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are inhibitors of neprilysin are useful analgesic agents which can be administered with

the GCC agonists described herein or covalently linked to a GCC agonist to form a

therapeutic conjugate. Sialorphin and related polypeptides are described in U.S. Patent

6,589,750; U.S. 20030078200 Al; and WO 02/051435 A2.

[197] In another embodiment, a GCC agonist formulation of the invention is

administered as part of a regimen of combination therapy with an opioid receptor
antagonist or agonist. In one embodiment, the GCC agonist and the opioid receptor

antagonist or agonist are linked via a covalent bond. Non-limiting examplesofopioid

receptor antagonists include naloxone, naltrexone, methyl nalozone, nalmefene,

cypridime, beta funaltrexamine, naloxonazine,naltrindole, nor-binaltorphimine,
enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-homoserine; SEQ ID

NO:258), trimebutine, vasoactive intestinal polypeptide, gastrin, glucagons. Non-
limiting examples of opioid receptor agonists include fedotozine, asimadoline, and

ketocyclazocine, the compounds described in WO03/09705 1! and WO05/007626,

morphine, diphenyloxylate, frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 23 SEQ ID
NO:259; WO 01/019849 Al), and loperamide.

[198] Further non-limiting examples of analgesic agents that can be used ina

regimen ofcombination therapy along with the GCCagonist formulations ofthe

invention include the dipeptide Tyr-Arg (kyotorphin); the chromogranin-derived
‘polypeptide (CgA 47-66; See, e.2., Ghia et al. 2004 Regulatory polypeptides 119:199);
CCKreceptor agonists such as caerulein; conotoxin polypeptides; peptide analogs of
thymulin (FR Application 2830451); CCK (CCKa or CCKb) receptor antagonists,
including loxiglumide and dexloxiglumide (the R- isomer of loxighumide) (WO

88/05774); 5-HT4 agonists such as tegaserod (Zelnorm®), mosapride, metoclopramide,

zacopride, cisapride, renzapride, benzimidazolone derivatives such as BIMU 1 and

BIMU8,andlirexapride; calcium channel blockers such as ziconotide and related

compoundsdescribedin, for example, EP625162B1, US 5,364,842, US 5,587,454, US
5,824,645, US 5,859,186, US 5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al,
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EP 1336409 Al, EP 835126 Al, EP 835126 Bl, US 5,795,864, US 5,891,849, US

6,054,429, WO 97/01351 Al; NK-I, receptor antagonists such as aprepitant (Merck & Co

Inc), vofopitant, ezlopitant (Pfizer, Inc.), R-673 (Hoffmann-La Roche Ltd), SR-48968

(Sanofi Synthelabo), CP-122,721 (Pfizer, Inc.), GW679769 (Glaxo Smith Kline), TAK-

637 (Takeda/Abbot), SR-14033,
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and related compounds describedin, for example, EP 873753 Al, US 20010006972 Al, US

20030109417 Al, WO 01/52844 Al (for a review see Giardinaet al. 2003.Drugs 6:758); NK-2

receptor antagonists such as nepadutant (Menarini Ricerche SpA), saredutant (Sanofi-

Synthelabo), GW597599 (Glaxo Smith Kline), SR-144190 (Sanofi-Synthelabo) and UK-290795

(Pfizer Inc); NK3 receptor antagonists such as osanetant (SR-142801; Sanofi-Synthelabo), SSR-

241586, talnetant and related compoundsdescribed in, for example, WO 02/094187 A2, EP

876347 Al, WO 97/21680 Al, US 6,277,862, WO 98/1 1090, WO 95/28418, WO 97/19927, and

Bodenet al. (J Med Chem. 39:1664-75, 1996); norepinephrine-serotonin reuptake inhibitors

C(NSRI) such as milnacipran and related compounds described in WO 03/077897; and vanilloid

receptor antagonists such as arvanil and related compouds described in WO 01/64212 AL.

[199] In addition to sialorphin-related polypeptides, analgesic polypeptides include:

AspPhe, endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance

P.

EXAMPLES

Example 1: Synthesis and Purification of GCC Agonist Peptides

[200] The GCC agonist peptides were synthesized using standard methods for solid-

phase peptide synthesis. Either a Boc/Bzl or Fmoc/tBu protecting group strategy was seleceted

depending upon the scale of the peptide to be produced. In the case of smaller quantities, it is

possible to get the desired product using an Fmoc/tBu protocol, but for larger quantitics (1 g or

more), Boc/Bzl is superior.

[201] In each case the GCC agonist peptide was started by either using a pre-loaded

Wang (Fmoc) or Merrifield (Boc) or Pam (Boc)resin. For products with C-terminal Leu, Fmoc-

Leu-Wang (D-1115) or Boc-Leu-Pam resin (D-1230) or Boc-Leu-Merrifield (D-1030) Thus, for

peptides containing the C-terminal d-Leu, the resin was Fmoc-dLeu-Wang Resin (D-2535) and

Boc-dLeu-Merrifield, Boc-dLeu-Pam-Resin (Bachem Product D-1230 and D-1590, respectively)

(SP-332 and rclated analogs). For peptides produced as C-terminal amides, a resin with Ramage
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linker (Bachem Product D-2200) (Fmoc) or mBHA (Boc) (Bachem Product D-1210 was used

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

Fmoc-tBu Overview

[202] Each synthetic cycle consisted deprotection with 20% piperidine in DMF.Resin

washes were accomplished with alternating DMF and IpOHto swell and shrink the resin,

respectively. Peptide synthesis elongated the chain from the C-terminus to the N-terminus.

Activation chemistry for cach amino acid was with HBTU/DIEAin a 4 fold cxcess for 45

minutes. In automated chemistries, each amino acid was double coupled to maximize the

coupling efficiency. To insure the correct position of disulfide bonds, the Cys residues were

introduced as Cys (Acm)at positions 15 and 7. Cys (Trt) was positioned at Cys4 and Cys12.

This protecting group strategy yields the correct topoisomer as the dominant product (75:25).

(For enterotoxin analogs, a third disulfide bond protecting group (Mob) wasutilized).

[203] For peptides containing C-terminal Acea (aminoethyloxyethyloxyacetyl) groups,

these were coupled to a Ramage amide linker using the same activation chemistry above by

using an Fmoc-protected Acea derivative. The Cys numbering in these cases remains the same

and the positioning of the protecting groups as well. For the peptides containing the N-terminal

extension of Acea, the Cys residue numbering will be increased by three Cys4 becomes Cys7,

Cys12 becomes Cys15; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is

protected with Acm and the former pair keeps the Trt groups.

[204] For analogs containing D-aminoacid substitutions, these were introduced directly

by incorporating the correctly protected derivative at the desired position using the same

activation chemistry described in this document. For Fmocstrategics, Fmoc-dAsn(Trt)-OH,

Fmoc-dAsn(Xan)-OH, Fmoc-dAsp(tBu)-OH, Fmoc-dGlu(tBu)-OH and for Bocstrategies, Boc-

dAsn(Xan)-OH, Boc-dAsn(Trt)-OH, Boc-dAsp(Chx), Boc-dAsp(Bzl)-OH, Boc-dGlu(Chx)-OH

and Boc-dGlu(Bzl)-OH would be utilized.

[205] Each peptide is cleaved from the solid-phase support using a cleavage cocktail of

TFA:H20:Trisisopropylsilane (8.5:0.75:0.75) ml/g of resin for 2 hr at RT. The crude deprotected

peptideis filtered to remove the spent resin beads and precipitated into ice-cold diethylether.
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[206] Each disulfide bonds was introduced orthogonally. Briefly, the crude synthetic

product wasdissolved in water containing NH4OHto increase the pH to 9. Following complete

solubilization of the product, the disulfide bond was made between the Trt deprotected Cys

residues bytitration with H2O2. The monocyclic product was purified by RP-HPLC. The purified

mono-cyclic product was subsequently treated with a solution of iodine to simultaneously

remove the Acm protecting groups and introduce the second disulfide bond.

[207] For cntcrotoxin analogs, the Mob group was removed via treatment of the dicyclic

product with TFA 85% containing 10% DMSO and 5% thicanisole for 2 hr at RT.

[208] Each product was then purified by RP-HPLC using a combination buffer system

of TEAP in H20 versus MeCN,followed by TFA in H20 versus MeCN.Highly purefractions

were combined and lyophilized. The final product was converted to an Acetate salt using either

ion exchange with Acetate loaded Dow-Exresin or using RP-HPLC using a base-wash step with

NH,4OAc followed by 1% AcOH in water versus MeCN.

[209] It is also possible to prepare enterotoxin analogs using a random oxidation

methodology using Cys(Trt) in Fmoc or Cys(MeB)in Boc. Following cleavage, the disulfide

bonds can be formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or

cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

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

Boc-Bil Process

[210] Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with

mBHAfor peptides produced as C-terminal amides. Each synthetic cycle consists of a

deprotection step with 50% TFA in MeCL2. The resin is washed repetitively with MeCl2 and

MeOH.The TFAsalt formed is neutralized with a base wash of 10% TEA in MeCl2. Theresin is

washed with MeCl2 and MeOHandlastly with DMFprior to coupling steps. A colorimetric test

is conducted to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide

with HOBTto form the active ester. Each coupling is allowed to continue for 2 hr at RT or

overnight on difficult couplings. Recouplings are conducted with either Uronium or

Phosphoniumreagents until a negative colorimetric test is obtained for free primary amines. The
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resin is then washed with DMF, MeCl2 and MeOHandprepared for the next solid-phase step.

Cysprotection utilizes Cys(Acm) at positions 7 and 15, and Cys(MeB)at Cys 4 and Cys12.

[211] Cleavage and simultaneous deprotection is accomplished by treatment with HF

using anisole as a scavenger (9:1:1) ml:ml:g (resin) at 0°C for 60 min. The peptide is

subsequently extracted from the resin and precipitated in ice cold ether. The introduction of

disulfide bonds and purification follows the exact same protocol described above for the Fmoc-

produced product.

Example 2: Jn vitro Biological and Chemical Stability of SP-304 after Incubation in

Simulated Gastric Fluid (SGF)

[212] Thestability of SP-304 in the presence of simulated gastric fluid (SGF) was

determined by biological activity measurements and HPLC analyses (Figs. 1A & 1B). SP-304

(final concentration of 8.5 mg/ml) was incubated in SGF (Proteose peptone (8.3 g/liter; Difco),

D-Glucose (3.5 g/liter; Sigma), NaCl (2.05 g/liter; Sigma), KH 2PO, (0.6 g/liter; Sigma), CaCl,

(0.11 g/liter), KCI (0.37 g/liter; Sigma), Porcine bile (final 1 X concentration 0.05 g/liter; Sigma)

in PBS, Lysozyme(final 1 X concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X

concentration 0.0133 g/liter; Sigma) in PBS). SGF was made on the day of the experiment and

the pH wasadjusted to 2.0 + 0.1 using HCl or NaOHas necessary. After the pH adjustment,

SGFisfilter sterilized with 0.22 um membranefilters. SP-304 (final concentration of 8.5

mg/ml) was incubated in SGF at 37°C for 0, 15, 30, 45, 60 and 120 min, respectively, in

triplicate aliquots. Following incubations, samples were snap frozen in dry ice then stored in a -

80°C freezer until assayed in duplicate.

[213] Figure 1A showsa bar chart showing the biological activity of SP-304 after

incubation with SGF for times as indicated. The activity at 0 min was taken as 100%. The data

 are an average oftriplicates + SD for each data point. The data demonstrate that SP-304 is

resistant to breakdown in SGFfor incubationslasting as long as two hours. In addition, the data

also suggest that the activity of SP-304 is unaltcred by exposure to the acidic pH of the SGF.

[214] The HPLC chromatograms of samples of SP-304 incubated in SGF for 0 and 120

min are shown in Fig. 1B. Here, aliquots of the two samples were analyzed by HPLC using a
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previously developed method for analyzing SP-304 peptide. Samples from the SGF incubations

were diluted to give a final concentration 0.17 mg/mL of SP-304. The major peak of SP-304 did

not change following incubation with SGF, indicating that the peptide was resistant to SGF

treatment.

Example 3: én vitro Biological and Chemical Stability of SP-304 after Incubation in

Simulated Intestinal Fluid (SLF)

[215] The stability of SP-304 was also evaluated after incubation with simulated

intestinal fluid (SIF) by measuring its biological activity and by HPLC analyses (Figs. 2A & 2B).

SIF solution was prepared by the method as described in the United States Pharmacopoeia, 24th

edition, p2236. The recipe to prepare SIF solution was as described below. The SIF solution

contained NaCl (2.05 g/liter; Sigma), KH 2PO4 (0.6 g/liter; Sigma), CaCl, (0.11 g/liter), KCl

(0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH wasadjusted to 6 and the solution was

filter sterilized. A solution of SP-304 (8.5 mg/ml) was incubated in SGF at 37°C for 0, 30, 60,

90, 120, 150 and 300 min respectively, in triplicate aliquots. Following incubations, samples

were removed and snap frozen with dry ice and stored in a -80°C freezer until assayed in

duplicate. Figure 2A is a bar chart showing the ability of SP-304, after incubation in SIF for

times as indicated, to stimulate cGMP synthesis in T84 cells. The cGMPstimulation activity at 0
 min was taken as 100%. The data are an average of 3 triplicates + SD. The data indicated that

the biological activity of SP-304 is reduced by about 30% following incubation in SIFfor 300

min.

[216] The physical stability of SP-304 peptide exposed to SIF was evaluated by HPLC

using the method described for SGF digestion. Figure 2B shows HPLC chromatograms for SP-

304 after incubation with heat-inactivated SIF for 300 min, and SIF for 120 min, respectively.

SP-304 treated with heat-inactivated SIF remained intact (Note: the major peak of SP-304

eluting at 16.2 min), whereas SP-304 treated with SIF for 120 min was completely converted

into another peak eluting at 9.4 min plus a few minor additional peaks.

[217] Figure 3 is a schematic representation of the possible metabolites of SP-304. The

major degradation products involve Asn and Aspclipped from the N-terminus and Leu from the
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C-terminus of SP304. The fact that only 30% reduction in biological activity was observed even

after 2 hours incubation in SIF implies that one or more of the degradation products observed in

Fig. 2B are also biologically active. To address this possibility, several truncated peptides were

synthesized and evaluated for their abilities to stimulate cGMPsynthesis in T84 cells (Figure 4).

[218] Figure 4 showsdata from the analyses of various peptides in the T&84 cell cGMP

stimulation assay (essentially as described in Shailubhai, et a/., Cancer Research 60, 5151-5157

(2000) . Bricfly, conflucnt monolayers of T-84 cells in 24-well plates were washed twice with

250 wl of DMEM containing 50 mM HEPES (pH 7.4) and pre-incubated at 37°C for 10 minutes

with 250 ul of DMEM containing 50 mM HEPES(pH 7.4) and 1 mM isobutyl methylxanthine

(BMX). Monolayers of T&4 cells were then incubated with 250 ul of DMEM containing 50 mM

HEPES(pH 7.4) containing one of the peptides shown in the Figure 4 at a concentration of 1.0

uM for 30 min. After the 30 min incubation, the medium was aspirated and the reaction was

terminated by the addition of 3% perchloric acid. Following centrifugation and the addition of

NaOH (0.1 N) to neutralize the pH,intracellular cGMP levels were determined in lysates using a

cGMP ELISA kit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI). Peptide incubations

were run in duplicate, and samples taken from each incubation were run as duplicates in the

ELISAtest.

[219] The data indicate that SP-338, the 15-mer peptide missing the leucine (L) residue

at the C-terminus of SP-304, retains about 80% ofthe biological activity of the full length 16-

mer SP-304 peptide. Thus, the C-terminal Leu clearly does make some contribution to the

biological potency of the peptide. Similarly, peptides SP-327, SP-329 and SP-331, whichareall

missing their C-terminal Leu, also showed a 20-25% reduction in biological potency relative to

their counterpart parent peptides SP-326, SP-328 and SP-330, respectively. In addition, the data

also suggest that amino acid residues at the N-terminus may also contribute to the stability and/or

potency of the peptides. Several additional peptides were synthesized with D-forms of amino

acids replacing the corresponding L-forms at the C- and N-termini of the peptides. These

peptides were evaluated for their abilities to stimulate cGMP synthesis in T84 cells as shown in

Figure 5.
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[220] The results presented in Figure 5 indicate that substitution of L-aminoacids with

D-aminoacids at the C- and N-termini did not significantly alter their potency relative to SP-304.

Peptides SP-332, SP-333 and SP-335 all showed comparable ability to stimulate cGMP synthesis

in T84 cells. These results suggest that the amino acid residues Asn, Asp and Glu at the N-

terminus and Leuat the C-terminus can be replaced with their respective D-aminoacid forms.

Onthe other hand, substitution of L-leucine with D-leucineat the 6"position (SP-337) resulted

in virtually complete loss of biological activity.

[221] Figure 7 (A-F) showsthe stabilities ofpeptides SP-332, SP-333 and SP-304 when

incubated in SIF for two hours. The results demonstrate that SP-333, which has D-Asnat the N-

terminus and D-Leu at the C-terminus, remained virtually 100% biologically active after a two

hour incubation in SIF (Figure 7A), and remained virtually intact to digestion with SIF after two

hours (Figs. 7F-1 & 7F-2). Subsequent incubation studies with SP-333 performed in SIF for up

to 24 hours indicate that there is very little degradation even after 24 hours in SIF (Fig. 7G). The

data indicated that SP-333 is stable against digestion with SIF for up to 24 hours. Peptide SP-

332 with D-Leu at the C-terminus showed a minor reduction in potency following the 120 min

incubation with SIF (Figure 7B). Interestingly, the HPLC analyses of SP-332 did not reveal any

clear-cut degradation of the peptide (Figure 7E-1 & 7E2), also suggesting that this peptide is also

almost completely resistant to proteoysis by SIF during the 2-hr incubation. On the other hand,

peptide SP-304 lost about 30% of its potency following digestion with SIF for just one hour

(Figure 7C). The HPLC analysis of SP-304 following SIF incubation confirmedits degradation

(Figure 7D-1 & 7D-2). These results suggest that SP-304 undergoes substantial proteolysis

following incubation with SIF within one hour.

Example 4: Cyclic GMP Stimulation Assays

[222] Theability of the GCC agonist peptide to bind to and activate the intestinal GC-C

receptor wastested usingT 84 human colon carcinomacell line. Human T84 colon carcinoma

cells were obtained from the American Type Culture Collection. Cells were grown in a 1:1

mixture of Ham's F-12 medium and Dulbecco's modified Eagle's medium (DMEM)

supplemented with 10% fetal bovine serum, 100 U penicillin/ml, and 100 Lg/ml streptomycin.

The cells were fed fresh medium every third day andsplit at a confluence of approximately 80%.
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[223] Biological activity of the GCC agonist peptides was assayed as previously

reported (Shailubhai, et a/., Cancer Research 60, 5151-5157 (2000)). Briefly, the confluent

monolayers of T-84 cells in 24-well plates were washed twice with 250 ul of DMEMcontaining

50 mM HEPES(pH 7.4), pre-incubated at 37°C for 10 min with 250 wl of DMEM containing 50

mM HEPES(pH 7.4) and 1 mM isobutylmcthylxanthinc (BMX), followed by incubation with

GCC agonist peptides (0.1 nM to 10 .mu.M) for 30 min. The medium wasaspirated, and the

reaction was terminated by the addition of 3% perchloric acid. Following centrifugation, and

neutralization with 0.1 N NaOH, the supernatant was used directly for measurements of cGMP

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

[224] Figure 6 showsresults from experiments evaluating the potency of peptides (via

cGMPstimulation assay) having structures similar to the 14-mer peptide SP-339,also referred to

as linaclotide. SP-339 is a truncated analog of the E. coli enterotoxin ST peptide. SP-354 was

foundto be virtually identical to SP-339 in biological activity. Notably, peptide SP-353, which

has a Serresidue at the 6" position, was found to be more potent than SP-339, and was the most

potent of all the peptides tested. Peptide SP-355 which has a D-Tyrat the C-terminus showed

considerably less potency than the other peptidestested.

Example 5: Peggylated Peptides

[225] An additional strategy to render peptides moreresistant towards digestion by

digestive proteases is to peggylate them at the N- and C-terminus. The peptide SP-333 was

peggylated with the aminoethyloxy-ethyloxy-acetic acid (Acea) group at the C-terminus (SP-

347) or at the N-terminus (SP-350) or at both termini (SP-343). Cyclic GMP synthesis in T84

cells was measured by the method as described above.

[226] The peptides SP-347 and SP-350 showed potencies comparable to SP-333 in their

abilities to stimulate cGMPsynthesis in T84 cells. However, peptide SP-343 was considerably

less potent as compared to the other peptides tested. The poor activity of SP-343 might be due to

the considerable steric hindrance afforded by the large Aeea groups at both termini.
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Example 6: Combination of Guanylate Cyclase Receptor Agonists with
Phosphodiesterase Inhibitors

[227] Regulation of intracellular concentrations of cyclic nucleotides (7.e., cAMP and

cGMP)and thus, signaling via these second messengers, has been generally considered to be

governedbytheir rates ofproduction versus their rates of destruction within cells. Thus, levels of

cGMPintissues and organs can also be regulated by the levels of expression of cGMP-specific

phosphodiesterases (CGMP-PDE), which are generally overexpressed in cancer and

inflammatory diseases. Therefore, a combination consisting of an agonist of GC-C with an

inhibitor of cGMP-PDE might produce synergistic effect on levels of cGMPin the target tissues

and organs.

[228] Sulindac Sulfone (SS) and Zaprinast (ZAP) are two of the knowninhibitors of

cGMP-PDEand have been shownto induce apoptosis in cancer cells via a cGMP-dependent

mechanism. SS and ZAP in combination with SP-304 or SP-333 were evaluated to see if these

PDEinhibitors had any synergistic effects on intracellular accumulation of cGMP(Fig. 9-12).

As the data show, SS at a concentration of 100 uM did not enhance intracellular accumulation of

cGMP. However, the combination of SS with SP-304 stimulated cGMP production several-fold

more then stimulation by SP-304 alone. This synergistic effect on cGMP levels was more

pronounced when SP-304 were used at a 0.1 uM concentration (Fig 10). Similar observations

were made when SP-304 or SP-333 were used in combination with ZAP (Fig 10, Fig 11 and Fig

12). These results suggest that the intracellular levels of cGMPare stabilized because SS inhibits

cGMP-PDEthat might be responsible for depletion of intracellular cGMP. Thus, the approach to

use a combination of GCC agonist with a cGMP-PDEinhibitoris attractive.

[229] For the results shown in Figure 9, cyclic GMP synthesis in T84 cclls was assessed

essentially as described in Shailubhai et al., Cancer Research 60, 5151-5157 (2000). Briefly,

confluent monolayers of T-84 cells in 24-well plates were washed twice with 250 ul of DMEM

containing 50 mM HEPES(pH 7.4) and pre-incubated at 37°C for 10 minutes with 250 ul of

DMEMcontaining 50 mM HEPES(pH 7.4) and 1 mM isobutyl methylxanthine (BMX).

Monolayers of T84 cells were then incubated with 250 ul of DMEM containing 50 mM HEPES

(pH 7.4) containing SP-304 or PDE inhibitors either alone or in combinations, as indicated below

in the following experimental sets: 1) Control; 2) SP-304 (0.1 uM); 3) Sulindac Sulfone (100
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uM); 4) Zaprinast (100 uM); 5) SP-304 (0.1 uM) + Sulindac Sulfone (100 uM); and 6) SP-304

(0.1 uM) + Zaprinast (100 uM). After the 30 min incubation, the medium wasaspirated and the

reaction was terminated by the addition of 3% perchloric acid. Following centrifugation and the

addition ofNaOH (0.1 N) to neutralize the pH,intracellular cGMP levels were determined in

lysates using a cGMPELISAkit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI).

Incubations were performed in duplicate, and cach sample was run in duplicate using the ELISA

test.

[230] For the results shown in Figure 10, the method used was same as the one used for

Fig. 9 except that the monolayers of T84 cells were incubated with 500 wl of DMEM containing

50 mM HEPES(pH 7.4) containing SP-304 (0.1 or 1.0 uM)or increasing concentrations of PDE

inhibitors (0 to 750 uM) either alone or in combination with SP-304. After the 30 min

incubation, the medium wasaspirated and the reaction was terminated by the addition of 3%

perchloric acid. Following centrifugation and the addition of NaOH (0.1 N) to neutralize the pH,

intracellular cGMPlevels were determined in lysates using a cGMP ELISAkit (Cat. No.

581021; Cayman Chemical, Ann Arbor, MI). Samples were runintriplicate using the ELISA

test.

[231] For the results shown in Figure 11, the method used was sameas the one used for

Fig. 10 except that the monolayers of T84 cells were incubated with 500 ul of DMEM containing

50 mM HEPES(pH 7.4) containing SP-3333 (0.1 or 1.0 uM) or increasing concentrations of

ZAP (0 to 500 uM) either alone or in combination with SP-333. After the 30 min incubation, the

medium wasaspirated and the reaction was terminated by the addition of 3% perchloric acid.

Following centrifugation and the addition ofNaOH (0.1 N) to neutralize the pH, intracellular

cGMPlevels were determined in lysates using a cGMP ELISAkit (Cat. No. 581021 ; Cayman

Chemical, Ann Arbor, MI). Samples were run in triplicate using the ELISAtest.

