of cach other or within 2, 3,4, 5,6,7, 8,9, or 10 weeks of cach other. In some cases cven longer
intervals are possible. While in many cases it is desirable that the two or more agents used in a

combination therapy be present in within the patient's body at the same time, this need not be so.

The GCRA peptides described herein may be combined with phosphodiesterase
inhibitors, e.g., sulindac sulfonc, Zaprinast, sildenafil, vardcnafil or tadalafil to furthcr cnhance

levels of cGMP in the target tissues or organs.

Combination therapy can also include two or more administrations of one or more of the

agents used in the combination. For example, if agent X and agent Y are used in a combination,
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on¢ could administer them sequentially in any combination one or more times, e.g., in the order

X-Y- X, X-X-Y, Y-X-Y,Y-Y- X, X-X-Y-Y, ete.

Combination therapy can also include the administration of one of the GC-C agonist with
azothioprine and/or other immunomodulating agents. The immunomodulating agents may

include small molecule drugs and biologics such as Remicade, Humaira, Cimzia ctc.

Combination therapy can also include the administration of two or more agents via
different routes or locations. For example, (a) one agent is administered orally and another
agents is administered intravenously or (b) one agent is administered orally and another is
administered locally. In each case, the agents can either simultancously or sequentially.
Approximated dosages for some of the combination therapy agents described herein are found in
the "BNF Recommended Dose" column of tables on pages 11-17 of WO01/76632 (the data in
the tables being attributed to the March 2000 British National Formulary) and can also be found
in other standard formularies and other drug prescribing directories. For some drugs, the

customary presecribed dose for an indication will vary somewhat from country to country.

The GCRA peptides, alone or in combination, can be combined with any
pharmaceutically acceptable carrier or medium. Thus, they can be combined with materials that
do not produce an adverse, allergic or otherwise unwanted reaction when administered to a
patient. The carriers or mediums used can include solvents, dispersants, coatings, absorption
promoting agents, controlled release agents, and one or more inert excipients (which include
starches, polyols, granulating agents, microcrystalline cellulose (e.g. celphere, Celphere beads®),
diluents, lubricants, binders, disintegrating agents, and the like), etc. If desired, tablet dosages of

the disclosed compositions may be coated by standard aqueous or nonaqueous techniques.

A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Examples of routes of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical),
transmucosal, and rectal administration. Solutions or suspensions used for parenteral,
intradermal, or subcutancous application can include the following components: a sterile diluent
such as water for injection, saline solution, fixed oils, polycthylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
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ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for
the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can

be encloscd in ampoulcs, disposablc syringes or multiple dosc vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporancous preparation of
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be
fluid to the extent that easy syringeability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, cthanol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achicved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as
manitol, sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent which delays

absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a
GCRA agonist) in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that contains
a basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the active ingredient

plus any additional desired ingredient from a previously sterile-filtered solution thereof.
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Oral compositions generally include an inert diluent or an edible carrier. Such as
mannitol, fructooligosaccharides, polyethylene glycol and other excepients. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, thc active compound can be incorporated with ¢xcipients and used in the form of
tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or compounds of a similar nature: a binder
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or

orange flavoring.

For administration by inhalation, the compounds ar¢ delivered in the form of an acrosol
spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such

as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penctrants appropriate to the barrier to be permeated
arc used in the formulation. Such penetrants are generally known in the art, and include, for
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the usc of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into

ointments, salves, gels, or creams as generally known in the art.

The compounds can also be prepared in the form of suppositories (e.g., with conventional

suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will protect the
compound against rapid elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
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collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will
be apparent to those skilled in the art. The materials can also be obtained commercially from
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes
targeted to infected cells with monoclonal antibodics to viral antigens) can also be used as
pharmacecutically acceptable carriers. These can be prepared according to methods known to
those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811, incorporated fully

herein by reference.

It is especially advantagcous to formulate oral or parcnteral compositions in dosage unit
form for case of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the subject to be treated; cach unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on the unique

characteristics of the active compound and the particular therapeutic effect to be achieved.

The pharmaceutical compositions can be included in a container, pack, or dispenser

together with instructions for administration.

Compositions of the present invention may also optionally include other therapeutic
ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors, desiccants,
plasticizers, dyes, glidants, anti-adherents, anti-static agents, surfactants (wetting agents), anti-
oxidants, film- coating agents, and the like. Any such optional ingredient must be compatible

with the compound described herein to insure the stability of the formulation.

The composition may contain other additives as needed, including for exanple lactose,
glucose, fructose, galactose, trehalose, sucrose, maltose, raffnose, maltitol, melezitose,
stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and hydrates
thereof, and amino acids, for example alanine, glycine and betaine, and polypeptides and

proteins, for example albumen.

Examples of excipients for use as the pharmaceutically acceptable carriers and the
pharmaccutically acceptable inert carriers and the aforementioned additional ingredients include,
but are not limited to binders, fillers, disintegrants, lubricants, anti-microbial agents, and coating

agents such as: BINDERS: corn starch, potato starch, other starches, gelatin, natural and
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synthetic gums such as acacia, xanthan, sodium alginate, alginic acid, other alginates, powdered
tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose, cellulose acetate,
carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl pyrrolidone (e.g.,
povidonc, crospovidone, copovidone, cte), mcthyl cellulose, Mcthoccl, pre-gelatinized starch
(e.g., STARCH 1500® and STARCH 1500 LM®, sold by Colorcon, Ltd.), hydroxypropyl
methyl cellulose, microcrystalline cellulose (FMC Corporation, Marcus Hook, PA, USA), or
mixtures thereof, FILLERS: talc, calcium carbonate (e.g., granules or powder), dibasic calcium
phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or powder),
microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol,
starch, pre-gelatinized starch, dextrose, fructose, honey, lactose anhydrate, lactose monohydrate,
lactose and aspartame, lactose and cellulose, lactose and microcrystalline cellulose, maltodextrin,
maltose, mannitol, microcrystalline cellulose &amp; guar gum, molasses, sucrose,or mixtures
thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline
cellulose, croscarmellose sodium, crospovidone, polacrilin potassium, sodium starch glycolate,
potato or tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other
celluloses, gums (like gellan), low-substituted hydroxypropyl cellulose, or mixtures thereof,
LUBRICANTS: calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin,
sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, sodium
stearyl fumarate, vegetable based fatty acids lubricant, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc
stearate, cthyl oleate, cthyl laurate, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co.,
Baltimore, MD USA), a coagulated aerosol of synthetic silica (Deaussa Co., Piano, TX USA), a
pyrogenic silicon dioxide (CAB-0O-SIL, Cabot Co., Boston, MA USA), or mixturcs thercof,
ANTI-CAKING AGENTS: calcium silicate, magnesium silicate, silicon dioxide, colloidal
silicon dioxide, talc, or mixtures thereof, ANTIMICROBIAL AGENTS: benzalkonium chloride,
benzethonium chloride, benzoic acid, benzyl alcohol, butyl paraben, cetylpyridinium chloride,
cresol, chlorobutanol, dehydroacetic acid, ethylparaben, methylparaben, phenol, phenylethyl
alcohol, phenoxyethanol, phenylmercuric acetate, phenylmercuric nitrate, potassium sorbate,
propylparaben, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid,
thimersol, thymo, or mixtures thereof, and COATING AGENTS: sodium carboxymethy!

cellulose, cellulose acetate phthalate, ethylcellulose, gelatin, pharmaceutical glaze,
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hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl methyl
cellulose phthalate, methyleellulose, polycthylene glycol, polyvinyl acctate phthalate, shellac,
sucrose, titanium dioxide, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,
mcthacrylates, microcrystalline cellulosc and carragecnan or mixtures thercof.

The formulation can also include other excipients and categories thereof including but not
limited to L-histidine, Pluronic®, Poloxamers (such as Lutrol® and Poloxamer 188), ascorbic
acid, glutathione, permeability enhancers (e.g. lipids, sodium cholate, acylcarnitine, salicylates,
mixed bile salts, fatty acid micelles, chelators, fatty acid, surfactants, medium chain glycerides),
protease inhibitors (e.g. soybean trypsin inhibitor, organic acids), pH lowering agents and
absorption enhancers e¢ffective to promote bioavailability (including but not limited to those
described in US6086918 and US5912014), creams and lotions (like maltodextrin and
carrageenans); materials for chewable tablets (like dextrose, fructose, lactose monohydrate,
lactose and aspartame, lactose and cellulose, maltodextrin, maltose, mannitol, microcrystalline
cellulose and guar gum, sorbitol crystalline); parenterals (like mannitol and povidone);
plasticizers (like dibutyl sebacate, plasticizers for coatings, polyvinylacetate phthalate); powder
lubricants (like glyceryl behenate); soft gelatin capsules (like sorbitol special solution); spheres
for coating (like sugar spheres); spheronization agents (like glyceryl behenate and
microcrystalline cellulose); suspending/gelling agents (like carrageenan, gellan gum, mannitol,
microcrystalline cellulose, povidone, sodium starch glycolate, xanthan gum); sweeteners (like
aspartame, aspartame and lactose, dextrose, fructose, honey, maltodextrin, maltose, mannitol,
molasses, sorbitol crystalline, sorbitol special solution, sucrose); wet granulation agents (like
calcium carbonate, lactose anhydrous, lactose monohydrate, maltodextrin, mannitol,
microcrystalline cellulose, povidone, starch), caramel, carboxymethyleellulose sodium, cherry
cream flavor and cherry flavor, citric acid anhydrous, citric acid, confectioner's sugar, D&C Red
No. 33, D&C Yellow #10 Aluminum Lake, disodium edetate, ethyl alcohol 15%, FD&C Yellow
No. 6 aluminum lake, FD&C Blue # 1 Aluminum Lake, FD&C Blue No. 1, FD&C blue no. 2
aluminum lake, FD&C Green No.3, FD&C Red No. 40, FD&C Yellow No. 6 Aluminum Lake,
FD&C Yellow No. 6, FD&C Yellow No.10, glycerol palmitostearate, glyceryl monostearate,
indigo carminge, lecithin, manitol, methyl and propyl parabens, mono ammonium glycyrrhizinate,
natural and artificial orange flavor, pharmaccutical glaze, poloxamer 188, Polydextrose,

polysorbate 20, polysorbate 80, polyvidone, pregelatinized corn starch, pregelatinized starch, red
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iron oxide, saccharin sodium, sodium carboxymethyl ether, sodium chloride, sodium citrate,
sodium phosphate, strawberry flavor, synthetic black iron oxide, synthetic red iron oxide,

titanium dioxide, and white wax.

Solid oral dosage forms may optionally be treated with coating systems (e.g. Opadry® fx
film coating system, for example Opadry® blue (OY-LS-20921), Opadry® white (YS-2-7063),
Opadry® white (YS- 1-7040), and black ink (S- 1-8 106).

The agents either in their free form or as a salt can be combined with a polymer such as
polylactic-glycoloic acid (PLGA), poly-(I)-lactic-glycolic-tartaric acid (P(I)LGT) (WO
01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( ¢-
caprolactone) and poly(alkylene oxide) (U.S. 20030068384) to create a sustained release
formulation. Such formulations can be used to implants that release a polypeptide or another
agent over a period of a few days, a few weeks or several months depending on the polymer, the
particle size of the polymer, and the size of the implant (See, e.g., U.S. 6,620,422). Other
sustained release formulations and polymers for use in are described in EP 0 467 389 A2, WO
93/24150, U.S. 5,612,052, WO 97/40085, WO 03/075887, WO 01/01964A2, U.S. 5,922,356,
WO 94/155587, WO 02/074247A2, WO 98/25642, U.S. 5,968,895, U.S. 6,180,608, U.S.
20030171296. U.S. 20020176841, U.S. 5,672,659, U.S. 5,893,985, U.S. 5,134,122, U.S.

5,192,741, U.S. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279, U.S.
.5, 980,945, WO 02/058672, WO 9726015, WO 97/04744, and US200200 19446. In such
sustained release formulations microparticles (Delic and Blanco-Pricto 2005 Molecule 10:65-80)
of polypeptide are combined with microparticles of polymer. One or more sustained release
implants can be placed in the large intestine, the small intestine or both. U.S. 6,011,0 1 and WO
94/06452 describe a sustained release formulation providing either polyethylene glycols (i.e.
PEG 300 and PEG 400) or triacetin. WO 03/053401 describes a formulation which may both
enhance bioavailability and provide controlled releaseof the agent within the Gl tract. Additional
controlled release formulations are described in WO 02/38129, EP 326151, U.S. 5,236,704, WO
02/30398, WO 98/13029; U.S. 20030064105, U.S. 20030138488A1, U.S. 20030216307A1,
U.S. 6,667,060, WO 01/49249, WO 01/49311, WO 01/49249, WO 01/49311, and U.S.
5,877,224 materials which may include those described in WO04041195 (including the scal and
enteric coating described therein) and pH-sensitive coatings that achieve delivery in the colon
including those described in US4,910,021 and W0O9001329. US4910021 describes using a pH-
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sensitive material to coat a capsule. W0O9001329 describes using pH-sensitive coatings on beads
containing acid, where the acid in the bead core prolongs dissolution of the pH-sensitive coating.
U. S. Patent No. 5,175,003 discloses a dual mechanism polymer mixture composed of pH-
sensitive cnteric matcrials and film-forming plasticizers capable of conferring permeability to the
enteric material, for use in drug-delivery systems; a matrix pellet composed of a dual mechanism
polymer mixture permeated with a drug and sometimes covering a pharmaceutically neutral
nucleus; a membrane- coated pellet comprising a matrix pellet coated with a dual mechanism
polymer mixture envelope of the same or different composition; and a pharmaceutical dosage
form containing matrix pellets. The matrix pellet releases acid-soluble drugs by diffusion in acid
pH and by disintegration at pH levels of nominally about 5.0 or higher.

The GCRA peptideds described herein may be formulated in the pH triggered targeted
control release systems described in WO04052339. The agents described herein may be
formulated according to the methodology described in any of WO03105812 (extruded
hyrdratable polymers); W00243767 (enzyme cleavable membrane translocators); W0O03007913
and WO03086297 (mucoadhesive systems); W0O02072075 (bilayer laminated formulation
comprising pH lowering agent and absorption enhancer); W0O04064769 (amidated polypeptides);
WO005063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon
melting); W003035029 and W003035041 (erodible, gastric retentive dosage forms);
US5007790 and US5972389 (sustained release dosage forms); WO041 1271 1 (oral extended
release compositions); W005027878, W002072033, and W002072034 (delayed release
compositions with natural or synthetic gum); WO05030182 (controlled release formulations with
an ascending rate of release); W005048998 (microencapsulation system); US Patent 5,952,314
(biopolymer); US5,108,758 (glassy amylosc matrix dclivery); US 5,840,860 (modificd starch
based delivery). JP10324642 (delivery system comprising chitosan and gastric resistant material
such as wheat gliadin or zein); US5,866,619 and US6,368,629 (saccharide containing polymer);
US 6,531,152 (describes a drug delivery system containing a water soluble core (Ca pectinate or
other water-insoluble polymers) and outer coat which bursts (e.g. hydrophobic polymer-
Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing casein and high
methoxy pectiny WOO0174 175 (Maillard reaction product); W0O05063206 (solubility increasing
formulation); WO040 19872 (transferring fusion proteins).
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The GCRA peptides described herein may be formulated using gastrointestinal retention
system technology (GIRES; Merrion Pharmaceuticals). GIRES comprises a controlled-release
dosage form inside an inflatable pouch, which is placed in a drug capsule for oral administration.
Upon dissolution of the capsule, a gas-gencrating system inflates the pouch in the stomach where
it is retained for 16-24 hours, all the time releasing agents described herein.

The GCRA peptides described herein can be formulated in an osmotic device including
the ones disclosed in US4,503,030, US5,609,590 and US5,358,502. US4,503,030 discloses an
osmotic device for dispensing a drug to certain pH regions of the gastrointestinal tract. More
particularly, the invention relates to an osmotic device comprising a wall formed of a semi-
permeable pH sensitive composition that surrounds a compartment containing a drug, with a
passageway through the wall connecting the exterior of the device with the compartment. The
device delivers the drug at a controlled rate in the region of the gastrointestinal tract having a pH
of less than 3.5, and the device self- destructs and releases all its drug in the region of the
gastrointestinal tract having a pH greater than 3.5, thereby providing total availability for drug
absorption. U.S. Patent Nos. 5,609,590 and 5, 358,502 disclose an osmotic bursting device for
dispensing a beneficial agent to an aqueous environment. The device comprises a beneficial
agent and osmagent surrounded at least in part by a semi-permeable membrane. The beneficial
agent may also function as the osmagent. The semi-permeable membrane is permeable to water
and substantially impermeable to the beneficial agent and osmagent. A trigger means is attached
to the semi-permeable membrane (e.g..joins two capsule halves). The trigger means is activated
by a pH of from 3 to 9 and triggers the eventual, but sudden, delivery of the beneficial agent.
These devices enable the pH-triggered release of the beneficial agent core as a bolus by osmotic
bursting.

EXEMPLARY AGENTS FOR COMBINATION THERAPY

Analgesic Agents

The GCRA peptides described herein can be used in combination therapy with an
analgesic agent, e.g., an analgesic compound or an analgesic polypeptide. These polypeptides
and compounds can be administered with the GCRA peptides described herein (simultancously
or sequentially). They can also be optionally covalently linked or attached to an agent described
herein to create therapeutic conjugates. Among the useful analgesic agents are; Ca channel

blockers, SHT receptor antagonists (for example SHT3, SHT4 and SHTI receptor antagonists),
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opioid receptor agonists (loperamide, fedotozine, and fentanyl), NKI receptor antagonists, CCK
receptor agonists (e.g., loxiglumide), NKI receptor antagonists, NK3 receptor antagonists,
norepinephrine-serotonin reuptake inhibitors (NSRI), vanilloid and cannabanoid receptor
agonists, and sialorphin. Analgcsics agents in the various classes arc described in the literature.

Among the useful analgesic polypeptides are sialorphin-related polypeptides, including
those comprising the amino acid sequence QHNPR (SEQ 1D NO: ), including: VQHNPR (SEQ
ID NO: ); VRQHNPR (SEQ ID NO: ); VRGQHNPR (SEQ ID NO: ); VRGPQHNPR (SEQ ID
NO: ); VRGPRQHNPR (SEQ ID NO: ); VRGPRRQHNPR (SEQ ID NO: ); and RQHNPR (SEQ
ID NO: ). Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin- mediated
breakdown of substance P and Met-enkephalin. Thus, compounds or polypeptides that are
inhibitors of neprilysin are useful analgesic agents which can be administered with the
polypeptides described herein in a co-therapy or linked to the polypeptides described herein, e.g.,
by a covalent bond. Sialophin and related polypeptides are described in U.S. Patent 6,589,750;
U.S. 20030078200 Al; and WO 02/051435 A2.

Opioid receptor antagonists and agonists can be administered with the GCRA peptides
described herein in co-therapy or linked to the agent described herein, e.g., by a covalent bond.
For example, opioid receptor antagonists such as naloxone, naltrexone, methyl nalozone,
nalmefene, cypridime, beta funaltrexamine, naloxonazine, naltrindole, and nor-binaltorphimine
arc thought to be useful in the treatment of IBS. It can be useful to formulate opioid antagonists
of this type 1s a delayed and sustained release formulation such that initial release of the
antagonist is in the mid to distal small intestine and/or ascending colon. Such antagonists are
described in WO 01/32180 A2. Enkephalin pentapeptide (HOES25; Tyr-D-Lys-Gly-Phe-L-
homoscrine) is an agonist of the mu and dclta opioid rceeptors and is thought to be uscful for
increasing intestinal motility {Eur. J. Pharm. 219:445, 1992), and this polypeptide can be used in
conjunction with the polypeptides described herein. Also useful is trimebutine which is thought
to bind to mu/delta/kappa opioid receptors and activate release of motilin and modulate the
release of gastrin, vasoactive intestinal polypeptide, gastrin and glucagons. Kappa opioid
receptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and compounds
described in WO03/097051 and WO05/007626 can be used with or linked to the polypeptides
described herein. In addition, mu opioid receptor agonists such as morphine, diphenyloxylate,

frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2; WO 01/019849 Al) and loperamide can be used.
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Tyr-Arg (kyotorphin) is a dipeptide that acts by stimulating the release of met-
enkephalins to elicit an analgesic effect (J. Biol. Chem 262:8165, 1987). Kyotorphin can be used
with or linked to the GCRA peptides described herein.

