Guanylate Cyclase C Receptor Activating Peptide Variants For Treatment
Of Gastrointestinal Disorders TECHNICAL FIELD This invention relates to
methods and compositions for treating various disorders, including
gastrointestinal disorders, obesity, congestive heart failure and benign
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common disorder diagnosed by gastroenterologists (28% of patients
examined) and accounts for 12% of visits to primary care physicians
(Camilleri 2001, GastroenteyglegiNi¢RheoRigED. In the US, the economic
impact of IBS is estimated at $25 billion annually, through direct, costs of
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more absenteeism from work and report a reduced quality of life. Sufferers
ProgEibBYRSEBASIBr unwilling to attend social events, maintain employment,
or travel even short distances (Drossman 1993, Diu Dis Sci
38:1569-1580). There is a tremendous unmet medical need in this
population since few prescription options exist to treat IBS. Patients with

IBS suffer from abdominal paig gog & gigtunped bowel pattern. Three
subgroups of IBS patients have been defined based on the predominant

IrgileItextst syfpafibinpieasHHARR @UEEC disptfeLhriabrsiims that

attelBS) @/ temating betwesnithe s @JRS). st Brsiehindiidaals
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However, the complexity of symptoms has not been explained by
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120:652-668). Recently, there has been increasing evidence for a role of
tartRaiRation in etiology of IBS. Reports indicate that subsets of IBS
patients have small but significant increases in colonic inflammatory and
mast cells, increased inducible nitric oxide (NO) and synthaelfe?gNOS and
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present invention relates to a polypeptide com_prisi%? thg amino acid
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Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cr%/s Tyr. In one
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Gly Cys Tyr, (ii) Cys Cys Gin Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys

1‘?95,» &I{ﬁif)%%e@y%lé‘é s Cys Asn Pro Ala Cys Thr Gly Cys Tyr. In

a. further embodiment, the polypeptide of the invention consists of the

amino acid sequence (i) Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr

Gly Cys Tyr, (ii) Cys Cys




Glu Tyr Cys Cys Asn Pro Ala Cys Thr thy Cys Tyr, or (iii) Cys Cys Glu Trp
Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr. In a further aspect, the
invention relates to a polypeptide of the invention for use in medicine. In a
further aspect, the invention relates to a pharmaceutical composition
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Invention relates to the use of a polypeptide of the invention for the
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e‘use of a po %/peptide of the invention for the preparation of a
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pain, or cystic fibrosis. Preferably, the medicament which is prepared
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gastrointestinal disorders and conditions e.g., gastrointestinal motility
exgissvdersf fofletinetbyasiokitsstineyiaiset dersabisBorS A pdssent efsrage of
Dﬂi@e%ggkgGERD), Crohn's disease, ulcerative colitis, inflammatory bowel

disease, functional heartburn, dyspepsia (including functional dyspepsia

or nonulecr dyspepsia), gastroparesis, chronic intestinal

pseudo-obstruction (or colonic psgudasasiruction), and disorders and

conditions associated with ¢constipation, e.g., constipation .associated, with
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associated with neuropathic disorders as well as gther, conditions al
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also useful for treating obesity, congestive heart failure and beni
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in the case_of IBS and other gastrointestinal disorders the peptides of the
AipBinioh &resdurliB&osuSE they can (i) increase gastrointestinal motility,
(ildecrease inflammation, or (iii) decrease gastrointestinal pain or visceral
pain. Also within the invention are combination compositions comprising a
peptide of the invention and a se¢ond. therapeutic agent, e.q.,.an agent for
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pump inhibitors and H2 receptor blockers, pro-motility. agents such.as.5
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antispasmodic%y antidepressants, centrally-acting analgesic agents such
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example, the pharmaceutical compositions can include an analgesic agent

selected from the group consisting of: Ca channel blockers (e.g.,
ziconotide), 5HT receptor antagonists (for%’xample 5HT3, 5HT4 and 51-IT
| receptor antagonists), opioid receptor agonists (e.g., loperamide,
fedotozine, fentanyl, naloxone, naltrexone, methyl nalozone, nalrnefene,
cypridime, beta funaltrexamine, naloxonazinc, naltrindole,
nor-binaltorphimine, morphine, diphenyloxylatc, enkephalin pentapeptide,
and trimebutine), NK1 receptor antagonists (e.g., ezlopitant and
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The peptides of the invention are useful for treating various
gastrointestinal disorders by acting as a partial or complete agonist of the
GC-C receptor. The peptides include at least six cysteines that form three
disulfide bonds. The peptides may also include at least one trypsin or
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small molecule, e.g., AspPhe or some other analgesic peptide. When
Aerﬁ%emé"(i%'Tﬂ? @tggeh;pe analgesic peptide or small molecule may
be precedéd by a ehymotrypsin or trypsin cleavage site that allows
release of the analgesic peptide or small molecule. The peptides of the
invention are also useful for treating pain and inflammation associated
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peptides include a functional chymotrypsin or trypsin cleavage site located
nShAs to allow inactivation of the peptide upon cleavage. Certain peptides
having a functional cleavage site undergo cleavage and gradual
inactivation in the digestive tract, and this is desirable in some
circumstances, In certain peptides, a functional chymotrypsin site is
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invention are useful for treating disorders such as congestive heart failure
poRARRRIIGR RECSIALIG; By Perplasia by acting as an agonist of the GC-C
receptor and can be used in combination with natriuretic peptides (e.qg.,
atrial natriuretic peptide, brain natriuretic peptide or C-type natriuretie
peptide), a diuretic, or an inhibitor of angiotensin converting enzyme. The
In RERIHESRELRE Nvention edseiubialineceasing ipestiaabmatlikention for
Intestinal motility involves spontaneous coordinated dissentions and
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through the gastrointestinal tract during the digestive process. In certain
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negatively charged amino acids (e.g., Asp or Glu) or one or two or more
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more contiguous positively or negatively charged amino acids at the
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the carboxy terminus are either positively or negatively charged. In other
disnRodimentsihesasboxviepeynal charaed @minapgdsars:pasesad by
a Lem For example, the following amino acid sequences can be added to
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Lys (SEQ ID NO:123); Asp Lys Lys Lys Lys Lys Lys (SEQ ID NO:124);
obsBidirs Ly ANdit QU AP ol s As Ressibieiig siphioAdBkel dktag:.
carboxy terminus. Amino acid, non-amino acid, peptide and non-peptide
spacers can be interposed between a peptide that is a GC-C receptor
agonist and a peptide that has some other biological function, e.g., an
ARSI RRRLIAR.Qh fcRERH B Mse R D dreat e pEhadinkeheanvbatidmetor
that is cleaved from the flanking peptides in vivo or one that remains
th@?ﬁélslaié@tm& Jlanking pertidesimyvivesikepexamnplistgicingilbgta-alanine,
glycyl-glycine, glycylbeta-alanine, gamma-aminobutyric acid,
6-aminocaproic acid, L- phenylalanine, Ltryptophan and
glyeil-L-v-alil-L-phenylalanine can be used as a spacer (Chaffin et al. 2003
InHeNeiGRJehiNiRa MGt RG: 233te0; tealiset £l bl FARME @vention for
48:919-32) as can polyethylene glycols (Butterworth et al. 1987 J. Med.
thEPlepRetd B ) Anchmalefor de e vaiiep kingpet @kaBBOZhronic
Tetrahedron Lett. 43:1987-1990). Various other linkers are described in
the literature (Nestier 1996 Molecular Diversity 2:35-42; Finn et al. 1984
Biochemistry 23:2554-8; Cook et al. 1994 Tetrahedron Lett. 35:6777-80;
Brokx et al, 2002 Journal of Controlled ReJease 78:115-123; Griffin et al.
2003 J. Am. Chem. Soc. 125:6517-6531; Robinson et al. 1998 Proc. Natl.
Acad. Sci. USA 95:5929-5934. The peptides of the invention can include
the amino acid sequence of a peptide that occurs naturally in a vertebrate
(e.g., mammalian) species or in a bacterial species. In addition, the
peptides can be partially or completely non-naturally occurring peptides.

Also within the invention are peptidomimetics corresponding to the
nentidec nf the invventinn In variniie eamhodimente the nentideac nf the




In treating congestive heart failure, the peptides of the invention can be
administered in combination with another agent for treatment of
congestive heart failure, for example, a natriuretic peptide such as atrial
natriuretic peptide, brain natriuretic peptide or C-type natriuretic peptide, a
diyretic, or an inhj bltor of an |ot ns nvert enzyme. |nftrisat|n 1
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administered in combination with another agent for treatment of BPH, for

Palgy QIR B 8hha reductase inhibitor (e.g., finastericie) or an alpha
adrenergic inhibitor (e.g., doxazosine). . The peptides of the invention are
useful for treating or reducing pain, including visceral pain, pain
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mﬂamm tion, including inflammation of the gastrointestinal tract, e.g.,

mﬂH FHT %rﬁd souated with a gastrointestinal disorder or infection or
some other disorder. In certain embodiments the peptide includes a

peptide comprising or consisting of the amino acid sequence Xam
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[ Wherel Xam is mlssm hereln Xaa20 XaaZ2iis AspPbe or.i .
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Cys Thr. Gl SEQ ID NO:69) Asn lle Ser Asn Tyr Cys Cys

as &} %%Pﬁggﬁy&‘l@ igff Ala Cys Thr Gly Cys Tyr (SEQ ID NO:70) Asn

Set Ser GIn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys
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Cys Thr Gly Cys' Tyr (SE 72) Gin Set Ser GIn Tyr Cys Cys
obGHiiyT o TS Oypshash ﬁaﬂ@w@n@%m&m Q;“ng‘@% xpersEen BRID:73) Ser

Ser Gin Tyr Cys Cys GILL Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:74).
Without being bound by any particular theory, in the case of IBS and other

gastrointestinal disorders the peptides of the invention are useful because they can (i)
increase gastrointestinal motility, (ii)decrease inflammation, or (iii) decrease

gastrointestinal pain or visceral pain.

Also within the invention are combinatien compositions comprising a peptide of the
invention and a second therapeutic agent, e.g., an agent for treating constipation (e.g.,
SPI-0211; Sucampo Pharmaceuticals, Inc.; Bethesda, MD) or some other gastrointestinal
disorder. Examples of a second therapeutic agent include: acid reducing agents such as
proton pump inhibitors and H2 receptor blockers, pro-motility agents such as SHT

receptor agonists (e.g. Zelnorm®™), anti-inflammatory agents, antispasmodics,
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Asn Ser Ser Asn Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys 'Thr Gly
Cys Tyr (SEQ ID NO:87) Mn Ser Ser Asn Tyr Cys Cys Gin Trp Cys Cys
Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:91) Cys Cys Glu Rim Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO 105) Cys Cys Glu Trp
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SEQ ID'NO:31 peptides. Figure 3adepicts the effect of recomblnant SF,Q
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rm(r) In°an acute murine gastrointestinal transit model. Figure 3
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chronic murine gastrointestinal transit model.

The peptides of the invention are useful for treating various gastrointestinal disorders by
acting as a partial or complete agonist of the GC-C receptor. The peptides include at
least six cysteines that form three disulfide bonds. The peptides may also include at least
one trypsin or chymotrypsin cleavage site and/or a carboxy-terminal analgesic peptide or
small molecule, e.g., AspPhe or some other analgesic peptide. When present within the
peptide, the analgesic peptide or small molecule may be preceded by a chymotrypsin or

trypsin cleavage site that allows release of the analgesic peptide or small molecule. The
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Figures 4a and 46 depict the effect of peptides SEQ ID NO:28, SEQ ID
NO:31, and SEQ ID NO:26 in an acute murine gastrointestinal transit
model.  Figure 4c depicts the effect of SEQ ID NO:31peptide in a
chronic murinc 5gastrointestinal transit model. Figure 5a depicts the effect
of SEQ ID NO:26 peptide and Zelnormt in a suckling mouse intestinal .
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cirdiRing-assay cEigwe &aheys thectasillspfiehgptarmivatiancanalysiseasing
using. SEQ ID NO:31in a competitive radioligand binding assay. 25Figures
they g5abalily b REW Bfo%vAtigbility data for IV and orally administered SEQ
ID NO:31as detected by an ELISA assay and LCMS. DETAILED
DESCRIPTION The peptides of the invention bind to the intestinal

Theushydte By (ItoEFHREporon BeREEUGUATE: Bt Ggestve heart
fiBlestabiehalanes:ndhs Riesines Y\ean stislatedidhis the GC-C receptor and

can be used in combination with natriuretic peptides (e.g., atrial natriuretic peptide, brain
natriuretic peptide or C-type natriuretic peptide), a diuretic, or an inhibitor of angiotensin

converting enzyme.

The peptides of the invention are useful for increasing intestinal motility. Intestinal
motility involves spontaneous coordinated dissentions and contractions of the stomach,
intestines, colon and rectum to move food through the gastrointestinal tract during the

digestive process.

In certain embodiments the peptides include either one or two or more contiguous
negatively charged amino acids (e.g., Asp or Glu) or one or two or more contiguous
positively charged residues (e.g., Lys or Arg) or one or two or more contiguous
positively or negatively charged amino acids at the carboxy terminus. In these
embodiments all of the flanking amino acids at the carboxy terminus are either positively
or negatively charged. In other embodiments the carboxy terminal charged amino acids
are preceded by a Leu. For example, the following amino acid sequences can be added
to the carboxy terminus of the peptide: Asp; Asp Lys; Lys Lys Lys Lys Lys Lys (SEQ ID
NO:123); Asp Lys Lys Lys Lys Lys Lys (SEQ ID NO:124); Leu Lys Lys; and Leu Asp.

It is also possible to simply add Leu at the carboxy terminus.




5receptor, which is located on the apical membrane of the intestinal
epithelial surface, causes an increase in intestinal epithelial cyclic GMP
(cGMP). This increase in cGMP is believed to cause a decrease in water
and sodium absorption and an increase in chloride and potassium ion
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ey expressmn evels are regulated astlng and gastric emptying
al.(Ki# iakh @038 yNawbré it @4016&%12(1)9%@%@@@1@!11 12@033 SFHES §Btiyrokx
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agonists may alsobe used to regulate obesity. umans the GC-C
Saedeptos is dctdlatRdbysguattglin $ShP(es.SY zﬁlatémds 96,097 Urcydarifire.

(Ugn) (U.S. Patent 5,140,102) and lymphog-uanyiin (Forte et al., 1999,

Endocrinology 140:1800-1806). Interestingly, these agents are 10 100 fold
Th@@@lﬁ&@ﬁ@fﬁﬁ%@@@%&éﬁéﬁ%ﬁ%%@a ppiaecteskyrsptide that

ol @VIBWEAIR GianeladaRd clolakminaMed 425idY SriSibRleRaniders. In

are considered super agonists of GC-C and 35are very resistant to
adéf’BR?@ Wa@%@e&%@e partially or completely non-naturally occurring peptides.

Also within the invention are peptidomimetics corresponding to the peptides of the
invention. In various embodiments, the peptides of the invention comprise no more than
150, 140, 130, 120, 110, 100, 90, 80, 70, 60, 50, 40, 30 or 20 amino acids.

The peptides of the invention are useful for treating a patient suffering from constipation.
Clinically accepted criteria that define constipation range from the frequency of bowel
movements, the consistency of feces and the ease of bowel movement. One common
definition of constipation is less than three bowel movements per week. Other
definitions include abnormally hard stools or defecation that requires excessive straining
(Schiller 2001, Aliment Pharmacol Ther 15:749-763). Constipation may be idiopathic
(functional constipation or slow transit constipation) or secondary to other causes
including neurologic, metabolic or endocrine disorders. These disorders include diabetes
mellitus, hypothyroidism, hyperthyroidism, hypocalcaemia, Multiple Sclerosis,
Parkinson’s disease, spinal cord lesions, neurofibromatosis, autonomic neuropathy,

Chagas disease, Hirschsprung’s disease and cystic fibrosis. Constipation may also be the
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ST peptide is capable of stimulating the enteric nervous system (Rolfe et

al., 1994, J Physiolo 475: 531-537; Rolfe et al., 1999, Gut 44: 615-619;

Nzegwu etal., 1996, Exp Physiol 81: 313-315). Also, cGMP has been

reported to have anitnociceptive effects in multiple animal models of pain

(Lazar Ibanez et al., 2001, Eur J Pharmacol 426: 39- 544; Soares et al.,
resplof SEEER QPHATFAES e p5uesp. Baipse A iragoticp A ARlgssics (ike

) g&rﬂﬁ%réﬁ%ﬂ@é“ﬁaﬁ&@hv@%s Eﬁﬁéerb@EBﬁ@é:@rﬁéﬂa@&&ﬁh-ﬁﬁ&ls

GC-C agonists may have both an analgesic as well an anti-intlammatory
antipryehaiBacteria, ST peptides are derived from a preproprotcin that
generally has at least 70 10amino acids. The pre and pro regions are
cleaved as part of the secretion process, and the resulting mature protein,
which generally includes fewer than 20 amino acids, is biologically active.
Among the known bacterial ST peptides are: E. coil ST Ib (Moseley et al.