[232] For the results shown in Figure 12, the method used was sameas the one usedfor

Fig. 10 except that the monolayers of T84 cells were incubated with 500 Ul of DMEM containing

50 mM HEPES(pH 7.4) containing SP-333 (0.1 LM) or increasing concentrations of Sulindac

Sulfone (0 to 500 UM) either alone or in combination with SP-333. After the 30 min incubation,

the medium was aspirated and the reaction was terminated by the addition of 3% perchloric acid.
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Following centrifugation and the addition of NaOH (0.1 N) to neutralize the pH, intracellular

cGMPlevels were determined in lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman

Chemical, Ann Arbor, MI). Samples were run in triplicate using the ELISAtest.

Example 7: A Repeated Oral Dose Toxicity Study of SP-304 in Cynomolgus Monkeys.

[233] The primary purpose ofthis experiment was to evaluate the toxicity and

pharmacokinetics of a repeated oral dose of SP-304 in cynomolgus monkeys. Treatment with a

daily dose of 250 mg of SP-304 for 14 consecutive days was well tolerated by all of the

monkeys, however the treatment consistently produced liquid feces and watery diarrhea (Figure

14). Monkeys returned to normal stool consistency within 24-48 hours following the last dose of

SP-304.

Example 8: SP-304 Treatment Improves Stool Consistency and Clears TNBS-induced
Intestinal Blockage in a TNBS-induced Murine Modelof Colitis.

[234] SP-304 is a superior analog of uroguanylin and an agonist of GC-C. The anal

administration of trinitrobenzene sulphonic acid (TNBS)is typically used to produceintestinal

blockage, resulting in poor stool consistency. As shown in Figure 13, oral administration of SP-

304 considcrably improved stool consistency in mice treated with TNBS. Treatment with SP-304

at a dose between 0.05 to 0.5 mg/kg body weight was sufficient to completely restore the

consistency score to the level observed in mice treated with phosphate buffer instead of TNBS

(minus TNBScontrol). Sulfasalazine, a FDA approved drug used as a positive control, also

restored normal stool consistency.

Example 9: A Randomized, Double-blind, Placebo-Controlled, Single-, Ascending-, Oral-
Dose Safety, Tolerability, and Pharmacokinetic Study of SP-304 in Healthy
Adult Human Male and Female Volunteers

[235] The objectives of this study were to assess the safety and pharmacokinetics of a

single oral dose of SP-304 in healthy subjects. This was a phase 1, single-site, randomized,

double-blind, placebo-controlled, single-, ascending-, oral-dose, sequential dose escalation study

of SP-304 in fasted, healthy male and female subjects. A total of 9 cohorts utilizing 8 subjects

per cohort (6 SP-304; 2 placebo) were utilized, totaling 71 volunteers administered drug (one
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volunteer dropping out). Each cohort was administered a single, oral dose or matching placebo

administered in 10-fold diluted phosphate buffered saline (PBS) (240 mL). Subjects were only

administered one dose of study treatment and could not be enrolled in subsequent cohorts. The

nine cohort doses included 0.1, 0.3, 0.9, 2.7, 5.4, 8.1, 16.2, 24.3 mg and 48.6 mg SP-304.

Doses of SP-304

0.1 mg (6 active, 2 placebo)
0.3 mg (6 active, 2 placebo)
0.9 mg (6 active, 2 placcbo)
2.7 mg (6 active, 2 placebo)
5.4 mg (6 active, 2 placebo)
8.1 mg (6 active, 2 placebo)

16.2 mg (5 active, 2 placcbo)
24.3 mg(6 active, 2 placebo)
48.6 mg(6 active, 2 placebo)

[236] The decision to proceed to the next cohort was madeby the study sponsor and

principal investigator after reviewing the preliminary blinded, safety information from the

cohort. All safety data collected through the 48 hours after dosing were reviewedto assess

tolerability of the dose level. A minimum of 3 evaluable subjects were required for the

determination of safety and tolerability at each dose level.

[237] The stopping criteria were: 1) clinically significant adverse events [including

clinically significant changes in laboratory or electrocardiogram (ECG) parameters] in >4

subjects (collectively within a cohort), or 2) 1 drug related, serious adverse event (SAE). No

higher doses were to be administered if one of these criteria was met. Otherwise, the study could

proceed to the next higher dose cohort.

[238] Safety was monitored by physical examinations,vital signs, clinical laboratory

tests (hematology, chemistry, urinalysis, fecal occult blood), ECG, and adverse experience

assessments). Serial blood samples were collected 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 16, 24, 36, and

48 hours after dosing. Plasma samples were assayed by a validated method for SP-304, and

pharmacokinetic parameters calculated. Pharmacodynamic endpoints that were evaluated

includedtimeto first stool, stool frequency (48-hour period), and stool consistency (48-hour

period) using the Bristol Stool Form Scale (BSFS).
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[239] The phase | study (Protocol No. SP-SP304101-08) used an oral solution prepared

by a registered licensed pharmacist at the investigation site not more than one hour before

administration of dose.

[240] The primary objectives of this clinical evaluation were to determine safety,

toxicity and systemic absorption of a single oral dose of SP-304. The data indicated that SP-304

was well-tolerated at all dosage levels and there were no severe adverse events (SAEs). The

most prevalent adverse event (AE) observed during this study was grade | diarrhea (12.7%), as

defined using the Common Terminology Criteria for Adverse Events (CTCAE), which is an

increase in the number of bowel movements from 1 and <4 in a 24-hour period. Notably, SP-

304 was expected to promote bowel movement, thus the increase in number of bowel

movements was considered to be related to the pharmacodynamic (PD) action of SP-304.

[241] The effect of a single oral dose of SP-304 on stool consistency, as judged by the

Bristol form stool scale (BSFS), was also examined in volunteers. The BSFS score for the seven

types of stool are:

. Type 1: Separate hard lumps,like nuts (hard to pass)

. Type 2: Sausage-shaped, but lumpy

. Type 3: Like a sausage but with cracks onits surface

. Type 4: Like a sausage or snake, smooth and soft

. Type 5: Soft blobs with clear cut edges (passed easily)

. Type 6: Fluffy pieces with ragged edges, a mushy stool

. Type 7: Entirely liquid

[242] Types | and 2 indicate constipation, with 3 and 4 being the "ideal stools"

especially the latter, as they are the easiest to pass, and 5-7 score indicate further tending towards

diarrhea or urgency.

[243] Figure 15A-B showsthe effect of a single dose of SP-304 or placebo on BSFS

score in volunteers treated with SP-304 ranging from 0.1 mg up to a maximum of 48.6 mg dose.

The data indicate that treatment with SP-304 produced an increase in BSFSscore in volunteers,

relative to placcbo-treated volunteers, reflecting a change in stool consistency towards a looser

bowel movement in SP-304 treated volunteers. These results indicate that SP-304 has the
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potential to normalize bowel movement and to relieve the discomfort due to chronic

constipation.

[244] Figure 16 showsthe effect of a single dose of SP-304 or placebo on the time to

first stool in the 24 hours period following dosing. The data indicate that SP-304 treatment

significantly decreased the time to first bowel movement from 10.6 hours in volunteers treated

with placebo to about 3 to 6 hours, following SP-304 treatment at doses ranging from 2.7 to 48.6

mg.

Example 10: SP-304 Ameliorates Inflammation in DSS-induced Colitis in BDF-1 Mice.

[245] The cGMP pathway mediates the anti-inflammatory effects of cellular molecules

such as nitric oxide and heme oxygenase-1. Therapies that induce cGMP (phosphodiesterase-4

inhibitors) have demonstrated efficacy in murine models of IBD. The anti-inflammatory effects

of the GCC agonist SP-304 were evalated in a murine modelofulcerative colitis, the DSS-

induced colitis model.

[246] Forty eight BDF1 mice were divided into 8 treatment groups (6 mice / group).

One group was not exposed to DSS (untreated control) and groups 2-10 were treated with 5%

DSSin the drinking water. DSS wasrefreshed daily. All mice were weighed on day -1, and

treated with the test materials beginning on day -1. 4hrs post dosing on Day 0, DSS wasplaced

in the drinking water of groups 2-8 and DSS remained in the water until the end of the study. The

test agents were administered at 9 AM daily until day 7. Animals were treated with a single dose

of test agents and the groups were as follows:

. No DSS exposure — PBS gavage (No DSS control)

. 5% DSS + PBS (Vehicle control)
5% DSS + 80 mg/kg Sulfasalazine (positive control)

. 5% DSS + 0.005 mg/kg SP-304

. 5% DSS + 0.05 mg/kg SP-304

.5% DSS + 0.5 mg/kg SP-304

. 5% DSS + 2.5 mg/kg SP-304
5% DSS + 50 mg/kg SP-304

ConABWNe  
[247] All doses were administered by oral gavage using a 0.1ml dose per 10g bady

weight. To avoid cage-to-cage variation, different treatment groups were housed in the same
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cage and animals were ear punched for identification purposes. Mice were sacrificed on day7,

4-6 hrs post last dosing. The animals were also subjected to internal examination of the major

organs for any gross abnormalities. The distal section of the large intestine (sufficient for

histopathological examination) was removed and fixed in Carnoy’s solution and embedded in

paraffin. Two non-serial sections per slide were cut and H&E stained for visual severity score

analysis. All slides were scored in a blinded manner.

Histopathology scoring

0 normal

1 all crypts remaining but look abnormal, all muscle intact
2 less than 90% crypts remaining, all muscle intact
3 less than 75% crypts remaining, majority muscle intact
4 less than 10% crypts remaining, most of muscle degraded
5 no crypts left, muscle degraded

[248] Five different sections of the tissue were examined for histopathological scoring

and the scores were averaged for each mouse. The histopathology scores in Fig. 17 are expressed

as an average of 6 mice. As shownin Fig. 17, the data indicate that treatment of mice with DSS

produced mild inflammation in the large intestine. As expected, the severity of the inflammation

was considerably reduced in mice treated with sulfasalazine. Similarly, mice treated with SP-304

doses ranging from 0.005 to 5 mg/kg/body weight also showed reduced inflammationin the

colon tissue. These results indicate that oral administration with SP-304 ameliorated DSS-

induced inflammation in the colon tissue. The treatment with SP-304 did not change the colon

weight considerably.

Example 11: SP-304 Ameliorates Inflammation in TNBS-induced Colitis in BDF-1 Mice

[249] Anal administration of TNBSis widely used to induce inflammation in the colon

of mice and rats. The TNBS-induced ulcerative colitis is commonly used model for experimental

colitis in mice for evaluation of drugs to be used for treatment of IBD in humans. To evaluate

the anti-inflammatory effects of the GCC agonist SP-304, ninety BDF-1 mice were randomly

divided into 9 groups of 10 each as follows:

1. No TNBSexposure — PBS gavage (No TNBScontrol)
2. TNBS + PBS (Vehicle control)
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. TNBS + 80 mg/kg Sulfasalazine (positive control)

. TNBS + 0.0005 mg/kg SP-304

. TNBS + 0.005 mg/kg SP-304

. TNBS + 0.05 mg/kg SP-304

. TNBS + 0.5 mg/kg SP-304

. TNBS + 2.5 mg/kg SP-304

. TNBS + 50 mg/kg SP-304

OoconDrBW
[250] Groups 2-9 were given 2.5 mg of TNBS in 50% ethanol through anal route using

a rubber catheter on day 0. Mice were given a single dose of SP-304 at 9 am everyday for seven

days. At the end of the study mice weresacrificed by cervical dislocation. The distal large

intestine was removedandfixed in Carnoy’s fixative. Samples were paraffin embedded and 2

non-serial sections per sample were cut & mounted on oneslide before staining with H&E.

Slides of intestinal tissues was scored. Blinded histological sections were observed

microscopically and assigned a severity score of 0 to 5, as per the scoring system described in

Fig 8. For every mouse 5 cross sectional areas of the large intestine were assessed. Results are

expressed as an average. As shownin Fig 18, treatment with SP-304 at a dose as lowas 0.05

mg/kg body weight significantly reduced colonic inflammation. Interestingly, the potency of SP-

304 even at concentrations as low as 0.05 mg.kg was comparable to sulfasalazine given at a dose

of 80 mg/kg body weight.

Example 12: Repeated daily dose of SP-304 produced severe diarrhea in cynomolgus

monkeys

[251] Male (n=4) and female (n=4) monkeys were given a daily dose (1 or 10 or 75 mg/kg

body weight) of SP-304 repeatedly for 28 days. Effect of treatment on stool consistency was

recorded three times a day. As shownin Figure 19, oral treatment with SP-304 produced

diarrhea/watery stools in both sexes. However, female monkeys showed a more pronounced

effect. In females, a dose of 10 mg/kg body weight produced severe diarrhea consistently.

Therefore, SP-304 was used at 10 mg/kg body weight in the subsequent experiments. Similar

results were obtained with SP-333.

Example 13: Repeated dose of SP-304 produced severe bloating in the proximal intestines

in mice
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[252] The objective of this experiment was to determine the primary site of action for orally

administered SP-304 with respect to its ability to stimulate water secretion in the gastrointestinal

tract. Under normal physiological circumstances, water secretion occurs primarily in the

duodenum and the secreted water is then reabsorbed in the ileum. Mice (females, n=6; males,

n=6) were given a single dose of SP-304 by oral gavage and sacrificed 30 minutes later. The

gastrointestinal tract was examined for signs of bloating which indicates excessive secretion of

water. As shownin Table VII, SP-304 produced bloting only in the stomach and in the

proximal intestine (duodenum and jejunum) but not in cecum ordistal intestine (ileum and

colon). These results demonstrate that orally administered SP-304 caused water secretion in the

duodenum/jejunum. Thus, the site of action of SP-304 is primarily in the duodenum and

jejunum portions of the gastrointestinal tract.

Male Mice Female Mice

GI Tract Segment NumberofAnimals NumberofAnimals
with Bloating (“% of total) with Bloating (o of total)

n=6 n=6

Stomach 3 (50%) 2 (33%)

Duodenum 2 (33%) 2 33%)

Jejunum 6 (100%) 6 (100%)
  

Cecum 1 (2%) 0 (0%)

  
Table VIII: SP-304 oral administration produced severe bloating in proximal intestine of
mice. Mice (6 males and 6 females) were orally administered with SP-304 (1200 mg/kg body
weight). After 30 minutes, mice were sacrificed and immediately opened to determine if SP-304
administration had caused bloating, due to excessive secretion offluid, in different segments of
the GI tract. Results are expressed as %number of mice showing bloating in various parts of the
GItract.

Example 14: Formulations of SP-304 for different GI diseases

[253] As indicated by the data in Table VIII, orally administered SP-304 acts in the proximal

portions of the GI tract (duodcnum, jejunum) to stimulate water scerction. Thus, a formulation

for delivery of SP-304 to this region should demonstrate improved cfficacy for the treatment of

chronic constipation, IBS-C and other diseases of the proximal intestine. This is because such a
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formulation would more effectively stimulate the secretion ofwater and promote the

normalization of bowel movement in patients suffering from these conditions. In addition,

aggregation of SP-304, which occurs beginning at 1.0 mg/ml and is promoted by acidic

conditions, would be minimized in a pH dependentrelease formulation designed to release at

higher pH. Thus, a pH dependent release formulation of SP-304 comprising the Eudragit

polymerwastested for efficacy of release at pH greater than 5.5, which would target release to

the duodenum. As shownin Figure 20, gelatin capsules coated with Eudragit polymerfor

dissolution at pH greater than 5.5 did not disintegrate and SP-304 was not released under acidic

conditions at pH | or 2.5. As expected, incubation of the capsule at pH 5.7 released SP-304

within 20 minutes and within 60 minutes most of the peptide was released. The released SP-304

was biologically active as determinedin the T84 cells bioassay (see Figure 21).

[254] For the treatment of IBD and other diseases or disorders of the distal GI tract, it is

advantageous to develop a formulation which targets GCC agonists to the distal GI tract,

particularly the terminal ileum. This is particularly the case for the treatment of IBD whichis

often complicated by diarrhea. Thus, oral administration of a GCC agonist wouldlikely be

countcrproductive for IBD duc to the stimulation of water secretion in the duodenum. This

problem would be circumvented by a formulation that targeted delivery to the terminal ileum. A

pH dependentrelease formulation of SP-304 was therefore tested for efficacy of release at pH

greater than 7, which would target release to the terminal ileum. As shownin Figures 20 and 21,

the Eudragit polymer formulation released the SP-304 at pH 7.2 and the released SP-304 was

biologically active.

Example 15: SP-304 and SP-333 formulated in Eudragit polymer coating for delivery at or

above pH 7 minimized diarrhea in cynomolgus monkeys

[255] As shownin Figure 22, SP-304 formulated in gelatin capsules coated with Eudragit

polymer(for dissolution at pH above 7) produced considerably less incidences of diarrhea as

comparedto the uncoated capsules containing the same dose of SP-304 (10 mg/kg body weight).

These results demonstrate that the delivery of a GCC agonist to the distal intestine reduces the

incidence of diarrhea which would otherwise be expected from oral administration of the agonist.
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Thus, such a formulation would be preferred for the treatment of IBD, colon cancer and other

diseases of the distal intestine.

[256] SP-333 is a GCC agonist which was designed for increasedstability against the

proteolysis which would normally occur in the intestinal fluid. Thus, this peptide would also be

useful for the treatment of TRD, colon cancer and other diseases of the distal intestine. SP-333

was formulated in gelatin capsules coated with Eudragit polymer for dissolution at pH above7.

As shownin Figure 23, the coated capsules produced a considerably lower incidence of diarrhca

comparedto the uncoated capsules.
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We claim:

1. A GCC agonist formulation comprising (1) a core, which contains at least one GCC

agonist peptide, and (2) one or more targeting materials selected from the group

consisting of a pH-dependent polymer, a swellable polymer, and a degradable

composition, wherein the GCC agonist peptide is selected from the group consisting of

SEQ ID NOs: 1-249.

2. The GCC agonist formulation of claim 1, wherein the GCC agonist peptide is selected

from the group consisting of SEQ ID NOs: 1, &, 9, 55 or 56.

3. The GCC agonist formulation of claim 2, wherein the GCC agonist peptide is selected

from the group consisting of SEQ ID NOs: 1 and 9.

4. The GCC agonist formulation of claim 1, wherein the formulation is for an oral route of

administration.

5. The GCC agonist formulation of claim 1, wherein the formulation is optimized for

delivery of a GCC agonist to the duodenumor jejunum.

6. The GCC agonist formulation of claim 5, wherein the formulation comprises one or more

pH dependent polymers which degrade in a pH range of 4.5 to 5.5 or ina pH range of 5.5

to 6.5.

7. The GCC agonist formulation of claim 1, wherein the formulation is optimized for

delivery of a GCC agonist to the ileum, terminal ileum, or ascending colon.

8. The GCC agonist formulation of claim 7, wherein the formulation comprises one or more

pH dependent polymers which degrade in a pH range of 5.5 to 6.5 or ina pH range of 6.5

to 7.5.

9. The GCC agonist formulation of claim 6 or 8, wherein the pH dependent polymeris

selected from the group consisting of a methacrylic acid copolymer, a polyvinyl acetate
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phthalate, a hydroxypropylmethylcellulose phthalate, a cellulose acetate trimelliate, a

cellulose acetate phthalate, or a hydroxypropyl methyl cellulose acetate succinate.

The GCCagonist formulation of claim 9, wherein at least one of the pH dependent

polymers is a methacrylic acid copolymer.

The GCCagonist formulation of claim 10, wherein the methacrylic acid copolymeris

selected from among the EUDRAGIT polymers.

The GCC agonist formulation of claim 11, wherein the EUDRAGIT polymeris selected

from amongthe group consisting of EUDRAGIT L100, EUDRAGITL-30D,

EUDRAGIT $8100, EUDRAGITFS 30D, and EUDRAGIT L100-55, and combinations

thereof.

The GCC agonist formulation of claim 7, wherein the formulation comprises one or more

pH dependent polymers and a swellable polymer.

The GCCagonist formulation of claim 13, wherein the formulation comprises two pH

dependent polymers which degrade in a pH range of 6.5 to 7.5 and wherein the swellable

polymer forms a layer between the two pH dependent polymers.

The GCC agonist formulation of claim 13, wherein the swellable polymeris selected

from the group consisting of an acrylic copolymer, polyvinylacetate, and cellulose

derivatives.

The GCC agonist formulation of claim 15, wherein the swellable polymeris an acrylic

copolymer selected from the group consisting of EJUDRAGIT RL, EUDRAGITRS,and

EUDRAGIT NE.

The GCC agonist formulation of claim 13, further comprising a pore forming agent.

The GCC agonist formulation of claim 17, wherein the pore forming agent is selected

from the group consisting of saccharose, sodium chloride, potassium chloride,

polyvinylpyrrolidone, polyethyleneglycol, water soluble organic acids, sugars and sugar

alcohol.
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The GCC agonist formulation of claim 1, wherein the formulation comprises a degradable

composition.

The GCC agonist formulation of claim 19, wherein the degradable composition is

selected from the group consisting of amylase, chitosan, chondroitin sulfate, cyclodextrin,

dextran, guar gum, pectin, and. xylan.

The GCC agonist formulation of claim 20, further comprising a material sclected from

the group consisting of cellulose acetate phthalate, hydroxy propyl methyl cellulose

acetate succinate, EUDRAGIT L100 and EUDRAGIT L30D-55, wherein the material

forms an outer coating over the degradable composition.

The GCC agonist formulation of claim 19, wherein the degradable composition is a

carrier molecule linked to the GCC agonist by a covalent bond, wherein the covalent

bond is stable in the stomach and small intestines but labile in the lower gastrointestinal

tract, especially the colon.

The GCC agonist formulation of claim 22, wherein the covalent bond is an azo bond or a

glycosidic bond.

The GCC agonist formulation of claim 22, wherein the carrier molecule is selected from

the group consisting of a glucuronide, a cyclodextrin, a dextran ester, or a polar amino

acid.

A method for treating or preventing a gastrointestinal disease or disorder in a subject in

need thereof, comprising administering to the subject a GCC agonist formulation

comprising (1) a core, which contains at least one GCC agonist peptide, and (2) one or

more targeting materials selected from the group consisting of a pH-dependent polymer, a

swellable polymer, and a degradable composition, wherein the GCC agonist peptide is

selected from the group consisting of SEQ ID NOs: 1-249.

The method of claim 25, wherein the formulation compriscs onc or more pH dependent

polymers which degrade in a pH range of 4.5 to 5.5 or in a pH range of 5.5 to 6.5.
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The method of claim 26, wherein the gastrointestinal disease or disorder is selected from

the group consisting of irritable bowel syndrome, non-ulcer dyspepsia, chronic intestinal

pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric

reflux, gastro esophagealreflux disease, chronic idiopathic constipation, gastroparesis,

heartburn, gastric cancer, and H. pylori infection.

The method of claim 27, wherein the gastrointestinal disease or disorder is selected from

the group consisting of chronic idiopathic constipation and irritable bowel syndrome.

The method of claim 25, wherein the formulation comprises one or more pH dependent

polymers which degrade in a pH range of 5.5 to 6.5 or in a pH range of 6.5 to 7.5.

The method of claim 29, wherein the gastrointestinal disease or disorder is selected from

the group consisting ofileitis (post-operative ileitis), Crohn’s disease, ulcerative colitis,

terminal ileitis, and colon cancer.

The method of claim 30, wherein the gastrointestinal disease or disorderis selected from

the group consisting of ulcerative colitis and Crohn’s disease.

The method of claim 26 or 29, wherein the GCC agonist peptide is selected from the

group consisting of SEQ ID NOs: 1, 8, 9, 55 or 56.

The method of claim 32, wherein the GCC agonist peptide is selected from the group

consisting of SEQ ID NOs: 1 and 9.

The method of claim 26 or 29, further comprising administering to the subject an

effective amount of an inhibitor of a cGMP-specific phosphodiesterase.

The method of claim 34, wherein the cGMP-dependent phosphodiesterase inhibitor is

selected from the group consisting of suldinac sulfone, zaprinast, and motapizone,

vardenifil, and suldenifil.

The method of claim 26, further comprising administering to the subject an effective

amountof at least one laxative.
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37. The method of claim 36, wherein the at least one laxative is selected from the group

consisting of SENNA, MIRALAX,PEG,or calcium polycarbophil.

38. The method of claim 26 or 29, further comprising administering to the subject an

effective amountofat least one anti-inflammatory agent.

39. The method of claim 26 or 29, wherein the subject is a human.
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METHOD FOR MODULATING THE PHARMACODYNAMIC EFFECT OF

ORALLY ADMINISTERED GUANYLATE CYCLASE RECEPTOR AGONISTS

FIELD

This disclosure concerns methods of modulating the pharmacodynamic effect of a

GC-C receptor agonist polypeptide formulations in a subject in need of such treatment.

PRIORITY CLAIM

This application claims priortiy to United States Application Serial No. 61/233,740,

filed August 13, 200. The entire contents of the aforementioned application are

incorporated herein by reference.

SEQUENCE LISTING

This application incorporates by reference in its entirety the Sequence Listing entitled

“mod_effect_app_ST2S.1xt” (4 kilobytes) which was created August 13, 2010 and filed

electronically herewith.

BACEGROURND OF THE INVENTION

Linaclotide, a polypeptide having the amino acid sequence Cys Cys Glu Tyr Cys Cys

Asn Pro Ala Cys Thr Gly Cys Tyr (GEQ ID NO: 1), activates the guanylate cyclase-C (GC-

C) receptor (See, ¢.g., US 7,304,036 and US 7,371,727).