Chromogranin-dcrived polypeptide (CgA 47-66; See, e.g., Ghia ct al. 2004 Regulatory
polypeptides 119:199) can be used with or linked to the GCRA peptides described herein.

CCK receptor agonists such as caerulein from amphibians and other species are useful
analgesic agents that can be used with or linked to the GCRA peptides described herein.

Conotoxin polypeptides represent a large class of analgesic polypeptides that act at
voltage gated calcium channels, NMDA receptors or nicotinic receptors. These polypeptides can
be used with or linked to the polypeptides described herein.

Peptide analogs of thymulin (FR Application 2830451) can have analgesic activity and can be
used with or linked to the polypeptides described herein.

CCK (CCKa or CCKDb) receptor antagonists, including loxiglumide and dexloxiglumide
(the R- isomer of loxiglumide) (WO 88/05774) can have analgesic activity and can be used with
or linked to the polypeptides described herein.

Other uscful analgesic agents include 5-HT4 agonists such as tegaserod (Zelnorm®),
mosapride, metoclopramide, zacopride, cisapride, renzapride, benzimidazolone derivatives such
as BIMU 1 and BIMU 8, and lirexapride. Such agonists are described in: EP1321 142 Al, WO
03/053432A1, EP 505322 Al, EP 505322 BI, US 5,510,353, EP 507672 Al, EP 507672 Bl, and
US 5,273,983.

Calcium channel blockers such as ziconotide and related compounds described in, for
example, EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US
5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al, EP 1336409 Al, EP 835126 Al, EP
835126 Bl, US 5,795,864, US 5,891,849, US 6,054,429, WO 97/01351 Al, can be used with or
linked to the polypeptides described herein.

Various antagonists of the NK-I, NK-2, and NK-3 receptors (for a review see Giardina et
al. 2003.Drugs 6:758) can be can be used with or linked to the polypeptides described herein.

NKI receptor antagonists such as: aprepitant (Merck & Co Inc), vofopitant, ezlopitant
(Pfizer, Inc.), R-673 (Hoffmann-La Roche Ltd), SR-48968 (Sanofi Synthelabo), CP-122,721
(Pfizer, Inc.), GW679769 (Glaxo Smith Kline), TAK-637 (Takeda/Abbot), SR-14033, and
related compounds described in, for example, EP 873753 Al US 20010006972 Al, US
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20030109417 Al, WO 01/52844 Al, can be used with or linked to the polypeptides described
herein.

NK-2 receptor antagonists such as nepadutant (Menarini Ricerche SpA), saredutant
(Sanofi- Synthclabo), GW597599 (Glaxo Smith Klinc), SR-144190 (Sanofi-Synthclabo) and
UK-290795 (Pfizer Inc) can be used with or linked to the polypeptides described herein.

NK3 receptor antagonists such as osanetant (SR-142801; Sanofi-Synthelabo), SSR-
241586, talnetant and related compounds described in, for example, WO 02/094187 A2, EP
876347 Al, WO 97/21680 Al, US 6,277,862, WO 98/1 1090, WO 95/28418, WO 97/19927, and
Boden et al. (J Med Chem. 39:1664-75, 1996) can be used with or linked to the polypeptides
described herein.

Norepinephrine-serotonin reuptake inhibitors (NSRI1) such as milnacipran and related
compounds described in WO 03/077897 Al can be used with or linked to the polypeptides
described herein.

Vanilloid receptor antagonists such as arvanil and related compouds described in WO
01/64212 Al can be used with or linked to the polypeptides described herein.

The analgesic polypeptides and compounds can be administered with the polypeptides
and agonists described herein (simultaneously or sequentially). The analgesic agents can also be
covalently linked to the polypeptides and agonists described herein to create therapeutic
conjugates. Where the analgesic is a polypeptide and is covalently linked to an agent described
herein the resulting polypeptide may also include at least one trypsin cleavage site. When
present within the polypeptide, the analgesic polypeptide may be preceded by (if it is at the
carboxy terminus) or followed by (if it is at the amino terminus) a trypsin cleavage site that
allows rclcasc of the analgesic polypeptide.

In addition to sialorphin-related polypeptides, analgesic polypeptides include: AspPhe,

endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance P.

Agents o Treat Gastrointestingd Disorders

rastyoindestinal and other disorders

g

Examples of additional therapentic agonis to treat
nclode agents 1o troat constipation {2.g., 2 chlovide channel activator such as the bicylic fatty
acid, Lobiprostone {formerly known as SP1-0211; Sucaopo Pharmacenucals, Ine.; Bethesds,
MDY, a laxative {e g, o bulk-forming laxative {e. g nonstarch polvsaccharides, Colonel Tablet
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{polyearbopiul calotnny, Plantage Ovata®, Egualactin® {Calchum Polycarbophil)), fibor (eg
FIBERCON® {Calcium Polvearborhily, an osmotic laxative, a sumulant laxative (such as
diphenylmethanes {e. g bisacodyly, anthraguinones {e g cascars, sevna), and surfactant laxatives
{e.z. castor oil, docusates), an cmoliont/Inbricating agont (such as mineral ofl, giveerine, and
docusates), MiraLax {Braintree Laboratorics, Brantres MA), dextoxighnnide (Forest
{.zboratories, also known as CR 2017 Rottapharo (Rotta Research Laboratoriam 8pA)), saling
lagatives, encmas, suppositortes, and CR 3740 (Rottapharn (Rotta Research Laboratorinm SpAY
acid redueing agents such as proton pomp inhibitors {e.g., omeprazole (Prilosec®), esomeprazole

)

{Nexiom®), lansoprazole (Prevacid®y, pantoprazole (Protonix®) and rabeprazole (Aciphex®))

and Histamine H2 -receptor antagonist (also known as H2 receptor Mockers inchading
cimetidine, ranitidine, famotidine and nizatidine); prokinetic agents including itopride,
octreotide, bethanechol, metoclopramide (Reglan®?), domperidone (Muotihum®), ervthromycein
{and derivatives thereof) or claapride (propnlaid®), Prokineticin polvpeptides b mnoiogs, variants
and chimceras thereof including those deseribed tn US 7,052,674 which can be used with or
tinked to the polypeptides described horein; pro-motility agents such as the vasostatin-dorived
polypeptide, chromogranin A {4-16) (See, .y, Ghia et al. 2004 Regulatory polypoptides 121:31)
or motilin agonista {e.g., 3M-611 or mitemcinal fumaraie} or nociceptin/Orphanin FQ receptor
modulators (USE{}{}ﬁf 169917} other peptides which can bind to and/or activate 3C-C including
those deseribed in USZO0S0287067,; complete or partial SHT {eg. SHTL SHTZ, 3HTS, 5HT4)
receptor agonisis or antagonsts {including SHY 1A anfagonists {e.g. AGI-OO {AGH
therapoutics), SHT2E antagonists {eg. PON 1091 and PGNI 164 {Pharmagene Laboratories
Limtted), and 3HTS receptor agonists {(such as tegaserod (ZELNORM®), prucalopride,
mosapride, metoclopramide, zacopride, cisapride, ronzapride, benzimidazoione derivatives such
as BIMU | and BIMU &, and lirexapride). Such agonists/modulators are deseribed ing
EPI1321342 AL WO 03/053432A0, HP 503322 AL BV 505322 81, US 5,510,353, EP 507672 Al
EP SO7a72 Bl US 5,273,983, and US 6,931 867y, SHTS recepior agonisis such as MEC-733;
and 3HT3 roceptor amsagonists such ag DOP-225 (MOE22S; Dynogen Pharmaceutiesls, Inc.},
ciiansctron {Calmactin®), alosetron {Lotronex®}, Ondansetron HO (Zofran®), Diolasetron
{ANZEMET®}, palonoseiron (Alovi®}, Granisetron (Kytril®), YMO6HK ramosetron; Astelag
Pharma foc.; ramosetron may be given as a daly dose of 8.002 to 0.02 myg as desoribed in
EPOISERTOTY and ATEL-7000 {Aryx Therapeuties. Santa Clara CA); muscarinic recepior agonisis;
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anti~-nfammatory agoots; antispasmodics ncludimg bt not lieited o anticholinergic drugs (like
dicyclomine {e.g. Colimex®, Formulex®, Lomine®, Protylol®, Visceral®, Spagmoban®,

Levsin®, Levbid®, Levsinex

Bentyl®, Bentylol®}, hyvoscyamine {e.g. IB-Rat®, Nulev®

Timecaps®, Lovai/SLE, Anaspaz®, A-Spac S§/LE, Cystospar®) Cystospaz-ME, Donnamar®,

Cotidrops Liguid Pediatric®, Gastrosed®, Hyeo Elixir®, Hyvosol®, Hyospaz®, Hvosyne®,
Losamine®, Medispaz®, Neosol®, Spacol®, Spasdel®, Syrman®, Symax SL®}, Donnaial (2.0,
Dommatal Bxteniabs@3, clidimum (e g Quarzan, 1 combination with Libriam = Librax},

methantheling {e.z. Banthine}, Mepenrolate {ep Cantil), homatropine (e.g. hycodan, Homapin},

Propantheline browmide (e.g. Pro-Banthine}, Glveopyrrolate (e.g. Robimil®, Robing] Forte®),

seopolanine {e.g. Transderm-Seop®, Transderm-V &), hvosmne-M-butvibromde (6.2
Buscopen®}, Pirenzeping {e.y. Gastrozepin®)} Propantheline Bromide {v.g. Propanthel®),
dicveloverine (e.g. Merbentyl®), glveopyvironinm bromide {e.g. Glycopvrrolate®), hyoscine
hvdrobromide, hyoscing methobromide, methanthelinium, and octatroping}; poppermint oif; and
dircet smooth pyuscle relaxants like cimetropinm bromide, mebeverine (DUSPATALE
DUSPATALING, COLOFAC MR®, COLOTAL®R), otilonium bromide {octionimm),
pinaverimm {e.g. Pieeel® {pinaverinm bromide; Solvay 5. AL Spasfon® {hydrated

phﬁor‘ogiucinol and trimethyviphloroghucinelland irimebuting {including rimebutine maleate

1 antidepressants, including bt not limited o those Hsted herein, as well as tricyelic

})

{Modulon®
antideprossants ke amuriptyline {Elavil®}, desipramine (Norpramin®), imipraming
{Tofranl®), amoxapine {Asendin®), nortriptyling the selective serotonmin reuptake inhibito

{35R T like paroxctine (Paxil®), Huoxctine {(Prozac®), seriraline {Zoloft®)

e

. and gitralopram
{Celexa®), and others like doxepin (Sinequan®) and trazodone {Desyrel®); contrally-acting
analgesic agonts such ag opioid recoptor agonists, opiond rocepior antagonists {e g, naltrexonc);
agents for the treatment of Inflammatory bowel discase; agents for the tregtment of Crohn's
discase and/or ulcerative colitis {e.g., alequel {Enzo Biochem, inc.; Farmingsale, MY}, the anti-
wmilammatory pobypeptide RDPSR (G me, Ing.; Cambridge, MA), and TRAFICET-ENT™
{ChemoCenirys, Ine. San Carlos, CAY; agonts that treat gastromiestinal or viscoral paing agonts
that increase oGMP lovels {as desoribed in US20040121994) hike adrenergic recoptor
antagonists, dopanune receptor agonists and PDE {phosphodicsterase) idubitors inchuding bt
not lmied o those disclosed heromn: purgatives that dravw fluids 1o the infestine (g

VISICOL

a combination of sodium phoaphate monobasic monohvdrate and sodiim phosphate
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dihasic andwdrate}; Codicotropin Releasing Factor {CRF) recepior antagorists (including NBE-
34041 (Nourcerine Blosciences, San Diego, CAY, CRHS-41, asuessin, R121919 (Janssen
Pharmaceutica), CP154,326, NBE-27914, Antalarmin, DMP6S6 (Bristol-Myers Scquibl)y OP-
316,301 (Phizer, Incy, SBT23620 {GRK), GWETSNOR (Novreering/(Haxe Smith Kling), ONO-
2333Ms {Ono Pharmaceuticals), TS-041 {Janssen}, AAGS61 (Movartis) and those disclosed in
US 5,063,245 LR 5,861.39%, US20040224904, LIS20040198726, USZO0401 76400,
LIR200401 716407, USZHG4G1LOR1S, US2E040006066, and LIS200302092353); ehicagon- like
polypeptides (glp-1) and analogues thereof (ochiding exendin-4 and GTP-010 {Gastrotech
Pharma A)} and inhibitors of DPP-IV (DPP-IY mediates the inactivation of gip-1}; tofisopan,
epanticmericallyprire R-tofisoparm, and pharmaceutically-acceptable salte thereof (US
ZGO40229867Ty; tricvelic anti-depressants of the dibenzothiazepine type inchuding but not limited
t; Dextofiaopam® {Vela Pharmaccuticals}. tlanepiine (Stablon®) and other agents described in
LIS 6,683,872 {F)-4 (1 3bis{cvelohexyimethyiyd 2 34 -tetrabydro-2,6-dinas-OH-purin-¥-
viwinnamic acid nonacthviene glycel methyl other cster and related compounds described in WO
{42/0079472; the probiotic PROBACUTRIXN® (The BioBalance Corporation; New York, NY)
which contains microorganisms usefnd in the treatment of gastreintestinal disorders; antidiarsheal
drags including but not fimited to loperamide {Imodinm, Pepto Diarrhea), diphenaxylate with
atropine {Lomotil, Lomocot, cholestyramine (Questran, Cholvibar), atropine (Co-Phenotrope,
Diarsed, Diphenoxylaie, Lofene, Logen, Lonox, Vi-Atre, atropine sulfate injection) and
Mifaxan® (rifaximan; Salix Pharmaccuticals Lid), TZ2P-201{ T ranzyme Pharma Inc), the
nouronal agetylcholine recoptor (nACHR) blocker AGE-004 (AG] therapeutics), and bismuth
subsglicylate (Fopto-bismod); anxiolviic drugs inchuding but not Himited toAtivan (Inrazepam),
alprazolam (Xanax®), chlordiazcpoxide/clidinium (Librium®, Libras®), clonazepam

{Klonopin®), clorazepate (Tranxene®), diazepam (Valiom®}, cstazolam (FroSom®Y),

flurazepam {Dalmane® ), oxazepam {Serax®), prazepam (Contrax®), temarepan (Restorid®),
{riazeiam (Haloion®; Bedelix® (Montmonitlonite beadellitic; Ipsen Ltd), Solvay S1V332
{ArQule Ingy, YRP (5K Pharroa), Asioadoline (Tioge Pharmaceutivals/Merck), AGE-003 (AGH
Therapenticsy; novrokinin antagonists inchuding those deseribed in US200600409580; potassium
chanoel modulators including those described in US7,002.015; the serotonin moduiator
AZEYIAT7Y (Astradencca Pley M3 muscannic receptor antagorists soch as dantonacin (Enablex;

Novartis AG and zamifenacin {Pfizer); herbal and natural theranies imchiding bt not limdted to
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acidophbitus, chamomie tea, evening privwose ofl, fonnel sceds, wornowood, comfrey, and
compounds of Bao-H-Wan {uagoolel, honakiol, imperatorin, and isotmperatorin) 8s 1o
1I86923992; and compositions comprising lysine and an anti-stress agent for the treatment of

irritabic bowel syndrome as describad in BPO 1550443

Insulin and Insulin Modulating Agents
The GURA peptides deseribed herein can be used in combination therapy with insulin
and related commpounds incinding primate, rodent, or rabbit inaulin inclnding bologically active

variants thergof inchuding allelic variants, more preferably human insulin available in

recombinant Forro, Sovrees of impan wsuiuy inchade pharmaceutically acceptable and sterile
formuiations such as those availabls from El Lilly {Indianapolis, Ind. 46285} as Humulin™
{human insulin rDNA origin). See, the THE PHYSICIAN'S DESK REFERENCEH, 55 sup.th Bd.
{2001y Madical Bconomies, Thomson Healthears (diaciosing other suitable mman insuling).

The GURA peptides described horein can also be used in combination therapy with
agents that can boost insulin effects or lovels of a subject upon administration, e.g. glipizide
and/or rosighitazong. The polypeptides and agonistedescribed herein can be used in
combitherapy with SYMUING (prambintide acetate) and Fxenatide® (synthetic exendin-4; a 39
aa polvpeptide).
Agents for the Treaiment of Postoparative Heos

The GCRA peptides described herein can also be used in combinstion therapy with
agents {o.g., Entereg™ {alvimopan: formerky called ado tor/ AL ¥-269%), conivaptan and
related agents deseribe In US 6,645 93%) used for the treatmont of postoperative ilous and other

disorders,

Anti-Hypertensive Agents

The GCRA peptides desoribad herein can be ased tn combination therapy with an angi-
hyperiensive agent inchuding but not Himdted to0 (1) diuretics, such as thiazides, including
chlorthalidone, chlorthiaride, dichlorophenamide, by drofhumethiazide, indapamide, polvthiazide,
and bvdrochlorothiazide; loop diuretics, such as bumetamide, othacrymie acid, furosemede, and
forsernide; potassinm sparing agenis, such as amdloride, and triamderene; carbonie anhyvdrase
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uthibitors, osmotics{such as glyoeorin) and aldosiorone antagonists, such as spironolagctone,
gpirenong, and the Hke: (2) beta-adrenergie blockers such as acebutolol, atenclol, betaxolod,
hevantolol, bisoprolol, bopindolol, carteslol, carvedilol, celiprolol, eamolol, indenolol,
metaprolod, nadolol, nebivelel, ponbutolel, pindolel, propanclol, sotalsl tortatolol, tilisolel, and
timolol, and the like; (3) calehum channel blockers cuch as amlodipine, aranidiping, arelnidipine,
barmdipine, benidipioe, bepridil, cinaldipine, clevidipioeg, ditiazem, sfomidiping, felodipine,
sallopamil, isradipine, lacidipine, lowmildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,
nimodeping, nisoldipine, nitrendipine, manidipine, pranidipine, and verapamil, and the ke, (4}
angiotensin converting enzyme {ACE) inhibitors such as benazepnil; captopril; ceranapril;
criazapril delapnil; enalaprl; enalopril; fosinopril; wudapnd; Heinoprd, losinopril; woexiprih;
guinapril; quinaprilat; ramipril; perindopnil; perindropril; quanipnil; spirapril; tonocapril;
trandolapril, and zofenopril, and the like; (5) neutral endopeptidase inhibitors such as
omapatrilat, cadoxatri! and ccadotril, fasidorril, sempatriiat, AVETOEE, HR4030, and the like; {6)
endothelin antagonisis such as tezosentan, A3ME16S, and YMEZ899, and the like; (7)
vasodilators such as hyvdralazine, clonidine, minoxidil, and nicotiny! alechol, and the like; {8
angiotonsin [ recepior antagonists such as aprosartan, candosartan, eprosartan, irbesartan,
{fosartan, olmesartan, pratosartan, (asosartan, telmisartan, valsartan, and EXP-3137, FIGRIEK,
and RNHE27G, and the like: (93 o/f adronorgic blockers such ag nipradilol, arstinolol and
amosuialol, and the like; (10 alpha | blockers, such as terazosin, urapidil, prarosin, tamsulosin,
bunazosin, trimazosin, doxazosin, naftopidil, indoraroin, WHEP 164, and XENOIO, and the like;
{11} alpha 2 agonists such as lofexidine, tismenidine, moxoniding, rilmenidine and guancbenz

andd the Bke, (17} aldosterone inhibitars, and the ke, and (13} angiopoietin.2 ~hinding agents

stch as those disclosed in WOO3/(30833. Specific anti-hypertensive agents that can be used in
combination with polypeptides and sgonists described herein include, but are not limited to;
diurctics, such as thiszides {e.g., chiorthalidone, cvelothiazide {CAS RN 2259-96-3),
hiorothiaznideo (CAS RN 72856-09-3, which may be prepared as disclosed in US28052 1943,
dichlorpphenamide, hydrofurciiiazide, mdapamude, polythisaide, bendroflumethazide,
methyelothazide, polvthiazide, trichlormethazide, chlomhalidone, indapamide, metolazone,
quincthazone, althiazide (CAS RN 5588-16-9, which may be prepared as disclosed in British
Patent Mo, 302,658), benzthiazide (CAS RN 91-33-R8, which may be prepared as disclosed in
US3108097), buthdazide (which may be prepared as disclosed in British Patent Mos. 861 ,367),
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and bvdrochlorothiazide), foop diurctics {e.g, bumctanide, ethacrynic acud, forosenmide, and
forasemide), potassium sparing agents {e.g. amiloride, and triamtereng (CAS Nomber 396-01 -
{133, and aldosterone antagonists {e.g. spironolactone (CAS Number 52-01-7), epivenons, and the
hike), Bradronorgie blockers such as Amisdarone {Cordarone, Paccorone), bunolel hvdrochlonde
{CAS RN 31968-05-8, Parke-Davis}, acchutolo! GEN-[3-Acetvi-4-[2-hydroxy-3-{(i
mweithylethviaminepropoxyjpbenvil-botavanude, or (£33%Aceivi-4'-| 2-hydrony -3-
{isopropyiamine) propoxy] butyranilide), acebutolol hvdrochloride (e.2. Sectral®, Wyeth-
Averst), alprenolol hydrochloride (CAS RN 13707-88-3 see Netherlands Patent Application No.
6,605,6923, atenolol (e.g. Tenomnin®, AstraZeneca), cartgolol hydrochloride (e.g Cartrol®
Filmitab®, Abbott), Coliprolo! byvdrochloride {TAS BN 57470-78-7, also see wr USED3406049),
cetamolol hydrochloride (CAS RN 77590-95-5, see also US40596223, labetalol hydrochloride
{e.g. Normodyne®, Schering), esmolol hydrochloride (a.g. Brevibloc®, Baxier), levebetazsiol
hvdrochioride {e.g. Betaxon™ Ophthalmic Suspension, Aleon), levolamolo! hvidrochloride (o5
Betagan® Liquifiim® with C CAP® Complance Cap, Allergan), nadolol {2z, Nadolol, Myvlan},
practolol {CAS RN 6673-35-4, see also US34083873, propranciol hydrochloride (CAS RN 315~