1983 Inf 5In| n. 39:1 ving t matur amino ac
I P AL P e e a et B BR Rt
coﬁz;ygaéﬁwn(%@lblba&d@m) nke ebi ﬁa'reiae(tﬁm agchM c@amthyt(dlgw)nélab@d wab! a
Acad. Sci 774 hayin the atu mino acid seguenc hr
negﬁga?l fl,h i S@Isgﬁu ﬁléys @ml {80,6%0138 atlA(ia 9 SF rﬁk‘gg
asdBrN@d2yith acgnktﬁirﬁés@(ﬁlahmmdeﬁlms@uamm %Mwldi@pwhxc (functional
2025 7744 havin the m |no acid sequenc
é? 0 & L%lEW tré% A?ané yg i% éﬁ 1af0‘ w1t?ls %}Bgaﬂnc
mé\t(Bcﬁl)c &imﬁnmrféﬁ;semﬂﬂeée(@uémheta mlel(ﬂtgagl)ylvﬁér}trdmlmun 57:649)
hav ure amino aci Asn T he Tyr y
yEeuLegls Z} alc%ﬁmléys }ﬁt}léh %%?ero?yif (grg g % §p%§d cord
1eﬂmﬁemeamtfﬁa~<8ﬂapmmdwﬁb{ﬁfﬁ(ﬁaﬁwwth\ﬁ, Sﬁbgaxiis‘é&'[ﬁ(re&hewedg s
e e T T
ﬂeﬁd]udﬂihSd’reSEB Aﬁpﬁﬁgp Asp @ym@gssAsp{e\/gl @ysctsyamts%wmemav@;s

Gl a well as,a Ser 7t e iant of Y-STa
an §ﬁ8‘¥5% ?elfﬁeaﬁ%%‘?%tga Isf)laéggﬁd B %BOiYg 199)); Lys Ala
Cys Asp Tim- G|n Thr Pro Ser Pro Ser Glu Glu Asn Asp Asp Trp 30 Cys
sGIuVaIC s Asn.Pro IaC I
g RS R TR A G R R MR R R ered
co\mh@ero@mlmlar@the@yge@iyfo?me@m@eofadanﬁhmv@h@m @iy fonskamgye, a

nazg%p’cs{%bﬁ%a%/su&y g’s% ¥ eu C et1 t§ Aﬁﬁe, gg‘)apﬁ% ﬁrpthc %ﬁﬁ?@y& C-type

respectlve y, rns enir ST pepti
namatete aapitideaeidisedgeenc @8@%&9@@@9@@@@%@&@@3@5&5 n
Pro Ala Cys Ala Gly Cys (SEQ ID NO:8); V. cholerae non-01 ST peptide
(Takao etal. (1985) FEBS lett

In treating Benign Prostatic Hyperplasia (BPH) the peptides of the invention can be
administered in combination with another agent for treatment of BPH, for example, a 5-
alpha reductase inhibitor (e.g., finasteride) or an alpha adrenergic inhibitor (e.g.,

doxazosine).




5 193:250) having the mature amino acid sequence lle Asp Cys Cys Glu
lle Cys Cys Asn Pro Ala Cys Phe Gly Cys Leu Asn (SEQ ID NO:9); and V.
mimicus ST peptide (Arita (1991) et al. FEMS Microbial. Lett. 79:105)
having the mature amino acid sequence lle Asp Cys Cys Glu lle Cys Cys

TheAFS)Or:?% espbl?tgé/ ismF/)g]n 1 yrce:lﬁ%el’fﬁpfm %%If:rgo 43901%1 JH%&?&%QQ)&%@

€S sequences o ora portlon 0 er 0 ture
pamopaptase@ciaem B@tﬂlk(rgamroeSsamnad;éHMKm BiBsgoancd @}@E@@e other
1is89P38 NSSNYCCELCCNPACTGCY(SEQ ID NO:1) P01559 123711
EYCCELCCNPACAGCY(SEQ ID NO:2) AAA24653 147878
ThFpraS EE OEMPATAPAY (BEQ for Nexting POrEE0a18 707 uding

inflammation of the gastrointestinal tract, ¢.g., inflammation associated with a
gastrointestinal disorder or infection or some other disorder.

In certain embodiments the peptide includes a peptide comprising or consisting of the
amino acid sequence Xaa; Xaa, Xaa; Xaas Xaas Cys Cys Glu Xaag Cys Cys Asn Pro Ala
Cys Thr Gly Cys Tyr Xaayy Xaay; (SEQ ID NO:66) wherein Xaay is selected from Phe,
Trp and Tyr wherein Xaag is Tyr; wherein Xaa; Xaa, Xaa; Xaaq Xaas is Asn Ser Ser Asn
Tyr(SEQ ID NO:121); wherein Xaa;, Xaa, Xaas Xaa4, and Xaas are missing; wherein
Xaa), Xaay Xaas and Xaay are missing; wherein Xaa; Xaa, and Xaas are missing; wherein
Xaa; and Xaa, are missing; wherein Xaa, is missing; wherein Xaayy Xaay; is AspPhe or is

missing or Xaay is Asn or Glu and Xaay; is missing.

Among the useful peptides are the following peptides:

Gln Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:67)

Asn Thr Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:68)

Asn Leu Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:69)

Asn Ile Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:70)

Asn Ser Ser Gln Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:71)

Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:72)

Gln Ser Ser Gln Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:73)

Ser Ser Gln Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:74).




NTFYCCELCCYPACAGCN(SEQ ID NO:3) AAA27561 295439
1DCCEICCNPACFGCLN(SEQ ID NO:9) PO4429 123712
IDCCEICCNPACFGCLN(SEQ ID NO:10) 534671 421286
IDCCEICCNPACF(SEQ ID NO: 12) CAA52209 395161
IDCCEICCNPACFG(SEQ ID NO:13) A54534 628844
IDCCEICCNPACFGCLN(SEQ ID NO:14)

Asn Ser Ser Asn Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:87)

Asn Ser Ser Asn Tyr Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ
ID NO:91)

Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:105)

Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:109)

In treating obesity, the peptides of the invention can be administered in combination
with another agent for treatment of obesity, for example, gut hormone fragment
peptide YY3 36 (PYY3.36)(N. Engl. J. Med. 349:941, 2003; ikpeapge daspeelnry
yaslrhylnl vtrqry) glp-1 (glucagon-like peptide-1), exendin-4 (an inhibitor of glp-1),
sibutramine, phentermine, phendimetrazine, benzphetamine hydrochloride (Didrex),
orlistat (Xenical), diethylpropion hydrochloride (Tenuate), fluoxetine (Prozac),
bupropion, ephedra, chromium, garcinia cambogia, benzocaine, bladderwrack (focus
vesiculosus), chitosan, nomame herba, galega (Goat’s Rue, French Lilac), conjugated
linoleic acid, L-carnitine, fiber (psyllium, plantago, guar fiber), caffeine,
dehydroepiandrosterone, germander (teucrium chamaedrys), B-hydroxy-§3-
methylbutyrate, and pyruvate. A peptide useful for treating obesity can be
administered as a co-therapy with a peptide of the invention either as a distinct
molecule or as part of a fusion protein with a peptide of the invention. Thus, for
example, PYY ;.36 can be fused to the carboxy or amino terminus of a peptide of the
invention. Such a fusion protein can include a chymostrypsin or trypsin cleavage site

that can permit cleavage to separate the two peptides.

The peptides of the invention can be used to treat constipation or decreased
intestinal motility, slow digestion or slow stomach emptying. The peptides can be
used to relieve one or more symptoms of IBS (bloating, pain, constipation), GERD
(acid reflux into the esophagus), functional dyspepsia, or gastroparesis (nausea,

vomiting, bloating, delayed gastric emptying) and other disorders described

-10-




AAL02159 15592919 IDRCEICCNPACFGCLN(SEQ ID NO:15)
AAA18472 487395 DWDCCDVCCNPACAGC(ShQ ID NO:16) S25659
282047 DWDCCDVCCNPACAGC(SEQ ID NO:17) P74977 3913874
NDDWCCEVCCNPACAGC(SEQ ID NO: 18) BAA23656 2662339

herdh e GELECNBAGTE GE{SERIBNQH 8) B31Rd&tion are set forth in the

accompanying description.

FIGURES
Figure 1a depicts the results of LCMS analysis of recombinant SEQ ID NO:26 peptide
and SEQ ID NO:28peptide.

Figures 1b and ¢ depict the results of LCMS analysis of synthetic SEQ ID NO:31
peptide and the blank.

Figure 2 depicts the results of the intestinal GC-C receptor activity assay of synthetic
SEQ ID NO:26 peptide, SEQ ID NO:28 peptide and two different SEQ ID NO:31
peptides.

Figure 3a depicts the effect of recombinant SEQ ID NO:26peptide and Zelnorm® in a

murine gastrointestinal transit model.

Figure 3b depicts the effect of synthetic SEQ ID NO:31 peptide and Zelnorm® in an

acute murine gastrointestinal transit model.

Figure 3b depicts the effect of synthetic SEQ ID NO:31 peptide and Zelnorm® in an

chronic murine gastrointestinal transit model.

-11-
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399947 SDWCCEVCCNPACAGC(SEQ ID NO:8) The immature

(including pre and pro regions) form of E. coil ST-1A (ST-P) protein has
the sequence:

mkkImlaifisvisfpsfsqstesldsskekitletkkcclvwvknnsekksenmnntryccelcenpaca
gcy (SEQ ID NO:20; see GenBank(r) Accession No. P01559 (gi:123711).
Fighepie sedjdbdepiextendSdsirofipemided SECHEDINOs2%y e dIerienhdls and SEQ

I%gfﬂ? dﬁl%oar?é‘c&Q%{ﬂ?wfe g)[r% gean a}?grgﬁs }qgn#g -72. The immature

ng pre and pro regrons) form o (ST-H) protein has
the sequence:

FiRisSifidsy afss@{@gﬁékpefﬁﬁkgﬁ'ﬁ%q IkRksgPEIMOsDMsselcenpact

gcy (SEQ'ID NO:21; see GenBank(r) Accession No. PO7965 (gi:3915589).
gaﬁﬁéﬁﬁﬁﬁ’i&@r@%‘iﬁmmﬁ@ 10pre and pro regions) form of Y emerocolitica
ST protein has the sequence:

mkklvalvlmlssfg etysggfsdalstpitaevykq cdpp ssdwdecdvcen
Pl A SRS N 58 8be e BN G SN E2BREan & Suckink

midlise8r@éilalTdreeeptigesdef the invention, like the bacterlal ST peptides,
have six Cys residues. 15These six Cys residues form three disulfide

bonds in the mature and active form of the peptide. If the six Cys residues
F‘@i&écﬁbmiaﬁﬁd,sfmﬁmtmﬁ 15 @ [EaNI03 sarhFicins i @han peptide;, ase#jiB)
D, E, and F, then the disulfide bonds form as follows: A-D. B-E, and
Seﬁr? OPHE rlmatlon of these bonds is thought to be important for GC-C
receptor binding. Certain of the peptides of the invention include a

rRYME0EAIY, UASHARAL the effects of SEQ ID NO:26, SEQ ID NO:31, and SEQ ID

NO:28peptides in a mouse intestinal secretion model.

Figure 7 shows the results of experiment in which SEQ ID NO:31activity was analyzed

in the TNBS colonic distention model.

Figures 8a and 8b show the effects of differing doses of SEQ ID NO:28 and SEQ ID
NO:31in the PBQ writhing assay.

Figure 9 shows the results of Kd determination analysis using SEQ ID NO:31in a

competitive radioligand binding assay.

Figures 10a and 10b show bioavailability data for IV and orally administered SEQ ID
NO:31as detected by an ELISA assay and LCMS.

DETAILED DESCRIPTION

The peptides of the invention bind to the intestinal guanylate cyclase (GC-C) receptor, a

key regulator of fluid and electrolyte balance in the intestine. When stimulated, this
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20chymotrypsin cleavage site, e.g., a Trp, Tyr or Phe located between
either Cys B and Cys D or between Cys E and Cys F. Cleavage at either
chymotrypsin cleavage site reduces or eliminates the ability of the peptide
to bind to the GC-C receptor. In the human body an inactive form of
ehymotrypsin, chymotrypsinogen is produced 25in the pancreas. When
this inactive enzyme,reaches.th Intesting i is.converiedite achye

re@ﬁ@@foﬁ’bp%ﬁ%?/x tﬁfédé)%it%?oé lg?iﬁo |_-%%%)§§es. Active c.ﬁémotlryp.sin can

cpstentidtyreleaveipepticd srthglilyeptid &bOh FoliNe EatbERicissHinal

%f JTﬁPeVEX LOLR0S, I&?eﬂ&? ﬁ?%%?&ﬁ?&kv&&ﬁﬁmﬁm RiA theéncrease

_Intestinal tract can potentially lead to cleavage of certain of the peptiges of
mwmmnwwg@ﬁwﬁam@ﬁﬂ%ﬁag%@%a T ERoRa) fud a

- RmoRsin cleavaarsind ieaxnesistiihatuiymetins brleavageowil

moderate the action of a pe%,t\li}(é%gf the invention hagin an .a%propriately
PRESHGH &Y TRATFOHAD LigeRfe Lid R AT B 5458  thiSugh the
iitesiinalhaskil ipsiatge redike ahymotipsicatisya sévineiprdeasedhat is

roduced in th creas 5and.is pr tin j ive: . Active
R et L RSl SRS
dHepithdigbsi prahfsiriestnd theivtusicr afiarrpless A ubbe Al StiHe
@@Btﬂ%% B&t%@y_g&t&q@@@/ing an appropriately po_sitioned functi_onal
trypsin Cleavage site. It is expected that chymotrypsin cleavage will
moderate the action of a peptide of the invention having an appropriately
Positigns ol npsiReleay agRSitt-amteynaptic et sifelighdie GC-
intestinal tract. \/Ian%/ﬁgastrgintestinal d(iisorq
G BRI PERIRIAR DY e SRR

ers, including IBS, are .

S RS R

davpateie-sobide Anal(esiened aniheoirept20f2gdisliClhBitivdem 230:73-

gapocIRmIRal Seauenca ASPPAS IMmeHAIRY i Vollowing achPabycer
e that creates a%uncﬂonafjchymotrypsm cleavage site or _

Biochem 230:73-83)) This suggests that the GC-C receptor agonists can be used in the

treatment of disorders outside the GI tract, for example, congestive heart failure and

benign prostatic hyperplasia.