Linaclotide and other GC-C receptor agonists (such as those disclosed in any of US

7,304,036, US 7,371,727, WO 02/78683, WO 2004/069165, WO2003/087797, WO

2007022531,WO2005/016244, WO2005/074875, WO2000/102069, WO2008/00297 I,

WO2008/106429, WO 2008/1373 18, WO2002/078683, WO 2006/086653, WO

2007/101 158, WO 2008/151257, US7041786, and WO 2007/101161}3 may be administered

orally for the treatment of gastrointestinal disorders and conditions including irritable bowel

syndrome (16S) and chronic constipation (CC). Solid formulations comprising linaclotide

have been developed for oral administration.

Methods are needed for modulating the pharmacodynamic effect of these linaclotide

formulations as well as other GC-C receptor agonist polypeptide formulations.

SUMMARY OF THE INVENTION

These and other needs are met by the present invention, which provides a method for

decreasing the pharmacodynamic effect of a GC-C receptor agonist polypeptide formulation

1
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which is administered to a subject in need of such treatment, comprising administering the

GC-C receptor agonist polypeptide to the subject before the ingestion of food.

In some embodiments, the GC-C receptor agonist polypeptide is administered to the

subject as a formulation which comprising the GC-C receptor agonist polypeptide, a

pharmaceutically acceptable carrier, and one or more agents selected from a cation selected

from Mg”*, Ca”, Zn**, Mn**, K*, Na* and Al?" and a sterically hindered primary amine.

In another embodiment, the invention also provides a method of decreasing the

pharmacodynamic effect of linaclotide which is administered to a subject in need of such

treatment, comprising administering linaclotide to the subject before the ingestion of food.

The invention also provides a method of decreasing the pharmacodynamic effect of a

linaclotide formulation which is administered to a subject in need of such treatment,

comprising administering the GC-C receptor agonist polypeptide formulation to the subject

before the ingestion of food, wherein the GC-C receptor agonist formulation comprises

linaclotide, a pharmaceutically acceptable carrier, and one or more agents selected from a

cation selected from Mg”*, Ca”*, Zn?*, Mn**, K*, Na* and AP* anda sterically hindered
primary amine.

The invention also provides a method of decreasing the pharmacodynamic effect of a

GC-Creceptor agonist polypeptide formulation which is administered to a subject suffering

from irritable bowel syndrome or constipation, comprising administering the GC-C receptor

agonist polypeptide formulation to the subject before the ingestion of food, wherein the GC-C

receptor agonist formulation comprises a GC-C receptor agonist polypeptide, a

pharmaceutically acceptable carrier, Ca‘’, and leucine.

The invention also provides a method of decreasing the pharmacodynamic effect of a

linaclotide formulation which is administered to a subject suffering from irritable bowel

syndrome ( &.g., constipation-predominantirritable bowel syndrome} or constipation (e.g.,

chronic constipation), comprising administering the linaclotide formulation to the subject

before the ingestion of food, wherein the GC-C receptor agonist formulation comprises

Imaclotide or a pharmaceutically acceptable salt of linaclotide, a pharmaceutically acceptable

carrier, Ca’’, and leucine.

The invention also provides a method of decreasing the pharmacodynamic effect of a

lmaclotide formulation which is administered to a subject suffering from irritable bowel

syndrome or constipation, comprising administering the linaclotide formulation to the subject

before the imgestion of food, wherein the linaclotide agonist formulation is in the form ofa -

tablet or capsule that comprises:
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{a) Linaclotide;
(5) CaCheZHoG:
(c} L-Leucine; and
(da) Hydroxypropyl Methylcellulose

wherein lnaclotide is present in the pharmaceutical composition in an amount between

100u g to 600ug and the molar ratio of Ca”*:leucine:finaclotide is between 5-100:5-50:1.

In some embodimenis, linaclotide is present in the tablet or capsule in an amount of

133 or 266ug. In some embodiments, CaCl, is present in the tablet or capsule in an amount

of 1541pg. In some embodiments, leucine is present in the tablet or capsule in an amount of

687ug. In some embediments, hydroxypropyl methylcellulose is present in the tablet or

capsule in an amount of 700ug.

The invention also provides a method of decreasing the pharmacodynamic effect of a

linaclotide formulation which is administered to a subject suffering from irritable bowel

syndrome or constipation, comprising administering the linaclotide formulation to the subject

before the ingestion of food, wherein the linaclotide agonist formulation is in the form of a

tablet or capsule that comprises:

(a) Linaclotide;
(b) CaCh2H,0;
{c) L-Leucine; and
dd Hydroxypropyl Methyicellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between

100yg to 600ug and the molar ratio of Ca’-leucine:linaclotide is between 5-100:5-50:1.

More particularly, linaclotide is present in the tablet or capsule in an amount of 133 or

2606p 8.

More particularly, CaCl, is present in the tablet or capsule in an amount of 154ipg.

More particularly, leucine is present in the tablet or capsule in an amount of 687yg.

More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in

an amount of 700ug.

The invention also provides a method of treating writable bowel syndrome or

constipation in a subject in need of such treatment, comprising: administering a GC-C

receptor agonist polypeptide to the subject before the ingestion of food.
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BETADLED DESCRIPTION OF THE INVENTION

Definitions

As used herein, the term “binder” refers to any pharmaceutically acceptable binder

that may be used in the practice of the invention. Examples of pharmaceutically acceptable

binders include, without limitation, a starch (¢.g., corn starch, potato siarch and pre-

gelatinized starch (e.g., STARCH 1500® and STARCH 1500 LM®,sold by Colorcon, Ltd.)

and other starches), maltodextrin, gelatin, natural and synthetic gums such as acacia,

powdered tragacanth, guar gum, cellulose and its derivatives (e.g., methylcellulose,

hydroxyethyl cellulose, hydroxyethyl methylcellulose, hydroxypropyl cellulose and

hydroxypropyl methylcellulose (aypromellose), ethyl cellulose, cellulose acetate,

carboxymethy! cellulose calcium, sodium carboxymethyl cellulose, carboxymethylcellulose,

microcrystalline cellulose (e.g. AVICEL™, such as, AVICEL-PH-101™, -1037™ and -1057™,

sold by FMC Corporation, Marcus Hook, PA, USA)), polyvinyl alcohol, polyvinyl

pyrrolidone (e.g., polyvinyl pyrrolidone K30), and mixtures thereof.

As used herein, the term “filler” refers to any pharmaceutically acceptable filler that

may be used in the practice of the invention. Examples of pharmaceutically acceptable fillers

include, without limitation, talc, calcium carbonate (e.g., granules or powder), dibasic

calcium phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or powder),

microcrystalline cellulose (e.g., Avice] PHIO1 or Celphere CP-305}, powdered cellulose,

dextrates, kaolin, mannitol, silicic acid, sorbitol, starch (e.g., Starch 1500), pre-gelatinized

starch, lactose, ghicose, fructose, galactose, wrehalose, sucrose, maltose, isomalt, raffinose,

maititol, melezitose, stachyose, lactitol, palatinite, xylitol, myoinositol, and mixtures thereof.

Examples of pharmaceutically acceptable fillers that may be particularly used for

coating with linaclotide include, without limitation, talc, microcrystalline cellulose (e.g.,

Avicel PH101 or Celphere CP-305), powdered cellulose, dextrates, kaolin, mannitol, silicic

acid, sorbitol, starch, pre-gelatinized starch, lactose, glucose, fructose, galactose, trehalose,

sucrose, maltose, isomalt, dibasic calcium phosphate, raffinose, maltitol, melezitose,

stachyose, lactitol, palatinite, xylitol, mannitol, myoinositol, and mixtures thereof.

As used herein, the term “additives” refers to any pharmaceutically acceptable

additive. Pharmaceutically acceptable additives include, without limitation, disintegrants,

dispersing additives, lubricants, glidants, antioxidants, coating additives, diluents, surfactants,

flavoring additives, humectants, absorption promoting additives, controlled release additives,

anti-caking additives, anti-microbial agents (e.g., preservatives), colorants, desiccanis,

plasticizers and dyes.
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As used herein, an “excipient” is any pharmaceutically acceptable additive, filler,

binder or agent.

As used herein, the term “alkyl, as used herein, refers to a saturated linear or

branched-chain monovalent hydrocarbon radical. Unless otherwise specified, an alkyl group

contains 1-20 carbon atoms(e.g., 1-20 carbon atoms, 1-10 carbon atoms, 1-8 carbon atoms,

1-6 carbon atoms, 1-4 carbon atoms or 1-3 carbon atoms). Examples of alkyl groups include,

but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl,

pentyl, hexyl, heptyl, octyl and the like.

As used herein, the terms Cy. “alkoxyalkyl” and Crm “thioalkoxyalkyl” mean alkyl,

substituted with one or more alkoxy or thioalkoxy groups, as the case may be, wherein the

combined total number of carbons of the alkyl and alkoxy groups,or alkyl and thioalkoxy

groups, combined, as the case may be, is between the values of n and m. For example, a Cag

alkoxyalkyl has a total of 4-6 carbons divided between the alkyl and alkoxy portion; e.g.it

can be ~THLOCH.CHLCH,, —CH,CH2OCH.CH, or -CH,CH)CHLOCH.

As used herein, the term “aryl” (as in “aryl ring” or “aryl group”), used alone or as

part of a larger moiety, refers to a carbocyclic ring system wherein at least one ring in the

system is aromatic and has a single point of attachment to the rest of the molecule. Uniess

otherwise specified, an aryl group may be monocyclic, bicyclic or tricyclic and contain 6-18

ring members. Examples of aryl rings include, but are not limited to, phenyl, naphthyl,

indanyl, indenyl, tetralin, fluorenyl, and anthracenyi.

As used herein, the term “heteroaryl” (or “heteroaromatic” or “heteroaryl group” or

“aromatic heterocycle”) used alone or as part of a larger moiety as in “heteroaralky!” or

“heteroarylalkoxy” refers to a ring system wherein at least one ring in the system is aromatic

and contains one or more heteroatoms, wherein each ring in the system contains 3 to 7 ring

members and which has a single point of attachment to the rest of the molecule. Uniess

otherwise specified, a heteroaryl ring system may be monocyclic, bicyclic ortricyclic and

have a total of five to fourteen ring members. In one embodiment, all rings in a heteroaryl

systern are aromatic. Also included in this definition are heteroaryl radicals where the

heteroaryl ring is fused with one or more aromatic or non-aromatic carbocyclic or

heterocyclic rings, or combinations thereof, as long as the radical or point of attachmentis in

the heteroaryl ring. Bicyclic 6,5 heteroaromatic system, as used herein, for example, is a six

membered heteroaromatic ring fused to a second five membered ring wherein the radical or

point of attachmentis on the six membered ring.

3
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Heteroaryl rings include, but are not limited to the following monocycles: 2-furanyl, 3-

furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-isoxazolyl,

S-isoxazolyl, Z-oxazolyl, 4-oxazolyl, 5-oxazolyl, N-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-

pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyridazinyl (e.z.,

3-pyridaziny), 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, tetrazolyl (e.g., S-tetrazoly), triazoly!

(e.g., 2-triazolyl and 5-tiazolyl), 2-thienyl, 3-thienyl, pyrazolyl (e.g., 2-pyrazolyl),

isothiazolyl, 1,2,3-oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-triazolyl, 1,2,3-

thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyi, pyrazinyl, 1,3,5-triazinyl, and the

following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, benzopyraziny|,

benzopyranonyl, indolyl(e.g., 2-indoly)D, purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl,

4-quinolinyl, and isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl).

Stable GC-C Receptor Agonist Polypeptide Formulations

The formulations used in the method contain a GC-C receptor agonist polypeptide

such as linaclotide, a pharmaceutically acceptable salt thereof, or a polypeptide as disclosed

in any of US 7,304,036, US 7,371,727, WO 02/78683, WO 2004/069165, WO2005/087797,

WO 2007/02233 1, WO2003/016244, WO2005/074575, WO2006/102069, WO2008/002971,

WO2008/106429, WO 2008/1373 18, WO2002/078683, WO 2006/086653, WO

2007/1GL158, WO 2008/151237, US7041786, and WO 2007/101 161.

The solid, stable formulations used in the invention contain a GC-C receptor agonist

polypeptide as described in any of the above documents or linaclotide or a pharmaceutically

acceptable salt of Hnaclotide. The formulations are stable and have a sufficient shelf life for

manufacturing, storing and distributing the drug. For exampte, the formulations have an

expected shelf life of at least 12 months at room temperature storage conditions (e.g., 25°C/60

percent relative humidity (RH)) and up to at least 18 months or 24 months at room

temperature storage conditions (e.g., 25°C/60 percent RH). In the formulations, greater than

or equal to 95 percent of the original amount of linaclotide in the composition remains after

three months when packaged samples are stored at accelerated conditions (40°C/75 percent

RH) when assessed in an assay on a weight/weight basis as determined by high pressure

liquid chromatography (HPLC) against a linaclotide reference standard.

The GC-C receptor agonist polypeptide formulations are prepared from a solution,

e.g., an aqueous solution (“the coating solution”), comprising: (i) a GC-C receptor agonist

polypeptide such as limaclotide or a pharmaceutically acceptable salt thereof; (i) a cation

selected from Mg’*, Ca**, Zn?*, Mn**, K*, Na’ and Al°* and/ora sterically hindered primary
6
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amine (¢.g., leucine); and optionally (411) a pharmaceutically acceptable binder. The GC-C

receptor agonist polypeptide formulations can optionally include one or more of: a

pharmaceutically acceptable glidant, a pharmaceutically acceptable lubricant or a

pharmaceutically acceptable additive that acts as both a glidant and lubricant.

It has been found that a cation selected from Mg**, Ca’*, Zn’*, Mn’*, K*, Na* and

Al*‘is useful for suppressing the formation of an oxidation product of the GC-C receptor
agonist polypeptide linaclotide during storage. It has also been found that a sterically

hindered primary amine is useful for suppressing the formation of a formaldehyde imine

adduct of the GC-C receptor agonist polypeptide linaclotide (“formaldehyde imine product’)

during storage. Thus, the GC-C receptor agonist polypeptide formulations comprising a

cation selected from Mg”*, Ca’, Zn’*, Mn**, K*, Na* or Al’*--thatis, a divalent cation

selected from Zn**, Mg** and Ca’*—~and/ora sterically hindered primary amine, such as an

amino acid, have a sufficient shelf life (as measured by chromatographic purity and/or by a

weight/weight assay) for manufacturing, storing and distributing the drug. Further, while the

presence of a sterically hindered amine alone can increase the formation of a hydrolysis

product of linaciotide during storage, the combinationof a sterically hindered primary amine

and a cation, e.g., the combination of leucine and Ca**, suppresses the formation of the

hydrolysis product of the GC-C receptor agonist polypeptide as well as the oxidation product

of GC-C receptor agonist polypeptide during storage, leading to an even greater overall

Stability as determined by a weight/weight assay and/or by chromatographic purity.

GC-C receptor agonist polypeptide formulations are typically produced as follows.

Preparation of the Coating Solution: Approximately 32 g to 42 g of purified wateris

mixed with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The cation,

if used, is added to the solution in a quantity to provide the desired concentration, and the

solution is mixed for sufficient time to produce a clear solution. The sterically hindered

primary amine, if used, is added to the solution in a quantity to provide the desired

concentration, and the solution is mixed for sufficient time to produce a clear solution. Other

additives, such as antioxidants, are then added, if desired. The pH ofthe solution is tested,

and hydrochloric acid is added, if necessary, to produce a solution having a pH between1.5

and 2.0. The binder is then added to the solution and the mixture is then stirred for sufficient

time to achieve a clear solution. The desired amount of linaclotide is added to the solution

and mixed for 36-160 minutes to provide the coating solution.

Preparation of the ActiveBeads: Approximately 30-36 g of dried microcrystalline
 

cellulose beads are added to a Mini Column Fluid Bed Coater. The microcrystalline cellulose

7
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beads are fluidized and heated prior to layering. Next, the coating solution is layered to the

beads. The spraying temperature is controlled between 24°C and 55°C by controlling inlet

temperature, spray rate, atomization pressure, and air volume. After the entire coating

solution is layered to the beads, the beads are dried. The product of this process is referred to

as active beads.

Preparation of Active Beads with Protective Coating (Optional): Approximately 35 ¢

of Active Beads are added to a Mini Column Fluid Bed Coater. The Active Beads are

 

fluidized and heated prior to coating with Aquacoat (e.g. Aquacoat Ethylcellulose Aquacous

Dispersion, 13% w/w, FMC Biopolymer, ECD-30}, Eudragit (e.g. Eudragit E PO PE-EL,

Roehm Pharma Polymers) or Opadry (e.g Opadry AMB dispersion, 20% w/w, Colorcon).

Next, the coating solution is layered to the beads. The spraying temperature is controlled

between 24°C and 553°C by controlling inlet temperature, spray rate, atomization pressure,

and air volume. After the entire coating solution is layered to the beads, the beads are dried.

Formutation Scheme B

Preparation of the Coating Solution: Approximately 8.3 kg of purified water is mixed

with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The cation, if

used, is added to the solution in a quantity to provide the desired concentration, and the

solution is mixed for sufficient time to produce a clear solution. The sterically hindered

primary amine, if used, is added to the solution in a quantity to provide the desired

concentration, and the solution is mixed for sufficient time to produce a clear solution. Other

additives, such as antioxidants, are then added, if desired. The binder is then added to the

solution and the solution is mixed for sufficient time to achieve a clear solution. The pH of

the solution is tested, and hydrochloric acid is added if necessary to produce a solution having

a pH between 1.5 and 2.0. This is Solution 1. Approximately 8.3 kg of purified wateris

mixed with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The desired

amount of linaclotide is added to the solution and mixed for 10 to 30 minutes. The pH ofthe

solution is tested, and hydrochloric acid is added if necessary to produce a solution having a

pH between 1.5 and 2.0. This is Solution 2. Solution 1 and Solution 2 are then mixed

together. The pH of the solution is tested, and hydrochloric acid is added if necessary to

produce a solution having a pH between 1.5 and 2.0. This is the coating solution.

Preparation of the Active Beads: Approximately 24.19 kg of microcrystalline

cellulose beads are added to a Wurster Column of a Glatt GPCG-30 Fluid Bed. The

microcrystalline cellulose beads are fluidized and heated to product temperature of 45-47°C.

Next, the coating solution is layered to the beads. The product spraying temperature is
8
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controlled between 37°C and 47°C by controlling inlet temperature, spray rate, atomization

pressure, and air volume. After the entire coating solution is layered to the beads, the beads

are dried with a product drying temperature of 37°C to 47°C. The product ofthis process is
referred to as active beads.

Indications

The GC-C receptor agonist polypeptide formulations can be used to treat a variety of

disorders in patients. Typically, the patient is suffering from: a disorder selected from the

group consisting of gastrointestinal motility disorders, chronic intestinal pseudo-obstruction,

colonic pseudo-obstruction, duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer

dyspepsia, a functional gastrointestinal disorder, functional heartburn, gastroesophageal

reflux disease (GERD), gastroparesis, irritable bowel syndrome (e.g., constipation-

predominant irritable bowel syndrome (c-IBS) and/or alternating irritable bowel syndrome (a-

IBS)), post-operative ileus, chronic constipation, constipation, pain associated with

constipation, and disorders and conditions associated with constipation(e.g., constipation

associated with use of opiate pain killers, post-surgical constipation, and constipation

associated with neuropathic disorders as well as other conditions and disorders described

herein); and colonic pseudo-obstruction. In a further embodiment, the patient has been

diagnosed with irritable bowel syndrome (e.g.(e.g. diarrhea predominant-IBS, constipation

predominant-IBS, and/or alternating-IBS), according to the Rome Criteria (e.g. Rome ID.

The dose range of the GC-C receptor agonist polypeptide (specifically linaclotide) for

adult humans is generally from 25 pg to 6 mg per day orally. In one embodiment, the dose

range is 25 tig to 2 mg per day orally of linaclotide. In a further embodiment, the dose range

for adult humans is 50 ig to | mg per day orally of linaclotide (e.g., 50 jig, 67.5 pg, 100 pg,

133 jag, 150 pg, 200 pg, 250 pg, 266 ug, 300 us, 350 pe, 400 ug, 450 ug, 500 pe, 550 pg,

600 pg, 656 pg, 700 ug, 750 pg, 800 pg, 850 pg, 900 pg, 950 ue or | mg). In yet a further

embodiment, the dose range is 100 ug to 600 ug per dayorally of linaclotide. In other

embodiments, the dose is 50 j1g, 67.5 ag, 100 ug, 133 ug, 150 ng, 200 peg, 266 ug, 300 ug,

400 ug, 300 ug or 600 pg linaclotide per day orally.

Methods

In one embodiment, the invention provides a method of decreasing the

pharmacodynamic effect of a QC-C receptor agonist polypeptide formulation which is

administered to a subject in need of such treatment, comprising administering the GC-C

9
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receptor agonist polypeptide formulation to the subject before the ingestion of food. Ina

further embodiment, the GC-C receptor agonist formulation comprises a GC-C receptor

agonist polypeptide, a pharmaceutically acceptable carrier, and one or more agents selected

from a cation selected from Mg”*, Ca, Zn?*, Mn™*, K*, Na* and Al* andasterically

hindered primary amine. In yet a further embodiment, the GC-C receptor agonist polypeptide
is linaclotide.

it has been found that the pharmacodynamic effect of a GC-C receptor agonist

polypeptide (e.g., linaclotide) may be modulated by administering the polypeptide either

before the ingestion of food or with food (e.g., with a meal or soon after ingesting a meal).

Thus, the pharmacodynamic effect of the GC-C receptor agonist polypeptide (e.g.,

linaclotide) may be adjusted according the therapeutic needs of the subject in a beneficial

manner, ¢.g., the pharmacodynamic effect may be modulated to improve one or more

therapeutic indices or outcomes or,to decrease one or more undesired outcomes in a subject.

Specifically, it has been found that administering a GC-C receptor agonist polypeptide (e.g.,

linaclotide) before the ingestion of food decreases the pharmacodynamic effect of the

polypeptide, thus decreasing the risk of potential side effects (e.g., loose stools or diarrhea).

Conversely, one may administer a GC-C receptor agonist polypeptide to increase the

pharmacodynamic effect of the polypeptide if a greater therapeutic effect is desired

“Before the ingestion of food” means prior to eating; that is, 15 minutes, 30 minutes,

45 minutes, 60 minutes, Zhours, 4, hours, 6 hours § hours, 10 hours, 12 hours, and up to 24

hours before the ingestion of food. Administration of the formulation prior to the

consumption of food decreases the pharmacodynamic effect of the GC-C receptor agonist

polypeptide while minimizing potential adverse events. These adverse events may include,

for example, loose stools. “Before the ingestion of food” aiso means the GC-C receptor

agonist polypeptide formulation is administered on an empty stomach.

Thus, in one aspect, the GC-C receptor agonist polypeptide formulation is

administered 15 minutes to 4 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject from 15 minutes to 24 hours before the ingestion of food.

in another aspect, the GC-C receptor agonist polypeptide formulation is administered

at least 15 minutes before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 30 minutes to 8 hours before the ingestion of food.

18
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In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 30 minutes before the ingestion of food.

in another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject at least 30 minutes before the ingestion of food.

Thus, in another aspect, the GC-C receptor agonist polypeptide formulation is

administered to the subject 45 minutes before the ingestion of food.

Thus, in another aspect, the GC-C receptor agonist polypeptide formulation is

administered to the subject 60 minutes before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 30 minutes to 8 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 1 hour to 18 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

io the subject 4 to 12 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 1 to 8 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to a subject having an empty stomach.

In a further embodiment of the above aspects, the GC-C receptor agonist polypeptide

is Hnaclotide or a pharmaceutically acceptable salt thereof.

In a further aspect, the pharmacodynamic effect is measured by the Bristol Stool Form

Scale (BSFS), the number of spontancous bowel movements (SBM) in a given time period

and/or the number of complete SBM (CSBM)in a given time period. A decrease in the

pharmacodynamic effect may be measured by a decrease in the BSFS, SBM or CSBMwhen

the GC-C receptor agonist polypeptide formulation is administered to a subject before the

ingestion of food (e.g., at least 15 minutes, at least 30 minutes, at least 45 minutes, at least

one hour or at least two hours before the ingestion of food or at least four hours, at least eight

hours, at least ten hours or at least 12 hours after a prior ingestion of food) compared to the

pharmacodynamic effect of the GC-C receptor agonist polypeptide formulation whenit is

administered to a subject with food (e.g., a meal) or shortly after ingestion of food (e.g.,

within i3 minutes, within 30 minutes, within 90 minutes or within two hours after ingestion

of food).