95-9Y, sotalol hydrochloride {e.g. Betapace AF™ Borlex}, timelol {2-Propanol -{{LE
dimethyiethyDamino}-3-{{4-4(4d-morpholinyl-L2 S-thiadiazol-3-viloxy}, hemihydrate, (8-,
CAS RN 21524-16-2}, timolol maleate {831 -[{1,1 -dimethylethvl} amino}-3-{{4- {4~
morpholinyl}-12 S-thiadiazo! -3~ vH oxv}-2-propancl (£3-2-butenedioate {1 117 salt, CAS BN
26921-17-53Y, Wisoprolol (2-Propancl, H4-{{2-(Fmethylcthoxyicthoxy -methylphenoxyl}-3 {(1—
meth- yigthylamino]-, (&), CAS RN 66722-44-9}, hisoprolol fumarate (such as (=3-1-[4-[[2-
Methylethoxy) sthoxyimethyiiphenoxy ] 3-[(bmethylethyvDamino]- 2 -propanol (B} -2~
butenedioate (2:1) (salth, e.g., Zebots™ | Loderle Consumer), nchivalal (2H--Beazopyran-2-
methancl, wd'-{iminobis{incthylenciibisf6-thaors-3 4-dibydro-, CAS RN 99200-09-6 soc also
L3, Pat, Mo, 4,654,362, cicloprolol hydrochlonide, such 2-Propanod, F4-12-
{eyelopropyimethoxy jothoxy phenoxy I-3-[bmethviethyvlDaromeo]-, hvdrochlonde, A.8.5. RN
63686-79-3), despropranciol hydrochlonde (2-Propancl - Ihmethylethyp-amine]-3-(1-
naphthalenyloxy hydrochlorde (CAS RN 13071-11-9), Jlaceiolol hvdrochloride (Aceramids,
M-{ 3~acotvi-4-[ Z-hydroxy-3-[{ methvl-ethvDaminolpropoxy} [phenyvil-, monohydrochloride
CAR RN 69746-04-9%, dilovalol hvdrochlonde (Bonzamude, 2-hydroxy-5-[I-hydroxy-2-{1-

methvl-3-phenyipropyiaminejethvll-, monohydrochloride, CAS RN 73639-08-4}, exaprolol
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bydrochloride {2-Propanol, | -(Z-cyclohexyiphenony -3 - [{ 1 -methylathvhamine] -,
hydrochionide CAS BN 39333-90-3}, Hestolol sulfate (Benzoic acid, 2-fhure-3-{[2-
{aminocarbonyilamine - - dimethylethvllamine]-2-hydroxypropyl ester, (+3- sulfate (1 11} {(salt),
CAS RN KE&44-73-% metalol bydrochloride (Mothancoulfonamide, No4-[Fhydroxy-2-
{methyviaminopropylivhenvil-, monchydrochloride CAS RN 7701-65-7}, metoprolel 2-
Propanol, H4-2- methoxyethylpheooxy |-3-l-methylethylamino - CAS BN 37353-58-63,
metoproiol tartrate {such as 2-Propanod, H4-2-methoxyethviphenoxy-3-{{(-
methylethyvlaminel, 2. g, Lopressor®, Novartis}, pamatolol sulfate (Carbamic acid, {2-]4-12-
hyvdroxy-3-[{- methvicthvDaminolpropoxyiiphenvil-cthvll~, methyl ester, (4} sulfate (salt) (2:1),
CAS KN 599540171, penbutolol sulfate (3-Propanol, M2-cvelopentyiphenoxy-3-[1L1-
dimethyie- thylming] 1, {8}, sulf 1} (zalt), CAS RN 38363-32-5}, practolo! {Acctamide,
MN-f4-12- hydroxy~3~E:{Lmethyiethyi}amino:E~pmpf.sxy}pEﬁenyl}, CAS BN 6673-35-40 ) tiprenolol
hvdrochloride (Propanol, M {b-methylethyhaming 13- 2-(methvithio)-rhenoxyi-, hvdrochloride,
{1}, CAS RN 39832-43-43, wolamolol (Benzamide, 4-[2-{{2-hvdroxy-3-2-methyiphenoxy -
propyil amine] ethoxyij, CAS RN 38183-61-0), bopindolol, indenolel, pindolol, propanclol,
testatolol, and tilisolol, and the like; calcium channe! blockers such as besylate salt of amlodipine
(such as 3-othyh-S-methyb2-(2-aminocthoxymethylp-4-(2-chiorophenyi-l 4-dihvdro-f-methyl-
Sepvridinedicarboxylate benzenesuinbonate, e.g., Norvase®, Plizery, clentiarom maleate {1,5-
Beonzothiazepin-4{3H-one, 3-{acctyiony -d-chiore-3-[2-{dimethylaminoiethyl}-2 3-dilvdro-2-
{d-methoxypheny-{28-cis)-, {£3-2-butencdioate {11}, sce also US4567195), isradipine (3,5~
Pyridinedicarbexylic acid, 4-(4-benzofurazanyl)-L4-dihydro-2 6-dimnethyl-, methyl 1-
methylethyl ester, (£3-4{4-henrofurazanyly 1 4-dihydre-2,6-dimethyl3 )5 -
pyridincdicarboxylate, sce also US44606972); nimodiping (such as is isopropyl {2- methoxyethyh
1, 4~ dibydro -2,6- dimethyl -4- G-nitrophenyl} -3.5- pyridine - dicarboxylate, e.g. Nimotop®,
Bayer), folodipine {such as ethyl methyt 4-02, 3-dichlorophenyi}-L4-dibydre-2,6-dimethyi-3.5-
pvridinedicarboxylate- | e.g. Plendd® Hxtended-Release, AstraZcoces LP), nilvadipine (3.5-
Pyridinedicarbosylic acid, 2-ovane-Ld-dihvidro-6-methyl-4-3-nitrophenyl)- 3-methyl 500
methvlethyl ester, also see UIB3799934), nifedipine (such as 3, 8 ~pyridinedicarboxyhio acid 14~
dilydro-2 6-dimethyl-4-{2-nitrophenyty-, dimethyl ester, e.g., Procardia XL& Extended Relcase
Tableis, Ffizer), difiiazem hvdrochlonide (such as L3-Benwothuarepin-4{&SH}-one. 3-{acetyloxy)-

S2-(diroethylaninodethvi]-2,-3-dihydro-2{d-methoxyphenyl)-, monohydrochloride, (+}3-cis., e.g.

[&]
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Tiazac®, Forest), veraparotd bydrochloride (such as benzencacetronitrde, (alpha)-[13-112-(3,4~
dimethogyphenyl) ethyllmethylaminoipropyl} -3 4-dimethoxy-{alphal-{ | ~-methylethyh)
hyvdrochioride, e.g., Isoptin® SR, Knoll Labs}, teladiping hydrochioride (3.5-
Pyridincdicarboxylic acid, 2-{{dimothyiaminoimothy 4= 2-{(1E 3 341 Idimethylothoxyp-2-ono~ 1
propenyviiphenyil- d-dibydro-6-mcthyls, diethyl ester, monobvdrochloridey CAS RN 105700~
$3-43, beltosdil {Phosphonic acid, [2-(-phenoxy ethyl)- 1,3 ~propane- divlibis-, tetrabutyl sster
CAR BN 103486-79-93, fostedil (Phosphonic acid, [[4-{2-benzothiazolyliphenylmethyil-,
dicthyl ester CTAR BN 73889-62-2}, aranidipine, azelnidipine, barnidipine, bemdipine, bepridil,
cinaldiping, clevidiping, efonidipine, galtopamil, lacidipineg, lomildipine, lereanidipine, monatepl
maleate {1 -Piperamnelntanamade, N-(6, 11 ~dibvdrodibenzolb.epthiepin 11 ~yli-(4-
fluorephenyly, {+}-, {2)-2-buicnedicats (1 1) (&3-N-(6.1 |-Dibydrodibenzo{b.c ithicp- in-] -vi}-4-
{p- fluorophenviy-l-piperazinebutyramide maleate (1 113 CAN BN 132046-06-1), nicardipine,
miseldiping, nitrendipine, manidiping, pranidipine, and the Hke, T-channe! calcium antagonists
such as mibefradily angiotensin converting enzyme {ACE) inhibitors such as benazepril,
benazepril hydrochloride {such as 3+{[I-{cthoxyearbonyl 3~ phenvl-( | Shpropyliamine]-2.3

A 5-tetrabydro-2-ox0- 1 H - 1 (3 Ky-benzazepine- | -acetic acid monchydrochloride, g,
fotrel®, Movartis}, captopril (such as M{283-mercapio-2- methylpropionyij-L-proling, e g.,
Captopril, Myvlan, CAS RN 62571-86-2 and others disclosed in US4046889}, coranapril (and
others disclosed in US44352790), cetapril {alacepril, Dainippon disclosed in Hur, Thorap, Res,
39:671 {19840} 40:543 {1926y, cilarapri! (Hoffman-LaKoche) disclosed i ). Cardiovase,
Pharmacal 9:3% (1987}, indalapril {delaprii hydrochloride (ZH-1.2.4- Benzothiadiazine-7-
sulfonamide, 3-bicvelo[2 2.1 thept-5-o0-2-v1-6-chioro-3,4-dihydro-, 1,1~ dioxide CAS RN 22354
96-33; disclosed in US4383038 D), cnalapril (and otheors disclosed in US4374829), enaloprii,
cnaloprilst, fosinopril, ({such as L-proline, d-cvelchoryl-I-{{{Z-methvl- I-{i-oxopropoxy)
propoxyj{d-phenvibutyl) phosphinvijacetyil-, sodivi salt, e.g.. Monopril, Bristol-8Myers Squibb
and others disglosed in US4168267), fosinopril sodium {L- Proline, 4-oyclohexyl--{[{R153-2-
rocthyl--{-ox- apropoxyipropox), tmidapril, indolaprit {Schering, disclosed 0 1 Cardiovase.
Pharmacol, 5:643, 6535 {1983}, lisinopril (Merck), losinopril, mooxipril, moexipril hvdrochloride
{3-Bsoquinolinccarboxyhe acid, 2-[{Z5)-2-[{{1S) 1 ~(cthoxvearbouy !y 3-phenvipropvijamine]- | -
oxopropyil- 1 - 2.3 d-tetrabydro-6,7-dimethoxy-, monchydrochlonide, (353 CAR RN 82586-52-
5y, quinapril, quinaprilat, ramiprd (Hoechsst) disclosed in BEF 79022 and Curr. Ther, Res, 40:74
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{1986}, perindoprid erbumine {such ag 28,3a8,7aS- 1 J(5)-N-[{53- 1 -
CarboxybutyHalanyviihexahydro -indohnecarboxylic acd, 1 -ethyl ester, compound with tert-
hutylamine {1 11}, e.g., Aceon®, Rolvay), perindopril (Servier, disclosed in Eor. 1 clin.
Pharmacol. 3125319 (1987}, gquanipril {disclosed in 1184344949 spivaprif (Rchoring, disclosed
in Acta. Pharmacol. Tozicol 59 (Bupp. 53 173 {19€6)}), tenocapril, randolapril, zofonopril (and
others disclosed in US4316906), rentiapn (Tentiapnil, disclosed in Cline Exp. Pharnmacol,
Physiol. 13:131 4\} K311, pivopril, YS9EG, teprotide (Bradylanin potentiator BPP%a CAS RN
35E15-60-7), BRE 36278 (Smith Kling Begcham, seg EPROK22 and BEPS066Y), MC-R3R
{Chugai, see AL 102:72588v and Fap. §. Pharmacol, 40:373 (19863, CGS 14824 (Ciba-Geigy, 3~
({3-r:ﬂu}xymrhx}n}f3~3—phr:nyi~{l?§§)~pi‘0pyi}a;‘rxino}—?,,.i,4,S~t¢ti‘;1§‘1};-:i;f0~2~w»;~ o335 -henzazepine-l
acetic acid HOL seo UKL Patent No. 21036143, CGS 16,617 (Ciba- Geigy, 3{5-][{i5)-5-amino-l-
carboxvpentyllaminng 1-2,3.4,- 5-tetrahydro-2-oxo-1H-1- benzazepine-1-cthanoic acid, sec
1154473575y, Bu 44570 (Hoechst, see Arzncimittelforschung 34:1254 {19K8)), R 312201
{Hoffman-LaRoche see FEBS Lett. 165:201 (1984}, (71925 (Pharmacologist 26:243, 266
(E9B4Y), WY-44221 (Wyeth, see §. Med. Chem. 26:394 (19833, and those disclosed in
USZ036806922 {(paragraph 223, UNA4337201, UN4432971 {phosphonamidates ), noutral
endopeptidase inhibitors such as omapatriiat (Vanievi®), UG8 30449, cadoxatril and ecadotril,
fasidotril {also known as aladotril or alatrioprily, sampatrilat, mixanpril, and gemopatrilat,
ANVETESS, ERAGI0, and those disclosed in USA3E2727, USSE366973, UUS5225401, 184722810,
UB5223516, UB474968s, US3352397, US3504080, USS61235%, USS515723, EPO59%444,
EPO481322, EPGSOR444, EPO595A10, EPNE34363, EP534390, EP534492, EPO629627;
endothelin antagonists such as fozosentan, AZNRTAS, and YME2899, and the like; vasadilators
such as hydralazine {apresoline), cloniding {clonidine hydrochioride {1 H-Imidazol- 2-aminc, N-
2 b-dichlorophenviyg, 5-dihvdro-, monchydrochloride CAS RN 4205-91-8), catapres, minoxidil
{loniten), nicotiny] aleohol {rontacol), dilttazem hydrochiornide (such as 1.5~ Benzothiazepin-
A 3H pone, 3-(acctyloxy -5 2-{dimocthylaming Jethyl}-2,-3-diby dro-2{4- methoxyphenyly-,

monohydrochioride, (+1-cis, e.g., Tiarac®, Forest), isosorbide dinttrate {such a5 14:53.6-

disnbydro-D-glocitol 2 5-dinitrate e, Isordil® Tiradose®, Wyeth- Averst), sosorbide
monoritrate {such as 1,4:3,6-dianhvidro-D-glucito~ 1,5-mitrate, an organic nidraie, e.g., Ismo®,

Wyeth-Averst), mitroglyeerin {sach as 2,3 propanetriel rindtrate, e.g,, Mirosiat® Parke- Davis),
verapant hvdrochloride (quch as benzencacetontivile, (&-(alpha}[3-[[2-03,4 dimethogypheny
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Dethylpmethvlaromo jpropyl] -3 A-dioethoxy-{alphal- ( 1 -octhyviethyiy bydrochlonide, eg.,
Cavera HS® BExtended-Release, Searle}, chromonar fwhich may be propared as disclosed m
TIR3242938), clonitate {Annalen 1870 155}, droprenitamine {which may be piepaiwd as diselosed
in DE2521113), Hdoflazine (which may bo peopared as disclosad in UR3267104 ) pronviamine
{which may be prepared as disclosed in US3152173), propatvl nitrate (which may be prepared a5
disclosed in Freneh Patent No, 1,103,113}, nuoflazine hydrochlonide {1 -Piperazincacstamide, 3~
{aminocarbonyi-14,4-bis{d-fhuorophenyhbuiyi]-NA2,6- dickiorophenyl)-, dihvdrochlonide CAS
RN B3RGR-67-3}, mixidine {Benzensethanaming, 3 4- dimethoxy-N-{bmethyh-2-
pyvrrotidinylidene)- Pvreoliding, 2-{(3 4-dimethoxyphencthvliimine]- 1 -methyl F-Methylb2- (3,
d-dirpethoxyphencthyBiminelpyreolidine CAS RN 27737-38-8), molsidomine (1,2,3-
Uxadiazoliom, S-[{cthoxyearbonviiamine |- 3-{4-morpholinyi}-, inner salt CAN RN 25717-88-0},
isosorbide monenitrate {D-Glucitol. 5,413.6~dian'hydro-,, S-nitrate CAS RN 168051-77-7y,
erythrity! tetranitrate (1,23 4-Butanctetrol, totranitrate, (Z2RISkrel-CAS RN 7297-25-8),
clonitrate(], 2-Propancdiol, 3-chioro-, dinitrate (7C1, 81, 900 CAS RN 2012-33-13,

dipvridamole Ethanol, 2,2°,27 2" [{4 8-di-bpipertdinyipyrimido] 5, 4-dipyrimiding-2 &-
divhidinirilo Jtetrakis- CAS RN 58-32-23, nicorandil {CAS RN 453141-46-0 33,
pvridinecarboxamide {N-{2-(nitrooxyethyli-MNisoldiping3,5-Pyridinedicarboxyiic acid, 1.4-
dibivdro-2 o-dimethyi-4-(2-nitrophenvh-, mothyi Z-methvipropyi cster CAS BN 83675.72.93,
nifedipined, S-Pyridinedicarboxylic acid, Lé-dilydro-2 6-dimethyl-4-Z-nitrophenyl)-, dimethyl
cator CAS RN 21829-25-43, porhexiline maleate (Piperidine, 2-(2 2-dicyclohexylethyl)-, (24)-2-
hutenedioate (| (1) CAS RN 6724-53-4), exprenclo! hydrochloride (2-Propancl, 1-[{1-
methylethylamino]-3-[2-(Z-propenyloxyiphenoxy]-, hydrochloride CAS RN 6452.73.93,
pentrinitrol {1 3-Propancdiol, 2 2-bis[{nitrooxyimethyl}-, mononitrate (cstor) CAS RN 1667-17-
63, verapamil {Benzencacctonitrile, ¢-[3-{{2-(3 4-dimcthoxyphenyijethyli- methvlaminolpropyvii-
3, d-dimethoxy-o-(1 -mothyiethyl)- CAS RN 532-53-9) and the like; angiotensin H receptor
aragonists such a8, aprosarian, zolasartan, ohmesarian, pratosanian, FIGR2E8K, RNHA2ZTG,
gandesartan {1 H-Benrimd daz-.’_}E,c—:~7vcaﬂ}f:-xyiic acid, 2-othoxy-L[2-(IHtetrazal-S-y DL~
biphenyld-ymethyl]- CAS BN 122481-39-7), candesartan ailesetil ({(+/-31-
{cyclohexylcarbonvioxyethvi-2-ethoxy-I-[[2-(IH-fetrazo k- S-vibipbhenyvl-d-v1]-H-bermmidazole
carboxylate, CAS RN 145040-37-5, USS703110 and Un3196444), eprosartan {3-]1-4