Ghrelin, a peptide hormone secreted by the stomach, is 2 key regulator of appetite in
humans. Ghrelin expression levels are regulated by fasting and by gastric emptying
(Kim et al., 2003, Neuroreprt 14:1317-20; Gualillo et al., 2003, FEBS Letts 552: 105-
9). Thus, by increasing gastrointestinal motility, GC-C receptor agonists may also be
used to regulate obesity. '

In humans, the GC-C receptor is activated by guanylin (Gn) (U.S. Patent 5,96,097),
uroguanylin (Ugn) (U.S. Patent 5,140,102) and lymphoguanylin (Forte et al., 1999,
Endocrinology 140:1800-1806). Interestingly, these agents are 10-100 fold less potent
than a class of bacterially derived peptides, termed ST (reviewed in Gianella 1995 J
Lab Clin Med 125:173-181). ST peptides are considered super agonists of GC-C and

are very resistant to proteolytic degradation.
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following Lys or Arg that creates a functional trypsin cleavage site.
Chymotrypsin in the intestinal tract can potentially cleave such peptides
immediately carboxy terminal to the Trp, Phe or Tyr residue, releasing the
dipeptide, AspPhe. This dipeptide has been shown to have analgesic
activity in animal models (Abdikkahi et al. 2001, 20Fundam Clin
SPheptisisdsicasabierof stiminpiingtthe ¢0B7IC25158856Y Eleih (Reks it all 2968

pifs Dy RNBrNas el SHterR3io 805D 3) obv tidManaes- s MbRRURES 68N1WSSs! Exp

Both pain and inflammation. Other analgesic peptides can be present at

PhigiddafbokiBtéhminddser ehdBeptides tromanmigl Aot aREnericapsiys sffests in
minGHIRg RSP n RRALPIRRIE: 2t BRCIIGIIN: (ol AiAnlidpIans: 39-

and substance P. 25 A 'number of the useful peptides are based on the

A crecsesipiche @08 Pifishd| Thasmespt Bes Rdnlple Jaia e yd HN0G P E{sRes
90§ 1 F 582 AN 10, StRatasa vAPRIHhRYING & poteytiatyfuartianabonists

chymotrypsin cleavage site capable of inactivating the peptide, either the
mpphayvmBetdise anaieasic thvdhdemeinearmséorssieed by Trp, Phe or

Tyr or both the Leu and the Thr can be replaced by (independently) Tip,

Phe or Tyr. To create a 30variant having an analgesic di-peptide, the core

InseasiisireeS TS RERBARSUSy AR KeP REOIT A S TERFABER U8 T 8L 1Aty this cbigast 70
aRRRAHENEE cal eunineA s Rhs Hipepiidgi i hartefeRe8etRYion process, and

chymotrypsin in the digestive tract. The core sequence can be optionally

theaesrbdag et hyeASAtSay \s@ﬂh\gﬁtmlmwﬁd%%wé@a%mmg prideds

bRbIGA9Ege8uence include: SAsn Ser Ser Asn Tyr Cys Cys Glu Leu
Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:26) Asn Ser Ser
Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys | p Gly Cys Tyr (SEQ

AN I now A SR RERISET APHEKE G¥S YS90 Ty Ay Seleyefdl) QOB Ffect.
Cys Thr Gly Cys Tyr 10(SEQ ID NO:28).
Immun. 39:1167) having the mature amino acid sequence Asn Ser Ser Asn Tyr Cys Cys
Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:1); E. coli ST Ia (So
and McCarthy (1980) Proc. Natl. Acad. Sci. USA 77:4011) having the mature amino
acid sequence Asn Thr Phe Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Ala Gly
Cys Tyr (SEQ ID NO:2); E. coli ST I* (Chan and Giannella (1981) J. Biol. Chem.
256:7744) having the mature amino acid sequence Asn Thr Phe Tyr Cys Cys Glu Leu
Cys Cys Tyr Pro Ala Cys Ala Gly Cys Asn (SEQ ID NO:3); C.freundii ST peptide
(Guarino et al. (1989) Infect. Immun. 57:649) having the mature amino acid sequence
Asn Thr Phe Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Ala Gly Cys Tyr (SEQ ID
NO:4); Y. enterocolitica ST peptides, Y-ST(Y-STa), Y-STb, and Y-STc (reviewed in
Huang et al. (1997) Microb. Pathog. 22:89) having the following pro-form amino acid
sequences: Gln Ala Cys Asp Pro Pro Ser Pro Pro Ala Glu Val Ser Ser Asp Trp Asp Cys
Cys Asp Val Cys Cys Asn Pro Ala Cys Ala Gly Cys (SEQ ID NO:5) (as well as a Ser-7
to Leu-7 variant of Y-STa (SEQ ID NO:122), (Takao et al. (1985) Eur. J. Biochem.
152:199)); Lys Ala Cys Asp Thr Gln Thr Pro Ser Pro Ser Glu Glu Asn Asp Asp Trp
Cys Cys Glu Val Cys Cys Asn Pro Ala Cys Ala Gly Cys (SEQ ID NO:6); Gln Glu Thr
Ala Ser Gly Gln Val Gly Asp Val Ser Ser Ser Thr Ile Ala Thr Glu Val Ser Glu Ala Glu
Cys Gly Thr Gln Ser Ala Thr

-14-
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Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID
NO:29) Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr (SEQ
ID NO:30) Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:31) Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly
Cys Tyr (SEQ ID NO:32) 15 Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala
The @ T GBI Cystrysy SHQAND o633 Axn @yd ey S 51 Prase sy Ayl Phe
re Al ) I -34)..
G@E’%@%@@%ﬁ?@%@%@ﬁ%%%?ﬁpo&%g‘%ﬁ‘@% e
anTin @sid SyRigsn Seolsia TrpLrhCen by Y Ay YSED IN]@?&%}% & Gly
Y ¥%§.GYS : ' . Tbtt,
R S R R ot (GEG
19DN0):Beyinsthserses asimTyeidyswsacsileisp €ys EysAElpfoyalays Asn

S X ASH I A

(1091 B NBMOAistoBiel et A3 thy) bydneyBanaprramipoegil Ay pies lle

I Qs TSR BiRe AR {PINGH 10 ROASN S8 SBOADNINI0).
A %%%%ﬁﬁgr Qig%y};s Asn Pro %Eaé%:ys Tt%%l Cys Tyr Aép P(')he SEQ :
The Tebleibyloxs prsddsereaunasy ol o3 @mmﬁ%@mrﬁwm\
p ¥§ekhr (fly Cys Tyr Asp Phe (SEQ ID NO:43)  Asn Ser Ser Asn Tyr
ys Cys Glu Arg Cys Cys Asa Pro Ala Cys Thr Gly Cys Tyr Asp 5Phe

GenBank® GenBank® Sequence

Accession Gl

QHECIB 69638 NSSNYCCELCCNPACTGCY(SEQ ID
NO:1)

P01559 123711 NTFYCCELCCNPACAGCY(SEQ ID NO:2)

AAA24653 147878 NTFYCCELCCNPACAPCY(SEQ ID
NO:11)

P01560 123707 NTFYCCELCCYPACAGCN(SEQ ID NO:3)

AAA27561 295439 IDCCEICCNPACFGCLN(SEQ ID NO:9)

P04429 123712 IDCCEICCNPACFGCLN(SEQ ID NO:10)

S34671 421286 IDCCEICCNPACF(SEQ ID NO:12)

CAA52209 395161 IDCCEICCNPACFG(SEQ ID NO:13)

A54534 028844 IDCCEICCNPACFGCLN(SEQ ID NO:14)

AAL02159 15592919 IDRCEICCNPACFGCLN(SEQ ID NO:15)

AAA18472 487395 DWDCCDVCCNPACAGC(SEQ ID NO:16)

S25659 282047 DWDCCDVCCNPACAGC(SEQ ID NO:17)

P74977 3913874 NDDWCCEVCCNPACAGC(SEQ ID
NO:18)

BAA23656 2662339 WDWCCELCCNPACFGC(SEQ ID NO:19)

P31518 399947 SDWCCEVCCNPACAGC(SEQ ID NO:8)
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(SEQ ID NO:44) Asn Ser Ser Asn Tyr Cys Cys Glu Lys Cys Cys Asn Pro

Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:45) 10Cys Cys Ohs Leu

Cys Cys Asn Pro Ala Cys Thr (fly Cys Tyr Asp Phe (SEQ ID NO:46) Cys

Cys Glu Lou Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp Phe (SEQ ID

NO:47) Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp
TRhEnSHEQdDMNDUR) piyailprelagiynsCis@ys AsrwRBIAlA CYB-ThpiGlgin has
¢ C)ég TEBASP Phe (SEQ ID NO:49) Cys Cys Glu Trp Cys Cys Asn Pro Ala
h(“cfysq'\J r(&y Cys Tyr Asp Phe (SEQ ID NO:50) 15Cys Cys Glu Arg Cys
mBEniaifi RisilagSys]ddsk iyl Gkcllyv spaRhe(BEQHDNIC: BRcayey CysQ ID

L ysCs@ys Pro Ala he thy Cys I Sk :’bh J,Q
s R e U S
frbspak hel §SHQeIprdN@gmahce exaaniClrsiTys ki 4.0lICysa0Ys AsieProxiiads

Cys Irp-Gly, Cys Tyr As P'n&(1 '5% GV YSClY PRE Y e T-
fr@és%s%P%%?‘&é@ﬁehﬁ%w% 5%%%5 ﬁ&;‘é?% ?@Q @NO :'55}3J Asn Cys%S
HEyso@lu Hasrtliyse@ysnésn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID

PRI Yokl (NGO IEBR RNy 3SR 1D
m%&)lgﬁgv?ﬁgﬁ%%%%g%éksn S(gfs é%é&@ﬁ %g Cys gys Asn pProg%%C;%/g
NTh2 Glse CSisTRankS iRt (S E N PNO6SRi: 39 1 ASHT yEleymBiiury éicyading
pRE BB SR PRIt AT e TR AR In

some cases, t peptides ot the Invention arc produced as a prepro
nykiteivl thalsidighigess thes fadalropicaenivialaestipdpnasystsivedecdveenpacage

ipneispiaqdahipygechekiicpiciaskansoanontm@EQ ID

(%%Whefe t%e peptide is pro§uced ya bactg‘c’rr}ial cell,(ﬁ.g., E. coil, the

forgoing leader sequence will be
The peptides of the invention, like the bacterial ST peptides, have six Cys residues.
These six Cys residues form three disulfide bonds in the mature and active form of the
peptide. If the six Cys residues are identified, from the amino to carboxy terminus of
the peptide, as A, B, C, D, E, and F, then the disulfide bonds form as follows: A-D, B-E,
and C-F. The formation of these bonds is thought to be important for GC-C receptor
binding. Certain of the peptides of the invention include a potentially functional
chymotrypsin cleavage site, e.g., a Trp, Tyr or Phe located between either Cys B and
Cys D or between Cys E and Cys F. Cleavage at either chymotrypsin cleavage site

reduces or eliminates the ability of the peptide to bind to the GC-C receptor.

In the human body an inactive form of chymotrypsin, chymotrypsinogen is produced
in the pancreas. When this inactive enzyme reaches the small intestine it is converted
to active chymotrypsin by the excision of two di-peptides. Active chymotrypsin can
potentially cleave peptides at the peptide bond on the carboxy-terminal side of Trp,
Tyr or Phe. The presence of active chymotrypsin in the intestinal tract can potentially
lead to cleavage of certain of the peptides of the invention having an appropriately
positioned functional chymotrypsin cleavage site. It is expected that chymotrypsin

cleavage will moderate the action of a peptide of the invention having an
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5cleaved and the mature peptide will be efficiently secreted from the
bacterial cell. U.S. Patent No. 5,395,490 describes vectors, expression
systems and methods for the efficient production of ST peptides in
bacterial cells and methods for achieving efficient secretion of mature Si
peptides. The vectors, expression systems and methods described in U.S.
appadpribfdly. fmS66d0 bandiey psiackenprgel site ahthSTepegtidessenidivaghie
P%igcets of the present invention. Variant Peptides The invention

. §T Pe
mir??:h?&egvairiant peptides which can include one, two, three, four, five, six,
seven, eight, nine, or ten (in some embodiments fewer than 5 or fewer

than 3 or 2.150r fewer) amin id.. itut] :
B A R B e rees
ambis-pesserimthed EhginatuwelyIbeastivigfeminoyasiosvodreclsesupsitiidesd
by D-isomers of any ami [ - ino: aci r
AT S S e S S
claavageinb cacid forfalsimiltidestifgherninentieihavingdnarpiepoptiie pogacd
[ty : I jcity iti j ino
e e e
mostuage|thoectiningf amnt decid debstantiondgenaraigrsaRTEdebypositioned
envati X i id Alani ini ine Aspartic
e A e R A e e e cne
Leucine Lysine Methionine Phenylalanine Pro line Senile Threonine

l\/ilé%p &%Qggfﬁtgyﬁgﬁirlﬁsorders, including IBS, are associated with abdominal or
visceral pain. Certain of the peptides of the invention include analgesic or
antinociceptive tags such as the carboxy-terminal sequence AspPhe immediately
following a Trp, Tyr or Phe that creates a functional chymotrypsin cleavage site or
following Lys or Arg that creates a functional trypsin cleavage site. Chymotrypsin in
the intestinal tract can potentially cleave such peptides immediately carboxy terminal
to the Trp, Phe or Tyr residue, releasing the dipeptide, AspPhe. This dipeptide has
been shown to have analgesic activity in animal models (Abdikkahi et al. 2001,
Fundam Clin Pharmacol 15:117-23; Nikfar et al 1997, 29:583-6; Edmundson et al
1998, Clin Pharmacol Ther 63:580-93). In this manner such peptides can treat both
pain and inflammation. Other analgesic peptides can be present at the carboxy
terminus of the peptide (following a functional cleavage site) including:
endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, and substance P.

A number of the useful peptides are based on the core sequence: Cys Cys Glu Leu Cys
Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:29). To create a variant having a
potentially functional chymotrypsin cleavage site capable of inactivating the peptide,
either the Leu (underlined) or the Thr (underlined) can be replaced by Trp, Phe or Tyr or
both the Leu and the Thr can be replaced by (independently) Trp, Phe or Tyr. To create a
variant having an analgesic di-peptide, the core sequence is followed by Asp Phe.

The carboxy terminal Tyr in the core sequence can allow the Asp Phe dipeptide to be
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Valine Kenlace with any of Gly, Cys, Ser Lys, His Asp, Glu, Gin, Asn, Glu,
Gin Met, Tin, Set Mn, Glu, Asp Asp, Asn, Gin Ala Lys, Arg Val, Leu, Met
Val, lle, Met Arg, His lle, Leu, Val Tyr, His, Trp Tin, Cys, Ala Set, Met, Val
Phe, Tyr Phe, His Len, lle, Met In some circumstances it can be desirable
to treat patients with a variant peptide that 10binds to and activates
rdletastingl AGxGtrepsiptor thrdigektss aetive Thandtvseprenar st fontibeally

eptide. This red ceg activity. can arise from reduced affinity for the
b?é’f%%)et%erdo?yaf}%%%% ea{t%iﬁfly%%rgéf%sé}'e the receptor once bound or
reduced stability of the peptide. In some peptides pairs of Cys residues

Tﬂ{psi,cl?se uﬁ@%@g&% rtqus%cp é)srlutlﬂg @099 ngga%g fnclude:

Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:26)

Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr
(SEQ ID NO:27)

Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr
(SEQ ID NO:28)

Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:29)

Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr (SEQ ID NO:30)

Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:31)

Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:32)
Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr (SEQ ID NO:33)
Asn Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:34)
Asn Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:35)
Asn Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:36)
Asn Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:37)
Asn Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO:38)
Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp
Phe

(SEQ ID NO:39)

Asn Ser Ser Asn Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp
Phe

(SEQ ID NO:40)

Asn Ser Ser Asn Tyr Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp
Phe

(SEQ ID NO:41)

Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp
Phe

(SEQ ID NO:42)
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15both members of the pair can be replaced by hornocysteine,
3-mercaptoproline, (Kolodziej et al. 1996 Int J Pept Protein Res 48:274),
p, p dimethylcysteine (Hunt et al. 1993 Int J Pept Protein Res 42:249) or
diaminopropionic acid (Smith et al. 1978 J Ivied Chem 21:117) to form
alternative internal cross-links at the positions of the normal disulfide

Akarsds. 20 Aoductiyn 6f peiptides Qyseiyl peptites\tal pelradlycEgseleksp

P}b n bacteria including, without limitation, E. colt, or in other existing systems
St peptide or protein production (e.g., Bacillus subtilis, baculovirus

(@BQrESStt@téﬁbstems using Drosophlla Sf9 ceIIs yeast or filamentous

:
LR N S

Pheoduced |n bacteria, e.g., E. coil, the nuclelc acid molecule encoding the
( @rﬁf eferably also encode a leader sequence that permits the
3Ecretion of tHe mature peptide from the cell. Thus, the sequence

AsnchiRgrthenpByptiches €ys inblude s ois degudnocsl aky tHduptd seqedncésp
f, for 15example, a naturally-occurring bacterial ST peptide. The
secreted, mature peptide can be purified from the culture medium. The
(SEQuahd¥Detfgoding a peptide of the invention is preferably inserted into a

S R R S B
Greplivatiiy mw@weﬂgamm&botéﬂs (Aitide, Gr exaftiplé spEERMEE@AR NO: 47)
C&é?neﬁ (?r@tgae nr\llc;%t I%:[S%H?ﬁ? sucl?%jsﬂig@ty %é/%h ée?gnl?&da or ID NO %)
GndCgeBlatieretacfASoRsAbtioN of br Eptbyedbitaiinghe (@l‘é@@a}iﬁ 49)
GREIPBARISE, S PR IR RN AR B YO T AT AP PHABER B RD:50)
Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:51)
Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID NO:52)
Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:53)

Asn Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Trp Gly Cys Tyr Asp Phe (SEQ ID
NO:54)

Asn Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:55)

Asn Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:56)

Asn Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:57)

Asn Cys Cys Glu Arg Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:58)

Asn Cys Cys Glu Lys Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr Asp Phe (SEQ ID
NO:59)
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25bacterium. Suitable bacterial hosts include but are not limited to, .E.
coil, B. subrilis, 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

I£Qp8heldians aiippenal datiadienn seaibARIPIAIEsd 9B Raitepro PRAEMGHAt
30and repressor sequences. A variety of transcriptional control sequences

ingdge ihermRALCERYLE! iFafer SFEUPRS expression vector can also include

nikHAFERIOIpEgLatoRe SRAURRSRKEBKIBNKIBPaNsaSE(P 1BEqUEIRe, Where the
u nt,rc%n slate