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol

Stool Form Scale (BSFS) when the formulation is administered to the subject before
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ingestion of food as compared to when the formulation is administered to the subject with

food or shortly after ingestion of food.

in another aspect, the pharmacodynamic effect results in fewer spontancous bowel

movements (SBM)in a time period (e.g., a 24 hour period, three day time period, seven day

time period, two week time period or four week time period) when the formulationis

administered to the subject before ingestion of food as compared to when the formulation is

administered to the subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in fewer spontaneous bowel

movements in a time period (e.g., a 24 hour period) when the formulation is administered to a

subject before ingestion of food as compared to whenthe formulation is administered to the

subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in fewer complete spontaneous

bowel movements (CSBM)in a time period (e.g., a 24 hour period, three day time period,

seven day time period, two week time period or four week time period) when the formulation

is administered to the subject before ingestion of food as compared to when the formulation

is administered to the subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol

Stool Form Scale (BSFS), fewer spontaneous bowel movements (SBM)in a time period (e.g.,

a 24 hour period, three day time period, seven day time period, two week time period or four

week time period), and fewer complete spontaneous bowel movements (CSBM)})in a time

period (e.g., a 24 hour period, three day time period, seven day time period, two week time

period or four week time period) when the formulation is administered to the subject before

ingestion of food as compared to when the formulation is administered to the subject with

food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol

Stool Form Scale (BSFS) and fewer spontaneous bowel movements (SBM)in a time period

(e.g. a 24 hour period, three day time period, seven day time period, two week time period or

four week time period}, when the formulation is administered to a subject who has not eaten

as compared to said subject before ingestion of food as compared to when the formulation is

administered to the subject with food or shortly after ingestion of food.

in another aspect, the pharmacodynamic effect results in a lower score on the Bristol

Stool Form Scale (BSFS) and fewer complete spontaneous bowel movements (CSBM)ina

time period (e.g., a 24 hour period, three day time period, sevenday time period, two week

tume period or four week time period), whenthe formulation is administered to a subject
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before ingestion of food as compared to when the formulation is administered to the subject

with food or shortly after ingestion of food.

in another aspect, the pharmacodynamic effect results in fewer SBM in a time period

(e.g., a 24 hour period, three day time period, seven day time period, two week time period oF
four week time period) and fewer CSBM in a time period (c.g., a 24 hour period, three day

time period, seven day time period, two week time period or four week time period) when the

formulation is administered to a subject before ingestion of food as compared to when the

formulation is administered to the subject with food or shortly after ingestion of food.

Asindicated previously, the GC-C receptor agonist polypeptide formulation of the

invention method comprises a GC-C receptor agonist polypeptide, a pharmaceutically

acceptable carrier, and one or more agents selected from a cation and a sterically hindered

primary amine.

In one aspect, the GC-C receptor agonist polypeptide is selected from linaclotide and

any of the polypeptides disclosed in any of US 7,304,036, US 7,371,727, WO 02/78683, WO

2004/069165, WO2005/087797, WO 2007/02253 1, WO2005/016244, WO2005/074575,

WO2006/102069, WO2008/00297 1, WO2008/106429, WO 2008/137318, WO2002/078683,

WO 2006/086633, WO 2007/101158, WO 2008/151257, US7041786, and WO 2007/101161.

More particularly, the polypeptide is selected from the group consisting of:

CCEPCCNPACTGCY (SEQ ID NO: 2), CCEPCCNPACTGC (SEQ ID NO:3),

CCEICCNPACTGCY(SEO ID NO: 4), CCEICCNPACTGC(SEQ ID NO:5),

CCELCCNPACTGCY (SEQ ID NO: 6), CCELCCNPACTGC (SEO ID NO: 73,

CCEWCCNPACTGCY (SEQ ID NO: 8), CCEWCCNPACTGC (SEQ ID NO: 9),

CCEYCCNPACTGC (SEQ ID NO: 10), PGTCEICAYAACTGC (SEQ ID NO: 11),

NDDCELCVNVACTGCL (SEQ ID NO: 12), NDECELCVNVACTGCL (SEO ID NO:13),

and CCEYCCNPACTGCY (SEQ ID NO: 14).

More particularly, the GC-C receptor agonist polypeptide is linaciotide.

In another aspect, the agent is cation selected from the group consisting of Mg**, Ca”*,
Zn’*, Min’*, K*, Na* and AL.

In another aspect, the Mg**, Ca™*, 2n*, Mn**, Kt, Na* or Al’* is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium

acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chioride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

is
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sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminumchloride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg’*, Ca’*, Zn", Mn", K*, Na” or Alis provided as

magnesium chioride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminum chloride.

In another aspect, the agent is Mg”*, Ca”* or Zn".

More particularly, the Mg”*, Ca”* or Zn”* is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the agent is Ca’*.

More particularly, the Ca’* is provided as calciurn chloride.

In another aspect, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturaily-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring

amine acid,

More particularly, the non-naturally occurring amino acid is |-aminocyclohexane

carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R,, Re

and R; are independently selected from: H; -C(O)OH; C)-Cs alkyl, optionally substituted by

~CO1H, ~CONE),or a 3-10 membered aryl or heteroaryl; C,-Cs alkoxyalkyl; or Ci-C,

thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NHz, and providedthat no more than two of Ry, R: and R; are H.

in a further embodiment, no more than one of RK), Ro and BR; is H.

Bt
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More particularly, the sterically hindered primary amine has the formula:

Ni
NH2 , wherein R,, Ro and Rs are independently selected from: H; ~C(O)OH: Ci-C,

alkyl; Cy-C, alkoxyalkyl; or C)-Cg thioalkoxyaikyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NHbp, and provided that no more

than two of Ry, R2 and RK; are H. In a further embodiment, no more than one of R,, Ro and R;

is Hi,

More particularly, the sterically hindered primary amine has the formula:

Ra

a
NHe | wherein Ry, Rz and R; are independently selected from: H; ~C(Q)OH;:C)-C,

alkyl; C-Ce alkoxyalkyl; or Ci-C, thioalkoxyalkyl, and provided that no more than two of

BR, Ro and Rs are H. In a further embodiment, no more than one of R,, Ry and Rais EH.

In another embodiment, the sterically hindered primary amine is cyclohexylamine or

2-methylbutylamine.

In another embodiment, the sterically hindered primary amine is chitosan.

In any of these aspects and embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor agonist polypeptide formulation used in the

method comprises a cation selected from Mg”’, Ca”’, Zn", Mn**, K*, Na‘ and Alanda

sterically hindered primary amine.

More particularly, the Mg”*, Ca", Zn?*, Mn**, K*, Na‘ or AP* is provided as

magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium

acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassiumacetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg**, Ca**, Zn?*, Mn**, K*, Na‘ or Al* is provided as

magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese Chioride, potassium chloride, sodhum chloride or alurminum chloride.

More particularly, the cation is selected from Mg”, Ca“* or Zn.
13
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More particularly, the Mg"*, Ca’* or Zn" is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca’.

More particularly, the Ca”* is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid,

More particularly, the non-naturally occurring amino acid is l-aminocyclohexane

carboxylic acid,

Alternatively, the sterically hindered primary amine has the formula: , wherein R,, Rs

and R3 are independently selected from: H; ~-C(Q}OH; €)-C, alkyl, optionally substituted by

~CO7H, ~CONH:, or a 5-10 membered aryl or heteroaryl: C)-C, alkoxyalkyl: or C)-C,

thioalkoxyalkyl, wherein any of the alkyl or ary] groups above can be singly or multiply

substituted with halogen or ~NH, and provided that no more than two of R,, Ry and R; are HL

In a further embodiment, no more than one of R;, Ro and R; is H.

More particularly, the sterically hindered primary amine has the formula:

Rig

RyNvRy
NHe | wherein Rj, Re and R; are independently selected from: H; -C(Q)OH: C.-Cz

alkyl; C.-C, alkoxyalkyl, or C.-C. thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NHb, and provided that no more

than two of R,, R, and R; are H. In a farther embodiment, no more than one of R,, RB and R;

is H.

16
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More particularly, the sterically hindered primary amine has the formula:

Re

a
NR wherein Ri, Re and R; are independently selected from: H: -C(QQOH: C;-C,

alkyl; C,-C, alkoxyalkyl; or C)-Cg, thicalkoxyaikyl, and provided that no more than two of

Ry, Re and Raare HW. in a further embodiment, no more than one of R,, Ry and R; is H.

In another embodiment, the sterically hindered primary amine is cyclohexylamine or

e-methylbutylamine.

in another embodiment, the sterically hindered primary amine is chitosan.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may

be Hinaclotide.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically

acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a

starch, maltodexirin or a cellulose ether. More particularly, the pharmaceutically acceptable

binder is a cellulose ether which may be selected from: methylcellulose, ethylcellulose,

carboxymethylcellulose, hydroxyethyl cellulose, hydroxyethyl methylcellulose,

hydroxypropyl cellulose and hydroxypropy! methylcellulose.

in these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a

glidant and lubricant.

in these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises an antioxidant. In particular, the antioxidant is BHA,vitamin E or propylgallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable

filler is cellulose, isornalt, mannitol or dibasic calcium phosphate.

More particularly, the cellulose used in the filler is selected from microfine cellulose

and microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler

comprises particles having an average diameter between 150 umand 1000 pm.

In another aspect, the sterically hindered primary arnine is leucine and the cation is

Ca’*,

In another aspect, the molar ratio of Ca”* to leucine is at least 1:1.

More particularly, the molar ratio of Ca’* to leucineis at least 1.5:1.

i7
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More particularly, the molar ratio of Ca’* to leucineis at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to

GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptideis
at least 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in

the pharmaceutical composition is at least 30:1.

in the GC-C receptor agonist polypeptide formulations comprising a filler, the weight

ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between

1:23 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:1000.

In the GC-C receptor agonist polypeptide formulations, comprising a cation and a

sterically hindered primary amine, the molar ratio of catiomsterically hindered primary

amine:GC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca** and the sterically hindered primary amine

is leucine, the molar ratio of Ca**leucine:GC-C receptor agonist polypeptide is 100:30:1,
80:40:71, 80:30:71, 80:20:21, 60:30:71, 60:20:1, 50:30:1, 50:20:21, 40:20:21, 20:20:1, 10:10:14,

16:3:1, $:10:1 or 3:3:1.

More particularly, the molar ratio of Ca”*:leucine:GC-C receptor agonist polypeptide
is 60:30:1.

More particularly, the cation is provided as CaCh.

in any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor antagonist formulation is in the form of a

capsule or tablet.

in particular, each capsule or tablet comprises 50 ug to 1 mg GC-C receptor agonist

polypeptide.

More particularly, each capsule or tablet comprises 100 pg, 150 ug, 200 ug, 300 ug,

400 wg, 500 pg or 600 pg GC-C receptor agonist polypeptide.
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in some embodiments, each capsule or tablet comprises 50 ug to | mg linaclotide. In

some embodiments, each capsule or tablet comprises 100 ug, 133 pg, 150 ug, 200 peg, 266

ug, 300 pe, 400 pg, 506 ag or GOD ug linaclotide.

in another aspect, the subject in need of such treatmentis suffering from a disorder

selected from the group consisting of gastrointestinal motility disorder, chronic intestinal

pseudo-obsiruction, colonic pseudo-obstruction, duodenogastric reflux, dyspepsia, functional

dyspepsia, nonulcer dyspepsia, functional gastrointestinal disorder, functional heartburn,

gastroesophageal reflux disease (GERD), gastroparesis, irritable bowel syndrome, post-

operative ileus, and constipation.

in another aspect, the subject in need of treatmentis suffering from irritable bowel

syndrome with constipation (IBS-c) or alternating IBS (BS-a).

In another aspect, the subject in need of treatment is suffering from irritable bowel

syndrome with constipation (IBS-c). In this aspect, a once daily effective amount of the

pharmaceutical formulation described herein is administered to the patient. In various

aspects, the pharrnaceutical formulation comprises 50 pg to 1 mg linaclotide (more

particularly, 100 pg, 133 ug, 130 pg, 200 ug, 266 pg, 300 pg, 400 ug, 500 pg or 600 ug

linaclotide; even more particularly 133 pg or 266 yg linaclotide) or another GC-C receptor

agonist polypeptide per unit dose per day. In other aspects, the pharmaceutical composition

is administered for a period of at least one day, two days, three days, four days, five days, six

days, one week, two weeks, three weeks, four weeks, twelve weeks or longer. In some

aspects, treatment with the linaclotide composition improves at least one symptom selected

from reduced abdominal pain, an increase in the number of complete spontaneous bowel

movements (CSBM) in a week, an increase in the number of spontaneous bowel movements

(SBM) in a week, improved stool consistency, reduced straining, reduced abdominal

discomfort, reduced bloating or reduced IBS-c symptom severity.

in another aspect, the subject in need of such treatment is suffering from constipation

(2.g., Chronic constipation). In this aspect, a once daily effective amount of the

pharmaceutical formulation described herein is administered to the patient. In various

aspects, the pharmaceutical formulation comprises 50 sg to | mg linaclotide Gnore

particularly, 100 ug, 133 wg, 150 ug, 200 weg, 266 ug, 300 pe, 400 ug, 500 ng or 600 ug

linaclotide; even more particularly 133 wg or 266 jg linaclotide) or another GC-C receptor

agonist polypeptide per unit dose per day. In other aspects, the pharmaceutical composition

is administered for a period of at least one day, two days, three days, four days, five days, six

days, one week, two weeks, three weeks, four weeks, twelve weeks or longer. In some
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embodiments, treatment with the linaclotide composition improves at least one symptom

selected froman increase in the number of complete spontaneous bowel movements (CSBM)

in a week, an increase in the number of spontaneous bowel movements (SBM) in a week,

improved stool consistency, reduced straining, reduced abdominal discomfort, reduced

bloating or reduced severity of constipation.

Stool consistency of each bowel movement (BM) may be monitored by the 7-point

Bristol Stool Form Scale (BSFS) (1 = hard lumps, 2 = lumpy sausage, 3 = cracked sausage, 4

= smooth sausage, 5 = soft lumps, 6= mushy, 7 = watery). Straining may be monitored by

the 7-point Ease of Passage Scale (1 = manual disimpaction/enema needed, 2 = severe

straining, 3 = moderate straining, 4 = mild straining, 5 = no straining, 6 = urgency, 7 =

incontinent). CSBM may be measured by the sensation of complete emptying after an SBM

(yes/no). Abdominal discomfort, bloating and severity of constipation may be measured

using, ¢.g., a 3-point ordinal scale (1 = none, 2 = mild, 3 = moderate, 4 = severe, 5 = very

severe).

in another embodiment, the invention provides a method of decreasing the

pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a

subject in need of such treatment, comprising administering the GC-C receptor agonist

polypeptide to the subject before the ingestion of food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered to the subject 15 minutes to 4 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered to the subject 1 to 18 hours before the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptideis

administered to the subject 4 to 12 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered to the subject 30 minutes to 8 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptideis

administered to a subject having an empty stomach.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 15 minutes before the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 30 minutes before the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least | hour before the ingestion of food.
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in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 2 hours before the ingestion of food,

In another embodiment, the invention provides a method of increasing the

pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a

subject in need of such treatment, comprising administering the GC-C receptor agonist

polypeptide to the subject after a prior ingestion of food. In one embodiment, the GC-C

receptor agonist polypeptide is administered at least four hours, at least eight hours, at least

ten hours or at least 12 hours after a prior ingestion of food. In a further embodiment, the

GC-C receptor agonist polypeptide is administered on an empty stomach.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may

be Hnaclotide.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered as a formulation comprising the GC-C receptor agonist polypeptide and a

pharmaceutically acceptable excipient. In some embodiments, the GC-C receptor agonist

polypeptide is linaclotide.

In another aspect of this embodiment, the subject in need of such treatmentis

suffering from a disorder selected from the group consisting of irritable bowel syndrome

(IBS) and constipation. In one aspect, the disorder is IBS, which is constipation-predominant

IBS (BS-c) or ahernating [BS GBS-a). More particularly, the disorder is [BS-c. In another

aspect, the subject in need of such treatmentis suffering from constipation. More

particularly, the disorder is constipation which is chronic constipation, idiopathic

constipation, post-operative ileus, or constipation caused by opiate use.

In another aspect of this embodiment, the formulation further comprises one or more

agents selected from a cation selected from Mg**, Ca**, Zn, Mn**, K*, Na* and AP* or a

sterically hindered primary amine.

In particular, the Mg”, Ca”, Zn**, Mn®*, K*, Na’ or Al’*is provided as magnesium
acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium acetate,

calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or alurninumsulfate.
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Moreparticularly, the Mg**, Ca’*, Zn”, Mn**, K*, Na* or AP" is provided as

magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potasshun chloride, sodium chloride or aluminum chloride.

More particularly, the cation is Mg**, Ca** or Zn".

More particularly, the Mg**, Ca’* or Zn* is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the agent is Ca’*.

More particularly, the Ca’" is provided as calcium chloride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring aminoacid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R,, Re

and Rs; are independently. selected from: H; -C(Q)OH; C,-Cg alkyl, optionally substiruted by

~COH, ~CONE, or a 5-10 membered aryl or heteroaryl; Ci-Cs alkoxyalkyh: or Cy-Ce

thioalkoxyalkyl ,, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NHb2, and provided that no more than two of Ry, Ro and BR, are H,

in a further embodiment, no more than one of Ri, Rz and Rais H.

More particularly, the sterically hindered primary amine has the formula:

Re

me
NHe | wherein Ri, Ry and R; are independentlyselected from: H; -C(Q)OH: Cy-C,

alkyl; C-C, alkoxyalkyl; or C,-C. thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NHb, and provided that no more
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than two of R,, RK, and R; are H. In a further embodiment, no more than one of R;, R: and R;

is H.

More particularly, the sterically hindered primary amine has the formula:

Ae

Ri, Fig

NH, , wherein R;, Rz and R; are independently selected from: H; -C(Q)OH; C,-C,

alkyl; C\-Cs alkoxyalkyl, or Ci-C, thioalkoxyalkyl, and provided that no more than two of

Ry, Re and R;are H. In a further embodiment, no more than one of Ri, Ro and R; is H.

In one aspect, the sterically hindered primary amine is cycichexylamine or 2-

methylbutylamine.

in one aspect, the sterically hindered primary amine is chitosan.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor agonist polypeptide formulation usedin the

method comprises a cation selected from Mg**, Ca’*, Zn**, Mn”*, K*, Na* and AP* and a

sterically hindered primary amine.

Moreparticularly, the cation Mg**, Ca*, Zn**, Mn°*, K*, Na’ or AI’? is provided as
magnesiumacetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium

acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chicride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the cation Mg’*, Ca’*, Zn**, Mn**, K*, Nat or AP*is provided as

magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminumchloride.

More particularly, the cation is selected from Mg**, Ca** and Zn”* and a sterically
hindered primary amine.

More particularly, the Mg’*, Ca®* or Zn" is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca’.

More particularly, the Ca”* is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid.
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More particularly, the amino acid is a naturally-cccurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-cccurring amino acid is leucine, isoleucine, alanine or

methionine,

More particularly, the naturally-occurring amino acid is leacine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid,

More particularly, the non-naturally occurring amino acid is |-aminocyclohexane

carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R), Rs

and Ry are independently selected from: H; -C(Q}JOH; C\-C, alkyl, optionally substituted by

~COsH, ~CONHG, or a 5-16 membered aryl or heteroaryl; C\-C, alkoxyalkyl; or C;-C,

thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NH», and provided that no more than two of Ry, Rz and R; are H.

In a further embodiment, no more than one of R,, R, and R3is H.

More particularly, the sterically hindered primary amine has the formula:

Rs

me
Ne | wherein R,, R, and R; are independently selected from: H; -C(Q)OU: C:-Cs

alkyl; Ci-C. alkoxyalkyl; or C,-C¢ thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or ~NHb, and provided that no more

than two of R;, R2 and KR; are H. Ina further embodiment, no more than one of R;, Rz and R:

is H.

More particularly, the sterically hindered primary amine has the formula:

Ra

oN"
Nee | wherein R,, R; and R; are independently selected from: H; ~-C(QVOH: C,-Cy

alkyl; C,-Cz alkoxyalkyl; or C\-C, thioalkoxyalkyl, and provided that no more than two of

Ri. Ry and R; are HW. In a further embodiment, no more than one of R;, Ry and R; is H.
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in one aspect, the sterically hindered primary amine is cyclohexylamine or 2-

methylbutylamine.

In one aspect, the sterically hindered primary amine is chitosan.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically

accepiable binder is selected from polyvinyl alcohol, polyvinyipyrrolidone (povidone), a

starch, maltodextrin or a cellulose ether. More particularly, the pharmaceutically acceptable

binder is a cellulose ether which may be selected from: methylcellulose, ethylcellulose,

carboxymethyicellulose, hydroxyethyl cellulose, hydroxyethyl methylcellulose,

hydroxypropyl cellulose and hydroxypropy! methyicellulose..

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both 4

glidant and lubricant.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propyl gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable

filler is cellulose, isomalt, mannitol or dibasic calcium phosphate.

More particularly, the cellulose used in the filler is selected frorn microfine cellulose and

microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler

comprises particles having an average diameter between 150 pm and 1000 um.

Tn another aspect, when the sterically hindered primary amineis leucine and the

cation is Ca’’.

in another aspect, the molar ratio of Ca”* to leucineis at least 1:1.

More particularly, the molar ratio of Ca** to leucineis at least 15:1.

More particularly, the molar ratio of Ca** to leucine is at least 2:1.

Inthis aspect, the sterically hindered amine is leucine and the molar ratio of leucine to

GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptideis
at least 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in

the pharmaceutical formulation is at feast 30:1.
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In the GC-C receptor agonist polypeptide formulations comprising a filler, the weight

ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between

1:25 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1: 1000.

inthe GC-C receptor agonist polypeptide formulations, comprising a cation and a

sterically hindered primary amine, the molar ratio of cation:sterically hindered primary

amine<GC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca** and the sterically hindered primary amine
is leucine, the molar ratio of Ca”*:leucine:GC-C receptor agonist polypeptide is 100:30:1,

80:40:71, 80:30:1, 80:20:1, 60:30: 1, 60:20:21, 50:30:21, 50:20:1, 40:20:21, 20:20:1, 10:10:41,

LO:3:1, 3:10:14 or 3:521.

More particularly, the molar ratio of Ca**:leucine:GC-C receptor agonist polypeptide
is 60:30:1.

More particularly, the cation is provided as CaCl,

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be limaclotide.

In another aspect, the GC-C receptor antagonist formulation is in the form of 4

capsule or tablet.

In particular, each capsule or tablet comprises 30 pg to | mg GC-C receptor agonist

polypeptide. In some embodiments, each capsule or table t comprises 50 ug to | me
linaclotide.

More particularly, each capsule or tablet comprises 100 pg, 133 ug, 150 ug, 200 pg,

266 ug, 300 ng, 400 ug, 500 we or 600 ug GC-C receptor agonist polypeptide. In some

embodiments, each capsule or tablet comprises 100 ug, 133 ug, 150 ug, 200 ug, 266 ug, 300

ug, 400 ue, 300 ug or 600 pe linaclotide.

More particularly, each tablet or capsule comprises:
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(4) Linaclotide;

(3) CaCl,e2ZH0;

({c) L-Leucine; and

(d} Hydrozypropyl Methyicellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between

LGOpg to G0Oug and the molar ratio of Ca’*:leucine:linaclotide is between 5-100:5-50:1.

More particularly, linaclotide is present in the tablet or capsule in an amount of 133 or

2664p g,

More particularly, CaCl, is present in the tablet or capsule in an amount of 154 lug.

More particularly, leucine is present in the tablet or capsule in an amount of 687p¢.

More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in

an amount of 700u¢,

in another embodiment, the invention provides a method of decreasing the

pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a

subject in need of such treatment, comprising administering the GC-C receptor agonist

polypeptide to the subject a sufficient time period after an ingestion of food

in one aspect of this embodiment, the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 6 hours after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 8 hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 10 hours afterthe ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 15 minutes before the ingestion of more
food.

in another aspect of this embodiment, the GC-Creceptor agonist polypeptide

formulation is administered to the subject at least 30 minutes before the ingestion of more

food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 1 hour before the ingestion of more food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 2 hours before the ingestion of more food.

in these aspects, the GC-C receptor agonist polypeptide may be Hnaclotide.
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In another aspect of this embodiment, the subject in need of such treatmentis

suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which

is Constipation-predominant IBS (IBS-c) or alternating 188 (TBS-a). More particularly, the

disorder is IBS-c. In some embodiments, the GC-C receptor agonist polypeptide is
linaclotide.

In another aspect of this embodiment, the subject in need of such treatmentis

suffering from constipation. More particularly, the disorder is constipation which is chronic

constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate

use. In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In these aspects, the GC-C receptor agonist polypeptide is administered as a

formulation comprising the GC-C receptor agonist polypeptide and a pharmaceutically

acceptable excipient.

in another embodiment, the invention provides a method of increasing the

pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a

subject in need of such treatment, comprising administering the GC-C receptor agonist

polypeptide to the subject with the ingestion of food or within two hours after the ingestion of
food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered with the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered with a meal.

in another aspect of this embodiment, the GC-C receptor agonist polypeptideis

administered within two hours after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptideis

administered within one hour after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered within 30 minutes after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered within 13 minutes after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

linaclotide.

in another aspect of this embodiment, the subject in need of such treatmentis

suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which
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is constipation-predominant IBS (IBS-c) or alternating IBS (IBS-a). More particularly. the
disorder is IBS-c.

in another aspect of this ernbodiment, the subject in need of such treatmentis

suffering from constipation. More particularly, the disorder is constipation which is chronic

constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered as a formulation comprising the GC-C receptor agonist polypeptide and a

pharmaceutically acceptable excipient.

in another aspect of this embodiment, the formulation further comprises one or more

agents selected from a cation selected from Mg”, Ca”*, 7n**, Mn**, K*, Na* and AI” ora

sterically hindered primary amine.

In particular, the Mg**, Ca’", Zn”*, Mn’*, K*, Na’ or AP" is provided as magnesium
acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium acetate,

calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, ahuninum phosphate or aluminum sulfate.

More particularly, the Mg?*, Ca**, Zn®*, Mn?*, K*, Na* or AD" is provided as

magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride. potassium chloride, sodium chloride or aluminum chloride.

Moreparticularly, the cation is Mg**, Ca”, Zn",

Moreparticularly, the Mg**, Ca’* or Zn" is provided as magnesium chloride, calciam
chioride or zinc acetate.