carboxyphenvimethvi-2-n-batyl-imddazol-5-v1-2-thienvhoethyl) propencic actd, USSTRE35
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and USH650G650), irbesarian {2-o-butyl-3- [{2'-(Ih-tetrazol-5-y nphenyi-d-vihoethyi] 13-
diazazspirofd 4 non-lenc-d-one, US3270317 and US3332788), losartan (2-N-hutyl-4-chiora-3-
hvdroxymethy -H(2-(H-tetrazol-S-ylibiphenvi-d-yli-methyl imidazole, potassivm salt,
USS138069, USSIS3197 and USA12E358Y racosartan {3 &-dihvydro-2 d-dimothy - 8-{{2'-(1H
etrazol-S-y I r-biphenvlid-vhncthyl-pyrido[ 2. 3-djpyrimidin-7¢6H one, USS1436993,
tebnisartan (4-}{1 4-dimethy - 2-propy 2 0%bi-lH-bevrimidazol-ry L 1, 1 -biphenyi]-2-
carboxylic acid, CAS RN 144701-48-4, LIR35391762), milfasarian, abilesartan, valaartan
{Diovan® Movartisd, (SyNevaleryE-N-{[2-{{H-tetrazol-S-vDibiphenyi-4d-yDimethylivaling,
LIR5399578), EXP-3137 (2-N-butyl-d-chloro- -] (2 {1H~etrazol-5-yDibiphenyl-d-y1}-
methylmidazole-S-carboxviic acid, USS51 38069, UB5153197 and US512R355), 342 -(tetrazol-
5~‘;E}~1,r~2’;-1pi1crpéinyiﬁnethyiuﬁ“.7~dlmcthvi-;;met}wi%i-iu';midaza5:4,54;)]';)31'1(11n-':, 2-cthyl-d-

methyl-6-(5,6.7 8-tetrahivdroimida 1-2-yil-benzimidazob-1-v1-methyli-1Lre-

Biphenyl}-2- carboxylic acid, 2-bmvi-6-{lmethoxy-l-methviethyh-2- 12 Hetrazol-5-
vibiphenyl-4-vimethyl] guinazobin-4(GH }-one, 3 - {27 “LarbOKSbiph&,ﬂ‘v 4yiymetivi] -2
cvclopropyl-7-methyl 3H-imidazoi4, S-blpyridine, 2-butyl-d-chlore-i-{ (2 -tetrazoi-5-
vhibiphenvl-4-vimethylimidazole-carboxviic acid, 2-butyl-d-cidore-3-{{2-{iH tetrazol-3- w13 [ 1
, 17 <biphenvi] «4-vilmethyvl}- 1 Heimidazele-5 ~carboxylic acid- 1 ~(sthoxycarbonyi-oxyethyl
cator potassinm salt, dipotassivm 2-butyl-d-{methyithio [ 2-H {{propylamino)carbonyliamino |-
sulfonyi L -biphenyl-d-ymethy -1 H-imidazole-5 ~carboxyiate, mothyi-Z-[{4-buyl-2-
methyl-6-ox0-5-[[ 2-{iH-tetrazol-5-v1)-[L U -biphenvi-4-vifmethy -6 H Y- pyrinddimyvijmethyil-
3-thiophencarboxylate, 5-[( 3,5~dibuwiviﬁ-LZﬁ.—-ﬁiazol—i—}/i)mcthyi]~2-{;'Z.- { 1 H-tetrazol-5 -
yipheryhipyridine, 6-hueyl-2-(-phenyiethy!y S [{2-(1 Haetrazol-5 -v B 1.1 biphenyli-4-
methyljpyrimidin-4d-{3H}-onc DL lygine sait, S-methyl-7-n-propyl-8-[ 1 2-(1H- totrazol-3-
vibiphenyil-d-vijmethvl]-f | 2 4] triazolo] | S-cloyvrimidin-2(3H -one, 2,7-dicthyl-5- {{2°-(5-
tetrazolyibiphonyl-d-vimethyl}-3H-pyrazolo[L5-bi L2 4 inazole potassium salt, 2-{2- butyl-4,5-
dihydro~4-oxo-3-[2-(IH-tetrazob-S-vi-4-hipheoylmethy-3H-mmidazol4,5- ¢lpyridme-5-
yvimethylTbenzaic acid, cthyl sater, potassinm sali, 3-methoxy-2.6-dimethyl-d- [[2'(H-tetrazol-3-
yvi-L1 “biphenvi-4-yiimethoxyipyridineg, 2-cthoxy-I-{[2-{5-0x0-2,5-dihydro- 1 2 4-oxadiazol-3 -
yhibiphenvil-4-vipmetivl] ~ | H-benzimidazole-7-carboxylic acid, |- [NA2 7 | H- intrazol-5-
vhibipheny-d-ybmethyl-Novalerovismmomethybioyelopentane- | -carbaxylic acid, 7- methyl-
In-propyl-3-1177 H-tetrazel-S-vhibiphenvi-4-vimethyl] -3 B-imidazol4, 3-6 Jpynding, 2- [3-[(2-
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ety -3, 7-dioethyi-3H-imdazel 4, 5-blpyadine-3-vhrethyl |- 2-quinolinyl jsodinm benzoale, 2-
-6-chlora-d-hydroxymethyl-3 wocthyi-3 -[[2'-(1 H-tetrazol-5 -yBbiphenyil-4-

viji'raf:th'g/ih}yrid‘zne, 2- [ {{2-byls |- [{4-carboxyphenyipnethyi] - | H-imidazol-5 -
vHmethyllamino[benzeic acid torrazol-5-viibiphenyvi-d-viimothylpyrimidin-g-one, 48}~ [4-
{carboxymethyhiphenoxy -MN-[2{R}-{4-Z-sulfobenzamidodmidazol- 1 -vljoctanoyl-Leproling, 1
- {2 6-dimmethylpheny-4-butyl-1 3-diliydro-3-[[6-{2-{ IH-tetrazol-S-yDpbenyi}-3-
pyvridinylimethyl]-2H-imidazol-2Z-one, 5 &-cthano-3 B-dimethyi-Z-n-propyi-3 ,6.7, 5-tetrabydro-
b~ 12 H-tetrazol-3-vhbiphenyl-deyiimethyi-H 4H-13 4o Ba-tetrazacvclopentanaphthalene-9-
oneg, 4-[1-[241,2 3 d-tetrazel-S-yDbiphen-4-vipmethviamine }-5,6,7, 8-tetrahy dro-2-
trifylgquinazoling, 2-(2-chlorobenzoviimino-S-cthwl-3-[ 2-{IH~etrazoie-S-yibiphenvi-4-
vhmethvi-L 3 d-thiadiazoling, 2-{5-cthyl-3-12-(IH-totrazole-S-ylibiphenyl-4-viimethyl-13 4~
thiaZf:}iine-Z-ylidene}aminocarhonyE~l-cyciogaemmcarboxyi';c acid dipotassiom salt, and 2-butyl-
4o MNemethybN-(3 wmethylorotonoyilaminof - 1 - { {27 -{ 1 Heetrazol-§ ~vihiphenyl-4-
vimethyi]- 1 H- imidzole-§ ~carboxylic acid 1-ethoxycarbonvioxvethy! ester, those disclosed in
patent publications EP475206, EP497150, EPS39086, EF339713, EPS35463, EPS354465,

EP542030, EP497121, EP335420, EP407342, EP415886, EPA24317, ER435827, EP433953,
FP473898, EP4Q0R20, BPFS2R762Z, HPA24377 BEP323841 EP420237 HEPINO297, EP426021,
EP4R0204, FP429257, EP43€)709, EP43424%, EP446062 EPSGS954, BPS24217, EPS14197,
EPS14198, EP314193, EPS 14192, EP45S0566, EPA6R3T2 EP4u5929, EPSHR1EL, EPS33052,
EP4GT207 EP3S9T3E, EP399732, EP41284R, EP4S3214, EP4564472 EP4TH704, EP4THTHS,
EP493626, EPAD3627T, EP499414, HEP499416, BEPA994 15 EPS11791, EPS16302, EP520723,
EPS20724, FP33000a, FP438E6S, EPSOSLS3, EPSINTO2, FPAQOR3S, BER400974 EP40I030,
EP407102, EPALITO0, EP409332 HP412504, EPA 19048, EP4R06359, EP4R1614, EP420587,
EP4GT7i5, EP479479, EPSD2T25, EPS0Q3E3E, EPSOS00R, EPAGATTT EPSI3 979 EPSQ75%4,

EPSIORIZ, EPSEITOT, EPS1267S, EPS12676, EPSI2870, ERSIT357, BEPS37937, EP534706,
EPS527534, EP540356, EP40 1040, EPS40039, EP465368, EPASKT23, EP4RETIZ EP49R721,
EP5152¢3 EP303765, EP3GIE92, EPS1GR2T, EPA32410, EP4S8361, EP432737, EPS048EE,
EPSQs393, EPSOR44S EP403159 EPA03 158, EP425211, EPA27463, EP437103, EP4R1448,
EP4RR532Z, EP30126%9, EPS00409, EPS40400, EPDOS52E, EPFO28R34, EPD2ER33, EP41I3G7,
EP42534921, ER430300, BP434038, BEP442473, BEP44356R, BEPA45ETE, BPASY 134, EP4R36RS,
EPSIRO33, EPA20423, EPS31876, EPS31RT4, BEPIS2317, EP46R470, EP470543, EPS025 14,
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BPS29233, BEPS43263, BEPS40200, EP4ALGYY, ER46S323, EPAZ1T6E, EPAIS59, WG/ 14468,
WOSRGE1TE, WO3A0RT09, WOOT/G02T7, WO H/B028 1, WO /14367, WORL/B0067,
WOGZ/A0977, WOO2/20342, WORL/D404S5, WOR3/M4046, WO T/15206, WOS2/14714,
WOSR/09600, WOS2/16552, WOS/GR023, WOSKGI01E, WOS /07404, WORZAZ5G
WOS2/A3853, WOU/19697, W9 /11909, WOST/I2001, WOS1/11989, WO91/15209,
WOST/15479, WOB2/20687, WO9Z/20062, WOS2/20061, WOIS/B1TT7, WORL/14679,
WOG/13063, WOO2/13564, WOSL/17148, WORT/IBEER, WOS1/19715, WO82/02257,
WORR2/04335, WOS2/05161, WOOZ/GTEE2, WOSZ/1 5577, WOSS/3033, WIS 1/16313,
WOSZAO0068, WOU2/02510, WOR/A9278, WOS210179, WO92Z/1 0180, WO92/10186,
WOSAOIRY, WOBZ0097, WORZA0TER, WOSZ/I0TRZ, WOBZ/UIET, WZ/1a184,
WOSZ/10188, WOSZ/101 60, WOOZ/IBIRS, WORZ065T, WOS3/03722, WOS3/06K2K,
WORS/AA3040, WOR2/19211, WOOZ/22533, WOSZ/G608T, WOS2/05784, WH03/00341,
WOOZA4343, WOG/A40R9, USSTO4877, USSIR71I68, USA140690 USST185340, US4880804,
USS138069, US4916129, US3153197, USS173494, USST37906, US3155126, LIS5140037,
LIS5137902, LIS5157026, USS(53329, USS1322:16, USSOST522, USSH66586, USSO89626,
USSD40565, USSORTTOR, US5124335, USST026K0, LIRST2K327, LIS5151435, LIS5202322,
LISSTRT159, US5198438, UKSTAZZER, UNS036048, USST4D036, USSORTE34, USA196337
USS153347, USSIOI086, US3100942, USSTT77097, USS212177, US3208234, LIS5208235
LISB212195, LISS130439, USS045540, USS041152, and USS210204, and pharmoacoutically
acceptable salts and estors thereof, /B adronergic blockers such as nipradilol, arctinolol,
amosulalol, bretvlum tosylaic (CAS RN 61-75-63, dihvdrocrgmminﬁ: mesyviate {such as
ergotaman-3, 61 1 &rione - 10-difvdro-1 20 bydrowy - 2omethyl-8{pheryimethy D (3l
monomcthancsulfonate, e.g., DHE 43® Injcction, Movartisy, carvedilol (such ag (=)-i-{Carbazol-
4~y10xy}~3~{[2~{ o-methoxyphenoxy jothyl] amino] -Z-propanocl, eg., Coreg®, Smith¥lHae
echam), labetalo] {such as 5-[Lhydroxy-2-{{b-methyl-3-phenvipropyvl) aming|
ethy hisalicvlamide monohydrochionide, e.g., Novmodyoo®, Schering), brotyhum tosylate
{RBenvenemethanaminium, Z-bromo-N-gthyi-I N-dimethyl-, salt with 4-methythenzenesulfonic
acid {11 CAS RN 61-75-6}, phentolamine mesylate (Phenol, 3-[[(4 . 5-dibydro-1H-imidarol-2-
vhmethyll{(d-methyiphonviamme -, monomethanesalfonate (salt) CAS RN 65-28-1),
solyperting farlrate {3H-13-Doxolol4,5-Fhindole, 7-{2-14-(2-methoxypheny -1

piperazinyliethyil-) (2R 3RV2 3-dibydroxyhatanedioate {1 1 1) CAS RN 35381-43-5y, zolentine
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hyvdrochisride {Piperazine, phenyid-{2-{iH~tetvazol-5-vhiethyvl -, monohydeochlonde (RCE 9C
CAS RN 7241-24-3) and the bke; o adronergic receptor blockars, such as alfizosin ({CAS RN
E1403-68-1), tergrosin, urapidil, prazosin (Minipress®y, tamsulosin, bunazosin, rimazosin,
dozarosin, naftopidil, indoramin, WHP 164, XENOIO, fonspiride hvdrochloride (which may be
prepared as disclosed in US3399192), proroxan (CAS RN 33743-96-3), and iabetalo]
hydrochlonide and combinations thereol; o 2 agooists such as methykdopa, methyldopa HCL,
lofexidine, Hamentdine, moxonidine, rilmenidine, goancbenz, and the like; aldosterone
intibitors, and the like; renin inhibitors including Aliskiren {SPPIOO, Novartis/Speedely;
angiopoistin-2-hinding agents such as those disclosed in WOG3/030833; anti-angina agents such
as ranolarine {hydrochloride 1-Piperazineacetamide, N-(2,6~ djmefh\'iphcny A2 hvdroxy-3-
{Z-methoxyphonoxyipropyl |-, dibvdrochioride CAS BN 95635 56-6), betaxolol hyvdrochloride
{2-Propancl, H4-12 {evclopropyimethoxy ethviiphenoxy -3-1(I- methylethyvhaming]-,
hvdrochioride CAS RN 63659-19-8), mtoprozine hydrachioride (Methanons, {4~

{3{dibutviaminopropexyipheavi[{2-cthy-3-indeolizinvly-, monchydrochioride CTAS BN 62134

34-33, cincpazet malcateh-Piperarincacstic acid, 4-[l-0x0-3-{3,4,5- trimethoxvphenvi}-2-
propenyil-, cthyl ester, (22%-2-butenedivate {1 (13 CAS BN 30679-07-7), tosifen
{Benreoncsuifonamide, 4-methyl-N-[{{(I8}bmethyl-2-phenviethyilaminojearbonyi]- CAS BN
32295-184) verapamithydrochloride {Benzencacetonitrile, o-f3-]2-(3,4~
dimcthovyphenylicthylimethylamdnolpropyl}-3 4-dimethoxy-o-{ | -mcthylethyl)-,
monchydrochioride CAS RN 152-114), maolsidomine (1,2,3-Ozadiazolium, 5-
{{cthoxycarbony hamino -3-(4-morpholinyly-, inner salt CAS BN 2571 7-280-0}, and ranclazine
hydrochloride {1 -Piperazineacetamide, N-{2 6-diroethyiphenyty-[2-hydroxy-3-(2-meth-
oxvphenoxypropyil-, dibydrochlonide CAS BN 23633-36-0); tosifon (Benzencsulfonamide, 4-
methy-M-[HS-l-methyl-Z-phenyicthylaminojearbonyii- CAS RN 32295-184); adrenergic
stimulants such as guanfacine hydrachlonde (such a8 N-amiding-2-{2.6-dichlorophenyl)
aceturnide bydrochloride, e.g., Tonex® Tablets available from Robingy; methyidopa-
hydrochiorothisvide {(such as leve-3 4\3q ~Gihydrosyphenyl-2-methylalanine) combined with
Hydroohiorothiazide (such as &-chlore-3 4-dibydroe-2H -L2 d-benzothiadiazine-7- sulfonamide
1 -dioxide, ez, the combination as, e.g., Aldortd® Tablets available from Merck), methyldopa-
horothiaride (such as 6-chloro-2H-L, 2 4-benzothiadiazine-7-sulfonamide 1.1 -dioxade and

methvldopa as desertbed above, g, Aldocior®, Mearek}, clontdine hvdrochloride (such as 2-
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{2 G-dichloropbenviaminge -2-boidazoline bydrochlonde and chlorthalidone (sach as 2-chloro-5-
{I-bydroxy-3-aso-l-isoindolinyd) benzevesultonamide}, e.g., Combipres®, Bochringer
Ingetheim), clonidine hydrochloride (such as 2-(2 6-dichiorophenylamine)-2-imidazoling
hydrochloride, ez, Cataprea®, Bochringer Ingelhoim), olonidine (H-Imidarol-2-amine, N-(2 .6~
dichlorophenviid, S-dibydro-CAS RN 42085-90-7), Hyzaar (Mercly a combination of losartan and
hydrochlorothinzide}, Co-Diovan (Novartis; a combination of valsartan and hydrochlorothiande,
Lotret (Novartis; a combination of benazepril and antlodipine) and Caduet (Pfizer; a combination

of amlodipine and atorvastating, and those agents disclosed in US20030069221.

