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< (54) Title: GUANYLATE CYCLASE RECEPTOR AGONISTS FOR THE TREATMENT OF TISSUE INFLAMMATION AND
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CARCINOGENESIS

\O (57) Abstract: A method of treatment of inflamed, pre-cancerous or cancerous tissue or polyps in a mammalian subject is disclosed.
The treatment involves administration of a composition of at least one peptide agonist of a guanylate cyclase receptor and/or other
small molecules that enhance intracellular production of cGMP. The at least one peptide agonist of a guanylate cyclase receptor may
~~ be administered either alone or in combination with an inhibitor of cGMP-dependent phosphodiesterase. The inhibitor may be a small
molecule, peptide, protein or other compound that inhibits the degradation of cGMP. Without requiring a particular mechanism of
action, this treatment may restore a healthy balance between proliferation and apoptosis in the subject’s population of epithelial cells,
and also suppress carcinogenesis. Thus, the method may be used to treat, <i>inter alia<i/>, inflammation, including gastrointestinal
inflammatory disorders, general organ inflammation and asthma, and carcinogenesis of the lung, gastrointestinal tract, bladder, testis,

=

prostate and pancreas. or polvps.
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“Guanylate Cyclase Receptor Agonists for the Treatment of
Tissue Inflammation and Carcinogenesis

Cross Reference to Related Applications

5 The present application claims the benefit of U.S. provisional application
nos. 60/279,438, filed on March 29, 2001; 60/279,437, filed on March 29, 2001; 60/300,850,
filed on June 27, 2001; 60/303,806, filed on July 10, 2001; 60/307,358, filed on July 25, 2001;
and 60/348,646, filed on January 17, 2002.

10 Field of the Invention |
The present invention relates to the therapeutic use of guanylate cyclase receptor
agonists as a means for enhancing the intracellular production of cGMP. The agonists may be
used either alone or in combination with inhibitors of ¢cGMP-specific phosphodiesterase to
prevent or treat cancerous, pre-cancerous and metastatic growths, particularly in the
15  gastrointestinal tract and lungs. In addition, the agonists may be used in the treatment of

inflammatory disorders such as ulcerative colitis and asthma.

Background of the Invention
Uroguanylin, guanylin and bacterial ST peptides are structurally related peptides that
20  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 leads to stimulation of sodium
25  and water secretion into the intestinal lumen. Therefore, by serving as paracrine regulators of
CFTR activity, cGMP receptor agonists regulate fluid and electrolyte transport in the GI tract
(1-6; US patent 5,489,670).

The process of epithelial renewal involves the proliferation, migration, differentiation,

30  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 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
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are extruded. As they migrate, the cells lose their capacity to divide and become differentiated
for carrying out specialized 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 GI
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 carcinogenesis.

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.
Previously published data in WO 01/25266 suggests a peptide with the active domain of
uroguanylin may function as an inhibitor of polyp development in the colon and may constitute
a treatment of colon cancer. However, the mechanism by which this is claimed to occur is
questionable in that WO 01/25266 teaches uroguanylin agonist peptides that bind specifically
to a guanylate cyclase receptor, termed GC-C, that was first described as the receptor for E.
coli heat-stable enterotoxin (ST) (4). Knockout mice lacking this guanylate cyclase receptor
show resistance to ST in intestine, but effects of uroguanylin and ST 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). Taken together
these data suggest that uroguanylin also binds to a currently unknown receptor, which is

distinct from GC-C.

Other papers have reported that production of uroguanylin and guanylin is dramatically
decreased in pre-cancerous colon polyps and tumor tissues (14-17). In addition, genes for both

uroguanylin and guanylin have been shown to be localized to regions of the genome frequently
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associated with loss of heterozygosity in human colon carcinoma (18-20). Taken together,
these findings indicate that uroguanylin, guanylin and other peptides with similar activity may
be used in the prevention or treatment of abnormal colon growths. This proposal is bolstered
by a recent study demonstrating oral administration of uroguanylin inhibits polyp formation in

mice (15,16).

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, lymph
nodes, liver, lung, peritoneum, ovaries, brain. By enhancing the efflux of K' and influx of
Ca™, uroguanylin and related peptides may promote the death of transformed cells and thereby

inhibit metastasis.

One of the clinical manifestations of reduced CFTR activity is the inflammation of
airway passages (21). This effect may be due to CTFR regulating the expression of NF-kB,
chemokines and cytokines (22-25). Recent reports have also suggested that the CFTR channel
is involved in the transport and maintenance of reduced glutathione, an antioxidant that plays
an important role in protecting against inflammation caused by oxidative stress (39).
Enhancement of intracellular levels of cGMP by way of guanylate cyclase activation or by way
of inhibition of ¢cGMP-specific phosphodiesterase would be expected to down-regulate these
inflammatory stimuli. Thus, uroguanylin-type agonists should be useful in the prevention and
treatment of inflammatory diseases of the lung (e.g., asthma), bowel (e.g., ulcerative colitis and

Crohn's disease), pancreas and other organs.

Overall, it may be concluded that agonists of guanylate cyclase receptor such as
uroguanylin have potential therapeutic value in the treatment of a wide variety of inflammatory
conditions, cancer (particularly colon cancer) and as anti-metastatic agents. The development

of new agonists is therefore of substantial clinical importance.

Summary of the Invention
The present invention is based upon the development of new agonists of guanylate

cyclase receptor, and new uses of naturally occurring agonists. The agonists are analogs of
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uroguanylin, many of which have superior properties either in terms of improved receptor
activation, stability, activity at low pH or reduced adverse effects. The peptides 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 inflammatory conditions, cancer, polyps, and metastasis.

In its first aspect, the present invention is directed to a peptide consisting essentially of
the amino acid sequence of any one of SEQ ID NOs:2-21 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:2-21 or if its activation of cellular cGMP production is reduced or
enhanced by more than 50%. Preferably, substantially similar peptides should differ by no
more than two amino acids and not differ by more than about 25% with respect to activating
c¢GMP production. The most preferred peptide is a bicycle having the sequence of SEQ ID
NO:20.

The peptides may be in a pharmaceutical composition in unit dose form, together with
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 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, a shrinkage of polyps or tumors, a

reduction in metastatic lesions, etc.

The invention also encompasses combination therapy utilizing a guanylate cyclase
receptor agonist administered either alone or together with an inhibitor of ¢cGMP-dependent
phosphodiesterase, an anti-inflammatory agent or an anticancer agent. These agents should be

present in amounts known in the art to be therapeutically effective when administered to a
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