More particularly, the agent is Ca’.

More particularly, the Ca’* is provided as calcium chloride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.
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More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-~occurring amine acid is leucine or methionine,

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid.

More particularly, the non-naturally occurring amino acid is 1-aminocyclohexane

carboxylic acid,

Alternatively, the sterically hindered primary amine has the formula: , wherein R;, Ro

and KR; are independently selected from: H; ~-C(Q)OH; C;-C, alkyl, optionally substituted by

~CO2H, ~CONH), or a 5-10 membered aryl or heteroaryl; C)-C, alkoxyalkyl; or Ci-Cy

thioalkoxyaikyl, wherein any of the alkyl! or aryl groups above can be singly or multiply

substituted with halogen or ~NHb, and provided that no more than two of BR), Ro and BR; are H.

in a further embodiment, so more than one of R;, Ro and Rais H.

More particularly, the sterically hindered primary amine has the formula:

ia
NHe | wherein R:, Rz and R; are independently selected from: H; -CCQ)OH: C:-Cs

alkyl, C)-C. alkoxyalkyl; or C,-C, thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NH, and provided that no more

than two of Ry, Rz and R; are H. Ina further embodiment, no more than one of R;, Ro and Rs

is H.

More particularly, the sterically hindered primary amine has the formula:
Fis

me
NH2 , wherein Ri, R; and R; are independently selected from: H: -C(Q)OH: C.-C,

alkyl; C)-C, alkoxyaikyl: or C)-C¢ thioalkoxyalkyl, and provided that no more than two of

R:, Rz and R3 are H. Ina further embodiment, no more than one of R,, Rz and Ry is H.

in some embodiments,the sterically hindered primary amine is cyclohexylamine or 2-

methylbutylamine.

In some embodiments, the sterically hindered primary amine is chitosan.

In some embodiments, the GC-C receptor agonist polypeptide is Hnaclotide.
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In another aspect, the GC-C receptor agonist polypeptide formulation used in the

method comprises a cation selected from Mg", Ca’*, Zn**, Mn**, K*, Na* and Al’ and a

stericaily hindered primary amine.

Moreparticularly, the Mg”*, Ca’*, Zn**, Mn", K*, Na* or Al* is provided as

magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium

acetate, calcium chloride, calcium phosphate, calcium sulfate, zc acetate, zinc chioride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg*", Ca"*, Zn**, Mn”*, K*, Na* or AP* is provided as
magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminum chloride.

More particularly, the cation is Mg’*, Ca°* or Zn.

More particularly, the Mg’*, Ca** or Zn™* is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca’*.

More particularly, the Ca’* is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid.

More particularly, the non-naturally occurring amino acid is |-aminocyclohexane

carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R,, Rs

and K; are independently selected from: H,; ~C(Q)OH; C.-C, alkyl, optionally substituted by

~CO2H, —-CONR», or a 3-10 membered aryl or heteroaryl; C,-C. alkoxyalkyl; or Cy-Cg
ai
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thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or ~NHb, and provided that no more than two of R;, Rs and R, are H.

Tn a further embodiment, no more than one of R;, Rs and Ra is H.

More particularly, the sterically hindered primary amine has the formula:

Re

a
Ne, , wherein R,, Rz and R; are independently selected from: H;-C(Q)OH: Ci-C.

alkyl; C)-C, alkoxyalkyl; or C,-C¢ thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NHo, and provided that no more

than two of R;, Ro and R3 are H. Ina further embodiment, no more than one of Ry, Ra and R;

is A.

More particularly, the sterically hindered primary amine has the formula:

Reg

FyNvRs
NH, , wherein Ry, Ry and R; are independently selected from: H: -C(O)OH: C)-Cs

alkyl; C)-C, alkoxyalkyl; or C,-Cy, thioalkoxyalkyl, and provided that no more than two of

Ri, Re and R; are H. In a further embodiment, no more than one of R;, R: and RB; is H.

in sorne embodiments,the sterically hindered primary amine is cyclohexylamine or 2-

methyibutylamine.

In some embodiments, the sterically hindered primary amine is chitosan.

In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically

acceptable binder is selected from polyviny! alcohol, polyvinylpyrrolidone (povidone), a

starch, maltodextrin or a cellulose ether. More particularly, the pharmaceutically acceptable

binder is a cellulose ether which may be selected from: methylcellulose, ethylcellulose,

carboxymethylcellulose, hydroxyethyl cellulose, hydroxyethyl methylcellulose,

hydroxypropyl cellulose and hydroxypropyl methylcellulose..

Tn these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a

glidant and lubricant.
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in these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propyl gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable

filler is cellulose, isomalt, mannitol or dibasic calcium phosphate.

Moreparticularly, ,the cellulose used in the filler is selected from microfine cellulose and

microcrystalline cellulose. More particularly, the pharmaceutically acceptablefiller

comprises particles having an average diameter between 150 ym and 1000 um.

In another aspect, when the sterically hindered primary amine is leucine and the

cation is Ca**.

In another aspect, the molar ratio of Ca*"to leucine is at least 1:1.

More particularly, the molar ratio of Ca** to leucineis at least 1.5:1.

More particularly, the molar ratio of Ca** to leucine is at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to

GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide is

at least 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in

the pharmaceutical formulation is at least 30:1.

in the GC-C receptor agonist polypeptide formulations comprisingafiller, the weight

ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between

1:23 and 172,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:1000.

In the GC-C receptor agonist polypeptide formulations, comprising a cation and a

sterically hindered primary amine, the molar ratio of cation:sterically hindered primary

amine:GC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca”* andthe sterically hindered primary amine
he

is leucine, the molar ratio of Ca**:leucine:GC-C receptor agonist polypeptide is [00:30:1,

80:40:1, 80:30:1, 80:20:1, 60:30:1, 60:20:1, 50:30:1, 50:20:1, 40°20:1, 20:20:1, LO: 10:1,

1O:3:1, 3:10:15 or $:5:1.
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More particularly, the molar ratio of Ca”eucine:GC-C receptor agonist polypeptide
is 60:30:1,

More particularly, the cation is provided as CaCl.

in some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

in another aspect of the invention method, the GC-C receptor antagonist formulation

is in the form of a capsule or tablet.

Tn particular, each capsule or tablet comprises 50 pg to 1 mg GC-C receptor agonist

polypeptide. In some embodiments, cach capsule or tablet comprises 50 pg to 1 mg
linaclotide.

More particularly, each capsule or tablet comprises 100 pg, 150 pg, 200 pg, 300 pg,

400 «sg, 500 ng or 600 ng GC-C receptor agonist polypeptide. In some embodiments, each

capsule or tablet comprises 100 pg, 133 pg, 150 pg, 200 we, 266 us, 300 peg, 400 wg, 500 pe

or 600 pg linaclotide.

More particularly, each tablet or capsule comprises:

{a} Linaclotide;

(b) CaCh2H,0;

(c} L-Leucine; and

(da) Hydroxypropyl Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an ammount between

100ug to 600g and the molar ratio of Ca**:leucine:linaclotide is between 5-100:5-50:1.

More particularly, inaclotide is present in the tablet or capsule in an amount of 133 or

266ug.

More particularly, CaChis present in the tablet or capsule in an amount of 1541 pg.

More particularly, leucine is present in the tablet or capsule in an amount of 687ug.

More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in

an amount of 700p¢.

in another embodiment, the invention provides a method of treating irritable bowel

syndrome (e.g., IBS-c} or constipation (e.g., chronic constipation) in a subject in need of such

treatment, comprising: administering a GC-C receptor agonist polypeptide to the subject

before the ingestion of food,

in one aspectof this embodiment, the GC-C receptor agonist polypeptide formulation

is administered to the subjectat least 6 hours after the ingestion of food.
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in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 8 hours after the ingestion of food.

in another aspect of this embodiment, the GC-Creceptor agonist polypeptide

formulation is administered to the subject at least 10 hours after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 15 minutes before the ingestion of more

food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 30 minutes before the ingestion of more

food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 1 hour before the ingestion of more foad.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide

formulation is administered to the subject at least 2 hours before the ingestion of more food.

in these aspects, the GC-C receptor agonist polypeptide may be linaclotide.

in another aspect of this embodiment, the subject in need of such treatmentis

suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which

is Constipation-predominant IBS ((BS-c) or alternating IBS (IBS-a). More particularly, the

disorder is IBS-c.

In another aspect of this ernbodiment, the subject in need of such treatment is

suffering from constipation. More particularly, the disorder is constipation which is chronic

constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in these aspects, the GC~C receptor agonist polypeptide is administered as a

formulation comprising the GC-C receptor agonist polypeptide and a pharmaceutically

acceptable excipient.

in another embodiment, the invention provides a method of increasing the

pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a

subject in need of such treatment, comprising administering the GC-C receptor agonist

polypeptide to the subject with the ingestion of food or within two hours after the ingestion of
food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered with the ingestion of food.
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In another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered with a meal.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered within two hours after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered within one hour after the ingestion of food.

in another aspect of this embodiment, the GC-Creceptor agonist polypeptideis

administered within 30 minutes after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered within 15 minutes after the ingestion of food.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is
linaclotide,

In another aspect of this ernbodiment, the subject in need of such treatmentis

suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which

is constipation-predominant IBS GBS-c} oralternating IBS (IBS-a). More particularly, the
disorder is TBS-c.

In another aspect of this embodiment, the subject in need of such treatmentis

suffering from constipation. More particularly, the disorder is constipation which is chronic

constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in another aspect of this embodiment, the GC-C receptor agonist polypeptideis

administered as a formulation comprising the GC-C receptor agonist polypeptide and a

pharmaceutically acceptable excipient.

in another aspect of this ernbodiment, the formulation further comprises one or more

agents selected from a cation selected from Mg**, Ca”*, Zn**, Mn**, K*, Na* and Al™or a

sterically hindered primary amine.

in particular, the Mg’*, Ca”, Zn™’, Mn’*, K*, Na‘ or Alis provided as magnesium
acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium acetate,

calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.
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More particularly, the Mg**, Ca’*, Zn’*, Mn?*, K*, Na‘ or AP"is provided as

magnesium Chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminum chloride.

More particularly, the cation is Mg**, Ca’*, Zn".

More particularly, the Mg**, Ca** or Zn" is proviied as magnesium chloride, calcium
chloride or zinc acetate,

More particularly, the agent is Ca”*.

More particularly, the Ca°* is provided as calciumchloride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-cccurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid,

More particularly, the non-naturally occurring amino acid is 1-aminocyclohexane

carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein Ri, Re

and R; are independently selected from: H; ~C(O}OH; C)-C, alkyl, optionally substituted by

—~CO2H, -CONH), or a 5-10 membered aryl or heteroaryl; C\-Cs alkoxyalkyl; or C\-C,

thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NH:, and provided that no more than two of Rj, Re and R; are H.

In a further embodiment, no more than one of R,, Ro and Ryis H.

More particularly, the sterically hindered primary amine has the formula:

Rig

me
Np , wherein R,, BR, and R; are independently selected from: H; -C(Q)GH: Ci-C,

37

3867



3868

WO 2011/020054 PCT/US2010/045518

alkyl; C,-C¢ alkoxyalkyl; or C)-Cg thioalkoxyalkyl, wherein any ofthe alkyl or aryl groups

above canbe singly or multiply substituted with halogen or-NH, and provided that no more

than two of R;, Rz and R; are H. ina further embodiment, no more than one of Ri, R2 and Rs

is H.

More particularly, the sterically hindered primary amine has the formula:

Re

me
NH , wherein R;, BR, and R; are independently selected from: H; -CCOIOH; C,-Ce

alkyl; C,-C, alkoxyalkyl, or C,-C, thicalkoxyalkyl, and provided that no more than two of

R;, Ro and R; are H. In a further embodiment, no more than one of Ri, Ra and Ba is H.

in some embodiments, the sterically hindered primary amine is cyclohexylamine or 2-

methylbutylamine.

in some embodiments, the sterically hindered primary amine is chitosan.

in some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

in another aspect, the GC-C receptor agonist polypeptide formulation used in the

methodcomprises a cation selected from Mg“, Ca’*, Zn?*, Mn**, K*, Na* and AP* anda

sterically hindered primary amine.

Moreparticularly, the Mg**, Ca’*, Zn**, Mn", K*, Na* or Al’* is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium

acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc

phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium

sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum

acetate, alumimum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg’, Ca**, Zn", Mn?*, K*, Na® or Al" is provided as

magnesium chloride, calchum chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chicride or aluminum chloride.

More particularly, the cation is Mg’*, Ca® or Zn’.

More particularly, the Mg"", Ca** or Zn**is provided as magnesiumchloride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca**.

Moreparticularly, the Ca** is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid.
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More particularly, the amino acid is a naturally-cccurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or

methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid,

More particularly, the non-naturally occurring amino acid is |-aminocyclohexane

carboxylic acid,

Alternatively, the sterically hindered primary amine has the formula: , wherein Ri, Ro

and R; are independently selected from: H; ~C(Q}JOH; C,-C, alkyl, optionally substituted by

~COH, ~CONHs, or a 5-10 membered aryl or heteraaryl; C)-C, alkoxyalkyl; or C)-Cy

thioalkoxyaikyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NH}), and provided that no more than two of R,, R, and R3 are H.

In a further embodiment, no more than one of R,, Ro and Ris H.

More particularly, the sterically hindered primary amine has the formula:

Re

Ne
Nh2 | wherein Ry, Ro and R; are independently selected from: H;: -C(Q)OH; Ci-C,

alkyl; C,-C, alkoxyalkyl, or C\-Cg thioalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or multiply substituted with halogen or -NHb, and provided that no more

than two of R;, R, and Rs are H. In a further embodiment, no more than one of Ry, R2 and R;

is H.

More particularly, the sterically hindered primary amine has the formula:

Re

ow™
NH , wherein Ri, Ry and R; are independently selected from: H; -C(OVOH; C)-C,

alkyl; C,-C, alkoxyalkyl; or C.-C. thioalkoxyalkyl, and provided that no more than two of

R,, Rz and Ri are H. In a further embodiment, no more than one of R;, Ro and Rais H.
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More particularly, the sterically hindered primary amine is cyclohexylamine or 2-

methylbutylamine.

More particularly, the sterically hindered primary amine is chitosan.

in some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

in these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically

acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a

starch, maltodextrin or a cellulose ether. More particularly, the pharmaceutically acceptable

binder is a cellulose ether which may be selected from: methylcellulose, ethylcellulose,

carboxymethyicelluiose, hydroxyethyl cellulose, hydroxyethyl methylcellulose,

hydroxypropyl cellulose and hydroxypropyl methylcellulose..

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a

glidant and lubricant.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propyl gallate.

in these aspects, the GC-C receptor agonist polypeptide formulation additionally

comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable

filler is cellulose, isomalt, mannitol or dibasic calcium phosphate.

More particularly, ,the cellulose used in the filler is selected from microfine cellulose and

microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler

comprises particles having an average diameter between 150 um and 1000 um.

In another aspect, when the sterically hindered primary amine is leucine and the

cation is Ca’*,

in another aspect, the molar ratio of Ca’* to leucine is at least 1:1.

More particularly, the molar ratio of Ca** to leucine is at least 1.5:1.

More particularly, the molar ratio of Ca** to leucineis at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to

GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-Creceptor agonist polypeptide is
at feast 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in

the pharmaceutical formulation is at least 30:1,
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in the GC-C receptor agonist polypeptide formulations comprising a filler, the weight

ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between

1:25 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to

pharmaceutically acceptable filler is between 1:100 and 1:1000.

in the GC-C receptor agonist polypeptide formulations, comprising a cation and a

sterically hindered primary arnine, the molar ratio of cation:sterically hindered primary

amine:GC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca’* and the sterically hindered primary amine
is leucine, the molar ratio of Ca**eucine:GC-C receptor agonist polypeptide is 100:30:1,
$0:40:1, 80:30:1, 80:20:1, 60:30:71, 60:20:1, 50:30:1, 50:20:1, 40:20:1, 20:20:71, 10:10:1,

10:35:41, 5:10:41 or 5:5:1.

More particularly, the molar ratio of Ca’*sleucine:GC-C receptor agonist polypeptide
is 60:30: 1.

More particularly, the cation is provided as CaCh.

In another aspect of the invention method, the GC-C receptor antagonist formulation

is in the form of a capsule or tablet.

In particular, each capsule or tablet comprises 50 wg to | mg GC-C receptor agonist

polypeptide. In some embodiments, each capsule or tablet comprises 50 ug to 1 mg
linaclotide.

More particularly, each capsule or tablet comprises 100 pg, 150 ug, 200 ug, 300 pg,

400 pg, 500 pg or 600 pg GC-C receptor agonist polypeptide. In some embodiments, each

capsule or tablet comprises 100 pg, 150 pg, 200 pg, 300 pe, 400 ug, 500 pg or 600 pg
linaclotide.

More particularly, each tablet or capsule comprises:

{a} Linaciotide:

(b) CaClo2H0;

(c} L-Leucine; and

(d) Hydroxypropyl Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between

100pg to 600ug and the molar ratio of Ca”*:leucine:tinaclotide is between 5-100:5-50:1.
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More particularly, linaciotide is present in the tablet or capsule in an amount of 133 or

266p8.

More particularly, CaCl, is present in the tablet or capsule in an amount of 154lug.

More particularly, leucine is present in the tablet or capsule in an amount of 687g.

More particularly, hydroxypropy! methylcellulose is present in the tablet or capsule in

an amount of 700ug.

EXAMPLES

Lineclotide Food Eifect Stady

Linaclotide is a 14 amino acid polypeptide that binds to and activates the guanylate

cyclase receptor subtype C (GC-C} receptor on the luminal surface of intestinal enterocytes,

resulting in an increase in fluid secretion into the lumen of the intestine and acceleration of

colonic transit. Linaclotide has also demonstrated mitigating effects on visceral

hypersensitivity in animal models. Linaclotide is being developedas an orally administered

therapeutic for the treatment of chronic constipation (CC), irritable bowel syndrome with

constipation (BS-C), and other gastrointestinal (GD disorders.

The randomized, open-label, two- period, two-sequence, crossovertrial of oral

linaclotide in healthy volunteers tested under fasted or fed conditions summarized herein was

undertaken to determine if linaclotide is susceptible to a food effect. The study consisted of 4

stages: an 8-day to 13-day Screening Stage, two 15- to 16-day Crossover Periods (1 and 2),

and a 21-day Washout Stage which was to occur between Crossover Periods 1 and 2. The

doses tested in this study were 300 ug and a 1-day dose of 3000 ug at the end of Crossover

Periods | and 2.

Objectives

The objective of this study was to compare the pharmacodynamic (PD) effect on stool

consistency of linaclotide administered under fed and fasting conditions.

Methodology

The study consisted of 4 stages: an 8-day to 15-day Screening Stage which wasto

take place at home and determine eligibility, two 15- to 16-day stages (Crossover Periods |

and 2) which were to take place ina Phase | unit, and a 21-day Washout Stage which wasto

take place at home and occur between Crossover Periods 1 and 2. The individual study Stages
are detailed below.
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Screening Stage: The Screening Stage was to start with the signature of the informed

consent form (ICF) at Visit | and lasted for § to 15 days. During this Stage, eligible healthy

volunteers were to be instructed to follow a specific diet (similar to the diet subjects received

during Crossover Periods | and 2) and to keep a paper based daily diary of their bowel habits

(the Bowel Habit Diary, BHD). In this diary, subjects were to record their bowel movements

(BMs) during a particular day and provide the date, time, and consistency of each BM. They

were also to assess the degree of straining associated with each BM and whether each BM

was associated with a sense of complete evacuation. Subjects were not allowed to use

laxatives, enemas, and suppositories during the Screening Stage. At the end of the Screening

Stage, which wasthe start of Crossover Period 1, subjects were to report to the Phase 1 unit

to have their eligibility for randomization determined.

Eligible subjects were entered into the Phase i unit and

were randomized to 1 of 2 Treatment Sequences. Sequence | (Fed-Fasted): During Crossover

Period 1, linaclotide was te be administered immediately after a high-fat breakfast (the fed

condition); during Crossover Period 2, linaclotide was to he administered after a 10-hour fast

(the fasted condition). Sequence 2 (Fasted-Fed): During Crossover Period 1, linaclotide was

to be administered under the fasted condition; during Crossover Period 2, linaclotide was to

be administered under the fed condition.

Crossover Period | lasted for 15 days and Crossover Period 2 started on Day 35,

immediately after the 21-day Washout Stage, and lasted for 16 days. Subjects were to record

their bowel habits in their BHD and ingest their meals at the time determined by their

randomization sequence. At a specified time on each day, the information in the BHID was to

be reviewed by the site staff to insure appropriate completion.

During the Pretreatment Phase of each Crossover Period, subjects were not to receive

study drug. On Day 8 of Crossover Period 1 and Day 43 of Crossover Period 2, subjects

started the Treatment Phase and were to receive 300 ug linaclotide once daily for a total of 7

days. On Day 14 and 15 of Crossover Period 1, blood was to be drawn to assay for linaclotide

and its active metabolite. After the study procedures were completed on Day 15, subjects

were discharged home with instructions to follow the same outpatient diet that they followed

during the Screening Stage and to return to the Phase | unit on Day 35 for Crossover Period

2. On Day 50 of Crossover Period 2, subjects were to receive a single oral dose of 3000 ug

linaclotide and were discharged from the Phase | unit on Day 51. After subjects received the

3000 ug dose, blood was to be drawn on Day 50 and 5! to assay for linaclotide and

linaclotide metabolites.
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Linaclotide was to be administered at the same time each morning with 240 cc (8 oz)

of water; food was to be withheld for approximately 4 hr after dosing, and additional water

was to be withheld from | hour before linaclotide administration until 1 hour after dosing.

Under the fed condition, subjects were required to start and complete a high-fat breakfast

during the 30 minutes before Hinacilotide administration. Under the fasted condition,

linaclotide was to be administered following an overnight fast.

Ali meais and meal times were standardized during Crossover Periods 1 and 2 with

the total daily calorie, fat, and fiber intake the same for each diet condition (fed and fasted).

The daily quantity of these nutrients was based on the “United States Department of

Agriculture (USDA) Dietary Recommendations for Americans.” Each subject received

approximately 2000 total calories per day.

Number of Subjects Planned and Analyzed}: 20 subjects were planned so that at

least 16 subjects completed both Crossover Periods; 20 subjects were enrolled and 18

completed both Crossover Periods. Subjects withdrawing from the study were not replaced.

Diagnosis and Main Criteria for Inclusion: Males and females (non pregnant and

non breast feeding) aged 18 to 63 years; Body Mass Index score was > 18.5 and < 35 at the

Screening Visit; in good health as determined by medical history, physical examination, 12-

jead electrocardiogram (ECG), and vital signs; subject had 4 to 14 BMs and a Bristol Stool

Form Scale (BSFS) Score for stool consistency of 2 to 5 for each bowel movement during the

last 7 days of the 8-day to 15-day Screening Stage.

Test Product, Dose and Mode of Administration: Linaclotide, 300 ug, oral gelatin

capsule. Linaciotide, 3000 ug (3 oral gelatin capsules of 600 ug linaclotide each), single dose.

Duration of Treatment: The 300 ug dose of linaclotide was to be administered for a

total of 14 days. Since this was a crossover study, each subject was to receive two 7-day

courses of the 300 ug doses with each course being separated by 28 days (a 21-day Washout

Stage and a 7-day Pretreatment Phase). The 3000 ug dose of linaclotide was to be

administered as a single oral dose on Day 50 only. Total subject participation lasted for

66 days.

Criteria for Evaluation:

Pharmacodynamic (PI): The primary endpoint was the change from Pretreatment

Phase to Treatment Phase for each Crossover Period in stool consistency on the BSFS scale.

For each of the Pretreatment and Treatment Phases, a subject’s BSFS Score was the average

of the BSFS Scores for each spontaneous bowel movement (SBM) occurring during that

week. The secondary endpoints were SBM frequency, complete spontaneous bowel

44

3874



3875

WO 2011/020054 PCT/US2010/045518

movement (CSBM) frequency, and degree of straining. An additional analysis of the primary

and secondary endpoints was completed based on the last 4 days of treatment (Sensitivity

Analysis).

Pharmacokinetic (PK): Blood samples were to be collected at 0 hour (prior to

dosing} and 0.5, 1, 2,3, 4, 6 and 24 hours post dose on Day 14 of Crossover Period 1 and on

Day 50 of Crossover Period 2, for determination of the following PK parameters for

linaclotide and a metabolite of linaclotide (CCEYCCNPACTGC (SEQ ID NO: 10)) (if

systemic levels of linaclotide and or the metabolite are detected): maximum observed plasma

concentration (Cmax), time to maximum concentration (Tmax), area under the plasma

concentration time curve (AUC,.), area under the plasma concentration time curve

extrapolated to infinity (AUC;..), clearance relative to bioavailability (CL/F), apparent

volume of distribution (Vd/F), apparent terminal half life (4).

Statistical Methods:

Primary Endpoint Analysis:

The primary endpoint analysis was a 90 percent confidence interval of the difference

in the effect of linaclotide administered in a fasting versus fed condition on the change from

Pretreatment BSFS Scores. Equivalence margins of 10.6125 were used such that if the 96

percent confidence interval was contained within the equivalence margins, the study would

have demonstrated equivalence between the fasting and fed conditions relative to stool

consistency.