Agents for the Freatment of Respivaiory Esorders
The GURA peptides described herein can be used in combination therapy with one or
more of the following agents usefni in the treatment of respiratory and other disorders incinding
targ oot Himited o0 { 13 Bragonists including ot oot imited to : allimerol (PRO VENTHL® | 8
ALBUT AMOER | VENTOLIN®), bambuterol, bitotern, clenbuterol, fenoterol, formuoterol,
isoctharine (BRONKGSOL®E, BRONKOMETER®), metaprotorenotl {ALUPENT

METAPREL®), pirbmtorol {(MAXAIR®), reproterol, rimiterol. salmetorel, terbutaline
{BRETHAIRED, BRETHINE®, BRICANYLE®), adrenalin, isoprotorenct (ISUPRELE),
cpinephrine bitartrate (PRIMATENE®R)}, ephedrine, orcipronting, fonotern! and isoctharing {23
storoids, including but not mited to boclomethasone, beclomethasone dipropionate,
betamethasone, budesonide, bunedoside, butixocort, dexamethasone, flunisolide, fluccortin,
fluticasone, hydrocortisone, methyi prednisone, momctasong, predonisolone, predonisong,
tipredane, tixocorial, triameinolone, and trismeinolone acefontde; (3 Pl-agonist-coriicosteraid
combinsgtions [e.g., salmceterol-fluticasonce {AD V AIR®), formoterol-budesonid (8
YMBICORT®RY] ; {43 leukotrione D4 receptor antagonists/leukotricne antagonists/L D4
aptagonists {1.¢., any compound that 18 capable of blocking, inhibiting, reducing or atherwise
mmerrupting the ieraction between leukolriones and the Cys LTI receptor) including but not
Timited o) zafhiukast, montelukast, montelokast sodium (SINGULATRR), praniukast, iralukast,
pobilukast, SKBE-~ 106,203 and compounds described as having L TD4 antagonizing activity
deseribed in ULS, Patewt Mo, 5.565,473; (53 5 -bipoxygenase inhibitors and/or feukotriene
binsyothesis inhibuors {eg., slovion and BAY 1005 (CA regisiry 128253-31-0}]; (6} histaming
Hi receptor antagonisis/antithistamines (e, any compound that 5 capable of blocking, inhibiting,
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redacing or otherwise interrupiing the interaction bebwess histaaine and its receplor) inchuding
byt not lmted o) astemizole, acrtvasting, antaroling, azatading, azelasting, astamizole,
hromoephenivamine, bromopheniramine maleats, carbinoxaming, carshbasting, cetivizine,
chlorphoniramine, chloropheniramine maleate, cimenidine clomasting, cvelizing, eyproheptadine,
descarbosthoxyloratadine, dexchlorphenivaming, dimethindene, diphenhvdramine,
diphenyvipyraline, doxyviamine succinate, doxylarnine, ehastine, effetivizing, epinastine,
famotidine, fexofenadine, byvdroxyzine, hyvdroryzine, ketotifon, levocabasting, levocetivizine,
levocetivizine, lovatading, meclizine, mepyramine, mequitarine, methdilazine, misnserin,
mizolasting, noberasting, norasternizole, noraziermizole, phenindamine, phemraming, picimast,
promethazine, pynlanine, pyrifaming, ranitidine, toroelastine, terfenading, imeprazine,
fripelenaminge, and triproliding; (7} an anticholinergie including but not linuted to: atroping,

benziropine, biperiden. fatropium, hyoscyamine {e.g. Levsin®: Levhid®: Lovein/SLE®,

Annspaz®, Loveinex fimecaps®, NubovE), ilntropium, ipratropium, ipratropdum bromide,
methseopolaminge, oxybutinin, rispenzeping, scopolamine, and tiotropium: (8} an anii-tussive
ncluding but not limited to; dextromethorphan, codeine, and hydromorphone; {9) 2 decongestant
inclhuding bt pot limited to: peoudoephodrine and phomyipropanclaming; (16} an expectorant
inchiding but not limited to: guafenesin, guaicolsnifate, torpin, ammoniam chioride, ghycerol

guaicolate, and iodinated glyeerel; {11} a bronchodilator inclnding but not Hmited to:
theophylline and amincphyliine; (12} an anti-inflammatory including but not lmited to0;
flurthiprofen, diclophenac, indomethacin, ketoprofen, S-ketroprophen, tenoxican; {133 a PDE
{rhosphodiesicrase) inhibitor including but not limited 1o those disclosed horein; (14) 4
recombinant homanized monoclonal antibody [2.g. xolair (also called omalizumaly), rhuMah, and
talizomai]; {133 a humanized lung surfactant including recombinant forms of surfactant proteing
SP-B,SP-C or SP-10 {eg. SURFAXING, formeriy known as dsc-104 (Discovery Laboratorics)l,
{10} agents that inhibit epithelial sodum chanecls (ENa(”) such as anuloride and related
compounds; (17) aminucrobial agents used to treat pubmonary infections such as acyclovir,
amrikacin, arooxiciilin, doxveyeling, trumsthoprin subfamethoxazale, amphotericin B,
azithromyein, clanthronyein, roxithromyein, clarithromvein, cophalosporinsd cotfoxitin,
elmetazole ote, ciprotlonacin, cthambutcl, gentiroyein, ganciclovit, tnipenen, isoniazid,
iraconazole, penicilbin, ribavirm, rifampin, rifabutin amantadine, nmantidine, streptomycin,

tobramyein, and vancomvein; (18} agents that activate chloride secretion through Cat+
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Jependent chioride chaneels {such as purinergic receptor (F2Y{2) agonists); {19} agents that
decrease sputinm viecosity, such as human recombivant DNase 1, (Polmozyme®Y; (2403
nonsteroidal anti-inflammatory agents (acemetacin, acetaminophen, acetyl salicylic acid,
afelofonac, alminoprofon, apasone, aspirin, benoxaprofon, bezpiperyion, bucloxic acid,
carprofen, clidanac, diclofenac, diclofenac, diflunisal, diflusingl, elodolac, fenbufen, fenbufen,
fenclofenac, fenclozic acid, fenoprofen, fontiazac, foprazone, flufenamic acid, fufenisal,
flufendsal, fluprofen, fhabiprofen, flarbiprofon, furefenac, ibufenac, ibaprofen, indowethacin,
indomethacin, indoprofen, fsoxepae, isoxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic
acid, meclofenamic acid, mefenamic actd, mefenamic acid, miroprofen, mofebutazone,
naburoetone oxaprozin, naproxen, saproxen, niftomic acid | oxaprozin, oxpinas,
oxypheniutazone, phenacetin, pheoyibutazone, phenylbutazone, piroxicam, piroxicam,
pirprofen, pranoprofen, sudoxicam, tenoxican, suifasalazine, sulindac, sulindas, suprofen,
siaprafenic acid, tiopinac, toxsprofen, toifenamic acid, rolmetin, toimetin, zidometanin,
zomepirae, and zomepirac; and {21} acrosclized antioxidant therapeutics such as S-

Nitrosogiutathione,

Anti-obesity agents
The GURA peptides deseribed hereisn can be used in combination thorapy with an anti-
obesity agent. Suitable such sgents include, but are not limdted o0 |12 HSD-1 {1 1-beta hvdroxy
sterond dehvdrogenase tvpe 1) inhibitors, such as BV 3498, BV 2733, 3-(l-adamantyii-d-
cthyl-5-{zthyhhio}- 4H-12 4-trigzole, 3-(J-adamanty3-5-(3.4,5- tnmethoxyphenyl)-4-methyl-4H-
LY dariaznie, 3- adamantanvl-4,5,6,7.8 910,11 12 3a- decshydro-1.2 4-trinreln[d 3o}l
Hannulene, and those compounds disclosed in WOB1/SG001, W00 1790650, WOO /96092 and
WOUZ /72084, SHT antagonists such as those in WOD3/037871, WG03/037

7, and the hike;
SHT s modulators such as carbidops, benserazide and those disclosed in US6207694,
WOU3/031439, and the Tike; SHTZe (serotonin receptor 2¢) agonises, such as BYT933,
DPCAZT2ZES, 264, PNU 22384, WAYIGIS03, R-1063) BB 243213 {Glaxo Smith Kline) and
Y 348 and those disclosed in US3814254, WO 77010, WOGL/36396, WO02/481 24,
WON2/10169, WOB/BG54R, WORZ/M4152, WOO2/5 1844, WOUZ/40456, and WO02/40457;
SHT6 recepior modulators, such as those in WOOLU3GH0T, WOD3/G35061, WO03/839547, and
the like; acyl-esirogens, such as oleovi-estrone, disclosed w det Mar-Grasa, M. ot af, Ohesity
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Rescarch, $:202-9 {2001) and Japanese Palent Application Mo, JP 20002561 90; anorectic
hicychic compounds such as 1426 {Aventia} and 1954 (Aventis}, and the compounds disclosed n
WOMHYTET49, WODI/AZE3E, WOB/B2746, WONT/62747, and WOQ/015769; CR 1
{cannahineid-1 recopior) antagonist/inverse agoniais such as rimonabant {Acomplia; Sancfi), SR-
147778 {Sancfi), SR-141716 (Sanoft), BAY 65-2528 (Bavery, and SLY 319 (Solvay}, and those
disclosed in patent publications US4973587, USSOI3R37, USSORIIZZ, USSTI2820, 1155292736,
TIR5532237, LIS5624941, LURO(ZE084, USAA09367, USAAH0367, WONG/A315%, WOS7/29074,
WOBR/AL1227, WOSK/I3T65, WOOR/ST06T, WOSE/M41519, WOSE/M4A635, WIOR/435636,
WOS9/02499, WONYTH967, WOO/ 109658, WOSTAH120, WOO1/SBR6Y, WO01/64632,
WO0T/644633, WOU/64634, WORT/70700, WOL /26330, WODZAUTOS4S, WOg3/au604g7,
WODR/GG7887, WOU3/M20217, WOD3A26647, WO03/02664%, WOUIO27009, WOO3/027070,
WOOS/A271 14, WOG3/037332, WOO3/040107, WOD3/080940, WON3/084943 and EPAIRS46;
{COK-A {cholecystokinin-A) agonists, stich a3 AR-R 153849 G IR1771 (GRE), IMYV-180, A~
T1378, A-71623 and SR146131 (Sanofl}, and those described in USS739106: ONTF (Ciliary
neurotrophic factors), such as GI- 151771 (Glaxe-SmithKiing), SRI 46131 (Sanofi Synthelabol,
butabindide, PD 170,292, and P 149164 (Phzery: ONTF dervatives, such as Axckine®
{Regenerony, and those disclosed in WO84/09134 WOSE/22128, and WO99/4381 3 dipeptidyi
peptidase IV {DP-1V) inhibitors, such as tsoleucing thiazolidide, valine pyreoiidide, NVP-
DPPT2R, LAF23T, PO3/GL, P 3298, THL 225 (ryptophyi-12,3 4-tetrabydroisoquinolineg-3-
carboxyiic acid; disclosed by Yamada et al, Bioorg, & ded. Chem. Lett, 8 (39983 1537-15403,
TMC-2A2B/2C, CD26 inhibtors, FE 999011, PERIVK364, VIP (177, SDZ 274-444, 2-
cyanopyrroelidides and 4-cyanopyreolidides as disclosed by Asbwarth et al, Bioorg. & Med.
Chem, Lett, Vol &, Mo, 22, pp 1163-1166 and 2743-2748 (1996) and the compounds disclosed
patent publications, WO IR501, WOLYEGRT2, WOSNET2TS (Protiodrug), WOS3/67272
{Probicdrug), WO961431 (Probiodrog), WOU2/O83 128, WO02/062764, WOO3/660180,
WOUS/0001 81, WOO3/A00250, WOO3/G02530, WOO3/00253Y, WOOMNN2553, WOG3/002593,
WON3/004498, WOO/A04456 WONSG1T936, WOOR/024942, WONR/024965, WOHS/033524,
WOOU3/037227 and EP1258476; growth hormoone seorctagogue rocopior agonists/anfagonists,
such ag MNT03, hexarchin, MK~ 0677 (Morck), SM-130686, CP-424391 (Pfizen), LY 444,711
(Eh Lillyy, £-692,429 and L- 163,255, and such s those disclosed in USSN U8/662448, US
provisional application 60/203335 1JSa358951 UR2002049196, US2002/022637, WOGL/565332
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aned WOG2/32888; H3 (histamine H3) sidagonist/inverse agowsts, such as thioporamude, 3-{1H-
mmidazol-4- yhpropyl M-(4-pentenyDcarbamate), dobeopropit, odophenpropit, imoproxifan,
(372394 {Gliatech), and A331440, G-[3<(IH-imidazol-d-ylpropancticarbamates (Kiee-
Kononowicz, K. ot al, Pharmazic, 55:349-55 (2000, piporidine-comaining histamine H2-
receptor antagonists (Larzewska, B, et al., Pharmazie, 56:927.32 (20013, benzophenone
dervatives and related componnds {Sasse, A, et al, Arch. Pharm Weinheimy 334:43-52 (20013,
substituied N- phenvicarbamaies (Beidemeister, 3. et al, Pharmazie, 55:83-6 20001, and
proxifan derivatives {Sasse, AL et al ) | Med, Chem. . 43:3333.43 {20000 and higtamine H3
receptor modiiators such as those disclosed in WOQ2/E3508, WOO3/024928 and WO03/424929,
leptin derivatives, such as those disclosed 1o USSSS2524, LISSS52523, USEE52522, USE5212K3,
WOS6/23513, WO96/Z3514, WO06/23515, WOSG/23516, WOSH/23517, WO9/2351K,
WO86/23519, and WOS/23320; leptin, including recombinant human leptin (PEG-0B,
Hotfman La Roche) and recombinant methiony] buman leptin {Amgen): Hpase inhibitors, such
as tetrahvdrolipstatin {orlistat/Xenical®y, Triton WRI 339, RHCR0267, lipstatin, teasaponin,
dicthviumbelfiferyi phosphate, FL-386, WAY 121898, Bay-N-3176, valilactone, e¢steracin,
chilactone &, ebelactone B, and RHC 58267, and those disclesed in patent publications

WO/ 77004, US4302089, US4452813, USURSS128658 USSAG1871, USSa02151, US4405644
US4189438, and 1184242453; lipid metabolism modulators such as maslinic acid, ervthrodich
ursolic acid uvaol, botulinic acid, betulin, and the like and compounds disclosed in

WOU3/41 1267; Medr (melanocortin 4 roceptor) agonists, such as CHIRZG03S (Chiron), ME-
10142, ME-191435, and HS-131 (Mclacure}, and those disclosed in PCY publication Nos.
WORHEA00Y, WOOH/ 74670, WOO VA1 782 WOO 125182 WO /32880, W00 /74544,
WO /70708, WOO/70337, WOD1/91752, WOO2/053085, WO02/050187, WOLX/52108,
WOAS011T, WOOZ/06276, WOOZ/2166, WOOZ/ TS, WOOZ/12178, WOHZ/15909,
WO02/368544, WODZ/G68387, WODZ/06838R, WOUR/A6786%, WOUZ/081430, WOO3/66604,
WOUS/007943, WOUS/09E847, WOO3/G09350, WO3/013509, and WOU/031416; MeSr

{melanosortin & receptor) modulators, such as those disclosed i WOST/19952, WOH/ 15426,

WO 3700, US2002009204 1; melanin-concongrating hormone 1 receptor (MOHR)
antagonists, such ag T-226296 {Takeda), SB 568849, SNP-7941 {Syoaptic), and those disclosed

m patent publcations WOO 121168, WOBT/B2825, WOU/ETE3, WOU2Z/AB5 18504,
WONR/O6245, WON/ATE92%, WORZ/ATE047, WOGZ/A4433, WORL/S 1809, WOOT/NE3 134,
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WOUZ/08479%, WOUS/004027, WODS/13574, WON3/15769, WOOI/G28041, WOOZ/035624,
WO03/033476, WOQI/033480, IPI3226269, and JP143705%; GRS modolators such as those
disclosed in WOO3A29210, WO 047581, WOOM04R1 37, WOO/05131 5, WONR/51833,
WO0/A53922, WO03/059904, and the ik serotominergio agents, such as fonfluramine (soch as
Pondimin® {Benzencethanamine, MN-cthyl- alpha-methyvi-3-{triffuoromethy D, hydrochlorides,
Robbins), dexfeafluramioe {such as Redux® {Benzenesthanarning, N-ethyl-alpha-rethvi-3-
{rifluorcmethy -, bydrochloride, Intemeuron} and sibutramine {Meridia®, Knoll/Redoetif®™)
inclnding racemic mixtures, as optically pure isomers (43 and (-3, and pharmaceutically
acceptable salts, solvents, hvdrates, clathrates and prodrags thereof incluading sibutramine
hydrochloride monobydrate salts thereof, and those compounds disclosed in UB4746680,
LIS4R00570, and USS436272, US20020006964, WO 1/27068, and WOO 1/62341; NE
{norepinephrine) transport inhibitors, such as GW 320659, despiramine, talsupram, and
nomifenaing, NPY 1 antagonists, such as BIBPI226, 1L118814, BIBG 3304, LY-387897, P
671900, (31 2648794, and those disclosed in USEDDIR3S, WOR6/14307, WOG1/23387,
WOGSS 1600, WODI/ESESD, WOB/BSG9R, WOO/RS1TS, and WOLL/HO52E, NPYS
{neuropeptide Y Y5} antagonists, such as 152,804, GW-5631804, GW-53948844, GW-
FET081X, GW-5481 18X FRI35208 FR226928, FR240662 FR2A2384, 1220091, GE-264879A,
CGPT7I683A, LY 377897, LY-366377, PIR16G1 70, SR~ 1203624 SR-1208194 ) HUF-104, and
H409/27 and those compounds disciosed in patent publications US61440354 US6191 180,
USE218408, US6258837, US6313298, US6326375, USE329395, USE335345, LIS6337332,
LUS6329395, US63406283, EPOI010691, EF-01044970, WO97/19682, WO97/20820.

WO/ 185730, WOD0/a4880, WOOD/E8197, WOG0/E9849, WO/ANT13917, WOG/G2120,
WOOE/14376, WOOL/EST 14, WOOL/E5730G, WOOL/G740%, WONT/023T9, WO01/23388,
WODT/23389, WOO 1744201, WODBT/WRLIT737, WOOL/62738, WOOL/AS 120, WO2/20488,
WOUL/Z22592, WOUZAE152, WO0I/4R643, WOO2/G518046, WOOL/O94789, WOO3/000845,
WON3/014083, WOO3/022R49, WOLBAZRT26 and Norman et al, | Med. Chem. 43:4288-4312
{2000); opiotd antagonists, such as nalmefone (REVEX @), 3-methosynaltrezons,
methvinalirexone, naloxone, and naltrexone {e.g. PTG, Pain Therapeutics, Ine.) and those
disciosed 1 USZO050004155 and WG/ 21509, orexin anfagonists, such as SB-334867-4 and
those disclosed in patent pohlications WOG/96302, WOOE/68609, WONZ/M44172, WONL/E1232,
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WOUZ/STE3E, WOUZOERE00, WOOLAESS, WO03/823561, WO03/A32991, and
WO03/G37847; PDE inhibitors {e.g. compounds which siow the degradation of oyclic AMP
{e AMP) and/or cyelic GMP (cGMP} by inhibition of the phosphodissterases, which can fead o
refative inerease in the intraceitular concontration of cAMP and ¢GMP; possibic PDE inhihitors
are primarily those sebstances which are to be mombered among the class consisting of the PIDE3
subibiiors, the class consisting of the PDE4 inhibitess and/or the class consisting of the PDES
inhibitors, in particnlar those substances which can be designated as mixed types of PDEZ/4
inhibitors or as mixed types of PDEI//S inhibitors) such as those disclosed n patent
publications DE1470341, DE2108438, DEZ123328, DE2305339, DEZ3OSSTE, DEZ315801,
DE2402908, DEZ4IBYIS, DE2451417, DEZAASUBG, DEZI64G4LS, DERT2T4RT, DEZEZSG4R,
BEZ837161, DEZR4S220, DEZE47621, DEZR34747, DE3G21792, DE3D3S166, DE3044568,
EPFGOOT1E, EPGOORA0E, EPODIOTS9, BPFOG3994E, EPOOT7436, ERPOOS6STT, EPOL 129K7, EPOH
16948, EPOISO937, BPO1AR3E0, FPOIA1A32, EPOIGISIE, FPHIATIZL, EPOIO9127 BPE220044,
EPQ247725 EPOZ538191, EPQ272910, EPG272914, BEPJ294647, EPQ300726, EP(335384,
EPO3ST7EE, EPOIRGIR2, EPG400958, EPGEI61 80, EPG42K302, EPOA3SE1 L, EPO4TOR0S,
EPO4AR220E, EPGA90823, EPDS061 94, EPG311KE5, BPUSZ7117, EPGG26039, EPU664289,
EPO6T71389, EPOORS474, EPOGES4TS, EPDARSATY, IPO223435%, iPO4329652, IPOSHIORTS,
184963561, LISS141631, WO2117491, wWO9200068, WO8212861, WO93(7146, WH8315044,
WOSR15045, WOBI S04, WOR3I9068, WG 19720, WOR319747, W9319749,
WOR3TH751, WOU325517, WOB402465, WOR400423, WO0412461, WO420455,
WOG422852, wB425437, WO0427947, WOSS00516, WOUSHI9RN, WO0503794,
WORS04045 WOOSN4N4E WOSGS3E6, WORS0RS24 WOON0623 WORE00R24,
WOSSH0627, WOOS(8836, WO9S14667, WOS514680, WOU314481, W(9517392,
WO9S17399, WOO5S19362, WOS522520, WO9S24381, WOOS27692, WOUSIRMLN,
WOSS3A28T, WODS35282, WO9KGO21R, WOB601 825, WOBOHIS41, W9611917,
DE3T4298T, DEL 116676, DE2I62096, DPOIS3063, EPG463756, EPG422208, HPO5T79496,
EPOGET345 1US6331843, US20050004222 {including those disclosed m formulas I XIH and

paragraphs 37-39, B5-0545 and 557-577), WOOAL7124, EPOLS3865, FPRAG3500, FPOS 10562,
EPOSS53174, WODSDI338 and WOB603399, as well as PDES inhibtiors {such as RX-RA-69,