3' sequence, Or an internal ribpsome entry site). The vector .
PR B BB P ORGSR AR A AGHCe Wil be
cRNAdaehsr e sialidptusing PepUte RiobURItee3Broad iR preteitcading.S.
sequence that includes a peptide of the inyention can also be fused to a
FbR a0 S oty SETe SPRFT oG e RCRARFIG or e
cHitiensiesdsetidaoT b Talitisk Hibbadiagapeleianprateivds, fok AdBitathg efficient
hexa-histidine, myc tag o theﬂwéﬂuenza HA ta%ﬁ_in order to fa iIita%E d
SERRHCR A Sy TG or PSS TSR SIS $H6 PRI PAInedss
diherfirytideos imtacasNo. theasadingframesaf therbivdgehe $neoglitgshed
affinity such that a translatjonal fusion is generated. Expression of the

SeRepdsaRd

VRI&Bh ASPLRSELBY B 8ingle polype-otide that includes

both the peptide of interest and the affinity tag. In some instances where

\gffinit% tags are utilized, DNA sequence encoding a protease recognition
A 1%8ed between the reading frames for the affinity tag and the

Tedfidendbiniechsiesl batraneitpitdsisiicts @ndntlatkagds swi@bledarfour, five,
roduction. of immature and mature forms of the .peptides and variants of

SRS B AP aec Sk PR SeIDt, ey e APy T A o or2

derfowvr fartins acilifielskinutienatosparalbm ISE QIEXING praftticeopatisie® in1 0.

biological system. 20 Mature peptides and variants thereof can.be )
S LB e B LR A s e A g epccurine
asyinthesidecairbe exbgtipiedibe Pejptickesar e aymtiesizd,chon-natural amino
Cyc(4-CH2BxI)-OCH2-4-(oxymethyD-phenylacetamidomethyl resin usi .
o o AT Brodh ST PR AR T BN e aiion
dbaareaiadheid for a similar acting amino acid, or amino acid of like charge, polarity,

or hydrophobicity. At some positions, even conservative amino acid
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25correct disulfide bond pattern. For example, the following protecting
groups can be used: Nbutyloxycarbonyl (alpha-amino groups);
acetamidomethyl (thiol groups of Cys residues B and E); 4-methylbenyl
(thiol groups of Cys residues C and F); benzyl (y-carboxyl of glutamic acid
and the hydroxyi group of threonine, if present); and brornobenzyl
(phenolic group of tyrgsine, if pres n% Coupling is effected with X

S HRRB P CHBE T b Gl RSR Gy ARG HERRIGHLY occuring
hydlioxylienpetitiazale eatesl(faroasidarad) e erglitamine, residues), and
the peptide is cieprotected and cleaved from the solid support in hydrogen
fluoride, dimethyl sulfide, anisole, and p- thiocresol using 8/1/1/0.5 ratio

BovAsvinah G foIc68emiR eAftee vethoval f hydrogen fluoride and dimethyl

suifides by reducedJpresstite: &hd. amisole, and p- 35thiocresol by extraction
withnemsy| ether afdigethyl-sbdtdte sequentially, crude peptides are

BERFWith a Aisiure OFD.S-BBium phosphate buffer, pH 8.0 and N,
RSPEirietidy Iformiside 081 Rtio, viv. The disulfide bond for Cys

§s B and E{dthe fith dirnethyl sulfoxide (Tam et al.
J E%md Chemn. So Asﬁ ) 2). The resulting peptide is the
fi q‘ggcbyc%evers _Bhas F;hro?ﬁla o&raphy. The disulfide bond between

i&ﬁ%dues C a%!li}F is QIm by first dissolving the peptide in 50%
Ic.agid in water, Satuq,gﬁ ei@cﬁ,fg? solution in glacial acetic acid is
1Qadded (1 nil iodigg solytippeyiP0 ml solution). After incubation at
demperature far 2 days #an enclosed glass container, the solution
isreilssadhfive-foldyudth deignizedwyater and extracted with ethyl ether four
tmesfaatemoval mfeunrepgtediiodine. After removal of the residual
amdat of ethyl efrer by rotary evaporation the solution of crude product
iSdsiophilized and furrifiedlby, SiyscA$sive 15reverse-phase
rinsomategraphy. Titestin@¢&GgeC Yeteptor binding assay The ability of
pappidebaand othefragentShw bid to the intestinal GC-C receptor can be
Tyrosine Tyr Phe, His
Valine Val Leu, Ile, Met

In some circumstances it can be desirable to ireat patients with a variant peptide that
binds to and activates intestinal GC-C receptor, but is less active than the non-variant
form the peptide. This reduced activity can arise from reduced affinity for the
receptor or a reduced ability to éctivate the receptor once bound or reduced stability of
the peptide.

In some peptides pairs of Cys residues which normally form a disulfide bond one or
both members of the pair can be replaced by homocysteine, 3-mercaptoproline
(Kolodziej et al. 1996 Int J Pept Protein Res 48:274); B, B dimethylcysteine (Hunt et
al. 1993 Int J Pept Protein Res 42:249) or diaminopropionic acid (Smith et al. 1978 J
Med Chem 21:117) to form alternative internal cross-links at the positions of the
normal disulfide bonds.

Production of peptides
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20tested as follows. Cells of the T84 human colon carcinoma cell line
(American Type Culture Collection (Bethesda, Md.) are grown to
confluence in 24-well culture plates with a 1:1 mixture of Ham's F12
medium and Dulbecco’'s modified Eagles medium (DMEM), supplemented
with 5% fetal calf serum. Cells used in the assay are typically between

assages 54-60. Briefly, 184 cell manolayers in 24-well plates ar

e AR T A LB F (BRI SPVR Cis =
bslyipeisertm aalbiimgisysrth 2 nphb e BESo el Brajnthien (agulbditeldor 30
min.at 37C.in the presence of ' i . GOILST
f)zé%i%’e%gﬁu The' tsegs materi aslyg{tgv%agﬁgo%{ sg g%%%%ﬁg%ﬁgﬁﬁﬁ%% ékare then
Wasteth fo Gt esnrtdsiomay SEDMVENRENH Sctb BEdsHth OScmival gy

NaQH helauslpfradipgctivity in the 30solubilized material is then

determined using standard methods. Example I: Preparation of variant ST
peptidec and wild-type ST peptide la: Preparation of recombinant variant

FhReRbdes ARdWHEpMRRIST BeRlNed88ed mfcteria, e.g., E. coli, the nucleic
acid molecule encoding the peptide will preferably also encode a leader sequence that
permits the secretion of the mature peptide from the cell. Thus, the sequence
encoding the peptide can include the pre sequence and the pro sequence of, for
example, a naturally-occurring bacterial ST peptide. The secreted, mature peptide can

be purified from the culture medium.

The sequence encoding a peptide of the invention is preferably inserted into a vector
capable of delivering and maintaining the nucleic acid molecule in a bacterial cell.
The DNA molecule may be inserted into an autonomously replicating vector (suitable
vectors include, for example, pGEM3Z and pcDNA3, and derivatives thereof). 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 imited 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 repressor 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 peptide production.
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A variant ST peptide, referred to asSEQ ID NO:28, was reproduced
recombinantly and tested in an animal model. SEQ ID NO:28has the
sequence: Asn Ser Ser Asn Tyr Cys Cys Glu Tyr Cys Cys Asn Pro Ala
Cys Thr Gly Cys Tyr (SEQ ID NO:28). A peptide having the sequence of
the wild-type ST peptide was also created (SEQ ID NO:26). 5 SEQ ID

NO:28 and SEQ ID NO:26 peptid . d tei

TR HE Ve i5FET STNERE I TN A SO e g Lo ACa s

16 RILKOtaXEtdrenpsdise qpeheepias dfplified, feam P@KbbIp SEKBI(ATCC

8) usi igonucleotide MQ3514 (5'

B SRR o as prrcisifins &y 1%

thOIRINGDZ60L)) tugdinkgdmicdiotidadpogsestisl. The affinity tag or reporter
ACACC . 3
Eg?gﬁ}lge%%gﬁa%%ﬁi%ﬁ&%Qﬁ%é%%ﬁ&%ﬁgﬂ&émﬁ@

e amplification product fragment was digested with

euie ixheIng kel RiEReE taamecly hehdiaasiuiPyadeviopEsTeBrRiSiNovagen)

gligesieshwith NelelsX hef dhesabyctaating tlasmigiMB 3o Beptime fiegion

ing th - [ 1
shicodng he pre pro potel was sgguencedand dofound i encgle the

adssilfiflsviséspinedakpay ssiedite skkaiivk ksnéisgpesoo 5 Q) HDoNG24)
high differs from the amino acid seguence of heat-st e in a2
gféa’gl}jr%orefgté)f;rﬁ%glﬁlﬁlﬁg\l/ﬁ%?gﬁ?gaaﬁnﬁ g%ék%ﬁ%%ﬁ%ﬁsmg%%esm

(SEQ ID NO:25); GenBank(r) Accession No. Q47185, Gl: 3913876) at
LE&:P 8&%&&&5'&%%&&%&%&% liging Rine:29 BRI IS OBRT Migure forms

-terminus. To create expression vectors with the pre-pro sequence,
ebhpRentietcayogisse REGRIMY BXIT SRR RO SYSIF-E &0
BsAtigE wareanagadandselangel intentha MBS 0iE6 Bxpessigrodector. To
create MB3984 (encoding SEQ ID NO:26 peptide full length wild-type ST
BENHRRS B Rinter8! 5¥StE M), containing the amino acid sequence,
NSSNYCCELCCNPACTGCY (SEQ ID NO:26) fused 25downstream of

NER R SR 1R, M TR WA EORRIER WD, RRELgRRE W ERR

Olla0s
GOA TG ANTAGTAGCIATTAG S CTE Fomalg.dhe peptide can be synthesized

ST CORTATAC TR TATIATAG (3R 2R

TookcT AT RAT A CAC CSERSETPARS ARG CA B PRIS R REARTHTR®
CARGAIQETADI T REFA VA RERE IRIN@IS3 Y tiaingeate v BRIRS

O R R et

frsedhelobvastiEp Aot tindheroddtbisegugrost (48 r8gdecsasmligosbenzwithi-
Bsal/Xhol and. ligated. ' + 35, :
R T R A R A i and

Ta@@Eenzyl (phenolic group of tyrosine, if present). Coupling is effected with

symmetrical anhydride of t-butoxylcarbonylamino acids or hydroxybenzotriazole
ester (for asparagine or glutamine residues), and the peptide is deprotected and
cleaved from the solid support in hydrogen fluoride, dimethyl sulfide, anisole, and p-
thiocresol using 8/1/1/0.5 ratio (v/v/v/w) at 0°C for 60 min. After removal of
hydrogen fluoride and dimethy! sulfide by reduced pressure and anisole and p-
thiocresol by extraction with ethyl ether and ethyl acetate sequentially, crude peptides

are extracted with a mixture of 0.5M sodium phosphate buffer, pH 8.0 and N, N-
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GGTGCTATTAATAAC (SEQ ID NO:64)) and M03530 (5'
TCGAGTTATTAATAGCACCCGGTACAAGCAGGATTACAACAATATTCA
CAGCA GTAATTGC'fACTATTC 3'(SEQ ID NO:65)). 5The SEQ ID NO:28
peptide and the SEQ ID NO:26 peptide were produced as follows. The
expression vectors were transformed into E coli bacterial host 131_21 2i.

itrogen). A sm e colon ated rown hak
(g (‘/5 Pr?nﬁgo tﬁat °2§ ﬁ%anam%/ctﬁ)n ”ﬁ?r?] érrr?ls’g% cu tgrrléi E
ws &cded tmﬁgZﬂnmﬁibe@kfmﬂdlM@M&déé%B@ﬂ%@ﬁ@Mg Acids 5

O PR B0 g
’th @r@vlﬁdw@imm W&f@li‘l@ (ts: o] pﬁzf@rwirhlgfw%@@glm@m

N3 8&4%?%0?%%&1% 210Uy A8 ArelRig2 R d S MmN i aHiG Gtk 00
/1, Kanamycin 25 mg/1, Antifoam DF204 1 m1/1) and fermented using

R o e SoREosmpEh LR Solpfen. ABrIBrRHBALE SRy (28%
DNigPe30L2 agyatiom sbditees @aﬁmmwameﬁﬂm thetldpiftiRluted five-fold

B #?é??@@fq \g’fgé%ﬁ%’pfg rﬁe%dgl‘p %g ucose tor o 8%%;;(1:”?3/ c?dns 10
gﬁl:eyceasst&mﬁoma ot OGS OthereigOudl gmoﬁmmeﬂ&mm 1R06G42-6H20
4@3%3%5}‘%% filded %?cﬁ;&@%@sd&‘é %]% Cﬁﬂﬁ?eg AP R03 2cm0

4 mg/l, Zn Acetate-2H20 16 mg/1, Ferric Citrate 40 mg/1,
rentfsaphDFEdTamaEIRss added at a feed rate controlled to 20maintain
20% DO. IPTG was added to 0.2 mM 2 hours post feed start. The total run
t|me was ap prOX|mater 40- 45 hours (until feed exhaustion). Cells were

Hieidred aativicres 57500 g for 10 minutes. The cell pellet was
discarded and the supernatant was passed through a 50 Kd ultrafiltration

25Kd fil 0.6 i

dhe g%%@g%g%’gﬁ%eé&&io R AR e BAE Cleceptor cambe
28 iMsTFriBewe 1®Hsbﬁgiaﬁ§4lbvms@t90¢¢m¢}®cnnUMLnelmh@ Cotuenigawdype
%;atﬁgggvd@fhfb B YRS, 0f 20 tinM Tris-HCdREL L2 AR IatRing e Bres

mM acetic acid collecting 50 ml fractions. Fractions

c@m Aid gngm@@fﬁé%r@ﬁtr@mm@é@meﬁ@pﬁ drodiBed Bedreuraaidhe

ﬁ%ﬁéﬁ@h@é@%ﬁyﬂtﬁﬁﬂ%‘éﬁwﬁﬁomeﬁh%s@ﬂ%@tﬂé%@ﬂiﬁawere
n 10 ml of 8% acetic acid, 0.1% trill ugroacetl TEA

resus
émqa%ﬂhm?ﬁ% RpARRIN PEfareds- AR SRRy 51
ecpsllibd ateckinvihe sainoétindier) it f@WELE @h2Bning 0.05% bovme serum

albumin and 25 mM HEPES, pH 7.2), then incubated for 30 min at 37°C in the

presence of mature radioactively labeled E. coli ST peptide and the test material at
various concentrations. The cells are then washed four times with 1 ml of DMEM
and solubilized with 0.5 ml/well IN NaOH. The level of radioactivity in the

solubilized material is then determined using standard methods.
Example 1: Preparation of variant ST peptides and wild-type ST peptide

1a: Preparation of recombinant variant ST peptides and wild-type 8T
peptide
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ml/min. The column was washed with 100 ml of 8% methanol, 0.1% TFA
and developed with a gradient (300 ml) of 24 to 48% methanol, 0.1% TFA,
collecting 5-ml fractions. Fractions containing peptide were pooled and the
solvent was removed by rotary evaporation. The peptides were dissolved
in 0.1%TFA and lyophilized. 5 The SEQ ID NO:28 peptide and SEQ IlI

A AR BT ys.sériﬁé%&%dfh@r%é‘w%ﬁ%%%W%‘@@M%MMY and
a IS more eous
tegipeyn Anngey Bl @adekigthrQ 1) Nite s Srecemysues z% 355%%%&@?% Cys
Cf&\ﬁ[ﬁﬁ feaky < Panala)tanl SEQ MhiN@26yPEre(35N 10 NO:RS). A peptide
n |
hy R HELSShEY IIELS R Bk ST PRI AU UENRE SHOPAT I 26)

company. Varying yields of peptides were obtained depending on the
SEficienny. 08 ahe mmllmemq;e’ﬁhuss W@é%@@&ﬁﬂd@@rﬂpmﬁmmg

order of ield,wer s Cys Glu T r 15C s C Thr Gl
AR IR, A3t e e e B AR U e o
selqu@mbv@y@mphﬁy frym pﬁiiswmti@?%?ﬁ@&} @Q%@W‘@?@de
Mo T YR QYSAIGRIRAMA AYS ANTEIVTEYS TAT TSERUPINGIZ8E’ (SEQ

Asn Ser Ser Asn Tyr Cys Cys Cys Asn Pro Ala Cys Thr Gly
HE:VQﬁM@e@h%%%Z“P%@’%ﬁ *hus the specific amino acid
CAAGET DE AMUEEANGITET CCOTIAET 2DEATEIAELE AoV TTAC 3° (SEQ ID
N@%H@%@%Brﬁ&%r B> @@&H@f@gﬁkﬂ%’ﬁ%@%%ﬁ&?@vﬁh FOMRBRBERRAd ligated

profil€ of syntheticall manufacture ure | ¢ shows the total

toShe it SiRAFSERIFERSTIRFI AR Su YR8 iR I isatRsiey i eSO ey

cleefkgFRSant INMEEY HEQ he N3 ksandiple tﬁta;ﬁnspmt ;&kstmﬁ&petes&ntehﬁned and
the ontrol ample anfifative an lysis suggests the SEQ ID NO: 31 is
> g eu‘ﬁ% aﬂagrﬁmlg%a%\ctse fion- §fthe intestinal GC-C recegtor by