Sample Size Determination:

For this cross-over design study, a sample size of 20 randomized subjects provided 80

percent power to reject the non-equivalence null hypothesis based upon the primary endpoint

analysis under the following set of assumptions: 16 of the 20 subjects completed the study

and were included in the Per-Protocol population, the standard deviation of the within subject

change from Pretreatment to Treatment in BSFS Scores was 0.75, and the expected

difference between the fed and fasting conditions was 0.

The primary analysis population for the analysis was the Per-protocol Population. All

subjects who completed the study with no major protocol violations were included in the Per-

protocol Population.

Summery of Results

For the Pre-protocel Population, the mean subject age for all subjects was 34.6 years.

The mean age for the Fed-Fasted Treatment Sequence was higher (37.3 years) when
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compared with the Fasted-Fed Treatment Sequence (31.9 years). The difference appeared to

be driven by the enrollment of a 62-year-old subject into the Fed-Fasted Treatment Sequence.

The majority of subjects were male (83.3 percent) and white (72.2 percent). The percentage

of male subjects was higher in the Fasied-Fed Treatment Sequence when compared with the

Fed-Fasted Treatment Sequence. African American subjects comprised 27.8 percent of the

study population; 11.1 percent of subjects reported Hispanic/Latino ethnicity.

PD Results: The primary endpoint analysis, the 90 percent confidence interval ofthe

difference between linaclotide in the fasted versus fed condition on the change from

pretreatment BSPS Scores, did not demonstrate equivalence, as the confidence interval (0.25,

0.98) was not within the equivalence margins of +0.6125. This result indicates that taking

linaclotide in the fed condition results In looser stools (higher BSFS scores} compared with

taking it in the fasted condition. The statistically significantly higher number of SBMs and

CSEMs in the fed condition versus the fasted condition alse indicates that the fed condition

enhances the PD effects of linaclotide. Table 6 provides a summary of bowel habits data for

the fed and fasted conditions.

Table 6

Summary of Bowel Habits Data for the Fed and Fasted Conditions
(Over 7 days of Treatment)

mneneNRNA

Change from Pretreatment Pivlerence
Mean (SEM) ; Mean and 90 % CE P.Valne

PD Score Linaclotide Limaclotide

300 ug) Fed (360 ug) Pasted Fed-Fasted Difference Fed va Fasted
BSPS Score 245 (G.ES9)} 1.84 (G.1773 0.61 (6.25, O98 0.6092
SBM 5.94 (503) 1.50 (0.487) 4,44 (2.22, 6.67} 0.0031

SBM| 4,06 (1 ESD __1.00G.443) 3.06 (0.96, 3.21) 0.0251
_StrainingScore -0.16 (0.064) ~0.17 (0.057) 0.01(-0.12, O14) 0.9387
Cl = Confidence interval

° Did not demonstrate equivalence between the fed and fasted conditions because the 90 percent confidence
interval was not within the equivalence margins of 40.6125.

Por the last 4 days of treatment (Sensitivity Analysis), the mean Fed-Fasted difference

in BSPS Score was lower than it was for the entire 7 days of treatment, but the 90 percent CI

{-0.09, 0.86) still did not fall within the equivalence margins (20.6125) defined for the

primary efficacy endpoint. This result indicates that the enhanced PD effects during the fed

condition are present during the last 4 days of treatment but are somewhatless than the

results over the 7 days of treatment. Table 7 provides a summary of bowel habits data for the

fed and fasted conditions over the last 4 days of treatment for BSFS; and SBM and CSBM

Prequency.
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Table 7

Summary of Bowel Habits Date for the Fed and Fasted Conditions
(Last 4 Days of Treatment)

seeneenNNN

Change from Pretreatment Difference
Mean (SEMD Mean and 90 percent P.Valine

Ci

PD Score Linaclotide Linaclotide ~

cee.(S08ug}Fed (306 ug) Fasted Fed-Fasted Difference Fed vs Fasted
BSS Score2.36(0.230) 1.97 O.174) 0.38 (-0.08, 0.86) O.1754
SBM 2.28 (O.704) G.72 (.419) 1.56 (0.60, 2.54} G.I
CSBM 1.00 (0.6473 0.39 (0.293) G.68 (-6.49, 1.71) G.3454

Ci = Confidence interval

PE Results: Plasma from all subjects who were administered 300 ug of Hnaclotide

for 7 days of treatment showed no quantifiable levels of linaclotide (limit of detection = 0.2

ng/ml) or Hinaclotide metabolite (limit of detection = 2.0 ng/ml). The resulting bioanalysis of

the 1g subjects who received 10 times this dose (3000 up), yielded only 2 individuals (subject

numbers 001012 and 001019, both in the fasted condition} with detectable levels of

linaclotide with Cmax (Tnx) being 0.735ng/mi (2h) and 0.21 2ngfml (6.5 h}, respectively in the

plasma. Subject 001019 had onlya single sample with a measurable level (0.212 ng/mL},

rightat the lower limit of quantification (LLOQ) of the assay. No metabolite (SEQ ID NO:

10} was detected in the plasma from any subject. No PK parameters (apart from the observed

Cmax and Trax} Could be calculated in the 2 subjects due to limited data points.

As for the 24-hour siool results, approximately 3 percent of a single dose of

linaclotide was recovered on average following 7 days of dosing at 300 ug per day under both

fed and fasted conditions. The recovery was predominately in the form of a major linaclotide
metabolite.

Conclusions of Study

in this study of healthy subjects, the PD effects of linaclotide after 7 days of dosing

were not demonstrated to be equivalent following dosing in the presence of a high-fat meal

versus dosing in the fasted condition. Thus, taking linaclotide with food appears to increase
the PD effects of linaclotide.

Without further description, it is believed that one of ordinary skill in the art can,

using the preceding description and the illustrative examples, make and utilize the present

invention and practice the claimed methods. It should be understood that the foregoing

discussion and examples merely present a detailed description of certain preferred

embodiments. it will be apparent to those of ordinary skill in the art that various
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modifications and equivalents can be made without departing from the spirit and scope of the

invention. All the patents and patent publications discussed or cited above are herein

mecorporated by reference.
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What is claimedis:

I. A method of decreasing the pharmacodynamic effect of a GC-Creceptor agonist

polypeptide formulation which is administered to a subject in need of such treatment,

comprising administering the GC-C receptor agonist polypeptide formulation to the

subject before the ingestion of food, wherein the GC-C receptor agonist formulation

comprises a GC-C receptor agonist polypeptide, a pharmaceutically acceptable

carrier, and one or more agents selected from a cation selected from Meg”, Ca, Zn,

Mn**, K*, Na* and AP’ andasterically hindered primary amine.

The method of claim 1, wherein the GC-C receptor agonist polypeptide formulation is

administered to the subject 15 minutes to 4 hours before the ingestion of food.

The method ofclaim 1, wherein GC-C receptor agonist polypeptide formulationis

administered to the subject | to 18 hours before the ingestion of food.

The method of claim 1, wherein GC-C receptor agonist polypeptide formulationis

administered to the subject 4 to 12 hours before the ingestion of food.

The method of claim 1, wherein GC-C receptor agonist polypeptide formulation is

administered to the subject 30 mimutes to 8 hours before the mgestion of food.

The method of claim 1, wherein the GC-C receptor agonist polypeptide formulation is

administered to a subject having an empty stomach.

The method of claim |, wherein the subject in need of such treatment is suffering

from a disorder selected from the group consisting of gastrointestinal motility

disorder, chronic intestinal pseudo-obstruction, colonic pseudo-obstruction,

duodenogastric reflux, dyspepsia, functional dyspepsia, nonulcer dyspepsia,

functional gastrointestinal disorder, functional heartburn, gastroesophageal reflux

disease (GERD), gastroparesis,irritable bowel syndrome, post-operative Ueus, and

constipation.
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10.

Th.

V2.

13.

14,

U3.

The method of claim 1, wherein the subject in need of such treatment is suffering

from a disorder selected from the group consisting of irritable bowel syndrome (IBS)

and constipation.

The method of claim 8, wherein said disorder is TBS, and said EBS is constipation-

predominant [8S (088-c} or alternating IBS (TBS-a}.

The method of claim 9, wherein said IBS is DS8S8-c.

The method of claim 8, wherein said disorderis constipation, and said constipation is

chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.

The method of claim 1, wherein the pharmacodynamic effect is measured by the

Bristol Stool Form Scale CBSFS), the number of spontaneous bowel movements

(SBMD in 4 given time period and/or the number of complete SBM (CSBM)ina

#iven time period.

The method of claim 1, wherein the pharmacodynamic effect results in a lower score

on the Bristol Stool Porm Scale (3SFS) when the formulation is administered to the

subject before ingestion of food as compared to when the formulation is administered

to the subject with food or shortly after ingestion of food.

The method of claim 1, wherein the pharmacodynamic effect resulis in fewer

spontaneous bowel movements (SBM) in a time period (e.g., a 24 hour period, three

day time period, seven day time period, two week time period or four week time

period) when the formulation is administered to the subject before ingestion of food

as compared to when the formulation is administered to the subject with food or

shortly after ingestion of food,

The method of claim 1, wherein the pharmacodynamic effect results in fewer

spontaneous bowel movements (GBM) in a time period (c.g., a 24 hour period) when

the formulation is administered to the subject before ingestion of food as compared to
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16,

7,

18.

19,

when the formulation is administered te the subject with food or shortly after

ingestion of food.

The method of claim 1, wherein the pharmacodynamic effect results in fewer

complete spontaneous bowel movements (CSBM) in a time period (e.g., a 24 hour

period, three day time period, seven day time period, two week time period or four

week time period) when the formulation is administered to the subject before

ingestion of food as compared to when the formulation is administered to the subject

with food or shortly after ingestion of food

The method of claim i, wherein the pharmacodynamic effect results im fewer

complete spontaneous bowel movements (CSBM) in a time period (e.¢., a 24 hour

period, three day time period, seven day time period, two week time period or four

week time period) when the formulation is administered to a subject before ingestion

of food as compared to when the formulation is administered to the subject with food

or shortly after ingestion of food.

The method of claim |, wherein the GC-C receptor agonist polypeptide of the GC-C

receptor agonist polypeptide formulation is selected from linaclotide and any of the

polypeptides disclosed in any of US 7,304,036, US 7,371,727, WO O2/78683, WO

2004/0689 165, WO2005/087797, WO 2007/02253 1, WO2005/016244,

WO2005/074575, WO2006/102068, WO2008/00297 |, WO2008/106429, WO

2008/1373 18, WO2002/078683, WO 2006/086633, WO 2007/10L158, WO

2008/151257, USTO41786, and WO 2007/101161.

The method of claim 18, wherein said polypeptide is selected from the group

consisting of CCEFCCNPACTGCY (SEQ ID NO: 2), CCEFCCNPACTGC (SEQ ID

NG: 3), CCEICCNPACTGCY (SEQ ID NO: 4), CCEECCNPACTGC (SEQ ID NO:

5}, CCELCCNPACTGCY (SEQ ID NO: 6), CCELCCNPACTGC (SEQ ID NO: 7),

CCEWCCNPACTGCY (SEQ ID NO:8), CCEWCCNPACTGC (SEQ ID NO:9),

CCEYCCNPACTGC (SEQ ID NO: 10), PGTCEICAYAACTGC (SEQ ID NO:11),

NDDCELCVNVACTGOCL(SEQ ID NOC: 12), NDECELCVNVACTGCL (SEQ ID

NO:13), and CCEYCCNPACTOCY (SEQ ID NO: 14).
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20,

al.

22

23.

24.

The method of claim 1-18, wherein the GtC-C receptor agonist polypeptide is

linaclotide.

The method of claim 1, wherein the agent is a cation selected from the group

consisting of Me”*, Ca’, Zn**, Mn", K*, Na* and AP*,

The method of claim 21, wherein the Mg’, Ca”, Zn**, Mn®", K*, Na‘ or AP* is

provided as magnesium acetate, magnesium chioride, magnesium phosphaie,

magnesium sulfate, calclum acetate, calcium chloride, calcium phosphate, calcium

sulfate, zinc acetate, zinc chloride, zinc phosphate, zinc sulfate, manganese acetate,

manganese chloride, manganese phosphate, manganese sulfate, potassium acetate,

potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium

chloride, sodium phosphate, sodium sulfate, aluminum acetate, aluminum chloride,

aluminum phosphate or aluminum sulfate.

The method of claim 22, wherein the agent is a cation selected from Mg’*, Ca”* or

Zn°*, provided as magnesium chloride, calcium chloride or zinc acetate.

The method of claim 23, wherein the cation is Ca’* provided as calciumchloride.

The method of claim 1, wherein the agent is a sterically hindered primary amine.

The method of claim 25, wherein the sterically hindered primary amine is selected

from a

a naturally-occurring amino acid, a non-maturally occurring amino acid, and a

sterically hindered primary amine has the formula: , wherein R,, Ry and R; are

independently selected from: H; ~C(Q)OH; C.-C, alkyl, optionally substituted by

—COnH, ~CONH), or a 5-10 membered aryl or heteroaryl; C\-Cs alkoxyalkyl: or C,-

Coy thioalkoxyalkyl , , wherein any of the alkyl or aryl groups above can be singly or

multiply substitated with halogen or -NHb), and provided that no more than two of R;,

R, and R; are H. In a further embodiment, no more than one of Ri, Ro and R3is H.
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27.

ai.

toa ie

33.

The method of claim 27, wherein the naturally-occurring amine acid is histidine,

phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

asparagine, tyrosine, threonine, isoleucine, tryptophan, glycine or valine.

The method of claim 27, wherein the naturally-cccurring amino acid is leucine or

methionine.

The method of claim 27, wherein the naturally-occurring amine acid is leucine.

The method of claim 27, wherein the sterically hindered primary amine is a non-

naturally occurring amino acid which is l-amimocyclohexane carboxylic acid.

The method of claim 27, wherein the sterically hindered primary amine is

ecyclohexylamine, 2-methylbutylamine, or chitosan.

The method of claim |, wherein the GC-C receptor agonist polypeptide formulation

comprises a cation selected from Mg’*, Ca’, Zn?*, Mn®*, Kt, Nat and AP’, and a

sterically hindered primary amine selected from a naturally-occurring amino acid, a

non-naturally occurring amino acid, and a sterically hindered primary amine has the

formula: , wherein R;, R. and Ra are independently selected from: H; ~-C(QIOH: C,-

Ce. alkyl, optionally substituted by ~-CO:H, ~COND, or a 5-10 membered aryl or

heteroaryl; C,-C, alkoxyalkyl; or C,-C, thicalkoxyalkyl, wherein any of the alkyl or

aryl groups above can be singly or multiply substituted with halogen or~NHb>, and

provided that no more than two of Ry, Ry and R, are H. Ina further embodiment, no

more than one of R;, Ro and BR; is H.

The method of claim 32, wherein the GC-C receptor agonist polypeptide formulation

comprises a cation selected from Me”, Ca** and Zn?" provided as magnesium

chloride, calcium chloride, calcium phosphate, calcium sulfate, zine acetate,

manganese chloride, potassium chioride, sodium chloride or aluminum chloride and a

sterically hindered primary amine selected from histidine, phenylalanine, alanine,

glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine, valine, l-aminocyclohexane carboxylic

acid, cyclohexylamine 2-methylbutylamine, and chitosan.
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34.

36,

37,

38.

39.

40.

41,

42,

43,

The method of claims 1-33, wherein the cation is Ca” provided as calcium chioride

and the sterically hindered primary amine is leucine.

The method of claim 34, wherein the molar ratio of Ca’* to leucine is at least 1:1.

The method of claim 34, wherein the molar ratio of Ca‘* to leucine is at least 1.521.

The method of claim 34, wherein the molar ratio of Ca’* to leucine is at least 2:1.

The method of claim 1-37, wherein the sterically hindered amine is leucine and the

molar ratio of leucine to GC-C receptor agonist polypeptide is at least 10:1,

The method of claim 38, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 20:1,

The method of claim 38, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 30:1,

The method of claims 1-40, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable binder.

The method of claim 41, wherein the pharmaceutically acceptable binder is selected

from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a starch, maltodextrin or a

cellulose ether selected from methylcellulose, ethylcellulose, carboxymethylcellulose,

hydroxyethyl cellulose, hydroxyethyl methylcellulose, hydroxypropy! cellulose and

hydroxypropyl methyicellulose..

The method of claims 1-42, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable glidant or lubricant or an

additive that acts as both a glidant and lubricant.
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44,

45.

46,

47,

As.

40,

50.

52.

$3.

The method of claims 1-43, wherein the GC-C receptor agonist polypeptide

formulation additionally comprises an antioxidant selected from BHA, vitamin E,

and propyl gallate.

The method of claims 1-44, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable filler particles having an

average diameter between 150 pm and 1000 pm, wherein the pharmaceutically

acceptable filler is selected from microfine cellulose, microcrystalline cellulose,

isomalt, mannitol, and dibasic calcium phosphate.

The method of claim 45, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:25 and 1:2,500.

The method of claim 46, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:2000.

The method of claim 47, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:1000.

The method of clatms 1-48, wherein the molar ratio of cation:sterically hindered

primary amine:GC-C receptor agonist polypeptide is 40-100:20-56:1.

The method of claim 49, wherein the molar ratio of Ca**leucine:GC-C receptor
agonist polypeptide is 100:30:1, 80:40:1, 80:36:1, 80:20:1, 60:30:1, 60:20:1, 50:30:1,

30:20: 1, 40:20:1, 20:26:1, 10:10:1, 16:5:1, 5:10:1 or 5:43:41,

The method of claim 50, wherein the molar ratio of Ca**sleucine:GC-C recepior
agonist polypeptide is 60:30:1.

The method of claims 1-51, wherein the GC-C receptor antagonist formulation is in

the form of a capsule or tablet.

The method of claim 52, wherein the capsule or tablet comprises 50 yg to 1 mg GC-C

receptor agonist polypeptide.
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34.

55.

36.

37.

58.

The method of claim 52, wherein the capsule or tablet comprises 100 pg, 150 ug, 200

ug, 300 us, 400 pg, 300 pe or 600 ug GC-C receptor agonist polypeptide.

A method of decreasing the pharmacodynamic effect of a GC-C receptor agonist

polypeptide formulation which is administered to a subject suffering from irritable

bowel syndrome or constipation, comprising administering the GC-C receptor agonist

polypeptide formulation to the subject before the ingestion of food, wherein the GC-C

receptor agonist formulation comprises a GC-C receptor agonist polypeptide, a

pharmaceutically acceptable carrier, Ca’* provided as calcium chloride, and leucine.

The method of any one of claims 21-55, wherein the GC-C receptor agonist

polypeptide is Enaclotide.

A method of decreasing the pharmacodynamic effect of a linaclotide formulation

which is administered to a subject suffering from irritable bowel syndrome or

constipation, comprising administering the GC-~C receptor agonist polypeptide

formulation to the subject before the ingestion of food, wherein the GC-C receptor

agonist formulation comprises linaclotide or a pharmaceutically acceptable salt of

linaclotide, a pharmaceutically acceptable carrier, Ca** provided as calcium chloride,
and leucine.

A method of decreasing the pharmacodynamic effect of a linaclotide formulation

which is administered to a subject suffering from irritable bowel syndrome or

constipation, comprising administering the GC-C receptor agonist polypeptide

formulation to the subject before the ingestion of food, wherein the GC-C receptor

agonist formulation in a comprises:

(a) Linaclotide;
(b) CaChsZibho:
{c} L-Leucine; and

(d} Hydroxypropyl Methyicellulose

wherein linaclotide is present in the pharmaceutical composition in an amount

between 100ug to 600u¢ and the molar ratio of Ca’*:leucine:linaclotide is between 5-

100:5-50:1,
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39,

60.

61.

62.

The method of claim 38,in the formulationis in the form of a tablet or capsule that

comprises:

i33 or 266p¢ of linaclotide;

[54tug of CaCh:

687ug of leucine; and

7O0ug hydroxypropyl methylcellulose.

The method of claum 1, wherein the pharmacodynamic effect results in a lower score

on the Bristol Stool Form Scale (BSFS), fewer spontaneous bowel movements (SBM)

in a time period (e.g., a 24 hour period, three day time period, seven day time period,

two week time period or four week time period), and fewer complete spontaneous

bowel movernents (CSBM)in a time period (e.g., a 24 hour period, three day time

period, seven day time period, two week time period or four week time period) when

the formulation is administered to the subject before ingestion of food as compared to

when the formulation is administered to the subject with food or shortly after

ingestion of food.

The method of claim 1, wherein the pharmacodynamic effect results in a lower score

on the Bristol Stool Form Scale (BSFS) and fewer spontaneous bowel movements

(SBM)in a time period (e.g., a 24 hour period, three day time period, seven day time

period, two week time period or four week time period), when the formulation is

administered to a subject who has not eaten as compared to said subject before

ingestion of food as compared to when the formulation is administered to the subject

with food or shortly after ingestion of food.

The method of claim 1, wherein the pharmacodynamic effect results in a lower score

on the Bristol Stool Form Scale (BSES) and fewer complete spontaneous bowel

movements (CSBM)in a time period (e.g., a 24 hour period, three day time period,

seven day time period, two week time period or four week time period), when the

formulation is administered to a subject before ingestion of food as compared to when

the formulation is administered to the subject with food or shortly after ingestion of
food.
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63.

65.

66.

67.

68.

69.

70.

71,

72.

73.

A method of decreasing the pharmacodynamic effect of a GC-C receptor agonist

polypeptide which is administered to a subject in need of such treatment, comprising

administering the GC-C receptor agonist polypeptide to the subject before the

ingestion of food.

The method of claim 59, wherein the GC-C receptor agonist polypeptide is

administered to the subject 15 minutes to 24 hours before the ingestion of food.

The method of claim 59, wherein GC-C receptor agonist polypeptide is administered

to the subject | to 18 hours before the ingestion of food:

The method of claim 59, wherein GC-C receptor agonist polypeptide is administered

to the subject 4 to 12 hours before the ingestion of food.

The method of claim 59, wherein GC-C receptor agonist polypeptide is administered

to the subject 30 minutes to 8 hours before the ingestion of food.

The method of claim 59, wherein the GC-C receptor agonist polypeptide is

administered to a subject having an empty stomach.

The method of claims 39-64, wherein the GC-C receptor agonist polypeptide is
linaciotide.

The method of claim 1, wherein the GC-C receptor agonist polypeptide formulation is

administered to the subject at least 15 minutes before the ingestion of food.

The method of claim 66, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 30 minutes before the ingestion of food.

The method of claim 67, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 1 hour before the ingestion of food.

The method of claim 68, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 2 hours before the ingestion of food.
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74,

75.

76.

77,

78.

79.

80.

8k,

82.

83.

The method according to any one of claims 66-69, wherein the GC-C receptor agonist

polypeptide is Hnaclotide.

The method according to claim 63, wherein the GC-C receptor agonist polypeptide is

administered to the subject at least 15 minutes before the ingestion of food.

The method of claim 73, wherein the GC-C receptor agonist polypeptide is

administered to the subjectat least 30 minutes before the ingestion of food.

The method of claim 76, wherein the GC-C receptor agonist polypeptide is

administered to the subject at least 1 hour before the ingestion of food.

The method of claim 77, wherein the GC-C receptor agonist polypeptide is

administered to the subject at least 2 hours before the ingestion of food.

The method according to any one of claims 75-78, wherein the GC-C receptor agonist

polypeptide is linaclotide.

The method according to any one of claims 63 or 75-79, wherein said GC-C receptor

agonist polypeptide is administered as a forrnulation comprising the GC-C receptor

agonist polypeptide and a pharmaceutically acceptable excipient.

The method according to any one of claims 63-80, wherein the subject in need of such

treatmentis suffering from a disorder selected from the group consisting ofirritable

bowel syndrome (IBS) and constipation.

The method of claim 81, wherein said disorder is IBS, and said IBS is constipation-

predominant IBS (BS-c) or alternating [IBS (IBS-a).

The method of claim 82, wherein said TBS is IBS-c.
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84.

85.

86.

87.

88.

89,

30.

Ot.

92,

93.

The method of claim 81, wherein said disorder is constipation, and said constipation

is chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.

The method of claim 1, wherein the GC-C receptor agonist polypeptide formulation is

administered to the subject at least 4 hours after the ingestion of food.

The method of claim 85, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 6 hours after the ingestion of food.

The method of claim 86, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subjectat least 8 hours after the ingestion of food.

The method of claim 87, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 10 hours after the ingestion of food.

The method of any one of claims 85-88, wherein the GC-C receptor agonist

polypeptide formulation is administered to the subject at least 15 minutes before the

ingestion of more food.

The method of claim 39, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 30 minutes before the ingestion of more food.

The method of claim 90, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 1 hour before the ingestion of more food.

The method of claim 91, wherein the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 2 hours before the ingestion of more food.

The method of any one of claims 85-92, wherein the GC-C receptor agonist

polypeptide is linaclotide.
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94,

O53,

96.

97.

98.

O89,

100.

101,

102.

i03.

The method of any one of claims 85-93, wherein the subject in need of such treatment

is suffering from a disorder selected from the group consisting of irritable bowel

syndrome (TBS) and constipation.

The method of claim 94, wherein said disorder is TBS, andsaid EBS is constipation-

predominant IBS (IBS-c) or alternating [BS (IBS-a).

The method of claim 95, wherein said IBS is IBS-c.

The method of claim 94, wherein said disorder is constipation, and said constipation

is chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.

The method of claim 63, wherein the GC-C receptor agonist is administered to the

subject at least 4 hours after the ingestion of food.

The method of claun 98, wherein the GC-Creceptor agonist polypeptide is

administered to the subject at least 6 hours after the ingestion of food.

The method of claim 99, wherein the GC-C receptor agonist polypeptideis

administered to the subject at least 8 hours after the ingestion of food.