SOH-51866, K734, vesnarmong, zaprinast, SKF-96231, BR-21355, BF/GP-385, NM-T742 and
sildenafil (Viagra™0), PDE4 inhibitors {such as etazolate, ICIGE3 197, RP73401, imazelidinone
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(RO-26-17243, MEM 1414 (RYS33/RISON, Pharmacta Roche}, denbufyiing, rolipram,
oxagrelgte, nifraquazone, Y-590, DH-6471, SEF-94128, molapizene, lixazivone, indelidan,
olprinone, atizoram, K8-506-G, dipamfviiine, BMY-43351, atizoram, arofyiling, filaminast,
PDRE-003, UUR-29646, CDP-844, SKF-107806, piclamiiast, RR-175397, R5-25344- 000, 8B~
207499, TIBENELAST, 5B-210667, SB-211572, SB-2116(4), 5B-212066, SB-212179, GW-
3600, CDP-340, mopidamel, anagrelide, ibudilast, aroninone, pirobeondan, cilostazol, quazinone
and N-(3,3-dichloropyrid-d-v1i-3-cvelopropylmethoxvd-difluoromethoxybenzamide, PDES
inhibitors (such as ICH 83, 108, bemorandane (RW]J 22867y, MCI-154, UD-00G 212, aifmazole,
ammpizone, cilostamide, carbazeran, piroxtmoene, imazodan, CR23{, siguazodan, adibendan,
satermone, SKE-95054, SDA-MES-492, 349-11-85, emoradan, EMD-33998, BEMID- 37033, NSP-
336, WNNP-307, revizinone, NM-70Z, WIN-6Z582 and WIN-63291, enoximone and mitlrinone,
PIE3/4 inhibitors {such as benafentrine, frequinsin, ORG-30029, zardaverine, L- 686395, SD2-
50844, ORG-20241, FMID-S4622, and tolafentrine) and other PDE inhibitors {such as
vinpocetin, papaverine, enprofviline, cilomilast, fenoximone, pentoxifviling, roflumilast,
tadalafii{i 1alis®), theophyiline, and vardenafili Lovitra®); Mewropeptide Y2 (NFY 23 agoniats
inchude but are not Hmited to: polypeptide Y'Y and fragments and variants thoreof {eg, YY3-36
{PYY3-36 3N, Engl 1 Med. 349:941, 2005, IKPEAPGE DASPEELNRY YASLRHYLNL
VIRQGRY {SEQ D NOXHX) and PY'Y agonisis such as these disclosed in WO02/47712,
WONRAIR59E, WONR/MST235, and WO0027637; serotonin reuptake inhibitors, sach as,
paroxetine, fluoxetine (Prozac™), fluvoxamine, scrtraling, citalopram, and mipramine, and
those disclosed in US6162803, US6363633, WON3/00663, WOO 1717060, and WO 1/162341;
thyroid hormone [ agonists, such as KB-2011 (KaroBicBMS), and those disclosed in
WOOZ/ER4S, WG7/21993, WOOS/00353, GBYE/284428 1.5, Provisional Application No,
60/183.223, and Japancse Patent Application Mo, 1P 200G0256190; UCP-1 (uncoupling protein-13.
2, or 3 activators, such as phytanic acid, 4-[{EY-2-(5, 6,7, 8- tetrahydro-5.5,5 8-tctramethyvl-2-
napthalenyli-l-propenylibenzote acid (TTNPR), retinoie acid, and those disclosed i
WOGS/A0123; B3 (heta adrenergic roceptor 3} agonists, such as AT TARGTT
{Dainippon/Takeda), L7303583 (Merck), CP331648 (Plizery, CL-316243, SR 415790, BRE-
37344, L-796568, BMB-196085, BRL-35135A, COPI21774, BTA243, GW 4273

Trecadring, Zencca 37114, N-SUR4 (Nisshin kyoring, LY -377604 (Ladly)y, B3R 33 118A, and those
dinclosed in USS541204, LUURST70615, USS491 134, URATT69E3, UR4ERG64, USSTHA515,

W33,
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URS451677, WO/ E16E, WONS/ZB 159, WO9T/46556, WOSRO4520 and WOBB/32753,
WORL/T4TRE, WO0R/32897, WOOLS/MN4113, WOOLT/016276, WOUO3/016307, WOG3/024942,
WONR/A24953 and WOLR/G3788T: noradrenergic agents incloding, but not Himited io,
dicthylpropion (such ag Tonmuate® (1~ propanong, 2-{dicthyiaming - -phonyi| bvdroechloride),
Merrelly, dextroamphbetanine {also known as dextroarophetamine sulfate, dexamphetamine,
dexedrine, Dexarnpes, Ferndex, Oxydess 1, Robese, Spancap #1}, roazindol {or 5-(p-
chlorophenyl}-2,5-dihvdre-3H- imidaroi 2 -ahsoindol-3-0l) such as Sanores®, Novartis or
Mazanor®), Wyeth Averst}, phenvipropanolamine {or Benzenemethanol, alpha-(-aminoethyi}-)
hvdrochioride}, phentermine {{or Phenol, 3-[[4,5-duhydro-1H-imidazol-2-vhethyij(4-
methylpheny-Damioe ], monohydrechloride’ such as Adipex-PR, Lemmon, FASTING, Smith-
Kline Beocham and Ionamin®, Medova), phendimetrazine ({or (25,3533 4-Dimethyl-
Iphenyimorpholine L-{+)- tartrate (1 : 1) such as Metra® (Forest) |, Plegine® (Wyeth- Ay erst),
Prelu-2® {Bochringer Ingetheim), and Statobex® {Lemmon ), phendaming farfrate (such as
Thephorin® (2,3,4,9- Tetrahvdro-Z-methyb-9-phenyi-lH-indenol{ 2 bclpyridine L-{+ -tartrate (1
14, Hotfmane- LaRoche), methamphetamine {such as Desoxyn®, Abbot ((83-M, {alpha}
dimethylbenzencethanaming hvdrochloride}), and phendimetrazine tartraie {stch as Bonuil®
Siow-Release Capsules, Amarin (-3.4-Dimethyi-2-phenyimorpholine Tartrate); fatty acid
oxidation upregulator/indncers such as Famoxin® {Genset), monamine oxidase inhibitors
including but not mited to befloxatone, moclobemide, brofaroming, phenoxathing, csuprone,
betfol, toloxatone, pirlindol, anuflamine, sercloreming, bazinaprine, farabemide, milscenude,
caroxazone and other cortain compounds as disclased by WGU1/12176; and other anti-shesity
agents such as SHT-Z agonisis, ACC (aceryi-CoA carboxylase) inhibitors such as those described
in WO03/072197, alpha-lipoic acid {(alpha-L A}, AQDS04, spnctite suppressants such as those
n WOO3/AG 107, ATL-962 (Alizyme PLO), benzocaine, benzphetamine hydrochloride (Didrex),
dadderwrack (focus vesicuiosusy, BRS3 (hombesin receptor subtvpe 31 agonists, bupropion,
caffeine, CCK agomists, chilosan, chromdum, conjugated linoleie acid, conicotropin-releasing
hormone sgondsts, debydroeptandrosterone, DOATH{diaoyiglyeerol soyvliransforase 1) inhibitors,
DGATZ (diacylglyveerol acyliransforase 27 inhibitors, dicarboxyviate transporter inhibitors,
cphedra, exendin-d {an inhubitor of glp-1} FAS (faity acid synthase) inhibitors {such as Cerplenin
andd 27353, fat resorption inhibiiors {soch as those in WOO3/A53451, and the hike), fatty acid
fransporter inhihitors, natural water soluble fibers (such as poviiiur, plantage, guar, oat, pectind,
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galanin aotagoiisis, galega {(QGoat's Rue, Fronch Lilac), garcinia carobogia, govroander (toucnom
chamacdrys), ghrelin antibodics and ghrelin srtagonists {such ag those disclosed in
WOR/ETA3E, and WOD2/08250), polypeptide hormones and variants thereof which affeet the
islot coll scorction, such as the hormones of the seorctin/gastric inhibitory polypoptide
{GIPYvasoactive intestinal polypeptide {VIPYpinitary adenviate cvelase activating polvpeptide
{PALCAPYzlucagoo-like polypeptide 1 (GLP- Hygheentin/glucagon gene fanuly and/or those of
the adrenomeduliin/amyiin/calctionin gene related polypeptide (CGRP) gene family
inclndingGLP-1 {ghicagon- ke polypeptide 1) agonists (e g, {1} exendin-4, {2} thoss GLPB-1
molecules deseribed in USZ200501 30891 including GLP- 1{7-34), GLP-K7-35), GLPI7-363 or
GLP-{7-37) i ite C-tormmnally carboxylated or amidated form or as modified GLP-
polvpeptides and modifications thereof including those described 1o paragraphs 17-44 of
USZHN50130891, and derivatives derived from GLP-1(7- 34CO0H and the corresponding acid
amide are employed which have the following goneral formzla: R-NH-
HAEBGTFISDVSYLEGOAAREFIAWLVI-CONH, wherein B=H or an organic compound
having from | io 18 carbon atoms. Preforably, R s the residue of a carboxvlic acid, Particularly
preforred are the following carborxyvlic acid residues: formyl, acotyl, propionyi, isopropionyl,

N

methyl, ethyi, propyl, isopropyl, nebutyl, sec-butyl, tere- butyl} and glp-1 {glucagon-like
polypeptide- 1}, glucocorticoid antagonisis, glucose transporter inhibitors, growth hormone
scerctagogues {such as those disclosed and specifically described in USS536714), interleukin-6
{1L.-6} and modulators thereo {as in WOU3/057237, and the bike), b- carniting, Me3r
{mclanocortin 3 recepior} agonists, MUHIK {melanin concenirating hormone 2R}
agonist/antagondsts, melanin concentrating hormone antagonists, melanacortin agonists {such as
AMelanotan H or those described in WO 99/64002 and WO 00/74579), nomame herba, phosphate
transporter inhibitors, phytopharm compound 57 (CF 644 6733, pyruvate, SCD-1 {stearoyl-CoA
desaturase-1} inhibttors, F71 (Folarik, Inc., Boulder CO), Topiramate {Topimax®, indicated a8
an anti-convulsant which has been shawn 1o inercase worght loss), transeription factor
roodulaiors (such as those disclosed i WOO3/026576), B-hydroxy steroid dehydrogenase- |
inhibitors (B -HSD-D, B-hyvdrony-B-methylbutyrate, p837 (Phizer), Zomsamide (foncgran™,
mdicated as an anti-cpileptic which has beon shown to lead to weight foss), and the agents
disclosed i US200301 19428 paragraphs 20-26,

Anii-Diabetic Ageris
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The GCRA peptudes described berein can be used in therapeuiic corabination with one or
wore anti-diabetic agents, including but not brmited 1o PPARy agonisis such as glitazones {e.g,
WAY-120,744, AD 5075, balaglitazone, cighitazone, darglitazone (CP-86325, Pfizer),
c,ngimaif e (CP-6R722) Pfaory, waglitazone (MIT/I&T), MCC- 335 (Mitsibishi disclosed in
LIN3594016), pioglitazone {such as such as Actos’ pioglitarone; Takeda), rosiglitazone
(Avandia ;Smith Kling Beechamy), rosighitazone maleate, troglitazone {Rexulin®, disclosad in
UIR4572912), rivoglitazone ((TS{)], 1, Sankvo}, GL-262579 {Glaxe Welcome), BRE4ASGS3
{disclosed i WOSE/0533 1), CLX-0921, S-BTZD, GW-0207, LG~ 10064, JIT-301
(IPNT/PELD, L-895645 (Merck), R-119702 (Sankyo/Plirer), NN-2344 (Dr. Reddy/™NN}, YM-~
449 (Yamanoochi), LY-300512, LY-519818, B433 (Roche), T131 {Tulank), and the like and
compounds disclosed m LIS40KTTT7, UN3002953, UNST741803, UNS965584, USAIAN3E3,
USE1503R4, USA166042, US6166043, USETTI000, URE211205, USA271243, LIS62REG95,
LIS6303640, LISA329404, LIKNSO04854 WOOT/10813, WOST/ 27857, WOUT/Z8115,
WOST/2RI37, WOGT/27847, WOOGT6488, WOO3/D00688, W3/ 027112, W0O03/035602,
WOU3/0481 30, WOD3/O55867, and pharmacentically acceptable salts thoreof), biguanides such
az metformin hydrochloride (N N-dimethyvlimidodicarbonimidic diamide hydrochioride, such as
Glucophage™, Bristo!-Myers Sauibb) metformin hydrochloride with glyburide, such as
Glacovance™, Bristoh-Myers Squibb); buformin (Imidedicarbonimidic diamide, N-butyl)
ctoformine {-Butyl-2-cthylbignanide, Schering AL Gy othor motformin salt forms (incloding
where the salt 18 chosen from the group of, acotate, benzoate, citrate, fimarate, embonate,
chlorophenoxyacctate, glyeolate, palmoate, aspartaic, methancsulphonatice, maleate,
parachicrophenoxyisobutyrate, formate, lactate, succinaie, suiphate, tartrate,
evelohexancearboxylate, hoxanoste. octancate, decanoate, hoxadecanoatc, octodecanoate,
benzencsuiphonate, trimcthoxybenzoate, paratolucncsuiphonate, adamantancearboxviate,
glveonylste, glutaraate, pyrrolidonecarboxylate, naphthaicnesniphonate, 1-ghicosephosphatc,
nurate, sulphite, dithionaie and phosphate}, and vhentormurg pradcin tvrosing phosphatase- 1B
{PTP-IB)} inhibuors, such as A-401 674, KR 61638, OC- 060062, OL-33838, OC-297962,
MOS2445, MOCS24583 ) 1818 113715, and those disclosed in WOPS/3E3521, WOSY/55818,
WOSR/SE522, WOI9/6 1435, WOORS/H32916, WOOS/B32982, WOUO3/041 725, WOO3/055883,
WOUZZ2e70T, WOUX/ZE743, JP20021 14762, and pharmaceutically acceptable salts and estors

thereofl, wulfonyiurens such as acetohexamide (e g. Dvmelor, Bl Lilly), carbutamide,

L] v
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chlorpropanide (e g, Dhabinese®, Plizer), ghianulide (Pfizery, gliclazide {e.g. Bameron, Borvier
Canada Incl, glimoepiride {e.z. disclosed in US4379785, such as Amaryl, Aventis), ghipeniide,
glipizide {e.g. Glucotrol or Glneotrol XL Extended Release, Pfizer), gliquidone, glisolamide,
glvburide/ghbenelamide {e gz, Micronase or Glynase Prostab, Pharmacia & Upjohn and Diabota,
Aventis}, tolazamide (e.g. Tolinase), and tolbutamide {e.g. Orinascl, and pharmaceutically
acceptable salts and esters thereef;, meghtinides such as repaghnide {(v.g Pranidin®, Nove
Nordisky, KADI229 (PF/Kissei), and nateglinide te.g. Sarlix®, Novartis), and pharmaceutically
aceeptable salts and esters thereof, o ghncoside hydrolase inhibsiors (or gluceside inhibitors) such
as acarbose {e.z. Precose™, Bayer disclosed in 1754804769}, mightol {such as GLYSET™,
Pharmacia & Upjobo disclosed in 1S4639436), carmglibose (Methyvl 6-deoxy-0-{{(ZRIR 4R 553
3.4, 5-wihydroxy-2- (hydroxymethyiipiperidinej-alpha-De-glucopyranoside, Marion Merrel
Dow), voglibose (Takeda), adiposine, emiglitate, pradimicin-G, salbostatin, CED-711, MDEL-
2637, ML 73 945, and MOR 14, and the componnds disclosed in US4062950, 184174439,
US4254256, US4701559, US4639436, USS192772, 1184634765, US3157116, LIS5304078,

85091418, LN5217877, LIS31091 and WOU 1/47528 (polvamines}; g-amylase inhibitors such

as tondamistat, trestatin, and Al -36KE, and the compounds disclosed in UN44531455,
1154623714, and US4273765; SGLTZ inhibtors including thoss disclosed in 186414126 and
USE515117; an al? inhibitor such as disclosed in US634K8529; insulin sccrcatagogues such as
tinogliride, A-4166, forskilin, diburyrl cAMP, isobutyimethyixanthine (IBMX), and
pharmaccutically acceptable salts and osters thereof; fatty acid oxidation inkubitors, such as
clomaxis, and gtomoxir, snd pharmaccutically acceptable salts and csters therenf) AT
antagonises, such as midaghrole, inaghidele, derighidole, idazoxan, earnxan, and fluparoxan, and
pharmaccutically acceptable salts and cstors thereof) insulin and related compounds {eg. insnlin
mimetics) such as bigta, LP- 100, novarapid, insulin detemir, insulin lispro, insulin giarginc,
nsulin zine suspension (lente and uliralenie), Lyvs-Pro insulin, GLP-1 (1-36) amide, GLP-1{73-7}
{insubidropin, disclosed 1o USS8614492), LY-315802 alhy), GLP-1{7-36)-NHI), AL-401
, seriain compositions as disclosed in US4879730, US4248405, US486352¢6,

US5642868, UISST63396, US3E24638, US3843866, USEI 53632, USR0S, and WO

{ Antoiromune}

R5/05029, and primate, rodent, or rabbit insulin inchuding biclegically active variands thereof
meluding alichic varianis, more preforably homan insuhio avaiable i recombinant form (sources
of buman tnsulin inchide pharmaceutically acceptable and steriie formulations such as those
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available from BH Lilly (ndisnapolis, Ind, 4628%) as Humadin. (woan josulin sfDNA origind,
also sce the THE PHYSICIAN'S DESK REFRERENCE, 53.sup.th Ed. (2001} Medicsl
Eeonomtes, Thomson Healthcare (disclosing other suitable human insuling); non-
thrarodidinediones such as JT-501 and farghitazar (GW-2STH/GI- 2625879}, and pharmaccutieally
acceptable salts and estors thereof, PPARw/y dual agonists such as AR-HO39242 (Aztrazenceal,
GW-40%344 (Glaxo-Welcome), BYT-142, CLX-0940, GW-1536, GW-1929, GW-2433, KRP-
297 {Kvorin Merck; 5-{(2,4-Dioxo thiazohdinyDmethvll methoxy-N-[[4-
{mfluoromethyvlphenyl] methvifbenzamide), L-796449, LR-80, ME-0767
Merck/Kyorin/Banyul, 8B 219994, muraglitazar (BMS}, tesaglitzar {Astrazencea), reglitazar
{FUT-501 1 and those disclosed in WOSWT675E, WOLBYS/ 19313, W08 20614, WOSS/38858,
WO 23415, WOBZ3417, WODD/23445, WOO00/50414, wWO01/00579, WOB1/79150,
WOO2/GE279%, WOG3/00445%, WOH3/016265, WONR/G18010, WOO5/033481, wiG3/33450,
WOOR03345%, WONZ/N43985, WO 031053976, UK. application Ser. MNo. (9/664,398, filed Sep.
18, 2600, Murakami ot al. Triabetes 47, 18411847 {1998), and pharmaceutically acceptable salts
and esters thereof] other insulin sensitizing drugs; VPAC? receptor agonists; GLK modnlators,
such as those disclosed 1 WO03/015774; retinoid modulators such as those disclosed in
WOOR/G00249. GSK 35/GSK 3 inhibitors such as 4-{2-(2-bromaphenyt)-4-{4-flucrophenyi-IH-
imidazol-3- yljpvridine and those compounds disclosed in WO03/024447, WOO3/037869,
WOO3/G37877, WOB3/A3TRSY, WOODERTTS, EPI295284, EP12955885, and the Bke; glyeogen
phosphorviagse (HGLPa) indubitors such as CP-368,296, CP-316,81%, BAYR3401, and
compounds disciosed i WOO 1794300, WOHZ/20530, WON3/037804, und pharmaceutically
acceptable salts or esters therent) AT consumption promaotors such as those disclosed in
WOO3/0G7990; TRE3S mhibitors; vanilloid recopter ligands such as those disclosed in
WO(3/049702; bypoglycemic agents such as those disclosed in WOO03/615721 and

WO03/6401 14, ghycogen synthase kinase 3 inhibitors snch as those disclosed in WO03/0356403
agends such as those disclosed i WOSH/31225, USZO030G1 34890, WOB/ 24726, und
WON3/AS9R T, nsulin-responsive DINA hinding protein-1 JRDBP-1; as disclosed in
WOS/037827, and the Tike: adenosing A2 antagonists sach as thoss disclosed in WOO3/35639,
WO03/035640, and the like; PPARS agonisis such as GW 501516, GW 590735, and compounds
disclosed i JPTU23704Y and WOOL/14291, dipeptidy! peptidase IV (DP-1V) inlubitors, such as
isoleucine thiazohdide, NVP-DEFPT2RA (3~ [[[2-1{S-cvanopynidin-2-
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vhamino fethyHamioo Jacetyli-2~cvano-(8-pyrrobidine, disclosed by Hughes of al, Brochemistry,
3R3Gy, 11597-11643, 1999, P32/9R, NVP-LAF-237, P3298, TSL225 (ryptophyi-1,2,3.4-
etrahvdro-isoquineline-3-carboxyle acid, disclosed by Yamada et al, Bioorg. & Med. Chem.
Lo, 8 {1998} 1537-1540), valine pyrrohidide, TMC-2A2B/2C, UB- 26 inhibitors, FES9901 1,
POSTO/A 364, VIR $177, DPP4, SDZ 274-444, 2-cyvanopyrrohdides and 4-cyvanopyrrolidides as
disclosed by Ashworth et al, Bioorg. & Med. Chem. Lett, Vol 6, No. 22, pp 1163-1166 and
2745-2T48 {1998} .and the compounds disciosed n USE333767, US6373287, USH395767
{componnds disclosed mehude BMS-47711K BME-471211 and BMS 338 305), WO99/36501,
WOS9/M6272, WOBY/ET279, WORY/6T7275, WSS/6 1431 WO03/004498, WO03/6044946,
EPI25RAT0, WOUZ/OEZIZE, WOUZ/B62ZTo4, WOH3/BHUZS0, WO03/02538, WOG3/002531,
WODB/G02553, WODZ/MOZ593, WOD3/HD0IR0, and WOUR/000181;, GLP-1 sgonists such as
exendin-3 and exendin-4 (including the 39 az polvpeptide synthetic exendin-4 called
Hxenatide®), and compounds discloaed in USZOO3087821 and N7, 5304256, and
pharmaccutically acceptable salts and osters thereof: peptides including amlintide and Symilin®
{prambintide acetate); and glveokinase activators such as those disclosed in US2002 103149
{fused hoteroaromatic compounds) and WHIZ/48106 (isoindohin-1-one-substituted propionamide

compounds).