WﬁﬁﬂMSMMW%@b@W&@BUMWW@K%@Q}I@) éémés@dlffers
frbfhMge: &ﬁl@%ﬁ%q@em@ ShieraghvRieHeiotesINalGrSoreaaptor was

mii ﬁﬁles 1'&%&3& iﬁégs”l%'f?% ng( Q&Jf-ﬁﬁnggs%%grg ?&b ID NO:25); GenBank®
Accession No. Q47185, GI: 3913876) at three positions (indicated by underlining and
bold text) near the C-terminus. To create expression vectors with the pre-pro sequence,
complementary oligos encoding each ST peptide variant or wild-type ST peptide were
annealed and cloned into the MB3976 expression vector. To create MB3984 (encoding
SEQ ID NO:26 peptide full length wild-type ST peptide as a prepro protein), containing
the amino acid sequence, NSSNYCCELCCNPACTGCY (SEQ ID NO:26) fused
downstream of the pre-pro sequence, MB 3976 was digested with Bsal/Xhol and ligated
to annealed oligos MO3621 (5°
GCATGAATAGTAGCAATTACTGCTGTGAATTGTGTTGTAATCCTGCTTGTACCG
GGTGCTATTAATAAC 3’ (SEQ ID NO:62)) and MO3622 (5°
TCGAGTTATTAATAGCACCCGGTACAAGCAGGATTACAACACAATTCACAGCA
GTAATTGCTACTATTC 3°(SEQ ID NO:63) ). To create MB3985 (encoding SEQ ID
NO:28 as a prepro protein) containing the following amino acid sequence,
NSSNYCCEYCCNPACTGCY (SEQ ID NO:28) fused downstream of the pre-pro

sequence, MB 3976
was digested with Bsal/Xhol and ligated to annealed oligos MO3529 (5’

GCATGAATAGTAGCAATTACTGCTGTGAATATTGTTGTAATCCTGCTTGTACCG
25-
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carcinoma cell line (American Type Culture Collection (Bethesda, Md.).
For the assays -27- cells were grown to confluency in 24-well culture
plates with a 1:1 mixture of Ham's F12 medium and Dulbecco's modified
Eagle's medium (DMEM), supplemented with 5% fetal calf serum and
were used at between passages 54 and 60. 5Briefly, monolayers of T84
GCEIIS GTAF AT ALE 3 IWSTeQWaS ot Gicand/ OB 381l DMEM, then

, 70§ th A5 . :
AN e R T e et BhAea A acAGCA
GIRhNOGTBACTRFTHE S (R0l Jvele:tiieh added and incubated for 30
minutes at 37C. The media was aspirated and the reaction was then
terminated by the addition of ice cold 100.5 ml of 0.1N HCI. The samples

ThefEQdD biDIes foelieninditbs 8RO theNewdppratield twedrymedscadinmlallows.
eat gun or vacuum centrifugation..T.h ied,samples, wer. ed
gt e e TR AT Db e e

(IR &y Kk (Gaytenesidabienaiciahsdatubdenid Mbwh yhiikifp\Pewasht at 30°C in
LRESRS B A seceing o e s e DR COMN by
nffiieeHatRe Ry e varsnisinothisi €G-l arapt dixaakv iy ASBA HONE3 g/l,
N AR SR 96 1o A B Aty ks LTS SO
61 agivilyicomparablatia SEQITNG; 261 SEQ HNOIZEIdGANEMOO;-
R el 8 TP el Ot
ARGreaseIRiestinal/thamsitféfmented using the following process parameters : pH 6.7
- control with base only (28% NH4OH), 30°C, aeration : 5 liters per minute. After the
initial consumption of batch glucose (based on monitoring dissolved oxygen (DO)
levels), 1.5 L of feed medium (Glucose 700 g/l, Caseamino Acids 10 g/, Yeast Extract
10 g/1, MgSO4-7H0 4 g/1, EDTA 13 mg/l, CoCl-6H,0 4 mg/l, MnCL-4H,0 23.5 mg/l,
CuCly-4H,0 2.5 mg/l, H3BOs3 5 mg/l, Na;MoO4-2H,0 4 mg/1, Zn Acetate-2H,0 16 mg/1,
Ferric Citrate 40 mg/l, Antifoam DF,04 1 ml/l) was added at a feed rate controlled to
maintain 20% DO. IPTG was added to 0.2 mM 2 hours post feed start. The total run

time was approximately 40-45 hours (until feed exhaustion).

Cells were collected by centrifugation at 5,000 g for 10 minutes. The cell pellet was
discarded and the supernatant was passed through a 50 Kd ultrafiltration unit. The 50
Kd filtrate (0.6 liters) was loaded onto a 110 ml Q-Sepharose fast Flow column
(Amersham Pharmacia, equilibrated with 20 mM Tris-HC1 pH 7.5) at a flow rate of
400 ml/hour. The column was washed with six volumes of 20 mM Tris-HCI pH 7.5
and proteins were eluted with 50 mM acetic acid collecting 50 ml fractions. Fractions
containing ST peptide variant or wild-type ST peptide were pooled and the solvent
was removed by rotary evaporation. The dried proteins were resuspended in 10 ml of
8% acetic acid, 0.1% trifluoroacetic acid (TFA) and loaded onto a Varian Polaris C18-A
column (250 X 21.2 mm 10 Tm, equilibrated in the same buffer) at a flow rate of 20
26-
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25mice In order to determine whether the peptides increase the rate of
gastrointestinal transit, the peptides and controls were tested using a
murine gastrointestinal transit (GET) assay (Moon et al. Inli,ction and
Immunity 25:127, 1979). In this assay, charcoal, 30which can be readily
visualized in the gastrointestinal tract is administered to mice after the
matminiiratohiofravies eshegovitld | (he bidi8cmethyetbd By tHe Shandoal

is measured and expr tat h : )
SRR SRR PSRRI G AT R Chine Sl
fibetions. theartaomerti3Bwigppeidicear conted inditbe. sPhepepttiesneed by

rally administer & W9k gsBRRERH%E ) PEN e (ORI fisiPH
m?%}f%va |%ﬂé}é§,%b§$))(?ebgﬁ%fg gle\J/en an oral dose of 5% ActivatedICarbon
(Aldrich 242276-2500). Control mice were administered buffer only before

Tﬁgggglggg\(‘f%%@%ﬁ&% GRRRIATEL LR RIKGS NS micewerey

sa and th testines from the stomach to the cecum were

stdisked M hendtdPlehgth@Yithenalsitirey ceded dhiah ST 1M SHE8 iﬁavexéd
hgﬁgggna%%ss{ﬁm%mﬂﬁ@%r&%@'ﬁ{gﬂ%wm%ﬁwgﬁqﬂm@;@mIm@hde

e results are expressed as the percent of the total length of the

exhibstifevieavsiis HRatted Bhtran8EwbH. WM RAés(Renelré keported as the

average of 10 mice standard deviation. A comparison of the distance
traveled by the charcoal between the mice treated with (geptide versus the

mice tbabagnaratiahifsyatesiovearisatorheptideipaGitibtrre 3 bieeptide
i AUl Iy LAk dUIarenaR MR GRNRHGIAR N RA O ompany.

ues are calculated using a two-sided T-Test assuming unequal
Vasyiagoed daefaptides swtanttaiise drpepdingaunibe diidrsrf cheryar

Nrads. (FlARamIicheplibouis MQeRil 940 bSHeSHGRI s Cys Glu Tyr
manufactured SEQ ID'NO:31 and Zelnorme 15(0.1"'mg/kg), a dru
Cappsrovadrtdiros'Salkarsid irdy Sristhar tHESEPorSHinl et °°53Ppig¢, Cys Cys

dnriease,gasioiestipaliyansiriatep tis Iedsk higyieaphaws $BeSer Asn

result of a study demonstrating that intestinal transit rate increases with an

Trickeading GbsdyeGreiitiersadmbidany ByntHedired BEGHR NO¥E HhaAsn
PR RNPy2 e v Hy e AP Rl resiiisool B BYADYIHRMPOSHANRGSEQ ID

both chemically synthesized SEQ ID NO:26 or SEQ 201D NO:31 peptide
NRsPéaseSHeitidal rhnsheameec e raninaridiiidanges Biirrdugsdriaterhgpeptides

ERUNAHENLIARR LARNAER e properties.

Figure 1b shows the total ion chromatograph profile of synthetically manufactured
MD-1100. Figure 1¢ shows the total ion chromatograph profile of the control blank
sample. There is one major peak present in the SEQ ID NO:31 sample that is not also
present in the control sample. Quantitative analysis suggests the SEQ ID NO:31 is
>98% pure.

Example 2: Activation of the intestinal GC-C receptor by a variant ST peptide and
ST peptide

The ability of SEQ ID NO:28, SEQ ID NO:26, and SEQ ID NO:31 to activate the
intestinal GC-C receptor was assessed in an assay employing the T84 human colon

carcinoma cell line (American Type Culture Collection (Bethesda, Md.). For the assays
27-
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The identical experiment was performed to determine if SEQ ID NO:31 is
effective in a chronic dosing treatment regimen. Briefly, 8 week old CDI
female mice are dosed 25orally once a day for 5 days with either SEQ ID
NO:31 (0.06mg/kg or 0,25mg/kg in 20mM Tris pH 7.5) or vehicle alone
(20mM Tris pH 7.5). On the 5th day, a GIT assay is performed identical to

céh%fék)@ %%ﬁ@%&@%&&qrﬂ@%@mﬁﬁa&&w@@w@dﬂmmﬁm@aomwes

Wsther Itsofastu trat
LG LT NG SE RS R e SR DTN hlemented with
S%a@mméfsﬁmmﬁdmwwéﬁ bswisesnpasiteadsthendifly for 5 days).

The results are shown side by side with acute dosing (1 day). Example

ATBRIBEI A
%@@%@hﬁr@%‘a@&g 1OS1G6 FoF HOPANTED Bt RN A e e

isabinglenstshlingthioy GBNB0eh of thite stinkloselerphiospHodilkigemod ehlz st -
TEARRHAS IS GeiinistarR RCkinLEIca I as a8 &m@@a@w@ Idays

old. After the mice are_ sacrificed, the r
e C ast 0|ntest|n§ § 1t10n oflq col d

medic R dPira kR iig KaGHaR Hay! edhtt%m}mfﬂgd carcass
Ovetilas thégit€ ard ivsighotbanghbeldtion d¢gylas 20 @an@a@sawé%ﬁms

69%‘6%%@%0 H’l%@tl@n'f% @%ﬁﬁlé@l@& OM@ﬁrb@ﬁiﬂﬂﬁﬂgiﬁdhamH@dﬁéﬂ samples
compound inc intestinal se ti u
BN o) A B S e S TS SRR Cherpiea
qév@}mé}wsﬁb%la&@’r@%&%@&#vé\w méos@éﬂD(E\Y@lﬁlGSéBﬂ%sm
niBisurRUe). Hirese:oatiag hopt sbeduriidetytiacd Tnlifip€hijdentpihchAsgd yolie
G-[\?IJ m: West Chester, PA) and the SEQ ID NO:31 peptide increase

nte analksécretion. The effect of Zelnorm(r) was also studied. As can be
seen from Figure 5, Zelnorm(r) at 0.2 mg/kg does not increase intestinal
FseareBchdwshiz oy Bigikerteaihows e dost regphnseicutym ibitigeC-C
& H}hi&%ﬁ ERIPINEOR t@@@m@@%%e\fwaﬁfm@n&m@mm 31

PR B mﬁf@ﬁiﬁﬁmﬁm RS SRS

m@hodseﬁlahmayd@sep@ebbﬁse%&&@ ﬁ&oc?:fenﬁmy}%mw%é@

NB D6 RERADNG: R 418N R JRINO: 26 asc Wit @cutitd -y BSEQ ID
Np(g%ti g) purchased from Sigma-Aldrich, St Louis, MO).

Example 3: SEQ ID NO:28 and SEQ ID NO:26 increase intestinal transit in
mice

In order to determine whether the peptides increase the rate of gastrointestinal transit,
the peptides and controls were tested using a murine gastrointestinal transit (GIT)
assay (Moon et al. Infection and Immunity 25:127, 1979). In this assay, charcoal,
which can be readily visualized in the gastrointestinal tract is administered to mice
after the administration of a test compound. The distance traveled by the charcoal is

measured and expressed as a percentage of the total length of the colon.

Mice were fasted with free access to water for 12 to 16 hours before the treatment
with peptide or control buffer. The peptides were orally administered at 1pg/kg —
1mg/kg of peptide in buffer (20mM Tris pH 7.5) 7 minutes before being given an oral
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5Colonic hyperalgesia animal models Hypersensitivity to colorectal
distension is common in patients with D3S and may be responsible for the
major symptom of pain. Both inflammatory and non-inflammatory animal
models of visceral hyperalgesia to distension have been developed to
investigate the effect of compounds on visceral pain in IBS. 10 I.
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choat28 wihgnohvuarladMinisteradriitrigrecialy thirtarghsa silicone rubber
catheter introduced at 3 cm from the anus under light diethyl-ether

anesthesia, as described (Morteau et al. 1994 Dig Dis Sci 39:1239). .
AsstiobneeTNB S igdraitishantl:- s %p@m@&ﬂ%@ pladife A ihneigmmaddrich,
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sensiti
an equivalent dose of Zelnorm®.

The identical experiment was performed to determine if SEQ ID NO:31 is effective in a

chronic dosing treatment regimen. Briefly, 8 week old CD1 female mice are dosed
orally once a day for 5 days with either SEQ ID NO:31 (0.06mg/kg or 0.25mg/kg in

20mM Tris pH 7.5) or vehicle alone (20mM Tris pH 7.5). On the 5™ day, a GIT assay
is performed identical to that above except 200ul of a 10% charcoal solution is
administered. Figure 4¢ shows the results of a study demonstrating both chemically
synthesized SEQ ID NO:31 or Zelnorm® are effective in a mouse gastrointestinal
motility assay upon chronic dosing (daily for 5 days). The results are shown side by

side with acute dosing (1 day).

Example 4: SEQ ID NO:28 peptide and SEQ ID NO:26 peptide increase

intestinal secretion in suckling mice (SuMi assay)

229.
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measured by EMU, was performed before (1-2 days) and 3 days following
rectal instillation of TNBS. 5The number of spike bursts that corresponds
to abdominal contractions was determined per 5 min periods. Statistical
analysis of the number of abdominal contractions and evaluation of the
dose-effects relationships was performed by a one way analysis of

smianmaawméauﬂ\mu@a\m% varq St fitrahSuaidity testsy rang

ression analysis for EDS0 if a pria re h I
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inﬁrﬁaeeﬁﬂ&mgcm‘@ﬁw aﬁhn@ﬁméaﬁhm@usr@eﬁaﬁe@m@m@@dn@wan be seen

Veh Ieur-le r%erﬂlg]llijr}tleﬁl tP %or%' &%?%Eﬁ%&g%ﬁlﬁ&'&&aﬁ%&&@n in this

en Ion proc as des above for the 25TNBS

nmdellel mghrbém@ww@mmwr@)fwmrﬁ@om@g SEfafibriia):26
AU RIS TRPS LIRS ARITARONH A 30 BUARE SRt dbbve.
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legmund et al. 7 Proc. Soc. Exp
NG: ZQ,QSEBMDBﬁ@fM ank g ﬂ@ﬁ‘é@ 26 as well as wild-type ST peptide (purchased

from Sigma-Aldrich, St Louis, MO).
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oral dosing with a test compound, e.g., a peptide, morphine or vehicle,
0.02% phenylbenzoquinone (PBQ) solution (12.5 mL/Kkg) is injected by
intraperitoneal route into the mouse. The number of stretches and
writhings are recorded from the 5111 to the 10'1 minute after PBQ
injection, and can also be counted between the 35th and 40th S5minute
nd betwee the 60th nd @5'h minute to provide a kinetic assessment.
LSS e number of stretches and writhings
(mean SEM) and the percentage of variation of the nociceptive threshold
Hmerskstivitorie tonseahdimelof iheofaRIdRigiGHsgYEhpB Y irad may be
rSiptistical slonificansesphamndifgrenassubaivesn ey reates GHOURSARGY

the control group is determined by a Dunnett's test usin the 10re5|dual
Pimakeedsiery BrraalRypeRiaydn sl we iy sy telfgrSigmastat
iDefiware 1 gures Gaangothdshewikerefiech af dﬁtterent doses of SEQ ID
NO: 28 and SEQ ID NO:31 in the PBQ writhing assay. Indomethacin, an
NSAID (nonsteroidal anti- 15|nflammatory drug) with known paln control
activity, rasitisechzes¢hgh e G Sx ioificamimodel
reductions in writhings were observed for SEQ ID NO: 28 (1 mg/kg dose)
AR SELIBN @éﬁz@o% HRARRY CABRARD. @:H%ﬁcg%m@pg&ﬂ%e