The method of claim 101, wherein the GC-C receptor agonist polypeptide is

administered to the subject at least 10 hours after the ingestion of food.

The method of any one of claims 98-101, wherein the GC-C receptor agonist

polypeptide is administered to the subject at least 15 minutes before the ingestion of
more food.

The method of claim 102, wherein the GC-C receptor agonist polypeptideis

administered to the subject at least 30 minutes before the ingestion of more food.

The method of claim 103, wherein the GC-C receptor agonist polypeptide is

administered to the subject at least | hour before the ingestion of more food.
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ids.

106.

tO?

1O8.

L089,

LIO.

Hil.

112.

113.

Li4,

The method of claim 104, wherein the GC-C receptor agonist polypeptideis

administered to the subject at least 2 hours before the ingestion of more food.

The method of any one of claims 98-105, wherein the GC-C receptor agonist

polypeptide is linaclotide.

The method according to any one of claims 98-106, wherein said GC-C receptor

agonist polypeptide is administered as a formulation comprising the GC-C receptor

agonist polypeptide and a pharmaceutically acceptable excipient.

The method of any one of claims 98-107, wherein the subject in need of such

ireaiment is suffering from a disorder selected from the group consisting of irritable

bowel syndrome (13S) and constipation.

The method of claim 108, wherein said disorder is IBS, and said TBS is constipation-

predominant IBS (IBS-c) or alternating [BS (IBS-a).

The method of claim 109, wherein said IBS is 168S-c.

The method of claim108, wherein said disorder is constipation, and said constipation

is chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.

The method of claim 111, wherein said constipation is chronic constipation.

A method of increasing the pharmacodynamic effect of a GC-Creceptor agonist

polypeptide which is administered to a subject in need of such treatrnent, comprising

administering the GC-C receptor agonist polypeptide to the subject with the ingestion

of food or within two hours after the ingestion of food.

The method according to claim 113, wherein the GC-C receptor agonist polypeptide

is administered with the ingestion of food,
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iis.

116.

117.

118.

Lig,

i20.

i2k.

122.

123.

i24,

125.

The method according to claim 114, wherein the GC-C receptor agonist polypeptide
is administered with a meal.

The method according to claim 113, wherein the GC-Creceptor agonist polypeptide

is administered within two hours after the ingestion of food.

The method according to claim 116, wherein the GC-C receptor agonist polypeptide

is administered within one hour after the ingestion of food.

The method according to claim 117, wherein the GC-C receptor agonist polypeptide

is administered within 30 minutes after the ingestion of food.

The method according to claim 118, wherein the GC-C receptor agonist polypeptide

is administered within 15 minutes after the ingestion of food.

The method of any one of claims 113-119, wherein the GC-C receptor agonist

polypeptide is linaclotide.

The method according to any one of claims 113-120, wherein said GC-C receptor

agonist polypeptide is administered as a formulation comprising the GC-C receptor

agonist polypeptide and a pharmaceutically acceptable excipient.

The method of any one of claims 113-121, wherein the subject in need of such

treatmentis suffering from a disorder selected from the group consisting ofirritable

bowel syndrome (BS) and constipation.

The method of claim 122, wherein said disorder is TBS, and said [BS is constipation-

predominant IBS (BS-c) or alternating IBS (IBS-a).

The method of claim 123, wherein said IBS is [RS-<.

The method of claim124, wherein said disorder is constipation, and said constipation

is chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.
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126.

127.

128.

136.

131.

i32,

The method according to claim 121, wherein the formulation further comprises one or

more agents selected from a cation selected from Mg’", Ca", Zn**, Mn**, K*, Na’ and

ADora sterically hindered primary amine.

The method of claim 126, wherein the Mg’, Ca**, Za**, Mn**, Kt, Nat or AP*is

provided as magnesium acetate, magnesium chloride, magnesium phosphate,

magnesium sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium

sulfate, zinc acetate, zinc chloride, zinc phosphate, zinc sulfate, manganese acetate,

manganese chicride, manganese phosphate, manganese sulfate, potassium acetate,

potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium

chloride, sodium phosphate, sodium sulfate, aluminum acetate, aluminum chloride,

ahiminum phosphate or aluminum sulfaic.

The method of claim 127, wherein the agent is a cation selected from Mg’*, Ca”* and
zn, provided as magnesium chioride, calcium chloride or zinc acetate.

The method of claim 128, wherein the cation is Ca** provided as calcium chioride.

The method of claim 126, wherein the agent is a sterically hindered primary amine.

The method of claim 130, wherein the sterically hindered primary amine is selected

from a naturally-occurring amino acid, a non-naturally occurring amino acid, and a

sterically hindered primary amine has the formula: , wherein Ri, Rz and Rs are

independently selected from: H; ~C(Q)OH; C)-Cg alkyl, optionally substituted by

~COoH, ~CONRb,or a 5-10 membered aryl or heteroaryl; C)-C, alkoxyalkyl; or C)-

Cs thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or

multiply substituted with halogen or -NHb, and provided that no more than two of Ry,

Ro and R3 are H. In a further embodiment, no more than one of Ry, R> and R;is H.

The method of claim 131, wherein the naturally-occurring amine acid is histidine,

phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

asparagine, tyrosine, threonine, isoleucine, tryptophan, glycine or valine.
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133.

134,

135.

136.

137,

138.

i3%,

The method of claim 132, wherein the naturally-occurring amino acid is leucine or
methionine.

The method of claim 133, wherein the naturally-occurring amino acid is leucine.

The method of claim 131, wherein the sterically hindered primary amine is a non-

naturally occurring amino acid which is l-aminocyclohexane carboxylic acid.

The method of claim 135, wherein the sterically hindered primary amine is

cyclohexylamine, 2-methylbutylamine, or chitosan.

The method of claims 113-156, wherein the GC-C receptor agonist polypeptide

formulation comprises a cation selected from Mg”, Ca**, Zn’*, Mn**, K*, Na’ and

Al, anda sterically hindered primary amine selected from a naturally-occurring
amino acid, a non-naturally occurring aminoacid, and a sterically hindered primary

amine has the formula: , wherein R;, Ro and R; are independently selected from: H;

~C(OjOH; C.-C, alkyl, optionally substituted by ~CO,H, ~CONHh, or a 5-16

membered aryl or heteroaryl; C,-C, alkoxyalkyl; or C,-C, thioalkoxyalkyl, wherein

any of the alkyl or aryl groups above can be singly or multiply substituted with

halogen or ~-NHb, and provided that no more than two of Ri, R; and R3are H. Ina

further embodiment, no more than one of R., Rs and R;is H.

The method of claim 137, wherein the GC-C receptor agonist polypeptide formulation

comprises a cation selected from Mg**, Ca’* and Zn”* provided as magnesium
chioride, calciumchloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminum chloride and a

sterically hindered primary amine selected from histidine, phenylalanine, alanine,

glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine,tyrosine,

threonine, isoleucine, tryptophan, glycine, valine, |-aminocyclohexane carboxylic

acid, cyclohexylamine 2-methylbutylamine, and chitosan.

The method of claims 137, wherein the cation is Ca” provided as calcium chloride and

the sterically hindered primary amie is leucine.
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140.

141.

142.

143.

i44,

i45.

146.

147,

14g.

ido.

i5a.

The method of claim 159 wherein the molar ratios of Ca’* to leucine is at least 1:1.

The method of claim 139, wherein the molar ratio of Ca’ to leucine is at least 1.5:1.

The method of claim 139, wherein the molar ratio of Ca’" to leucineis at least 2:1.

The method of claim 137, wherein the sterically hindered amine is leucine and the

molar ratio of leucmne to GCC receptor agonist polypeptide is at least 10:1.

The method of claim 137, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 20:1.

The method of claim 137, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 30:1.

The method of clanns 137, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable binder.

The method of claim 146, wherein the pharmaceutically acceptable binderis selected

from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a starch, maltodextrin or a

cellulose ether selected from methylcellulose, ethylcellulose, carboxymethyicellulose,

hydroxyethyl cellulose, hydroxyethyl methylcellulose, hydroxypropyl cellulose and

hydroxypropyl methylcellulose..

The method of claims 113-147, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable glidant or lubricant or an

additive that acts as both a glidant and lubricant.

The method of claims 113-148, wherein the GC-C receptor agonist polypeptide

formulation additionally comprises an antioxidant selected from BHA, vitamin E,

and propyl gallate.

The method of claims 113-149, wherein the GC-C receptor agonist polypeptide

formulation additionally comprises a pharmaceutically acceptable filler particles
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iSk.

152.

154.

i535.

137.

138.

159.

i60.

having an average diameter between 150 um and 1000 pm, wherein the

pharmaceutically acceptable filler is selected from microfine cellulose,

microcrystalline cellulose, isomailt, mannitol, and dibasic calcium phosphate.

The method of claim 150, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:25 and 1:2,500.

The method of claim 151, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:2000.

The method of claim 152, wherein the weightratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:106 and 1:1600.

The method of claims 113-133, wherein the molar ratio of cation:sterically hindered

primary amine:GC-C receptor agonist polypeptide is 40-100:20-50:1,.

The method of claim 154, wherein the molar ratio of Ca?*:eucine:GC-C receptor

agonist polypeptide is 100:30:1, 80:40: 1, 80:30:1, 80:20:1, 60:36:1, 60:20:71, 56:30:1,

SO:20:1, 40:20:1, 20:20:31, 10:10:14, 10:5:1, $:16:1 or 5:5:1.

The method of claim 155, wherein the molar ratio of Ca’*Jeucine:GC-C receptor
agonist polypeptide is 60:30: 1.

The method of claims 113-156, wherein the GC-C receptor antagonist formulation is

in the form of a capsule or tablet.

The method of claim 157, wherein the capsule or tablet comprises 50 jig to 1 mg GC-

C receptor agonist polypeptide.

The method of claim 137, wherein the capsule or tablet comprises 100 pg, 133 pg,

130 pg, 200 yg, 266 weg, 300 ug, 400 wg, 500 ug or 600 pg GC-C receptor agonist

polypeptide.

The method of claim 157, wherein the capsule or tablet comprises:
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{a} Linaclotide;
(b} CaCh*2H,0;
(c} L-Leucine; and

(d) Hydroxypropy! Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between

100,:g to 600j1g and the molar ratio of Ca”*:leucine:linaclotide is between 5-100:5-50:1.

161. The method of claim 160, wherein the capsule or tablet comprises:

133 or 26G6u¢@ of Hnaclotide:

[34ipg of CaCl;

6BTpe of leucine; and

700ug hydroxypropyi methylcellulose.

162. A method of treating irritable bowel syndrome or constipation in a subject in need of

such treatment, comprising: administering a GC-C receptor agonist polypeptide to the

subject before the ingestion of food.

163. The method of claim 162, wherein GC-C receptor agonist polypeptide formulation is

administered to the subject at least 15 minutes before the ingestion of food.

164. The method of claim 162 wherein GC-C receptor agonist polypeptide formulation is

administered to the subject at least 30 minutes before the ingestion of food.

165. The method of claim 162, wherein the GC-C receptor agonist polypeptide is

administered to a subject having an empty stomach.

166. The method of claim 162, wherein said disorder is IBS, and said IBS is constipation-

predominant IBS (BS-c) or alternating IBS (IBS-a).

167. The method of claim 162, wherein said IBS is IBS-c.

168. The method of claim 162, wherein said disorder is constipation, and said constipation

is chronic constipation, idiopathic constipation, post-operative ileus, or constipation

caused by opiate use.
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169.

178.

L7L.

(72.

174,

The method of clanm (62, wherein the GC-C receptor agonist polypeptide of the GC-

© receptor agonist polypeptide formulation is selected from linaclotide and any of the

polypeptides disclosed in any of US 7,304,036, US 7,371,727, WO 02/78683, WO

2004/069 163, WO2003/087797, WO 2007/022531, WO2005/016244,

WO2005/074575, WO2006/102069, WO2008/00297 1, WO2608/ 106429, WO

2008/1373 18, WO2002/078683, WO 2006/086633, WO 2007/101158, WO

2008/151257, US7041786, and WO 2007/101161.

The method of claim 160, wherein said polypeptide is selected from the group

consisting CCRPCCNPACTGCY (SEQ UD NO: 2), CCEPCCNPACTGC (SEQ ID

NO: 3), CCHICCNPACTGCY (SEQ ID NO: 4), CCHICCNPACTGC (SEQ ID NO:

$3, CCELCCNPACTGCY(SEQ ID NO: 6), CCELCCNPACTGC (SEQ [ID NO: 7),

CCEWCCNPACTOCY (SEQ ID NO: 8), CCEWCCNPACTGC (SEQ ID NO: 9},

CCEYCCNPACTOC (SEQ ID NO: 10), PGTCEICAYAACTGC (SEQ ID NO: 18),

NDBDCELCVNVACTGCL(SEQ ID NO: 12}, NDECELCVNVACTGCL(SEQ ID

NO: 13), and CCEYCCNPACTGCY (SEQ ID NO: 14).

The method of claim 162-170, wherein the GC-C receptor agonist polypeptide is

linaciotide.

The method of claims 169-171, wherein the GC-C receptor agonist is administered as

a formulation comprising the GC-C receptor agonist polypeptide, a pharmaceutically

acceptable carrier, and one or more agents selected from a cation selected from the

group consisting of Mg”*, Ca’*, Zn**, Mn”*, K*, Na* and Al’* and a sterically

hindered primary amine

The method of claim 172, wherein the agent is a cation selected from the group

consisting of Mg**, Ca**, Zn, Mn**, K*, Na’ and AP*.

The method of claim 173, wherein the Mg’, Ca’*, Zn", Mn?*, K*, Na‘ or APis

provided a8 magnesium acetate, magnesium chioride, magnesium phosphate,

magnesium sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium

sulfate, zinc acetate, zinc chloride, zinc phosphate, zinc sulfate, manganese acetate,

manganese chloride, manganese phosphate, manganese sulfate, potassiumacetate,
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i753.

176,

177.

178.

i79.

186,

18t.

182.

183.

potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium

chloride, sodium phosphate, sodium sulfate, alurmimum acetate, alurninum chloride,

ahuninum phosphate or aluminum sulfate.

The method of claim 174, wherein the agent is a cation selected from Mg", Ca®* or

Zn’*, provided as magnesium chloride, calcium chloride or zinc acetate.

The method of claim 175, whereinthe cation is Ca”* provided as calcium chloride.

The method of claim 172, wherein the agent is a sterically hindered primary amine.

The method of claim 177, wherein the sterically hindered primary amineis selected

from a naturally-occurring amino acid, a non-naturally occurring amino acid, and a

sterically hindered primary amine has the formula: , wherein BR, R: and R, are

independently selected from: H; ~C(O}OH; C\~C, alkyl, optionally substituted by

~CO2H, ~CONR), or a 5-10 membered ary] or heteroaryl; C,-C, alkoxyalkyl: or C,-

C, thioalkoxyalkyl ,, wherein any of the alkyl or aryl groups above can be singly or

multiply substituted with halogen or ~-NHy, and provided that no more than two of Rj,

Ro and Riare H. In a further embodiment, no more than one of Ry, Ro and Riis H.

The method of claim 177, wherein the naturally-occurring amino acid is histidine,

phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

asparagine, tyrosine, threonine, isoleucine, tryptophan, glycine or valine.

The method of claim 177, wherein the naturally-occurring amino acid is leucine or

methionine.

The method of claim 177, wherein the naturally-occurring amino acid is leucine.

The method of claim 177, wherein the sterically hindered primary arnine is a non-

naturally occurring amino acid which is l-aminocyclohexane carboxylic acid.

The method of claim 177, wherein the sterically hindered primary amine is

cyciohexylamine, 2-methylbutylamine, or chitosan.
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184.

185.

186.

187.

188.

189.

190.

The method of claim 172 wherein the GC-C receptor agonist polypeptide formulation

comprises a cation selected from Mg’’, Ca®*, Zn**, Mn", K*, Na* and AP", and a

sterically hindered primary amine selected from a naturally-occurring amino acid, a

non-naturally occurring amino acid, and sterically hindered primary arnine has the

formula: , wherein Ry, Rp and Rs are independently selected from: H; —-C(Q)OH: C)-

Cs alkyl, optionally substituted by ~CO.H, -CONHp, or a 5-10 membered aryl or

heteroaryl; C,-C¢ alkoxyalkyl; or C:-C, thioalkoxyalkyl ,, wherein any of the alkyl

or aryl groups above can be singly or multiply substituted with halogen or -NHb, and

provided that no more than two of Ry, Ry and R; are H. In a further embodiment, no

more than one of Ry, Re and Rais H.

The method of claim 184, wherein the GC-C receptor agonist polypeptide formulation

comprises a cation selected from Mg", Ca" and Zn*' provided as magnesium
chioride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,

manganese chloride, potassium chloride, sodium chloride or aluminum chloride and a

sterically hindered primary amine selected from histidine, phenylalanine, alanine,

glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonine, isoleucine, tryptophan, glycine, valine, |-aminecyclohexane carboxylic

acid, cyclohexylamine 2-methylbutylamine, and chitosan.

The method of claims 84, wherein the cation is Ca” provided as calcium chloride and

the sterically hindered primary amine is leucine.

The method of claim 184, wherein the molar ratio of Ca** to leucine is at least 1:1.

The method of claim 184, wherein the molar ratio of Ca’* to leucine is at least 1.5:1.

The method of claim 184, wherein the molar ratio of Ca’* to leucineis at least 2:1.

The method of claim 184, wherein the sterically hindered amine is leucine and the

molar ratio of leucine to GC-C receptor agonist polypeptide is at least 10:1.

7i
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191.

193.

194.

195,

196.

197.

LOS,

199.

The method of claim 172, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 20:1.

The method of claim 172, wherein the molar ratio of leucine to GC-C receptor agonist

polypeptide is at least 30:1.

The method of claims 172, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable binder.

The method of claim 172, wherein the pharmaceutically acceptable binderis selected

from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a starch, maltodextrin or a

celhulose ether selected from methviceilulose, ethyicellulose, carboxymethvicellulose,

hydroxyethyl cellulose, hydroayethy! methylcellulose, hydroxypropyl cellulose and

hydroxypropyl methylcellulose..

The method of claims 172, wherein the GC-C receptor agonist polypeptide

formulation further comprises a pharmaceutically acceptable glidant or lubricant or an

additive that acts as both a glidant and lubricant.

The method of claims 195, wherein the GC-C receptor agonist polypeptide

formulation additionally comprises an antioxidant selected from BHA, vitamin E,

and propy! gallate.

The method of claims 172, wherein the GC-C receptor agonist polypeptide

formulation further comprises pharmaceutically acceptable filler particles having an

average diameter between 1350 um and 1000 pm, wherein the pharmaccutically

acceptable filler is selected from microfine cellulose, microcrystalline cellulose,

isomalt, mannitol, and dibasic calcium phosphate.

The method of claim 197, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:25 and 1:2,500.

The method of claim 198, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:100 and E:2000.
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201.

202.

203.

204.

205.

206,

The method of claim 198, wherein the weight ratio of GC-C receptor agonist

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:1000.

The methodof claims 185, wherein the molar ratio of cation:sterically hindered

primary amine:GC-C receptor agonist polypeptide is 40-100:20-50:1.

The method of claim 185, wherein the molar ratio of Ca**leucine:GC-C receptor

agonist polypeptide is 100:3071, 80:40:1, 86:30:1, 80:20:1, 60:30:1, 60:20:1, 50:30:1,

50:20:14, 40:20:21, 20:20:1, 16:16:21, 10:5:1, 3$:1031 or 3:25:41.

The method of claim 185, wherein the molar ratio of Ca”*:leucine-<GC-C receptor
agonist polypeptide is 60:30:1.

The method of claims 185, wherein the GC-C receptor antagonist formulation is in the

form of a capsule or tablet.

The method of claim 204, wherein the capsule or tablet comprises 50 pg to 1 mg GC-

C receptor agonist polypeptide.

The method of claim 204, wherein the capsule or tablet comprises 100 ug, 133 pg,

150 ug, 200 pg, 266 ug, 300 peg, 400 we, 500 ug or 600 pg GC-C receptor agonist

polypeptide.

The method of claim 204, wherein the capsule or tablet comprises:

(a) Linaclotide;
(3) CaChe2Zio:
{c} L-Leucine; and

id} Hydroxypropyl Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between

100pg to 600g and the molar ratio of Ca**sleucine:linaclotide is between 5-100:5-50:1.

208, The method of claim 207, wherein the linaclotide is present in an amount of 133 or

266118.
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209. The method of claims 207-208, wherein the CaChis present in an amount of 154 lug.

210. The method of claims 207-209 wherein the leucine is present in an amount of 687g.

211. The method of claims 207-210 wherein the hydroxypropyl methylcellulose is present

in an amount of 700ug.
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FORMULATIONS OF GUANYLATE CYCLASE C AGONISTS AND

METHODSOF USE

RELATED APPLICATIONS

[01] This application claims the benefit of priority to U.S. Provisional Application No.

61/383,156 filed on September 15, 2010, U.S. Provisional Application No. 61/387,636 filed

on September 29, 2010, and U.S. Provisional Application No. 61/392,186 filed on October

12, 2010, the contents of which are incorporated by reference in their entireties.

FIELD OF THE INVENTION

[02] The present invention relates to low-dose formulations of guanylate cyclase C peptide

agonists uscful for the treatment and prevention of various discases and disorders.

BACKGROUND OF THE INVENTION

[03] Guanylate cyclase C is a transmembrane form of guanylate cyclase that is expressed

on variouscells, including gastrointestinal epithelial cells @eviewed in Vaandrager 2002 Mol.

Cell. Biochem. 230:73-83). It was originally discovered as the intestinal receptor for the heat-

stable toxin (ST) peptides secreted by enteric bacteria and which cause diarrhea. The ST

peptides share a similar primary amino acid structure with two peptides isolated from

intestinal mucosa and urine, guanylin and uroguanylin (Currie, ef al., Proc. Nat’l Acad. Sci.

USA 89:947-951 (1992); Tlamra, et al., Proc. Nat’l Acad. Sci. USA 90:10464-10468 (1993);

Forte, L., Reg. Pept. 81:25-39 (1999); Schulz, et al., Cell 63:941-948 (1990); Guba,ef al.,

Gastroenterology 111:1558-1568 (1996); Joo, et al., Am. J. Physiol. 274:G633-G644 (1998)).

[04] In the intestines, guanylin and uroguanylin act as regulators offluid and electrolyte

balance. In response to high oral salt intake, these peptides are released into the intestinal

lumen where they bind to guanylate cyclase C localized on the luminal membrane of

enterocytes (simple columnarepithelial cells of the small intestines and colon). The binding

of the guanylin peptides to guanylate cyclase C induceselectrolyte and water excretion into

1
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the intestinal lumen via a complex intracellular signaling cascade thatis initiated by an

increase in cyclic guanosine monophosphate (CGMP).

[05] The cGMP-mediated signaling that is initiated by the guanylin peptidesis critical for

the normal functioning of the gut. Any abnormality in this process could lead to

gastrointestinal disorders such asirritable bowel syndrome (IBS) and inflammatory bowel

diseases. Inflammatory bowel disease is a general name given to a group of disorders that

causethe intestines to become inflamed, characterized by red and swollen tissue. Examples

include ulcerative colitis and Crohn’s discase. Crohn's disease is a scrious inflammatory

disease that predominantly affects theeum and colon, but can also occur in other sections of

the gastrointestinal tract. Ulcerative colitis is exclusively an inflammatory disease of the

colon, the large intestine. Unlike Crohn's disease, in whichall layers of the intestine are

involved, and in which there can be normal healthy bowel in between patches of diseased

bowel, ulcerative colitis affects only the innermost lining (mucosa) of the colon in a

continuous manner. Depending on which portion of the gastrointestinal tract is involved,

Crohn's disease may bereferred to as ileitis, regional enteritis, colitis, etc. Crohn's disease

and ulcerative colitis differ from spastic colon orirritable bowel syndrome, which are

motility disorders of the gastrointestinal tract. Gastrointestinal inflammation can be a chronic

condition, It is estimated that as many as 1,000,000 Americansare afflicted with

inflammatory bowel disease, with male and female patients appearing to be equally affected.

Mostcases are diagnosed before age 30, but the disease can occur in the sixth, seventh, and

later decades oflife.

[06] IBS and chronic idiopathic constipation are pathological conditions that can cause a

great deal of intestinal discomfort and distress but unlike the inflammatory bowcl discascs,

IBS does not cause the serious inflammation or changes in bowel tissue andit is not thought

to increase the risk of colorectal cancer. In the past, inflammatory bowel disease, celiac

disease and IBS were regarded as completely separate disorders. Now, with the description

of inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS and celiac

disease, this contention has come under question. Acute bacterial gastroenteritis is the

strongest risk factor identified to date for the subsequent developmentof postinfective

irritable bowel syndrome. Clinical risk factors include prolonged acute illness and the

absence of vomiting. A genetically determined susceptibility to inflammatory stimuli may

also be a risk factor for irritable bowel syndrome. The underlying pathophysiology indicates
2
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increased intestinal permeability and low-grade inflammation, as well as altered motility and

visceral sensitivity. Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut

function and is known to play a major role in pathophysiology of IBS. The activity of 5-HT is

regulated by cGMP.

[07] While the precise causes of IBS and inflammatory bowel diseases (IBI)) are not

known,a disruption in the process of continual renewal of the gastrointestinal mucosa may

contribute to disease pathology in IBD and aggravate IBS. The renewal processof the

gastrointesunal lining is an efficient and dynamic process involving the continual

proliferation and replenishment of unwanted damaged cells. Proliferation rates of cells lining

the gastrointestinal mucosa are very high, second only to the hematopoietic system.