Phosphodiesterase inhibitors

The GCRA peptides deseribed herein can be used in combination therapy with a
phasphodigsicrase inhibitor. PDE inhibiiors arc those compounds which slow the degradation of
eyt AMEP (cAMP) and/or oyelic GMP (cGMPY by inhibition of the phosphodiesterases, which
can lcad to a relative inerease in the intracellular concontration of ¢ AMY and/or cGMP.
Possible PDE inhibitors are primarily those substances which are to be numbered among the
class consisting of the PDES inhibttors, the class consisting of the POE4 mhibitors and/or the
class consisting of the PDES mmhibitors, o particular those substances which can be designatod as
rotxed types of PDE3/4 inhibitors or as sixed types of PDEY/A/S inhihitors. By way of example,
those PRE inhibitors may be mentioned such as arg deseribed and/or claimed in the following
patent applications and patents; DEI470341, DEZ108438, DEZ123328, DE230533%,
DE2305575, DEIZISROY, DEZ40Z90S, DBEI413935, DE2451417, DE2A3R080, DE2646469,
DETZIALT, DE2E25G48, DEIRITIAT, DE2E4AA22G, DBEIR4T6IL, DE2934747, DE3G2I79L,
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DE3U38166, BESINEASHE, BEPOOUTIE, BEPUUOB4GE, EPOG10T750, EPOUSUHAE, EP007 5434,
EPOO9aSTT, EPOL 12987, EPOL 16948, EPG130937, EPOISE380, BP0 1632, EPOIGIDIE,
EPQI6TIZE, EPOTQOI27, EPO220044, EPO24772S, ERG25K10T, EPO2Z72910, EPOZ72914,
EPO2%4047, EPGAONT26, EPO3353R6, EPQIATTEE, EPU3EOIRE, EPO4BGDSK, EPO4Z51E0,
EP4ZE302, EPO435R1T, EPOATOEGS, EPO4R2208, ERGA00822, EPUA(6194, EPOSTIRGS,
RROS2TIVY, EPGOZOY3D, EPO6642R9, EPGGTIRES, BPU6E5474, EPOGRSATE, EPUOEANTY,
JPO2234389, JP94329632, JPORGIGETS, U3, Pat. Nos. 4,963,561, 5,141,831, WQOS11T991,
WO0096K, WO9212961, WOR307146, WOGRTA44, W93 15045, WOG318024,
WO9319068, WOO3T3720, WOS319747, WiHe319749, WOS319751, Wa325517,
WORA02465, WO2AD6423, W94 12461, WOS4ZO4RS, WS4 22852, W(9425437,
WOGAZTI47, WOOS00516, WO 980, W9s03794, wWORHMO4S, W93504046,
WORS053K0, WOISDES34, WORS09623, WOSSIAZ4, WOOSH9627T, WOH309E3s,
WOOST46AT, WOOST46R0, WOOST46RT, WOIBSTT392, WOU517399, W8519362,
WOR522520, WOOS2438], WO8527692, WQOSS2E926, WOIGS35281, WOS335282,
WOSKHHZ 1R, WOO60IR2S5, WOSHZS4E, WOB6HIOET, DE3I42982, DEL 16676, DE2 1620396,
EPO293003, EPG43756, EPO4R2Z0K, EPO579490, EPO6AT3A5 186,331,543, US20050004222

{including those diselosed in fornmalas 1-XHE and paragraphs 37-39, 850845 and 357577 and
WOR307124, EPO163965, EPQ393300, EPO510562, EPOSS3174, WO2501 338 and WO96(3399.

PDES inhibitors which may be mentioned by way of example are RM-RA-69, SCH-51866, KT~
734, vesparinong, zaprinast, SKE-96231, ER-21355, BE/GP-385, NM-702 and stldenafil
{Visgra®), PDE4 inhibitors which may be mentioned by way of example are R(-20-1724,
MEM 1414 (RT1333/R1300; Pharmacia Rochel, DENBUFYLLINE, ROGLIPRAM,
OXAGRELATE, NITRAQUAZONE, ¥-580, DH-0471, SKF-24120, MOTAPIZONE,
LIXAZINONE, INDOLIDAN, GLPRINGNE, ATIZORAM, KS-506-G, DIPAMEYLLINE,
BMY 43351, ATIZORAM, ARCEFYLUINE, FILAMINAST, PDB-093, UCB-29646, CDP-244,
SKF- 107806, PICLAMILAST, RS- 17597, RE-Z5344-000, 3B-207499, TIBENELAST, SB-
210667, SB-2ZUISTE, SR 211600, SR-212066, SB-212179, GW-3600, CDP-840, MOPIDAMOL,
AWNAGRELIDE, IBUDILAST, AMRINGNE, PIMOBENDAN, CILOSTAZOL, QUAZINONE
and M-(3,5-dickloropyrid-4~vi}-3-cyclopropylmethoxyd -dittuoromethoxvbenzamide, PDEZ
mhibitors which may be mentioned by way of cxample are SULMAYOLE, AMPEZONE,
CILOSTAMIDE, CARBATERAN, PIROXNIMONE, IMAZODAN, CLA3G, SIGUAZODAN,
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AINBENDAN, SATERINONE, BKF-95054, SDE-MKS-492, 349-U-85, EMORADAN, £MD-
53998, EMD-57033, NSP-306, NEP-307, REVIZINONE, NM-702, WIN-62382 and WIN-
63291, ENOXIMONE and MILRINONE. PDE3/4 inhibitors which may be mentionad by way of
oxample ave BENAFENTRINE, TREQUINSIN, ORG-3002%9, ZARDAVERINE, L-686338,
SDE-ISQ-844, ORG-20241, EMD-534622, and TOLAFENTRINE. Other PDE inhibitors include:
cilomilast, peotoxnidvlliine, rofhuniast, tadalafil(Cralis®), theophylline, and vardenatii{Levitra®},

zaprinast {PDES specifics.

Anti- Uterine Contractions Agents

The GURA peptides desertbed heretn can be used i combination therapy {for example,
in prder to degrgase or inhibit wterine confractions) with a tocolytic agent inchuding but not
iimited to beta-adrenergic agents, magnesium subfate, prostaglandin inhibitors, and calcium

channe! blockers.

Anti- Neoplastic Agenis

The GURA peptides deseribod heretn can be used in combination therapy with an
antingoplastic agents inchading bat not limited to alkylating agents, epipodophyliotoxing,
nitrosoureas, antimetabolites, vinca alkaloids, anthracyeline antibiotics, nitrogon mustard agents,
and the hke. Particulsr anti-ncoplastic agents may include tamoxifon, taxol, ctoposide and 5-
fluoroaracil.

The GCRA poptides deseribed herein can be used in combinsation therapy (for example

as in a chomotherapeutic composition} with an antiviral and monoclonal antibody therapies,

Agents lo trear Congestive Heart Faifure

The GCRA pepudes deseribed heretn can be gsed i combination therapy {for example,
in prevention/ireatment of congestive heart failure or another method described hercing with the
partial agonist of the nociceptin receptor ORLY described by Doaley ot al. (The Journal of
FPharmacology and Experimontal Therapeutios, 283 (2): 735-741, 1997}, The agonist is a
hexapeptide baving the amine acid sequence Ac- RYY (RK) (W1 (REG-NH2 ("the Booley
polypepnde”), where the brackers show allowable varation of amine acid residue, Thus Dooloy
palypeptide can inchude but are not hmited 0 KYYRWER, RYYRWER, KWRYYR, RYYRWEK,
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RYYRWK {ali-D amin acids), RYYRIK, RYYRIR, RYYKIE, RYYKIR, RYYKWE,
RYYEWEK, RYYRWR, RYYRWE, RYYRIK, RYYKWR, RYYKWE, RYYRWK and
EYYRWE, wherein the amino acid residues are in the L-form unless otherwise apecified. The
GURA peptides deseribed horein can alse bo used in combination thorapy with polypeptide

confugate modifications of the Dooley polvpeptide described in WOGT98324,

DOSAGE

Dosage levels of active ingredients in a pharmaceutical composition can also be varied so as
to achicve a transicnt or sustaincd concentration of the compound in a subject, cspecially in and
around the site of inflammation or disecase area, and to result in the desired response. It is well
within the skill of the art to start doses of the compound at levels lower than required to achieve
the desired effect and to gradually increase the dosage until the desired effect is achieved. It will
be understood that the specific dose level for any particular subject will depend on a variety of
factors, including body wcight, gencral health, dict, natural history of discase, routc and
scheduling of administration, combination with one or more other drugs, and severity of disease.

An effective dosage of the composition will typically be between about 1 ug and about 10
mg per kilogram body weight, preferably between about 10 pg to 5 mg of the compound per
kilogram body weight. Adjustments in dosage will be made using methods that are routine in the
art and will be based upon the particular composition being used and clinical considerations.

The guanylate cyclase receptor agonists used in the methods described above may be
administered orally, systemically or locally. Dosage forms include preparations for inhalation or
injection, solutions, suspensions, emulsions, tablets, capsules, topical salves and lotions,
transdermal compositions, other known peptide formulations and pegylated peptide analogs.
Agonists may be administered as either the sole active agent or in combination with other drugs,
e.g., an inhibitor of cGMP-dependent phosphodiesterase and anti-inflammatory agent. In all
cascs, additional drugs should be administered at a dosage that is therapeutically effective using
the existing art as a guide. Drugs may be administered in a single composition or sequentially.

Dosage levels of the GCR agonist for usc in methods of this invention typically arc from
about 0.001 mg to about 10,000 mg daily, preferably from about 0.005 mg to about 1,000 mg
daily. On the basis of mg/kg daily dose, cither given in single or divided doses, dosages
typically range from about 0.001/75 mg/kg to about 10,000/75 mg/kg, preferably from about

0.005/75 mg/kg to about 1,000/75 mg/kg.
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The total daily dose of cach inhibitor can be administered to the patient in a single dose,
or in multiple subdoses. Typically, subdoses can be administered two to six times per day,
preferably two to four times per day, and even more preferably two to three times per day.
Doscs can be in immediate rclcase form or sustained relcase form sufficiently cffective to obtain
the desired control over the medical condition.

The dosage regimen to prevent, treat, give relief from, or ameliorate a medical condition
or disorder, or to otherwise protect against or treat a medical condition with the combinations
and compositions of the present invention is selected in accordance with a variety of factors.
These factors include, but are not limited to, the type, age, weight, sex, diet, and medical
condition of the subject, the severity of the discase, the route of administration, pharmacological
considerations such as the activity, efficacy, pharmacokinetics and toxicology profiles of the
particular inhibitors employed, whether a drug delivery system is utilized, and whether the
inhibitors are administered with other active ingredients. Thus, the dosage regimen actually
employed may vary widely and therefore deviate from the preferred dosage regimen set forth

above.

EXAMPLES

EXAMPLE 1: SYNTHESIS AND PURIFICATION OF GCRA PEPTIDES

The GCRA peptides were synthesized using standard methods for solid-phase peptide
synthesis. Either a Boc/Bzl or Fmoc/tBu protecting group strategy was seleceted depending upon
the scale of the peptide to be produced. In the case of smaller quantities, it is possible to get the
desired product using an Fmoc/tBu protocol, but for larger quantities (1 g or more), Boc/Bzl is
supcrior.

In each case the GCRA peptide was started by either using a pre-loaded Wang (Fmoc) or
Merrifield (Boc) or Pam (Boc) resin. For products with C-terminal Leu, Fmoc-Leu-Wang (D-
1115) or Boc-Leu-Pam resin (D-1230) or Boc-Leu-Merrifield (D-1030) Thus, for peptides
containing the C-terminal d-Leu, the resin was Fmoc-dLeu-Wang Resin (D-2535) and Boc-
dLeu-Merrifield, Boc-dLeu-Pam-Resin (Bachem Product D-1230 and D-1590, respectively) (SP-
332 and related analogs). For peptides produced as C-terminal amides, a resin with Ramage
linker (Bachem Product D-2200) (Fmoc) or mBHA (Boc) (Bachem Product D-1210 was used

and loaded with the C-terminal residue as the first synthetic step.
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Fmoc-tBu Overview

Each synthetic cycle consisted deprotection with 20% piperidine in DMF. Resin washes
were accomplished with alternating DMF and IpOH to swell and shrink the resin, respectively.
Peptide synthesis clongated the chain from the C-terminus to the N-terminus. Activation
chemistry for cach amino acid was with HBTU/DIEA in a 4 fold excess for 45 minutes. In
automated chemistries, each amino acid was double coupled to maximize the coupling
efficiency. To insure the correct position of disulfide bonds, the Cys residues were introduced as
Cys(Acm) at positions 15 and 7. Cys(Trt) was positioned at Cys4 and Cys12. This protecting
group strategy yields the correct topoisomer as the dominant product (75:25). (For enterotoxin
analogs, a third disulfide bond protecting group (Mob) was utilized).

For peptides containing C-terminal Aeca (aminoethyloxyethyloxyacetyl) groups, these
were coupled to a Ramage amide linker using the same activation chemistry above by using an
Fmoc-protected Aeea derivative. The Cys numbering in these cases remains the same and the
positioning of the protecting groups as well. For the peptides containing the N-terminal extension
of Aeea, the Cys residue numbering will be increased by three Cys4 becomes Cys7, Cysl2
becomes Cys15; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is protected

with Acm and the former pair keeps the Trt groups.

For analogs containing D-amino acid substitutions, these were introduced directly by
incorporating the correctly protected derivative at the desired position using the same activation
chemistry described in this document. For Fmoc strategies, Fmoc-dAsn(Trt)-OH, Fmoc-
dAsn(Xan)-OH, Fmoc-dAsp(tBu)-OH, Fmoc-dGlu(tBu)-OH and for Boc strategies, Boc-
dAsn(Xan)-OH, Boc-dAsn(Trt)-OH, Boc-dAsp(Chx), Boc-dAsp(Bzl)-OH, Boc-dGlu(Chx)-OH
and Boc-dGlu(Bzl)-OH would be utilized.

Each peptide is cleaved from the solid-phase support using a cleavage cocktail of
TFA:H2O:Trisisopropylsilane (8.5:0.75:0.75) ml/g of resin for 2 hr at RT. The crude deprotected
peptide is filtered to remove the spent resin beads and precipitated into ice-cold diethylether.

Each disulfide bonds was introduced orthogonally. Briefly, the crude synthetic product
was dissolved in water containing NH4OH to increase the pH to 9. Following complete
solubilization of the product, the disulfide bond was made between the Trt deprotected Cys
residues by titration with H>O,. The monocyclic product was purified by RP-HPLC. The purified
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mono-cyclic product was subsequently treated with a solution of iodine to simultaneously
remove the Acm protecting groups and introduce the second disulfide bond.

For enterotoxin analogs, the Mob group was removed via treatment of the dicyclic
product with TFA 85% containing 10% DMSO and 5% thioanisolc for 2 hr at RT.

Each product was then purified by RP-HPLC using a combination buffer system of
TEAP in H20 versus MeCN, followed by TFA in H20 versus MeCN. Highly pure fractions
were combined and lyophilized. The final product was converted to an Acetate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with
NH4O0Ac¢ followed by 1% AcOH in water versus MeCN,

It is also possible to prepare enterotoxin analogs using a random oxidation methodology
using Cys(Trt) in Fmoc or Cys(MeB) in Boc. Following cleavage, the disulfide bonds can be
formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or
cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

determined as there would be no way of knowing their position directly.

Boc-Bzl Process

Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with mBHA for
peptides produced as C-terminal amides. Each synthetic cycle consists of a deprotection step
with 50% TFA in MeCL2. The resin is washed repetitively with MeCl12 and MeOH. The TFA
salt formed is neutralized with a base wash of 10% TEA in MeCI2. The resin is washed with
MeCl2 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test is conducted
to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBT to
form the active cster. Each coupling is allowed to continuc for 2 hr at RT or overnight on
difficult couplings. Recouplings are conducted with either Uronium or Phosphonium reagents
until a negative colorimetric test is obtained for free primary amines. The resin is then washed
with DMF, MeCl12 and MeOH and prepared for the next solid-phase step. Cys protection utilizes
Cys(Acm) at positions 7 and 15, and Cys(MeB) at Cys 4 and Cys12.

Cleavage and simultancous deprotection is accomplished by treatment with HF using
anisole as a scavenger (9:1:1) ml:ml:g (resin) at 0°C for 60 min. The peptide is subsequently

extracted from the resin and precipitated in ice cold cther. The introduction of disulfide bonds
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and purification follows the exact same protocol described above for the Fmoc-produced
product.

ExamrLr 2: Iy viTROPROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID
(SGF) DIGESTION

The stability of the GRCA peptide according to the invention is determined in the
presence of simulated gastric fluid (SGF) . GRCA peptide (final concentration of 8.5 mg/ml) is
incubated in SGF (Proteose peptone (8.3 g/liter; Difco), D-Glucose (3.5 g/liter; Sigma), NaCl
(2.05 g/liter; Sigma), KH ,PO4 (0.6 g/liter; Sigma), CaCl, (0.11 g/liter), KCI (0.37 g/liter;
Sigma), Porcine bile (final 1 X concentration 0.05 g/liter; Sigma) in PBS, Lysozyme (final 1 X
concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X concentration 0.0133 g/liter; Sigma)
in PBS). SGF is made on the day of the experiment and the pH is adjusted to 2.0 £ 0.1 using
HCI or NaOH as necessary. After the pH adjustment, SGF is sterilized filtered with 0.22 pm
membrane filters. SP-304 (final concentration of 8.5 mg/ml) is incubated in SGF at 37°C for 0,
15, 30, 45, 60 and 120 min in triplicate aliquots. Following incubations, samples arc snap frozen

in dry ice then are stored in a -80°C freezer until they are assayed in duplicate.