Loss of efficac h| hest dose tested has also been ohserved for
lﬁiﬁ‘ttﬁﬁténgﬂi’ét’lg&?ﬁ:} SiRiRdr 00
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assay was perfoinied using rate intestinal epithelial cells ithelial cells
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measured at 10 cm from

Ten days post surgical implantation, trinitrobenzenesulphonic acid (TNBS) was

administered to induce rectal inflammation. TNBS (80 mg kg'l in0.3ml50%
ethanol) was administered intrarectally through a silicone rubber catheter introduced
at 3 cm from the anus under light diethyl-ether anesthesia, as described (Morteau et
al. 1994 Dig Dis Sci 39:1239). Following TNBS administration, rats were placed in
plastic tunnels where they were severely limited in mobility for several days before
colorectal distension (CRD). Experimental compound was administered one hour
before CRD which was performed by insertion into the rectum, at 1 cm of the anus, a
4 cm long balloon made from a latex condom (Gue et al, 1997 Neurogastroenterol.
Motil. 9:271). The balloon was fixed on a rigid catheter taken from an embolectomy
probe (Fogarty). The catheter attached balloon was fixed at the base of the tail. The
balloon, connected to a barostat, was inflated progressively by step of 15 mmHg, from

-3 -




10

15

20

25

30

30the pylorus was removed and cut into 1 inch segments. Intestinal
mucosa was extruded from the intestine by gentle pressure between a
piece of parafilm and a P1000 pipette tip. Intestinal epithelial cells were
placed in 2 ml PBS and pipetted up -33- and down with a 5 ml pipette to
make a suspension of cells. Protein concentration in the suspension was

0 me‘zisnmabﬂgmﬂghtlsvemﬁdfﬂadwnéahdng(ﬂ\nan. Bioduetionzd a8l B4itivity, as

NEAEAe)Y Refif indi V rfor -
S B SR e
lr{aﬂﬁtl]ombélﬁﬁﬂﬁEQ ID NO:26 and SEQ ID NO:31 . The assay mixture
contained: 0.5 ml of DME with 20 mM HEPES-KOH pH 7.0, 0.9 mg of the
cell suspension listed above, 21.4 fmol [1251]-SEQ ID NO:26 (42.8 pM),
ThadwifberertspdrckwmsttibascofisoprpesitorabfanimiNongac@0od wesidgermined
p i EHBIVSR MR GHARLSH ALRRALLETPRIANIR PO oA tha

reaction stoppe y applying the mixture to GF/B glass-fiber filters
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B o] DI Sl yd RO
anakyiadon 6 ppapiapsiéh sample (B) compared to the radioactivity
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Am. J. Physiol.245: G4 2-G498) observed that the Kd for wild-type S'Iy
np@ptmﬂﬁ foloemanbracdely mﬁi@rﬁrﬁeemm BHdprapa esontire
ti f p
o T st hoL o Pt by g Rt SEQ
[IBHQ:M Musds iparavaseoatsty with el areimalndlestiosicor iordily dnrgalvagdelo
8-week-old CD1 mice. Serum was collected from the animals at various
time points and tested for the presence of MD-1100 using a competitive
fnéssel gl aesay (Oxoid, ST E1A kit.
Cat#TD0700). The assay 25ut|I|zed monoclonal antibodies against ST

MRRPHFR(RNINOH9B.9%) RiMIgd I iNe Aifkted with nichrome wire electrodes as

in the TNBS model. Ten days post surgical implantation, partial restraint stress (PRS),

is performed as described by Williams et al. for two hours (Williams et al. 1988
Gastroenterology 64:611). Briefly, under light anesthesia with ethyl-ether, the
foreshoulders, upper forelimbs and thoracic trunk are wrapped in a confining harness of
paper tape to restrict, but not prevent body movements. Control sham-stress animals are
anaesthetized but not wrapped. Thirty minutes before the end of the PRS session, the
animals are administered test-compound or vehicle. Thirty minutes to one hour after
PRS completion, the CRD distension procedure is performed as described above for the
TNBS model with barostat at pressures of 15, 30, 45 and 60mm Hg. Statistical analysis

on the number of bursts is determined and analyzed as in the TNBS model above.

Phenylbenzoquinone-induced writhing model

The PBQ-induced writhing model can be used to assess pain control activity of the
peptides and GC-C receptor agonists of the invention. This model is described by
Siegmund et al. (1957 Proc. Soc. Exp. Bio. Med. 95:729-731). Briefly, one hour after
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kit) and synthetically manufactured SEQ ID NO:31. Figure 10a show
absorption data for intravenously and orally administered SEQ ID NO:31
as detected by the [LISA assay. SEQ ID NO:31 appears to be minimally
systemically absorbed and is < 2.2% bioavailable. 30A similar
bioavailability study was performed in which LCMS rather than ELBA was
otsb ddsinglatieclct SEC I PIOnd] e lpitiafiypsdeumospimpes wdielexirated

rom the whole blo expose contral.mi inj directl
PHEELE LA SHIOCR TR ST CObL o el e e e oute
irfVeterscDsesiT i Buihmmictetrins 2001w Bhingsdire cetardad sttt sl to
further processin e sample on the SPE col ith th
S LT R S e L B M i 40
nontteandbetiyticalttobifimub iy mimietswittidhatpieteatbes SRAt. The
column in an inverted fl t ' I
S A A e
ptheeaaghytit shdelimoitith meavptse piraskottsdievadddiie tieasean vaye of
mM_ammonium hydroxide. i 1 : i
B e e B e B g e
tresited tem tipsrand heingntood §86uB dvdstermiireddndeHddingto teatrmmngdhat a
flow rat Q /mi A mi . ' ns;
e R s AL SIS
Saftatgtical column at 1.45 minutes, and was detected by triple-qualrapole
mass spectrometry (MRM, 764 (+2 charge state)>182 (+1 charge state)
Da; cone voltage - 30V; collision = 20 eV; parent resolution = 2 Da at base

Figais Ganghity sbevlthivalfea ofaldasedpssgl MEQ UM NP 88 podsENAD
1\1"(?%?Qé‘%h‘@9%%%%&%;&%%5‘9‘1IHE}%&%&QHJBRﬁi@&wi@&&@aﬁ%[da&ﬂfve

_using known amounts of ¢ emically synthesized SEQ ID NO:31 prepared
iaftaiinjecrydinghodtekoennpaising el sathatprowsdued. as fhigppsitipe control in

a j t S :
R SR HEL AR A Al SRS SRR RO
mgikinvhibp)systihiRAD) MOsdrid arglkg dosaicombrsed sl dltechile control.

Loss of efficacy at the highest dose tested has also been observed for multiple other
compounds (such as SHT-3 antagonists) tested in similar assays. The results of this
study suggest that both SEQ ID NO:28 and SEQ ID NO:31 have antinociceptive effects

in this visceral pain model comparable to the intermediate doses of indomethacin.

Example 5: SEQ ID NO:31 Kd determination

To determine the affinity of SEQ ID NO:31 for GC-C receptors found in rat intestinal
mucosa, a competition binding assay was performed using rate intestinal epithelial
cells. Epithelial cells from the small intestine of rats were obtained as described by
Kessler et al. (J. Biol. Chem. 245: 5281-5288 (1970)). Briefly, animals were
sacrificed and their abdominal cavities exposed. The small intestine was rinsed with
300 ml ice cold saline or PBS. 10 ¢m of the small intestine measured at 10 cm from
the pylorus was removed and cut into 1 inch segments. Intestinal mucosa was
extruded from the intestine by gentle pressure between a piece of parafilm and a P-

1000 pipette tip. Intestinal epithelial cells were placed in 2 ml PBS and pipetted up
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5Administration of peptides and GC-C receptor agonists For treatment of
gastrointestinal disorders, the peptides and agonists of the invention are
preferably administered orally, e.g., as a tablet, gel, paste, slurry, liquid,
powder or in some other form. Orally administered compositions can
include binders, flavoring agents, and humectants. The peptides and
amtydovstsdgnabiercbpipitinisterde witispthenil dfaglntPosethteotregtration in
oS RS VARG INRNCHM 0% RIS DG SRR 5c4s-
agen?s S0eh A HISEmine-2 récep or agonists (H2As) and proton pump
2ihib%o6y) (PPT.$). The peptides and agonists can also be administered by
rectal suppository. For the treatment of disorders outside the
gastrointestinal tract such as congestive heart failure and benign prostatic

Anypepirotity bpefitigessancagpritsradbiSptefethbipcbvdinitarsgella ct al.
JFarensall J%z?sragyérﬁt@@%e?n‘égﬁiegﬁSﬁgﬁﬁﬁ&%ﬁ@ﬁ@%’ﬁ@?@@ 694&’@%@%

In combination with other ag ore e, the peptides can be
Nedifinisiéredstoy evfreuwitiortainedi g Sin belpd@ov tbRpouyidIFRES-KOH pH

7gf(;%'.9?BﬁégoﬁﬁeéiQalosfu%ggglg*@mPst%a%@oevaoyﬁ!@ﬂﬂm%ﬁwﬁt@@dq@ Ng}?ﬁ@m.s

SCrli erein or It ea Separate agent that'is administere
pidyethé difbudth crmsequetitiedlyfiopimpepepttENBed Kefdindar @00 nM). The

mg%mg' %&qﬂc@ﬂf’éﬁ%‘t ?o%béélﬂﬁ%&ﬂ@ "PY §R0:Penachienas stopped by

ministering two or more agents, e.g., a peptide described herein and an
applaigedhe peiptide tr G5fBodasmfibechlstwiidivimasimihsddtenavere washed

@%{g@;’ﬁ?&%@%?&?g%ﬁar&ﬁ@%ﬁw QiStEring. WA OF [PAERYBHR iha the Kd

i
e formulation. Other combinations are also encompassed b

CooSHRRNO B apyay xhine, b Bganibeamsaanniteasio of
réa%%ﬁzﬁﬁgqgﬁ@'m%ﬁgam@ NISNSAPNIN M BERAIRIR IRAUALRR in o

containin agent. While the'two or more agents in the combination

cthgrelppoate b thdw ivnidaemnsimotdioo tsignnhby tebd Aot Bel ol 245:
ErpmRlesdnInitiationss & i1 JURN $PPRINAUR AfAIRNISLERNvas ~13

precede administration of a second agéent (or combination of agents) by
nminutes, 30hours, 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
Fiayspdt 6abhatmacokinghinmopentias & SEQ I BO:§1veeks of each
other, In some cases even longer intervals are possible. While in many

TS8R Peakaiethrtiie MEOTH e 3yehisosas1iR A1eamPiAaHRA were
35thera e present in within the patient's body at the same time, this
ge;g@gr,%g%éaé@_nmstermg SEQ ID NO:31 intravaneously via tail vein injection or
orally by gavage to 8-week-old CD1 mice. Serum was collected from the animals at
various time points and tested for the presence of MD-1100 using a competitive
enzyme-linked immunoabsorbent assay (Oxoid, ST EIA kit, Cat#TD0700). The assay
utilized monoclonal antibodies against ST peptide (antibodies are provided in the Oxoid
kit) and synthetically manufactured SEQ ID NO:31. Figure 10a show absorption data
for intravenously and orally administered SEQ ID NO:31 as detected by the ELISA
assay. SEQ ID NO:31 appears to be minimally systemically absorbed and is <2.2%
bioavailable.
A similar bioavailability study was performed in which LCMS rather than ELISA was

used to detect SEQ ID NO:31. Initially, serum samples were extracted from the whole

blood of exposed and control mice, then injected directly (10mL) onto an in-line solid
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5Combination 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, one 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, etc. toThe agents, alone or in
plosmbitratiben (3R dombinWatariiDasly DharAiapsueianynaddepthbrn direct
oGl g&{tﬂaﬁ%ﬁvd%&w ed0GN LA ARMDICH YBENBIGHAIS IRAL A8 ith a

produce an adverse, allergic or otherwise unwanted reaction when

S%dnviistelelSte dHbAY éﬁb%é(%drﬂ‘ér@%rﬁéﬂﬁ@iﬁﬁ@sﬂ@%m@@éleﬁ@ an
an BRI SR RAYS: x%ﬁ%"é‘%cﬁ%&’{%fh%@s%%rg?m%mﬁ’a%%’if&lﬂé‘@ﬂow

refease agents, etc. 15 The agents either in their free form or as a salt can

pHb eaimbinedahitivdl pollymief WattisaS tpun Metfedyiyem dic catianp 28 A)20mm).

O lact o atic acidl (P ’ )
T R B LGN B suabeni
(Mehite RegseofsictOmalykersraenivm diystamde el Mehilrbibrsedtidy mM
afgaianR AR R Muel A imRIanis At FRIgaR6 2oBePtide ohanelsT

agent over a period of a few days, a few weeks or several months
migentier lemeReielYnie B wepamiite iddoeing 161y mr, alptadleyads of

0 WGHIMBIART (B89 Erinites tRe020:kar ke BHSISHRIAINGT EBIRARSNS of 20%B for
formulations are described in EP 0 467 389 A2, WO 93/241150, U.S.

1 s 2552 TN 97 laciotes, i de/assrgeal gogimngtd g§gninytss, and was
dAR Y B imRabah Hods Yoeetrohietey RNAST 492, ik é‘@f&ftb’)ﬁ-sz (+1

5,445,8 ZTIH such sustained release formulations microparticﬁ;:-s 0
chispeigaig DgopspmEal Ran AL\ Gpatisien 50y Hieps 2 Daat
pakStRiReddeinase dnnians-camhaiacesin ihenaraminigsinshaamal

intestine or both. 30The agents can be administered, e.g., by intravenous
CoEBtRShimotERRRESEARP HHBIE O, coumRUtsrIRih misetnd GHBiE gfies known
RS- JFRBA%EA §9M@si§@mr@@tm@@1%r@pgm@§@qaﬁé@iecgﬁlqmg@,

slurry, liquid, powder Or in some other form. Orally administered
SEYMPEEIEAS BEReiREGE inders, flavoring agents, and humectants. The

agents can be included in dentifrices or oral washes. Thus, oral

formulations can 35include abrasives and foaming agents. The agents
F?g%r}ea{%% ts)}(fo%%rgtl)glosrtlg;cggg ég%arl] %grelr{)qgrlll (())rraigf t?c?rrf%{y[e%e%ué)lggsﬂg)g()ﬁl as
detected by LCMS. In this assay, SEQ ID NO:31 appears similarly minimally

systemically absorbed and is <0.11 % bioavailable.
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The agents can be a free acid or base, or a pharmacologically acceptable
salt thereof. Solids can be dissolved or dispersed immediately prior to
administration or earlier. In some circumstances the preparations include
a preservative to prevent the growth of microorganisms, The
pharmaceutical forms suitable for injection can include sterile aqueous or
organic solutions or dispersions which include, e.g., water, an alcohol, an
Afrmnistrabbreel peptiees 8 orls HICEHEbAFIBIErsant (e.g., glycerol,
RieRYiensobrcaliplvatindens slvss irndpeus takl e Qilss Bhatmacaitisal
agents can be sterilized by filter sterilization or by other suitable means.

a5 SirfaBRl R S ics Moo okitoARlR &te BRIEnEUHINE-ROBATON
wilbaeneraliyoineluoieian.ametsnired teenpetiversampaundés)indtrsafiavoring
acceptable pharmaceytical diluent or excipient, such as a sterile aguegu
%%ﬂﬁfﬁo?ﬁqg“ﬁi\?&g‘%ﬁééeé’fe ﬁ%(g Sc%nnc%%(}%%so%asﬂf gcfzecpoé% .r%%l%%f?aé” o
intendeddiserdheattohrigties disprépariatindingduane iatjisddtl keidwn in
the art, as exemplified by: [ ' ical i h
e ST A MAETIog e G oA S
whibdorn MR Ao T th erapjeagaf eeenisth eap atieRroriministiicthy 1htitides
SIRGISAL-NUIEPIRIRSGR Rt b Qi QI HReY 83088 R BRGR PAGKAARERBN such as

formulated individually, or single or multiple doses of two or gmre agents
pRRACAGLeI I8 A8 1S A IR BB TS oR B UI HERE 25BN B
bepEgsRNMdRIfitakrRAYaRRErARD TRy can optionally include one or more
ents in a second container. . The container or containers e
et e P s Sk o
Hosageriplstrihetientdes kindampinviiderad digoihal voih poAerEssuphPage or
QHnges Lrlber Means ot AdpLdisising te pocnaasyeiharSadiuents
orrg‘ e%rg Crﬁe%ri%%?%pm%%on. AnaIEg?gsic Agents The,g?tides
depifibdereriies hesin BeitBPhecERIBH RS IHSED FredeRsEst
IRBIE e frbhii A, AN ARG MM Wk AnanAleasiiRapHdeerdie
analg_esic agent can optionally be covalently attached to a peptide
%?O%ﬁgg%%;O?l%ﬁ%}Qp}A@ano gg El:(r:}lelel\'llgg fbu}lf Eidg;glr_ustenng two or more agents, ¢.g.,a

peptide described herein and an analgesic peptide or compound, each of which is

FOBIy e

formulated and administered separately, or by administering two or more agents in a
single formulation. Other combinations are 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 simultaneously, 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 each other or within 2, 3,4, 5,6, 7, 8,
9, or 10 weeks of each other. In some cases even 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.
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analgesic agents are: Ca channel blockers, 5SHT receptor antagonists (for
example 5HT3, 5HT4 and 511T1 receptor antagonists), opioid receptor
agonists (loperamide, fedotozine, and fentanyl), NK1 receptor antagonists,
CCK receptor agonists (e.g., loxiglumide), NKI receptor antagonists, NK3
receptor antagonists, norepinephrine- 5serotonin reuptake inhibitors

Q(Q%RI)’ vanilloid and cannabanoid receptor % anists, and Séalor hin. ¢
RS ERYSHT AP VAFBUR A S B LT AU RITHEEE TR Shefirdr Atoie

tAmepgdheuseiid analgesiopepiidesapdesiakpphik-sethigenpEptidesyd in 2
including those comprising the.amino acid sequence QI-INP.

B R IR 1Ot SE G KO A BB (2EE R
6] &.3); I RE QHN RRY(SEQ DN D:X:-14)Y VRIEPGKHNPR ¢SEQ ID NO:
115); VRGPRQI-INPR (SEQ ID NO: 116); VRGPRRQHNPR (SEQ ID NO:

117); and RQIINPR (SEQ ID NO: 118). Sialorphin- related peptides bind
Thaegsnibysitramer B PaptNps FHRS Ferins Fe B SN RorEt iRt

and Mstsenkepbalin.diHs TeRmRRyNds B8 feplides Wat reitbirsaiot

15neprilysin are useful analgesic agents which can be)&?d inlsteredd\gcvith
PP AR TP En B iR oA R WHERHISY BRRRRR Y BSHRETBRETARS '8
HhadRventionnesg obmadavaient banthcSiddaphiemandisetatedpeptities, are
efgg‘é’;&%@ﬁé&% 6,502 20c1diSs 20080078200 Al: and WO
) oid’

receptor antagonfsts and agonists can be
administered with the peptides of the invention in co-therapy or linked to

the. peptide AL the dnyeRtio R, & g % 2:5AI0 theRthF ARG P Ricid

receptor antagonists such as naloxone, naltrexone, methyl nalozone,

relmiieriic elyspiaimecin bd it rrlARilet hEld st AT hATA RlE Cand
@W@mﬁ%ﬁj?‘Bﬁ%@&ﬁ'&%ﬁm}@.bﬁ,mgw)i,rpﬂlﬁébﬁatmﬁm.lB,%’}Imam
be useful 25to formulate opioid antagonists of this type i Qg%%?a%&ndcm
BONETFRPARIQRe) (S TR SO SRR RS ﬁ%ﬁi%?@fg%’é’ 'o#s H%ag SATRgONISE 1S
ipethe didiig tistalhamaltistestine dnd/anctseengingealapeBothf 2 few days,
ist d ibed in WO.01/32180 ' id
R T s R S e BRI e
geltarepioid teesiptors thadhisltnb(sghtas bE -Gsefdldr i cresing ggned
ipéﬁgéié‘ﬁlxm&i%%@efﬁé’&ﬁggu 2EB4A D A9 ARAGNs/peRtidercan be

used in conjunction with the e%tides of the invention. Also useful is

AR SN ROR0 TR EH It o Yt dSTARED F D pidTE réce ptdtrs
anghagctivate selepse7af Motlin, aeui741, and U.S. 5,445,832, In such sustained

release formulations microparticles of peptide are combined with microparticles of
polymer. One or more sustained release implants can be placed in the large intestine,

the small intestine or both.

The agents can be administered, e.g., by intravenous injection, inframuscular
injection, subcutaneous injection, or by other routes. The agents can be administered
orally, e.g., as a tablet, gel, paste, slurry, liquid, powder or in some other form. Orally
administered compositions can include binders, flavoring agents, and humectants.
The agents can be included in dentifrices or oral washes. Thus, oral formulations can
include abrasives and foaming agents. The agents can also be administered

transdermally or in the form a suppository.
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5modulate the release of gastrin, vasoactive intestinal peptide, gastrin and
glucagons, Kappa opioid receptor agonists such as fedotozine,
ketocyclazocine, and compounds described in WO 03/097051 A2 can be
used with or linked to the peptides of the invention. In addition, mu opioid
receptor agonists such as morphine, diphenyloxylate, frakefamide
(H-Tyr-D-Ala-Phe(F)-Plie-NH2; WO 01/019849 Al) 10and loperamide can
be used. Tyr-Arg (kyotomhin) is a dipeptide that acts by stimulating the
Toteasatofambtenkepheiling tasslioitapbamaigelsigiefiaccgersible Sidhereof.

& R%%ESSC]E\Q%’E %?&Z}véﬁy&tgfﬂé@eﬁmgd%@@ Wwith. 5 imkedsie.the peplides of

the invention. 15 CCK receptor agonists such as caerulein from

semphitsiemsanes sikar spetiessdreide AMERENGE e ‘A geRtentribE sevbeo!

IHR‘?&B&EEE%JJnﬁﬁé’ﬁ}&{rﬁﬁ&ﬁﬁ&iﬂQ@rﬁfs@ﬁ@ﬂW@fEfQﬁjecti@@Bﬁ{%&m@@ﬁﬁﬂ&s
ass o

represent a large ¢ f analgesic peptides that act at voltage 20 alted
AT MOPE FEE B OrE R AR HRS BBl e HEES ARG it
&fa&iﬁ%ﬂﬁ?&ﬂ’d,QﬁIW%mmwtw%ﬁMti(E/g.ng'maﬁﬁpmséeml(g@&&
thymulin (FR Application 0 n have analgesic activity.an e
R TERod o S BESROL e e SO S M B easy?
fEKdRriboe o pabyagristgame meking loxiglumide and dexloxiglumide
(the R-isomer of loxighunide,) (WO 88/05774) can have analgesic activity
and can be used with or linked to the peptides of the invention. 300ther

Sissolearharesrutierd TR RBSITHAPACKER TS &y fi igyention will generally

T AL b SORaa A 1
A LA , 322 Al, EP 505322 , US
S0t} S5 EBBTEPRE 1D B AT TIOMATS 557150 of e

concentrations, depending on the intended use. The techniques of preparation are
generally well known in the art, as exemplified by Remington's Pharmaceutical

Sciences (18th Edition, Mack Publishing Company, 1995).

The agents described herein and combination therapy agents can be packaged as a kit
that includes single or multiple doses of two or more agents, each packaged or
formulated individually, or single or multiple doses of two or more agents packaged
or formulated in combination. Thus, one or more agents can be present in first
container, and the kit can optionally include one or more agents in a second container.
The container or containers are placed within a package, and the package can
optionally include administration or dosage instructions. A kit can include additional
components such as syringes or other means for administering the agents as well as

diluents or other means for formulation.

Analgesic Agents

The peptides described herein can be used in combination therapy with an analgesic
agent, e.g., an analgesic compound or an analgesic peptide. The analgesic agent can

optionally be covalently attached to a peptide described herein. Among the useful
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5US 5,994,305, US 6,087,091, US 6,136,786, WO 93/13128 Al, EP
1336409 Al, EP 835126 Al, EP 835126 El, US 5,795,864, US 5,891,849,
US 6,054,429, WO 97/01351 Al, can be used with or linked to the
peptides of the invention. Various antagonists of the MC-1, NK-2, and
NK-3 receptors (for a review see 10Giardina et al. 2003 Drugs 6:758) can
arisdeesin heeuisedonith drdimkbdloskhes Japlidecspiotnipgeriton fiukexample

iBls . aprenitant i aBiERkn;
ST W b T A ol e

fexdsitarziiel Bod dgpountls NEcrisepton afdrgotstiple CER®RTRIPEIgNISIS (e.8.,
10%%?%813(36?, %’Meye%t‘gp Q@Q%Ql%%&?ﬁ@vygfggfffgﬁﬂé’oﬁis&?ﬂop@p flieh

0 the peptides of the invention. receptor antagonists such

scagtpeipaduripke MbiiFns RCERher apAgid ard datrrbanoid receptor agonists,
a‘fg‘)éﬁ%}pﬁféyﬁ%g%@&)s RAAA0 (RanRl-RynGlalo 3R K RO Mure.

zer Inc) can be used with or linked to the peptides of the invention.
N1C3 receptor antagonists such as osanetant (Sanofi-Synthelabo),

\ r' '- u .
AT S e, Wi o
c@BpIE0R0hn\A098/264 Feusmed? HNBRLSERHIR dHer Ebainglieg EREPR
(SFRLEE™ 1590 REAMPERIEREYHENOO INKS AR 6 1REPIAGTES 1heNO:114);

invention. Norépinephrine-serotonin reuntake inhibitors such as

VIRGTHAIINP AN (GHQ IR BhDo MBI N B &GRS AR 0BY6% 7897 Al
VEREPRER SIS MR Rkad(0l 178, RRRUESBINPR (SEQ ID NO:118). Sialorphin-
related peptides bind to neprilysin and inhibit neprilysin-mediated breakdown of
substance P and Met-enkephalin. Thus, compounds or peptides that are inhibitors of
neprilysin are useful analgesic agents which can be administered with the peptides of
the invention in a co-therapy or linked to the peptides of the invention, e.g., by a
covalent bond. Sialophin and related peptides are described in U.S. Patent 6,589,750;
U.S. 20030078200 A1; and WO 02/051435 A2.

Opioid receptor antagonists and agonists can be administered with the peptides of the
invention in co-therapy or linked to the peptide of the invention, 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 are thought to be useful in the treatment of IBS. It can be useful
to formulate opioid antagonists of this type is 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 (HOES825; Tyr-D-Lys-Gly-Phe-L-homoserine) is an
agonist of the mu and delta opioid receptors and is thought to be useful for increasing
intestinal motility (Eur. J. Pharm. 219:445, 1992), and this peptide can be used in
conjunction with the peptides of the invention. Also useful is trimebutine which is

thought to bind to mu/delta/kappa opioid receptors and activate release of motilin and
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of the invention. Vanilloid receptor antagonists such as at-vanil and
related compounds described in WO 01/64212 Al can be used with or
linked to the peptides of the invention. 35 5Where the analgesic is a
peptide and is covalently linked to a peptide described herein the resulting
peptide may also include at least one trypsin or chymotrypsin cleavage
site. When present within the peptide, the analgesic peptide may be
sl ibipiarie R SPTHE CEIBRIC Y& AITHEY APTORWRAT Y fdES heEmE:
ﬁg?ghooﬁsﬂfmbtaf%maaytf%lmsalfgﬁymi%ﬁm@g@ ml' ﬂﬁa&@llkaimounds
release_ of the an sic peptide. additiqn to sjalorphin-rela
R PN D0 R ae TP R A G H ARG R ar o e
endaivarahindiinnaistatpicidatagitor lagnosts sichotidepmhthsubstance P.
5S5Methods of Treatment eptides -Qf vegtion fqQrthe
BT i oI b ey e At S0 Gtet 20
gréWipsafsic exabipliesdhey can be used for the prevention or treatment of:
colorectal/local metastasized colorectal cancer, 20 gastrointestinal tract
cancer, lung cancer, cancer or pre-cancerous growths or metastatic

Goawirres(sTopiehinias aehBoRisls featreat Eomsrates targeratanct
BRASIIEAS «DERSIBlIC ahenakiStIrmAch, Blaridaeliver:Eisaphegmaliafitbrphin
testicular carcinoma, carcinoma (EE% ﬁ%ﬁsal cell, basosquamous,
B%Rﬁwgﬁféla‘%@,oﬂﬁlﬁéﬁdc?ré]}ﬁé’ﬁ?& P ETor Krebs, Mericel cell, small
or non-small cell lung, oat cell, 25papillary, bronchiolar, squamous cell,
itional cell. Walker), | ja ( -coll T- . .
O SRR Sk oF T, B B BBl D B et
Irldgrhi's i e criohe skt R Hnspb i diqpastidse plofanvention.

reticuloendotheliosis, adenoma, adeno-carcinoma, adenotibroma_,

adenolymphoma, ameloblastoma, angiokeratoma, angiolymphoid
%@Fﬁ@%ﬂé%ﬁ%ﬁgﬂ%@aﬁ fikarge class of analgesic peptides that act at voltage

gated Ca channels, NMDA receptors or nicotinic receptors. These peptides can be
used with or linked to the peptides of the invention.

Peptide analogs of thymulin (FR Application 2830451) can have analgesic activity

and can be used with or linked to the peptides of the invention.

CCK (CCKa or CCKb) 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 peptides of the invention.

Other useful analgesic agents include 5-HT4 agonists such as tegaserod/zelnorm and
lirexapride. Such agonists are described in: EP1321142 A1, WO 03/053432A1, EP
505322 A1, EP 505322 B1, US 5,510,353, EP 507672 Al, EP 507672 B1, 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,
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30 sclerosing angioma, angiomatosis, apudorna, branchionia, malipant
carcinoid syndrome, carcinoid heart disease, carcinosarcoma,
cementoma, cholangioma, cholesteatoma, chondrosareonaa,
chondroblastoma, chondrosarcoma, chordorna, choristoma,
craniopharyngionia, chrondrorna, cylindroma, eystadenocareinoma,
cystadenoma, cystosarconia pbyllocies, dysgenninoma, ependymoma
B EP 4o COUToR s Tk Gt bl Amk 1336405 AL, EP
gaNgloneure R 1gkoblastoman g Emangn LA, LIBNUEOS 8 it ey,
g}énandroblastoma, haniartoma, Fﬁl - 5hem); ngioegdothelioma,
bt & 8PS BETICBRERA S RARIORAI A0, RbfRtoma, isle

cell tumor, Kaposi sarcoma, leiomyoma, leiomyosarcoma, leukosarcoma,

dig cell tumor, |] li rcom phaugio .
RO RO Bk T e B et Rgioma,
Giesting hyah G013, PregoAgiiR)oranchenesbehskdrmathray bledtisntiz peyictanct
mygsarcoma, 10rnyxoma, myxosarcoma, neurilemmoma, neuroma,

neurobflastdma, neuroepithelioma, neurofiboroma, neurofibromatosis,
odontoma, osteoma" osteosarcoma, papilloma, paraganglioma,

RacaganRgHRniR. paNeRRInafin RIRRAMR Mertial MO fopitant,
rhabdomyosarcaorna, Sertoli ce%ga%]g@ tﬁra% a thﬁga}é Iturgor :%méi
SRR AR ERE i b B SRR B e rgr&ﬁ%s - hTRS AR S,
isangtanmedestBEERénp apticamplel P BRANSHORICATS ROMISBARTARE , US
evepti . Familial Adenomatous. Rol is (FAP:
e B TP s TR RS EOtE Bl ais o e
morgeolyposis colorectal cancer (I-INPCC), and inherited autosomal

dominant syndrome. 20 For treatment or prevention of cancer,
pre-cancerous growths and metastatic ?rowths, the peptides can be used

iNEchBRRIAD ANRERA}S T PRcIeRTOH B ENEBtRERI R Sjbntarcdant

inkikiersoha gy Relenensie@pbesphadinstorastox 2 SElesiWazer Inc)
cyclooxygenase-2 _inhigitor (a nuné%%r%o selective cyclooxygenase-2
iR P e U5 da P RsH WEPEST incorporated by

reference). The peptides can be for treatment or prevention of

i mation. Thus, .the nbeu i inati '
VT 1 i e Y SE T E 0 A A B rlarea
cyatgmepdeAesaizdnhifioefemmeaiie ALEPOiyahiniiBmration IMBe.g,
3901 pby9iSa5 M88raYe ol @SS/ EPRITHSONEPESHIS), and

pancreatitis, . .
Boden et al. (/ Med Chem. 39:1664-75, 1996) can be used with or linked to the

peptides of the invention.
Norepinephrine-serotonin reuptake inhibitors such as milnacipran and related
compounds described in WO 03/077897 Al can be used with or linked to the peptides

of the invention.