EXAMPLE 3: IN VITRO PROTEOLYTIC STABILITY USING SIMULATED INTESTINAL FLUID (SIF)
DIGESTION

The stability of the GRCA peptide is also evaluated against digestion with simulated
intestinal fluid (SIF). SIF solution was preparced by the method as described in the United States
Pharmacopocia, 24th edition, p2236. The recipe to prepare SIF solution is as described below.
The SIF solution contains NaCl (2.05 g/liter; Sigma), KH PO, (0.6 g/liter; Sigma), CaCl, (0.11
g/liter), KCI (0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH is adjusted to 6 and the
solution is filter sterilized. A solution of SP-304 (8.5 mg/ml) is incubated in SGF at 37°C for 0,
30, 60, 90, 120, 150 and 300 min in triplicatc aliquots. Following incubations, samplcs arc
removed and snap frozen with dry ice and stored in a -80°C freezer until they are assayed in

duplicate. F

The integrity of GRCA peptide is evaluated by HPLC by cssentially using the method
described for SGF digestion.
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EXAMPLE 4: CYCLIC GMP STIMULATION ASSAYS

The ability of the GCRA peptide to bind to and activate the intestinal GC-C receptor is
tested by usingT 84 human colon carcinoma cell line. Human T84 colon carcinoma cells are
obtained from the American Type Culture Collection. Cells are grown in a 1:1 mixture of Ham's
F-12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum, 100 U penicillin/ml, and 100 pg/ml streptomycin. The cells are fed fresh medium
every third day and split at a confluence of approximately 80%.

Biological activity of the GCRA peptides is assayed as previously reported (15). Briefly,
the confluent monolayers of T-84 cells in 24-well plates are washed twice with 250 pul of DMEM
containing 50 mM HEPES (pH 7.4), pre-incubated at 37°C for 10 min with 250 ul of DMEM
containing 50 mM HEPES (pH 7.4) and 1 mM isobutylmethylxanthine (IBMX), followed by
incubation with GCRA peptides (0.1 nM to 10 .mu.M) for 30 min. The medium is aspirated, and
the rcaction is terminated by the addition of 3% pcerchloric acid. Following centrifugation, and
necutralization with 0.1 N NaOH, the supernatant is used directly for measurements of cGMP

using an ELISA kit (Caymen Chemical, Ann Arbor, Mich.).

EXAMPLE 5: PEGGYLATED PEPTIDES

The other strategy to render peptides more resistant towards digestions against digestive
proteases is to peggylate them at the N- and C-terminal. The peptide GCRA peptide is
peggylated with the aminocthyloxy-cthyloxy-acetic acid (Acea) group at the C-terminal (or at the
N-terminal or at both termini. Cyclic GMP synthesis in T84 cells is measured by the method as

described above.

EXAMPLE 6: COMBINATION OF GUANYLATE CYCLASE RECEPTOR AGONISTS WITH
PHOSPHODIESTERASE INHIBITORS

Regulation of intracellular concentrations of cyclic nucleotides (i.e., cAMP and cGMP)
and thus, signaling via these second messengers, is generally considered to be governed by their
rates of production versus their rates of destruction within cells. Thus, levels of cGMP in tissues
and organs can also be regulated by the levels of expression of cGMP-specific

phosphodiesterases (cGMP-PDE), which are generally overexpressed in cancer and
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inflammatory discases. Therefore, a combination consisting of an agonist of GC-C with an
inhibitor of cGMP-PDE might produce synergistic effect on levels of cGMP in the target tissucs

and organs.

Sulindac Sulfone (SS) and Zaprinast (ZAP) arc two of the known inhibitors of cGMP-
PDE and has shown to induce apoptosis in cancer cells via a cGMP-dependent mechanism. SS
and ZAP in combination with GCRA peptide is evaluated to see if these PDE inhibitors have any

synergistic effect on intracellular accumulation of cGMP

EXAMPLE 7: AN ORAL RANGE-FINDING TOXICITY STUDY IN CYNOMOLGUS MONKEYS.

The objective of the study is to determine the toxicity of the GRCA peptidces according to
the invention following a single oral gavage administration to the cynomolgus monkey and to
allow assessment of reversibility of any changes following a minimum 7-day
observation/washout period. Each GRCA peptide according to the invention will be given at two

different dose levels.

Experimental Design

The test (e.g., the GRCA peptides according to the invention) and control/vehicle article
will be administered in three phases scparated by a minimum 7-day obscrvation period. Each
phase will consist of a single oral gavage administration to female cynomolgus monkeys as

indicated in the tables below:

Phase 1:
Eight non-naive female cynomolgus monkeys will be transferred from the ITR Spare

Monkey colony and assigned to four dose groups as follows:

Group | Group Study | Dose Dose Dose Number of
Number | Designation Days | Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
1 0 0 10
1 Control/Vehicle Z 2
1 1 0.1 10
2 Test Peptides 4 2
4
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Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.
Upon completion of the observation period, all monkeys will be transferred back to the ITR

Spare Monkey Colony.

Phase 2:
The same cight non-naive female cynomolgus monkeys as previously uscd in Phasc 1

will be transferred from the ITR Spare Monkey colony and assigned to four dose groups as

follows:
Group | Group Study | Dosc Dosc Dosc Number of
Number | Designation Day Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
1 Control/Vehicle | 1 10 1 10 2
2 Test Peptides 1 10 1 10 2

Following completion of the Phase 2 dosing, all monkeys will be observed for a

minimum of 7 days.

Route of Administration

The oral route of administration has been chosen because it is a preferred human
therapeutic routc.

Preparation of Test and Control /Vehicle Articles

The test and control/vehicle articles will be prepared fresh on the day of dosing in cold
distilled water (maintained in an ice water bath). A sufficient amount of test article powder will
be added to the appropriate amount of distilled water in order to achieve the desired

concentration. The dose formulations will be mixed by simple inversion.

Analvsis of Test Article Concentration and Stability in the Dose Formulations

For possible confirmation of the concentration and stability of the test article in the
formulations, representative samples will be taken from the middle of each concentration,
including the control/vchicle article on the first day of dosing of cach group, as indicated below.
Samples will be collected immediately after preparation on Day 1 and again after dosing is

completed on that day and will be stored frozen (approximately 80°C nominal) in 20 mL screw
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cap vials. Therefore, the remaining dose formulation vials will be returned to the Pharmacy

Department as soon as possible after completion of dosing.

Group 1: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

Group 2: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

Group 3: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

Group 4: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

The formulations will be maintained cold in an ice water bath during all sampling

procedures.

The formulations will be stirred continuously with a stir bar for a minimum of 15 minutes

prior to sampling.

The samples will be retained frozen (approximately -80°C nominal) at ITR until

requested by the Sponsor to be shipped to a laboratory designated by the Sponsor for analysis.

The samples can be discarded once it is determined by the analyst and Study Director that they

are no longer needed. These samples’ disposition will be recorded in the raw data.

If analyzed, a Dose Formulation report will be prepared by the Principal Investigator

(Formulation analysis) and will be provided to ITR for inclusion in the final report.

Test System

Species/Strain:
Sourcc:

Total No. of monkeys on study:

Body Weight Range:
Age Range at Start:
Acclimation Period:

Cynomolgus Monkey (Macaca Fasicularis)
orldwidc Primatcs Inc.,

P.O. Box 971279

Miami, Florida, 33187, USA

and

Covance Rescarch Products Inc.

P.O. Box 549

Alice, Texas, 78333, USA

8 non-naive females

2-4 kg at onset of treatment

Young adult at onset of treatment

The animals will be transferred from ITR’s spare
monkey colony. They are therefore, considered to
be fully acclimated to the laboratory environment.

76



10

15

20

25

WO 2009/149279 PCT/US2009/046288

The actual age and body weight ranges will be noted in the final report.

Administration of the Test and Control/Vehicle Articles

The test and control/vehicle articles will be administered by oral gavage administration
using a gavage tube attached to a syringe in three Phases separated by a minimum 7-day
observation/washout period. Each dosing session will consist of a single oral gavage
administration. The gavage tube will be flushed with 3 mL of reverse osmosis water immediately
following administration of the dose formulation in order to ensure that the entire dose volume
has been delivered to the animal. The dose volume will be 10 mL/kg for all animals, including
controls. The actual volume administered to cach monkey on Day 1 of each Phase will be

calculated using the Day -1 body weights of cach Phase.

Dosing formulations will be maintained cold during dose administration by placing them

in an ice water bath.

The dosing formulations must be placed on a stir plate for a minimum of 15 minutes prior

to the start of dosing and maintained on the stir plate throughout the dosing procedure.
The dosing formulations must be used within 2 hours of preparation.

Clinical Observations

Cage-side clinical signs (ill health, behavioral changes etc.) will be recorded as indicated
below except on detailed clinical examination days, where the morning cage-side clinical signs
will be replaced by a detailed clinical examination (DCE). During regular cage side clinical
signs and detailed examinations, particular attention will be paid to stools with respect to amount

of stools produced, description of stools, ctc.
Cage side clinical signs will be performed as follows:

During the pretreatment period and during the 7-day (minimum) observation periods:

Three times per day with a minimum of 3 hours between each occasion.
On the dosing day of Phase 1: pre-dose, 2, 4, 6, 8 and 24 hours post-dosing

On the dosing day of Phase 2: pre-dose, continuously for the first 4 hours post-dose and

at 6, 8 and 24 hours post-dosing
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On the dosing day of Phase 3: pre-dose, continuously for the first 4 hours post-dose and
at 6, 8 and 24 hours post-dosing

A detailed clinical examination of each monkey will be performed once at the time of

animal transfer and once weekly thereafter.

Animals whose health status is judged to warrant additional evaluation will be examined
by a Clinical Veterinarian, or a technician working under the supervision of the Clinical
Veterinarian. Any veterinarian-recommended treatments will only be performed once agreement
has been obtained from the Study Director. Where possible, the Sponsor will be consulted prior

to administration of therapeutic drugs.

Body weights will be recorded for all animals once daily from the day of transfer through
to the end of the study.

Food consumption will be recorded for all animals once daily from the day of transfer

through to the end of the study.

Cages will be cleaned prior to the start of the daily food consumption to ensure no food
cookies remain in the cage. Monkeys will be fed 7 cookies before 12pm and 7 cookies after

12pm. The sum of the total number of cookics given for the day will be recorded.

The next morning, a visual check will be performed to see how many cookics are left in
the cage. The number of whole cookies remaining in the food hopper or on the tray will be
recorded. The number of whole cookies left will be subtracted from the total number of cookies

given in order to calculate the number of cookies eaten.

EXAMPLE 8: SUCKLING MOUSE MODEL OF INTESTINAL SECRETION (SUMI ASSAY)

The GCRA peptides described herein can be tested for their ability to increase intestinal
secretion using a suckling mouse model of intestinal secretion. In this model a GCRA peptide is
administered to suckling mice that are between seven and nine days old. After the mice are
sacrificed, the gastrointestinal tract from the stomach to the cecum is dissected ("guts"). The
rcmains ("carcass") as well as the guts arc weighed and the ratio of guts to carcass weight is
calculated. If the ratio is above 0.09, one can conclude that the test compound increases intestinal
secretion. Controls for this assay may include wild-type SP-304, ST polypeptide and Z¢lnorm®,

Phenylbenzoquinone-induced writhing model
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The PBQ-induced writhing model can be used to assess pain control activity of the
GCRA peptide described herein. This model is described by Siegmund et al. (1957 Proc. Soc.
Exp. Bio. Med. 95:729-731). Briefly, one hour after oral dosing with a test compound, e.g., a
GCRA peptide, morphine or vchicle, 0.02% phenylbenzoquinone (PBQ) solution (12.5 mL/kg)
is injected by intraperitoneal route into the mouse. The number of stretches and writhings are
recorded from the 5 to the 10™ minute after PBQ injection, and can also be counted between the
35" and 40™ minute and between the 60™ and 65™ minute to provide a kinetic assessment. The
results are expressed as the number of stretches and writhings (mean = SEM) and the percentage
of variation of the nociceptive threshold calculated from the mean value of the vehicle-treated
group. The statistical significance of any differences between the treated groups and the control
group is determined by a Dunnett's test using the residual variance after a one-way analysis of

variance (P< 0.05) using SigmaStat Software.

EXAMPLE 9 : PHARMACOKINETIC PROPERTY DETERMINATION OF GCRA PEPTIDES

Scrum samplcs arc cxtracted from the whole blood of cxposed (mice dosed orally or
intravenously with GCRA peptides (s) described herein) and control mice, then injected directly
(10 mL) onto an in-ling solid phase extraction (SPE) column (Waters Oasis HLB 25um column,
2.0 x 15mm direct connect) without further processing. The sample on the SPE column is
washed with a 5% methanol, 95% dH,O solution (2.1 mL/min, 1.0 minute), then loaded onto an
0 analytical column using a valve switch that places the SPE column in an inverted flow path
onto the analytical column (Waters Xterra MS C8 Spum IS column, 2.1 x 20mm). The sample is
cluted from the analytical column with a reverse phase gradient (Mobile Phase A: 10 mM
ammonium hydroxide in dH>O, Mobile Phase B: 10 mM ammonium hydroxide in 80%
acetonitrile and 20% methanol; 20% B for the first 3 minutes then ramping to 95% B over 4 min.
and holding for 2 5 min., all at a flow rate of 0.4 mL/min.). At 9.1 minutes, the gradient returns
to the initial conditions of 20%B for 1 min. polypeptide is eluted from the analytical column and
is detected by triple-quadrapole mass spectrometry (MRM, 764 (+2 charge state)>182 (+1 charge
state) Da; cone voltage = 30V; collision = 20 eV parent resolution = 2 Da at base peak; daughter
resolution = 2 Da at base peak). Instrument response is converted into concentration units by
comparison with a standard curve using known amounts of chemically synthesized

polypeptide(s) prepared and injected in mouse plasma using the same procedure.
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Similarly, pharmacokinetic properties are determined in rats using LCMS methodology.
Rat plasma samples containing the GCRA peptide are extracted using a Waters Oasis MAX 96
well solid phase extraction (SPE) plate. A 200 uL volume of rat plasma is mixed with 200 uL of
13Cg, 5N -labeled polypeptide in the well of a preparcd SPE plate. The samples arc drawn
through the stationary phase with 15 mm Hg vacuum. All samples are rinsed with 200 pL of 2%
ammonium hydroxide in water followed by 200 pL of 20% methanol in water. The samples are
eluted with consecutive 100 puL volumes of 5/20/75 formic acid/water/methanol and 100 pL
5/15/80 formic acid/water/methanol. The samples are dried under nitrogen and resuspended in
100 pL of 20% methanol in water. Samples are analyzed by a Waters Quattro Micro mass
spectrometer coupled to a Waters 1525 binary pump with a Waters 2777 autosampler. A 40 ul
volume of each sample is injected onto a Thermo Hypersil GOLD C18 column (2.1x50 mm, 5
um). polypeptide is eluted by a gradient over 3 minutes with acetonitrile and water containing
0.05% trifluoroacetic acid. The Quattro Micro mass spectrometer is run in multiple reaction
monitoring (MRM) mode using the mass transitions of, for example 764>182 or 682>136. Using
this methodology, polypeptide is dosed orally and by IV to rats at 10 mg/kg. Pharmacokinetic

properties including arca under the curve and bioavailabilty are determined.

EXAMPLE 10: DIURESIS RELATED EXPERIMENTS EFFECT ON DIURESIS AND NATRIURESIS

The effect of GCRA peptides described herein on diuresis and natriuresis can be
determined using methodology similar to that described in WO06/001931 (examples 6 (p. 42)
and 8 (p.45)). Briefly, the polypeptide/agonist described herein (180-pmol) is infused for 60 min
into a group of 5 anesthetized mice or primates. Given an ¢stimated rat plasma volume of 10 mL,
the infusion rate is approximately 3 pmol/mL/min. Blood pressure, urine production, and sodium
excretion are monitored for approximately 40 minutes prior to the infusion, during the infusion,
and for approximately 50 minutes after the infusion to measure the effect of the GCRA peptides
on diuresis and natriuresis. For comparison, a control group of five rats is infused with regular
saline. Urine and sodium excretion can be assessed. Dose response can also be determined.
polypeptide/GC-C agonist described herein is infused intravenously into mice or primates over
60 minutes. Urine is collected at 30 minute intervals up to 180 minutes after termination of
polypeptide/GC-C agonist infusion, and urine volume, sodium excretion, and potassium

excretion are determined for each collection interval. Blood pressure is monitored continuously.
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For each dose a dose-response relationship for urine volume, sodium and potassium excretion

can be determined. Plasma concentration of the polypeptide/GC-agonist is also determined

before and after iv infusion.

Mouse or Primate Diuresis Experiment: Once an appropriate level of anesthesia has been

achieved, a sterile polyurcthane catheter is inserted into the urethra and secured using 1 - 2 drops

of

veterinary bond adhesive applied to urethra/catheter junction. Animals are then dosed with

either vehicle or test article via the intravenous or intraperitoneal route. Animals are allowed to

regain consciousness, and the volume of urine exereted over a 1-5 hour duration is recorded

periodically for each rat.
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CLAIMS

1. A peptide consisting essentially of an amino acid sequence of any one of SEQ ID NOs:
2-4,
2. A pharmaceutical composition in unit dose form comprising a guanylate cyclase

receptor agonist peptide having an amino acid sequence of any one of SEQ ID NOs: 2-4 present

in a therapeutically effective amount and a pharmaceutical carrier, excipient or diluent.

3. The pharmaceutical composition of claim 2, wherein the unit dose form is selected from

the group consisting of a tablet, a capsule, a solution or inhalation formulation.

4. A method of preventing or treating a condition selected from the group consisting of
Ulcerative Colitis, Irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer
dyspepsia chronic intestinal pseudo-obstruction, functional dyspepsia, colonic
pseudoobstruction, duodenogastric reflux, constipation associated with use of opiate pain
killers, gastroesophageal reflux disease (GERD), post surgical constipation, gastroparesis,
constipation associated with neuropathic disorders, heartburn, poor gastrointestinal motility,
congestive heart failure, hypertension, benign prostatic hyperplasia (BPH), colon cancer, lung
cancer, bladder cancer, liver cancer, salivary gland cancer, skin cancer, bronchitis, tissue
inflammation, organ inflammation, respiratory inflammation, asthma and COPD, said method
comprising administering to a patient in need thereof an effective dosage of a guanylate cyclase

receptor agonist having an amino acid sequence of any one of SEQ ID NOs: 2-4.

5. The method of claim 4, further comprising administering an effective dose of an

inhibitor of a cGMP-specific phosphodiesterase.

6. The method of claim 5, wherein the effective dose of the inhibitor of a cGMP-dependent
phosphodiesterase is administered to said patient either concurrently or sequentially with said

guanylate cyclase receptor agonist.

7. The method of claim 5 or claim 6, wherein said cGMP-dependent phosphodiesterase
inhibitor is selected from the group consisting of suldinac sulfone, zaprinast, motapizone,

vardenafil and sildenafil.

8. The method of any one of claims 4 to 7, further comprising administering an effective

dose of at least one anti-inflammatory agent.
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9. The method of claim 8, wherein said at least one anti-inflammatory agent is a steroid or

non-steroidal anti-inflammatory drug (NSAID).

10 Use of a peptide having an amino acid sequence of any one of SEQ ID NOs: 2-4 in the

manufacture of a medicament for treatment of a human disease.

11. A method of increasing cGMP production in a cell, said method comprising contacting

said cell with a peptide having an amino acid sequence of any one of SEQ ID NOs: 2-4.

12.  The method of claim 11, further comprising contacting said cell with a cGMP-

dependent phosphodiesterase inhibitor.

13.  The method of claim 12, wherein said cGMP-dependent phosphodiesterase inhibitor is
selected from the group consisting of suldinac sulfone, zaprinast, motapizone, vardenafil and

sildenafil.

Date: 19 November 2014
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