Vanilloid receptor antagonists such as arvanil and related compounds described in

WO 01/64212 Al can be used with or linked to the peptides of the invention.
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bronchitis, cystic fibrosis, ischemic bowel diseases, intestinal
inflammations/allergies; coeliac disease, proctitis, eosnophilic
gastroenteritis, mastocytosis, and other inflammatory disorders. 35The
peptides can also be used to treat or prevent insulin-related disorders, for
example: Li diabetes mellitus, hyperglycemia, obesity, disorders
associated with 5disturbances in glucose or electrolyte transport ang&?jm

Wisuiths earbeRSi S 8 EmBLGP BMUBCANE! NS bREd D RaAesesgiert
tﬁ@%@ﬂﬁﬁé'ﬁé@ﬁ@?rﬁ%ﬁﬁm@m mﬁfﬁf@@ﬂy%md mrjgﬁsﬁ'gpggeﬂyavage
ecrease In insulin responsiveness tides can be used to prev
S 1 SRR HEORIRE e i AEL BT A Ve et o e
i ehis aeprelicamlisas der & lpwmidnalif typertbasiomodhromestruction

f vessels and airw. and. irr f s
s e R S
phosphocllesterase inhibitor 15(examples of such inhibitors can be found

aldétf’ﬁt&%&pﬁjﬁ%éééép&ﬁf@&yaﬂagm@égqéay referenag)rhbe

pept| es can also be used to prevent or treat: retinopathy, nep ropath
adoetrhinglopripyoaRRite g e AR 20 m%eaﬁa%%déa%@%@m

p'sed to prevent or treat neurological disorders, for example, headache,
anxiety, movement disorders, aggession, psychosis, seizures, panic
attacks, hysteria, sleep disorders, depression, schizoaffective disorders,
Megpapifdacatiention deficit syndromes, memory loss, and narcolepsy.
They may also be used as a 25sedative.

The peptides of thé invention can be used for the treatment or prevention of cancer,
pre-cancerous growths, or metastatic growths. For example, they can be used for the
prevention or treatment of: colorecta]/loical metastasized co}orectal cancer,
gastrointestinal tract cancer, lung cancer, cancer or pre-cancerous growihs or
metastatic growths of epithelial cells, polyps, breast, colorectal, lung, ovarian,
pancreatic, pfostatic, renal, stomach, bladder, liver, esophageal and testicular
carcinoma, carcinoma (e.g., basal cell, basosquamous, Brown-Pearce, ductal
carcinoma, Bhrlich tumor, Krebs, Merkel cell, small or non-small cell lung, oat cell,
papillary, bronchiolar, squamous cell, transiﬁonal cell, Walker), leukemia (e.g., B-cell,
T-cell, HTLV, acute or chronic lymphocytic, mast cell, myeloid), histiocytonia,
histiocytosis, Hodgkin’s disease, non-Hodgkin’s lymphoma, plasmacytoma,
reticuloendotheliosis, adenoma, adeno-carcinoma, adenofibroma, adenolymphoma,
ameloblastoma, angiokeratoma, angiolymphoid hyperplasia with eosinophilia,
sclerosing angioma, angiomatosis, apudoma, branchionia, malignant carcinoid
syndrome, carcinoid heart disease, carcinosarcoma, cementoma, cholangioma,
cholesteatoma, chondrosarcoma, chondroblastoma, chondrosarcoma, chordoma,
choristoma, craniopharyngioma, chrondrorna, cylindroma, cystadenocarcinoma,
cystadenoma, cystosarconia phyllodes, dys genninoma, ependymoma, Ewing sarcoma,
fibroma, fibrosarcoma, giant cell tumor, ganglioneuroma, glioblastoma,

glomangioma, grannlosa cell tumor, gynandroblastoma, hamartoma,
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The peptides and detectabley labeled peptides can be used as markers to
identify, detect, stage, or diagnosis diseases and conditions of the small
intestine, including: Crohn's disease, colitis, inflammatory bowel disease,
tumors, benign tumors, such as 30benign stromal tumors, adenoma,
angioma, adenomatous (pedunculated and sessile) polyps, malignant,
carcinoid tumors, en%ocrine, cell tumors, lymphoma, eider]ocarcinoma,
rGRBBOTHASEN AAE P ol O G b AT b Y or
Héphohle SURN @S Ieiatnymasicaliciardeicmygma, leiomyshiastema, and

lelomyosarcoma,.gastrointestinal autonomi r r, malabsorption
g ?ﬁ%fﬁgéa%éﬁg |Sshé§]§%osr,’ ttl:}R/%r?éh%%%gcﬁ%%gﬁgg‘\%ﬁ%%um, colonic
Ishupiticglanmegatpigmaktisshisprm g didebhbetomritaptaippweksyndrome,
nrlneegr?c@;[?rlgrh%[(,:%&%ﬁ%&p{ﬁegbﬁﬁgﬁ51:&9!53{}%9@&8@'3}3&'&091%9Bl?osarcoma,
poﬁypos??sn, polyp syndrome, intestinal adenocarcinoma, Liddle. syndrome,
IBYS O OP QSRR R ETE RO AR cABHOB T SR s RIS R iR
£aR 560N ugatedte ankier Jaskesule (exbridieanstican tbesaneudic

10molec_ule§ to target cells bearing the GCC receptor, e.g., cystic fibrosis
%&ﬁ@%ﬁﬂ%@é&ﬁ@@é@&lﬁnﬂ?@%ﬁﬂ%@ﬁﬁmﬁﬁ?ﬁ@%ﬁ%&% be used

Rtkgeysadiontt) \Genadietie suetdh exapenticinoietib sundheridtebtinditeasdd
in imaging.and diagnosing or treating colorectal ized or local

o TOPC AT et TS e bl Faiee of Feemes
suppressor gene to the intestinal tract. 15' e peptides can be used alone

%@{}:8&89&%@9@&%@8&&%_@&%@?&#%Q%%%!&EHP& rbR-ReRlidessaial
be used alone or in combination therapy to treat inner ear disorders, e.g.

oteERTIE Tl B ERIRAFE A PRORS SRR bR BT

VerHEOn 2QhRANNG 1985 pbeRI BT Bens ittt indhtheftednddomal
maintain fluid homeostasis in the inner ear. The peptides can be used
SRR B YRGBfhation therapy to treat disorders associated with fluid and
sodium retention, e.g., diseases of the electrolyte-water/electrolyte 25

ansport systelu within the lcidn guta d\irogenital system. .congestivie.
%85}%%%1%6%, (ﬁ‘fﬁgf élﬁg%%% %afpgféwrsion, ivg( c#r%%%%s, and nephro%g _ ’
simdeptivies aabielitisn theyneinasientegery faithitatdictonresrb grebatrprutic
'Qé@ﬁﬁf@lx iitor of 2 c¢GMP-dependent phosphodiesterase or a selective
cyclooxygenase-2 inhibitor (a number of selective cyclooxygenase-2 inhibitors are

described in W002062369, hereby incorporated by reference).

The peptides can be for treatment or prevention of inflammation. Thus, they can be
used alone or in combination with inhibitor of cGMP-dependent phosphodiesterase or
a selective cyclooxygenase-2 inhibitor for treatment of: organ inflammation, IBD (e.g,
Crohn’s disease, ulcerative colitis), asthma, nephritis, hepatitis, pancreatitis,
bronchitis, cystic fibrosis, ischemic bowel diseases, intestinal inflammations/allergies,
coeliac disease, proctitis, eosnophilic gastroenteritis, mastocytosis, and other

inflammatory disorders.

The peptides can also be used to treat or prevent insulin-related disorders, for

example: II diabetes mellitus, hyperglycemia, obesity, disorders associated with
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The peptides can be used alone or in combination therapy to treat
disorders associated 30with bicarbonate secreion, e.g., Cystic Fibrosis.
The peptides can be used alone or in combination therapy to treat
disorders associated with liver cell regeneration. C Claims 1. A
polypeptide comprising the amino acid sequence Cys Cys Glu Phe Cys

Cys Asn Pro Ala Cys Thr (By Cys Tyr. 2, A pal tid ising th
RGPS SRS BRI S GRS NEEAB RISy ehr

«RyEys Fysrdds ATelypeptideleonspdisirgstiie axinmecitseogume Ao 10ys
Cys Glu Trp Cys Cys Asn.Pro Ala Cys Thr Gly Cys Tyr. 4. The

5 @%&%%&&%1%%{ PoherdAs énpofy-]pnerg?%%n%}é,ﬁ%%%é essentially of the
amino acid sequence Cys Cys Glu Phe Cys Cys Asn Pro Ala Cy-s Thr Gly

S Tvr..105. Th I | &@m’ [ lypeptide consists
‘ess%e‘t%ﬁ? %ﬁ%g%gghalgfgé%?g‘gegc{uenceé%gg %ifsmé%% 'El%g; Cys Ci:%% Asn Pro
inal@ips Tien By @yt yraces TareeHen HEpHiaE oTCTRMTD WHFSTHAE
Bolypeptida sansistsesse mtiad ol fhesming asie seauaRcels ¥s RysSIu
Tr&) Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr. 7. The polypeptide of
BLiPEPHherein the polypeptide consists of the amino acid 15 sequence
Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr (By Cys Tyr. 8. The

Vpontide of claim 2 wherei . ) . .
SRR o e SRS o g
(Erenpoibgpesticteintiibizim Smibefeindtie BoBpeptide 6at3SisixioberP¥xamino

a%icg S g%ﬁere%@n@%g Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys
1fnyr.rﬁ% 0. The polypeptide according to any one of claims 1-9 for use in
medicine.

The peptides can also be used to prevent or treat: retinopathy, nephropathy, diabetic

angiopathy, and edema formation

The peptides can also be used to prevent or treat neurological disorders, for example,
headache, anxiety, movement disorders, aggression, psychosis, seizures, panic attacks,
hysteria, sleep disorders, depression, schizoaffective disorders, sleep apnes, attention

deficit syndromes, memory loss, and narcolepsy. They may also be used as 2

sedative.

The peptides and detectabley labeled peptides can be used as markers to identify,
detect, stage, or diagnosis diseases and conditions of the small intestine, including:
Crohn's disease, colitis, inflammatory bowel disease, tumors, benign tumors, such as
benign stromal fumors, adenoma, angioma, adenomatous (pedunculated and sessile)
polyps, malignant, carcinoid tumors, endocrine cell tumors, lymphoma,
adenocarcinoma, foregut, midgut, and hindgut carcinoma, gastroinstestinal stromal
tumor (GIST), such as leiomyorna, cellular 1e@0myoma, leiomyoblastoma, and
leiomyosarcoma, gastrointestinal autonomic nerve tumor, malabsorption syndromes,
celiac diseases, diverticulosis, Meckel's diverticulurn, colonic diverticula, megacolon,

Hirschsprung’s disease, irritable bowel syndrome, mesenteric ischemia, ischemic
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11. A pharmaceutical composition comprising a polypeptide according to
any one of claims 1-9. MCSLLP 12. Use of a polypeptide according to
any one of claims 1-9 for the preparation of a medicament fer treating a
gastrointestinal disorder. 13. The use of claim 12 wherein the
gastrointestinal disorder is a gastrointestinal motility disorder. 514. The
use of claim 12 wherein the gastrointestinal disorder is selected from the
group cansisting of: irritable bowel syndrome, chronic.constipation, a
FRHBRoRA r@&%%?ﬁfgg’tﬁ%?r&%%? P,Séag?rp ssgjﬁf%)ér(laeéll?{e)eﬁﬁmx%isease,
fusatiendhbeartbiddic dyspepsiZhgd stropmatsis iufntiticintagsina, and
&ggc%ﬁ%%%gruction, colonic pseudo-obstruction, Crohn's disease,
Gicerative cofitis, and inflammatory bowel disease, 1015. The use of claim
14 wherein the dyspepsia is functional dyspepsia or nonulcer dyspepsia.
8. Theidse.of slaimnidwhersindhe aaskoinestinalaisasdes i indtaierc
bowel syndrome. . Use of a polypeptide accordjn%to anyone of

ERRiFHIE) S A SRICCBIS DATERS DS SRR e IS FE BRI (51 iR fon.
LfecTiecuBe]nfifiaine iisstihanein: thEnagnistipatiobei aselironic o ratipation.
19..Use of olypeptide according to any.o claj -9.for .
PR SR R Lo apa ISR €269 Rl e B lBsing of
itsetiof agiolypeiftidtsetordiemjacrbeniapriabdretamand 1o fishijtsenormal copies

RiER8 'Méﬁ&%}% dicament ik ireating ahesity. 21. Use of a
polypgg%de according to any one of claims 1-9 for the preparation of a
medicament for treating benign prostatic hyperplasia.

The peptides can be used alone or in combination therapy to treat erectile dysfunction.

The peptides can be used alone or in combination therapy to treat inner ear disorders,
e.g., to treat Meniere's disease, including symptoms of the disease such as vertigo,
hearing loss, tinnitus, sensation of fullness in the ear, and to maintain fluid

homeostasis in the inner ear.

The peptides can be used alone or in combination therapy to treat disorders associated
with fluid and sodium retention, e.g., diseases of the electrolyte-water/electrolyte
transport system within the kidney, gut and urogenital system, congestive heart
failure, hypertension, hypotension, liver cirrhosis, and nephrotic syndrome. In

addition they can be used to facilitate diuresis or control intestmal fluid.

The peptides can be used alone or in combination therapy to treat disorders associated

with bicarbonate secreion, e.g., Cystic Fibrosis.

The peptides can be used alone or in combination therapy to treat disorders associated

with liver cell regeneration.
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the preparation of a medicament for treating congestive heart failure. 23.

Use of a polypeptide according to anyone of claims 1-9 for the preparation

of a medicament for treating visceral pain. 524. Use of a polypeptide

according to anyone of claims 1-9 for the preparation of a medicament, for

treating cystic fibrosis. 25. The use of any one of claims 12-24 whereit th -
g%@%ﬁcament is to be administered orally.

1. A polypeptide comprising the amino acid sequence Cys Cys Glu Phe Cys Cys
Asn Pro Ala Cys Thr Gly Cys Tyr.

2. A polypeptide comprising the amino acid sequence Cys Cys Glu Tyr Cys Cys
Asn Pro Ala Cys Thr Gly Cys Tyr.

3. A polypeptide comprising the amino acid sequence Cys Cys Glu Trp Cys Cys
Asn Pro Ala Cys Thr Gly Cys Tyr.

4. The polypeptide of claim 1 wherein the polypeptide consists essentially of the
amino acid sequence Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

5. The polypeptide of claim 2 wherein the polypeptide consists essentially of the
amino acid sequence Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

6. The polypeptide of claim 3 wherein the polypeptide consists essentially of the
amino acid sequence Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

7. The polypeptide of claim 1 wherein the polypeptide consists of the amino acid
sequence Cys Cys Glu Phe Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

8. The polypeptide of claim 2 wherein the polypeptide consists of the amino acid
sequence Cys Cys Glu Tyr Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

9. The polypeptide of claim 3 wherein the polypeptide consists of the amino acid
sequence Cys Cys Glu Trp Cys Cys Asn Pro Ala Cys Thr Gly Cys Tyr.

10. The polypeptide according to any one of claims 1-9 for use in medicine.

11. A pharmaceutical composition comprising a polypeptide according to any one

of claims 1-9,
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12. Use of a polypeptide according to any one of claims 1-9 for the preparation of a

medicament for treating a gastrointestinal disorder.

13. The use of claim 12 wherein the gastrointestinal disorder is a gastrointestinal

motility disorder.

14. The use of claim 12 wherein the gastrointestinal disorder is selected from the
group consisting of: irritable bowel syndrome, chronic constipation, a functional
gastrointestinal disorder, gastroesophageal reflux disease, functional heartburn,
dyspepsia, gastroparesis, chronic intestinal pseudo-obstruction, colonic pseudo-

obstruction, Crohn's disease, ulcerative colitis, and inflammatory bowel disease.

15. The use of claim 14 wherein the dyspepsia is functional dyspepsia or nonulcer

dyspepsia.

16. The use of claim 14 wherein the gastrointestinal disorder is irritable bowel

syndrome.

17. Use of a polypeptide according to anyone of claims 1-9 for the preparation of a

medicament for treating constipation.
18. The use of claim 17, wherein the constipation is chronic constipation.

19. Use of a polypeptide according to any one of claims 1-9 for the preparation of

a medicament for increasing gastrointestinal motility.

20. Use of a polypeptide according to any one of claims 1-9 for the preparation of

a medicament for treating obesity.

21. Use of a polypeptide according to any one of claims 1-9 for the preparation of

a medicament for treating benign prostatic hyperplasia.
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22. Use of a polypeptide according to any one of claims 1-9 for the preparation of

a medicament for treating congestive heart failure.

23. Use of a polypeptide according to anyone of claims 1-9 for the preparation of a

medicament for treating visceral pain.

24. Use of a polypeptide according to anyone of claims 1-9 for the preparation of a

medicament for treating cystic fibrosis.

25. The use of any one of claims 12-24 wherein the medicament is to be

administered orally.

_48 -