Gastrointestinal homeostasis depends on both the proliferation and programmedcellular

death (apoptosis) of epithelial cells lining the gut mucosa. Cells are continually lost from the

villus into the lumen ofthe gut and are replenished at a substantially equal rate by the

proliferation of cells in the crypts, followed by their upward movementto the villus. The

rates of cell proliferation and apoptosis in the gut epithelium can be increased or decreased in

a variely of circumstances, e.g., in response Lo physiological stimuli such as aging,

inflammatory signals, hormones, peptides, growth factors, chemicals and dietary habits. In

addition, an enhancedproliferation rate is frequently associated with a reduction in turnover

time and an expansion ofthe proliferative zone. The proliferation index is much higher in

pathological states such as ulcerative colitis and other gastrointestinal disorders. Intestinal

hyperplasia is a major promoter of gastrointestinal inflammation. Apoptosis and cell

proliferation together regulate cell number and determinethe proliferation index. Reduced

rates of apoptosis are often associated with abnormal growth, inflammation, and neoplastic

transformation. ‘Chus, both increased prolitcration and/or reduced cell death may increase the

proliferation index of intestinal tissue, which may in turn lead to gastrointestinal

inflammatory diseases.

108] In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and

ion secretion, these peptides may also be involved in the continual renewal of gastrointestinal

mucosa by maintaining the balance between proliferauion and apoptosis. For example,

uroguanylin and guanylin peptides appear to promote apoptosis by controlling cellular ion

flux. Given the prevalence of inflammatory conditions in Western societies a need exists to
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improve the treatment options for inflammatory conditions, particularly of the gastrointestinal

tract.

[09] Peptide agonists of guanylate cyclase C agonists (“GCC agonists’) are described in

U.S. Patent Nos. 7,041,786, 7,799,897, and U.S. Patent Application Publication Nos.

US2009/0048175, US 2010/0069306, US 2010/0120694, US 2010/0093635, and US

2010/0221329. However, the formulation of peptides for pharmaceutical delivery presents a

numberof special problems. For example, peptides are subject to structural modifications by

a varicly of degradation mechanisms resulting in problems of chemical and physical

instability of the formulation.

SUMMARYOF THE INVENTION

[10] The present invention provides low-dose formulations of peptide agonists of

guanylate cyclase C (“GCC”) and methods for their use in the treatment and prevention of

human diseases and disorders, such as a gastrointestinal motility disorder, irritable bowel

syndrome, a functional gastrointestinal disorder, gastroesophageal reflux disease, functional

heartburn, dyspepsia, functional dyspepsia, nonulcer dyspepsia, gastroparesis, chronic

intestinal pseudo-obstruction, colonic pseudo-obstruction; Crohn's disease, ulcerative colitis,

inflammatory bowel disease, colonic pseudo-obstruction, obesity, congestive heart failure,

and benign prostatic hyperplasia. In certain embodiments, the formulations are stabilized

against chemical degradation of the peptide. The low-dose formulations of the invention

have unexpected efficacy in humansin a dosage range that was not predicted based on

studies in primates. The formulations of the invention are particularly useful for the

treatment or prevention of chronic idiopathic constipation. In certain embodiments, the GCC

agonists are analogs of uroguanylin and bacterial ST peptides. In preferred embodiments, the

analogs have superior properties compared to the naturally occurring or “wild-type” peptides.

Examples of such superior properties include a high resistance to degradation at the N-

terminus and C-terminus from carboxypeptidases, aminopeptidases, and/or by other

proteolytic enzymespresent in the stimulated humanintestinal juices and humangastric

juices. Examples of GCC agonists that can be used in the formulations and methods of the

invention are described in more detail below and in U.S. Patent Nos. 7,041,786, 7,799,897,

and U.S. Patent Application Publication Nos. US2009/0048175, US 2010/0069306, US

4
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2010/0120694, US 2010/0093635, and US 2010/0221329, each of which is incorporated

herein by reference in its entirety.

[11] The invention provides an oral dosage formulation comprising one or more

pharmaceutically acceptable excipients and at least one GCC agonist peptide, wherein the

amount of GCC agonist peptide per unit dose is from 0.01 mg to 10 mg, and wherein the

GCC agonist peptide is selected from the group consisting of SEQ ID NOs: 1-54 and 56-249.

In one embodiment, the GCC agonist peptide has a chromatographic purity of no less than

90%, no less than 90.5%, no less than 91%, no less than 92%, no less than 93%, no less than

94%, no less than 95%, no less than 96%, no less than 97%, no less than 98%, or no less than

99%. The chromatographic purity of the GCC agonist peptide is determined as area percent

by HPLC. In one embodiment, the GCC agonist peptide is selected from the group

consisting of SEQ ID NOs: 1, 8, 9, or 56. In one embodiment, the GCC agonist peptide is

selected trom the group consisting of SEQ ID NOs: 1] and 9. In one embodiment, the GCC

agonist peptide is selected from the group consisting of SEQ ID NOs: 8 and 9. In one

embodiment, the amount of GCC agonist peptide per unit dose is 0.1 mg, 0.3 mg, 0.6 mg, 1.0

mg, 3.0 mg, 6.0 mg, 9.0 mg or 9.5 mg.

[12] Inone embodiment, the GCC agonist peptide has a total impurity content of no

greater than 10%, no greater than 9.5%, no greater than 9%, no greater than 8%, no greater

than 7%, no greater than 6%, no greater than 5%, no greater than 4%, no greater than 3%, no

greater than 2%,or no greater than 1%. The total impurity content is determined as total area

percentages of impurities by HPLC. The impurities do not include any pharmaceutically

acceptable excipient used for the formulation. In one embodiment, the formulation is

substantially free of inorganic acids and carboxylic acids, c.g., HCl, phosphoric acid, or

acetic acid. In this context, carboxylic acids do not include amino acids or peptides. In this

context “substantially” free of acids means that the acid content of the formulation at the time

of packaging is preferably less than 0.2%, less than 0.1%, less than 0.05%, less than 0.01%,

less than 0.005%, or less than 0.001% of the total weight of the formulation. In one

embodiment, the formulation is free of HCI.

[13] In one embodiment, the formulation is a solid formulation. In one embodiment, the

formulation is in the form of a powder, granule, sachet, troche, tablet, or capsule. In another

embodiment, the formulation is a liquid formulation and the GCC agonist peptide is in

5
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solution or suspension in a lipophilic liquid. In one embodiment, the liquid is a refined

specialty oil or a mediumchain triglyceride or related ester. In one embodiment, the refined

specialty oi] is selected from Arachisoil, Castor oil, cottonseed oil, maize (corn) oil, olive oil,

sesame oul, soybean oil, and sunflower oil. In one embodiment, the medium chain

triglyceride or related ester is AKOMED E, AKOMED R, CAPTEX 355, LABRAFAC CC,

LABRAPAC PG, LAUROGLYCOTL, PCC, MIGLYOTM 810, MIGLYOT 812, MIGLYOT,

829, MIGLYOL 840, and SOFTISAN 645. In one embodiment, the liquid is selected from

the group consisting of medium chain triglycerides, propylene glycol dicaprylocaprate,

vitamin E, and soybean oil. In one embodiment, the unit dose is a powder, tablet, or capsule.

In one embodiment, the unit dose is a liquid-filled capsule. In one embodiment, the capsule

or tablet is in a blister pack or strip. Preferably, the blister pack or strip is made of a material

that is impermeable to water vapor and oxygen. In one embodimentthe blister pack is

comprised of a metal foil. In one embodiment, the container of the blister pack is flushed

with an incrt gas such as nitrogen or argon. In onc embodiment, the container further

includes a desiccant. In a preferred embcedimentthe desiccant is a molecular sieve. In one

embodiment, the unit dose is in a high density polyethylene bottle having a seal. In one

embodiment, the bottle further comprises a desiccant. In one embodiment, the bottle further

comprises an oxygen scavenger or molecular sieve. In one embodiment, the botWe is nearly

impermeable to oxygen and water vapor (e.g., much more impermeable than a HDPEbottle),

such as an OxyGuard bottle.

[14] Inone embodiment, the one or more pharmaceutically acceptable excipients include

an inert carrier. In one embodiment, the inert carrier is a selected from mannitol, lactose, a

microcrystalline cellulose, or starch. In one embodiment, the inert carrier has a particle size

of from 50 to 900 microns, from 50 to 800 microns, from 50 to 300 microns, from 50 to 200

microns, from 75 to 150 microns, from 75 to 200 microns, or from 75 to 300 microns.

[15] Inone embodiment, the GCC agonist peptide is stabilized against chemical or

physical degradation for a period of at least 18 months at 30 °C and 65% relative humidity, or

at least 18 monthsat 25 °C and 60%relative humidity, or at least 18 months at 2-8 °C.

[16] Inone embodiment, the one or more pharmaceutically acceptable excipients include a

divalent cation salt such as calciumchloride. In one embodiment, the one or more

pharmaceutically acceptable excipients comprise an aminoacid, such as leucine.

6
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[17] Inone embodiment, the oral dosage formulation consists of the GCC agonist peptide

described herein, an inert carrier, and a lubricant (e.g., magnesiumstearate). In one

embodiment, the formulation consists of the GCC agonist peptide, an inert carrier, a divalent

cation salt (e.g., CaCl»), an amino acid (e.g., leucine), a coating agent(e.g., hypromellose)

and optionally a lubricant (e.g., magnesium stearate).

[18] The invention also provides a process for making the oral dosage formulations

described herein, wherein the process comprises a step of dry granulation, wet granulation, or

spray coating followed by drying. In another embodiment, the process comprisesa step of

dry mixing. In a preferred embodimentthe step of dry mixing includes geometric blending.

In one embodiment, the process comprises a step of direct compression. In one embodiment,

the process for making the oral dosage formulations described herein is a spray coating-

drying process which includes (a) providing an aqueoussolution comprising: a GCC agonist

peptide selected from the group consisting of SEQ ID NOs: 1-54 and 56-249, and one or

more pharmaceutically acceptable excipients, wherein the concentration of the GCC agonist

peptide ranges from 10 to 60 mg/mL;and (b) applying the aqueoussolution toa

pharmaceutically acceptable carrier to generate a GCC agonist peptide-coated carrier.

[19] Inone embodimentof the spray coating-drying process above, the one or more

pharmaceutically acceptable excipients comprise a divalent cation salt wherein the divalent

cation is selected from Ca", Mg**, Zn**, and Mn**. In one embodiment, the one or more

pharmaceutically acceptable excipients comprise an amino acid selected from leucine,

isoleucine, and valine. In one embodiment, the one or more pharmaceutically acceptable

excipients comprise a coating agent (such as hypromellose). In one embodiment, the aqueous

solution has a pH greater than 4 (c.g., 4.5-5.5, 5-6, or about 5). In onc embodiment, the

aqueoussolution is substantially free of inorganic acids and carboxylic acids. In one

embodiment, the GCC agonist peptide is selected from the group consisting of SEQ ID NOs:

1, 8, 9, and 56. In one embodiment, the process further includes drying the GCC agonist

peptide-coated carrier.

[20] The invention further provides an oral dosage formulation made by the process

described herein. Preferably, the GCC agonist peptide as madeis stabilized against chemical

or physical degradation tor a period ofat Icast 18 monthsat 30 °C and 65%relative humidity,

or at least 18 months at 25 °C and 60% relative humidity, or at least 18 months at 2-8 °C.

7
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[21] The invention also provides a method for treating or preventing a disease or disorder

in a subject in need thereof, comprising administering to the subject an oral dosage

formulation comprising at least one GCC agonist peptide, wherein the amount of GCC

agonist peptide per unit dose is from 0.01 mg to 10 mg, and wherein the GCC agonist peptide

is selected from the group consisting of SEQ ID NOs: 1-54 and 56-249, Preferably, the

subject is a human subject. In one embodiment, the GCC agonist peptide is selected from the

group consisting of SEQ ID NOs: 1, 8, 9, or 56. In one embodiment, the GCC agonist

peptide is selected from the group consisting of SEQ ID NOs: 1 and 9. In one embodiment,

the amount of GCC agonist peptide per unit dose is 0.1 mg, 0.3 mg, 0.6 mg, 1.0 mg, 3.0 mg,

6.0 mg, 9.0 mg, 9.5 mg, or 10 mg.

[22] In one embodiment, the disease or disorder is a gastrointestinal disease or disorder

selected from the group consisting of irritable bowel syndrome, non-ulcer dyspepsia, chronic

intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction,

duodenogastric reflux, gastro esophageal reflux disease, constipation, gastroparesis,

heartburn, gastric cancer, and H. pylori infection. In a preferred embodiment, the

gastrointestinal disease or disorder is chronic idiopathic constipation.

[23] Inone embodiment, the method further comprises administering to the subject an

effective amountof an inhibitor of a CGMP-specific phosphodiesterase. In one embodiment,

the cGMP-dependent phosphodiesterase inhibitor is selected from the group consisting of

suldinac sulfone, zaprinast, and motapizone, vardenifil, and suldenifil.

[24] Inone embodiment, the method further comprises administering to the subject an

effective amount ofat Icast onc laxative. In onc embodiment, the at Icast onc laxative is

selected from the group consisting of SENNA, MIRALAX, PEG,or calcium polycarbophil.

[25] Inone embodiment, the method further comprises administering to the subject an

effective amountofat least one anti-inflammatory agent.

[26] The invention also provides pharmaceutical compositions comprising the

formulations described herein.

[27] Other features and advantagesof the invention will be apparent from and are

encompassed by the following detailed description and claims.

8
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BRIEF DESCRIPTION OF THE DRAWINGS

[28] Figure 1: Plecanatide (SP-304) treatment reduced time to first BM following daily

dose.

[29] Figure 2: Effect of daily treatment with plecanatide on spontaneous bowel

movements (SBM) in chronic constipauion patients.

[30] Figure 3: Effect of daily treatment with plecanatide on complete spontaneous bowel

movements (CSBM) in chronic constipation patients.

[31] Figure 4: Effect of daily treatment with plecanatide on Bristol Stool Form Scores

(BSFS) in chronic constipation patients.

[32] Figure 5: Effect of daily treatment with plecanatide on straining scores in chronic

constipation paticnts

[33] Figure 6: Percentage of subjects reporting improvements in abdominal discomfort

scores after 14-days of daily treatment with plecanatide.

DETAILED DESCRIPTION

[34] The invention provides pharmaceutical formulations of peptide GCC agonists. It is

intendedthat the formulations of the invention are “pharmaceutical” formulations, meaning

that they are suitable for pharmaceutical use. Accordingly, the term “formulations” as used

herein is meant to encompass pharmaceutical formulations even if “pharmaceutical”is not

expressly stated. Pharmaceutical compositions comprising the formulations described herein

are also provided by the invention. The formulations of the invention preferably provide

stability against chemical and physical degradation of the peptide, c.g., plecanatide (i.c., SEQ

ID #1).

[35] The invention is based in part upon the discovery that mannitol mixes very effectively

with the GCC agonist peptides described herein and providesstability against degradation,

allowing the peptides to be formulated at very low doses. The invention is also based in part

on the discovery that very low doses of the GCC agonist peptides described herein are

effective for the treatment of diseases and disorders in humans. The dosage range foundto
9
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be effective was not predicted based on animal studies. The invention is also based in part

uponthe discovery that a divalent cation (e.g., Ca*) and/or an aminoacid (e.g., leucine)

stabilize the GCC agonist peptides described herein during a process(e.g., spray coating-

drying process) of manufacturing a formulation of the GCC agonist peptides and provides

stability against degradation both during the manufacturing process and storage of the

formulation.

[36] Plecanatide is a charged peptide due to the presence of four carboxylic acids and

single amine group with a calculated pKa of approximatcly 3.5. Therefore plecanaudeis

likely to interact with ions in solution or in the solid state. Plecanatide is a hygroscopic

peptide requiring the control of water during manufacture and storage to promote long term

stability. Plecanatide is prone to degradation by oxidation in the presence of residual

peroxides or formaldehyde contaminants that are formed from peroxide reaction with

polymeric excipients. ‘The present invention discloses a manufacturing process and dry solid

formulation compositions that minimizes water content. The formulations are comprised of

components to minimize levels of residual formaldehyde and peroxides commonly found in

many pharmaceutical excipients. The invention also discloses additives G.e. CaCly) that may

function as local desiccants in the formulation. Divalent cation salts such as MgClo, ZnCl,

MnCl and CaCl, bind plecanatide andsterically hinder reactive species such as water or

oxygen from causing plecanatide degradation by molecular displacement. The invention

further includes scavengersof residual formaldehyde (aminoacids such as leucine, isoleucine

and valine), and discloses packaging confirmations to minimize oxygen exposure and water

vapor during storage, The invention also discloses a stable manufacturing process comprised

of initially dissolving plecanatide in cold water to minimize solution degradation, followed

by spray coating the peptide solution on particles and drying to remove moisture.

[37] The formulations of the invention are particularly useful for the treatment or

prevention of a gastrointestinal disease or disorder selected from the group consisting of

irritable bowel syndrome, non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastro esophageal

reflux disease, chronic idiopathic constipation, gastroparesis, heartburn, gastric cancer, and

II. pylori infection.

10
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[38] In one embodiment, the formulations of the invention are used in a method forthe

treatment of 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 commondefinition of constipation is less than three bowel movements per week. Other

definitions include abnormally hard stools or defecation that requires excessive straining.

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, autononiuc

neuropathy, Chagas disease, Ilirschsprung disease and cystic fibrosis. Constipation may also

be the result of surgery or due to the use of drugs such as analgesics (like opioids),

antihypertensives, anticonvulsants, antidepressants, antispasmodics and antipsychotics. In a

preferred embodiment, the constipation is chronic idiopathic constipation.

[39] The stabilized formulations of the invention comprise at least one GCC agonist

peptide formulated with one or more excipients such that the peptide is stabilized against

chemical degradation. Chemical degradation of peptides results from a number of

mechanisms including oxidation, water-mediated degradation, and reaction with aldehydes or

reducing sugars. The ideal excipient or combination of excipients will be non-hygroscopic,

have few or no reducing sugars, and be substantially free of contaminants such as iron,

peroxide, and formaldehyde. The formulations of the invention are preferably substantially

free of water. In this context “substantially” free of water means that the water content of the

formulation at the time of packaging is preferably less than 7%, less than 5%, less than 1%,

or less than 0.5% of the total weight of the formulation. In one embodiment the amount of

water is between 0.1 to 5% of the total weight of the formulation. In one embodiment, the

amount of water in the formulation of the invention manuafactured through a spray-coating

processis less than 0.5%(e¢.g., about 0.47%).

[40] Inthe context of the present formulations, the term “stable” or “stabilized” refers to

the resistance of the peptide to chemical or physical degradation over time. Preferably, a

stable formulation of the invenUion retains an amount of the peptide in the formulation over a

period of time thatis at least 90%, preferably at least 95%, and mostpreferablyat least 99%

the amountof peptide initially present in the formulation. In one embodiment, a stable

formulation of the invention, over a period of time(e.g., 18 month), has an increase in the
11
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total impurity content not greater than 8%, not greater than 7%, not greater than 6%, not

greater than 5%,not greater than 4%, not greater than 3%, not greater than 2%, or not greater

than 1%. In one embodiment, the peptide is chemically stable in the formulation for a period

of time that is at least 18 months, at least 20 months, or at least 24 months when stored at 25

degrees Celsius (25C) and 60 % relative humidity. In one embodiment, the peptide is

chemically stable in the formulation for a period of time that is at least 18 months, at least 20

months,or at least 24 months whenstored at 2-8 degrees Celsius (2-8C). In one

embodiment, the peptide is chemically stable in the formulation for a period of time thatis at

least 3 months, 12 months, 18 months and preferably 24 months whenstored at 25 degrees

Celsius (25C) and 60 % relative humidity. In one embodiment, the peptide is chemically

stable in the formulation for a period of time that is at least 3 months, 18 months and

preferably 24 months whenstored at 30 degrees Celsius 30C).

[41] ‘The low-dose formulations of the invention comprise an amountofat least one GCC

agonist peptide per unit dose that is less than 10 mg. It is especially advantageous to

formulate oral compositions in unit dosage form for ease of administration and uniformity of

dosage. The term “unit dosage form”as used herein refers to physically discrete units suited

as unitary dosages for the subject to be treated; each unit containing a predetermined quantity

of active compound calculated to produce the desired therapeutic effect in association with

the required pharmaceutical carrier. The specification for the dosage unit forms ofthe

invention are dictated by and directly dependent on the unique characteristics of the active

compoundandthe particular therapeutic effect to be achieved. In one embodiment, the unit

dosage form is a tablet or a capsule.

142] Inone embodiment of the low-dose formulations of the invention, the amount of GCC

agonist peptide per unit dose is from 0.01 mg to 10 mg. In one embodiment, the amountof

GCC agonist peptide per unit dose is 0.1 mg, 0.3 mg, 0.6 mg, 1.0 mg, 3.0 mg, 6.0 mg, 9.0

mg, 9.5 mg, or 10 mg.

[43] In one embodiment, the low-dose formulation contains a carrier that is non-

hygroscopic, In one embodiment, the carrier is selected from mannitol and maltose (e.g.,

ADVANTOSE100).
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[44] Inone embodiment, the carrier is cellulose, preferably microcrystalline cellulose (e.g.,

Avicel PH 102 or Celphere SCP-100). In one embodiment, the carrier is calcrum phosphate

or calcium sulphate. In another embodiment, the carrier is a saccharide. The term

“saccharide” as used herein also refers to polysaccharides. Thus, the term saccharideis

meant to include polysaccharides, In one embodiment, the saccharide is selected from

mannitol, trehalose, lactose, sucrose, sorbitol, and maltose. In a preferred embodiment, the

saccharide is mannitol. Preferably the saccharide has a low water content, a small particle

size and a narrow particle-size distribution.

[45] Carriers having small particle sizes, and/or spherical shape, and narrow size

distribution are preferred. Particles of less than 20 microns havea relatively high surface

area to volumeratio causing inter-particle attractive forces to dominate andresist bulk flow.

Larger particles (greater than 100 microns) tend to roll or slide over one another and exhibit

superior bulk flow properties compared with small particles. A narrow particle-size

distribution reduces particle packing and increases flow. In one embodiment, the particles

are between 20 and 500 micronsin size (as measured acrossthe largest diameter of the

particle, on average). In one embodiment, a small particle size and a narrow particle size

range refers to particles having a size range of from 20-300 microns, 50-200 microns, or 75-

150 microns. In certain embodiments, the carrier has a substantially spherical shape such as

can be obtained with a spray drying process.

[46] Inone embodiment, the low-dose formulation is a solid formulation and the unit dose

is in the form of a tablet or capsule. In one embodiment, the low-dose formulation is a liquid

formulation and the unit dosage formis a liquid-filled capsule. In one embodiment, the

liquid formulation in the form of a solution or suspension of the GCC agonist peptide in an

lipophilic liquid. Examples of suitable liquids include medium chaintriglycerides(e.g.,

LABRAPACLipophile), propylene glycol dicaprylocaprate (e.g., LABRAFAC PG), vitamin

E (e.g., & tocopherol), PEG 400 (e.g., Polyethylene glycol low M.W.(liquid)), propylene

glycol, soybean oil, and Castor oi]. In one embodiment, the liquid is selected from the group

consisting of medium chain triglycerides, propylene glycol dicaprylocaprate, vitamin E, and

soybean oil. In one embodiment, the refined specialty oil is selected from Arachis oil, Castor

ou, cottonseed oil, maize (corn) oil, olive oil, sesame oil, soybean oil, and sunfloweroil. In

one embodiment, the medium chaintriglyceride or related ester is AKOMED E, AKOMED
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R, CAPTEX 355, LABRAFAC CC, LABRAFAC PG, LAUROGLYCOLFCC, MIGLYOL

810, MIGI.YOT. 812, MIGI.YOT. 829, MIGI.YOT. 840, and SOFTISAN 645.

[47] A formulation according to the invention maybe containedin a blister pack. Ina

particular embodiment, the powder, tablet, or capsule comprising the formulation is contained

in a blister pack. Preferably, the blister pack is made of a material that allows only minimal

permeation by water vapor and oxygen. In one embodimentthe blister pack is comprised of

a metal foil. In one embodiment, the blister pack is comprised of ACLAR. In one

embodiment, the container of the blister pack is Mushed with an inert gas such as nitrogen or

argon. In one embodiment, the container further includes a desiccant. In one embodiment,

the desiccant is calcium chloride. In one embodiment the desiccant is a molecular sieve.

[48] While any GCC agonist known in the art can be formulated according to the present

invention, analogs of uroguanylin and bacterial S'T peptides are preferred. In certain

embodiments, the uroguanylin and bacterial ST peptide analogs have superior properties

compared to naturally occurring, or “wild-type” peptides, For example, the uroguanylin and

bacterial ST peptides for use in the present invention are preferably modified to increase their

resistance to degradation at the N-terminus and C-terminus from carboxypeptidases,

aminopeptidases, and/or by other proteolytic enzymes present in the stimulated human

intestinal juices and human gastric juices. In certain embodiments, the GCC agonist

formulation comprises a peptide consisting essentially of an amino acid sequenceselected

from SEQ ID NOs: 1-249. In a preferred embodiment, the peptide consists essentially of an

amino acid sequence selected from SEQ ID NOs: 1, 8, 9, 55 and 56. The term "consists

essentially of" refers to a peptide that is identical to the reference peptide in its amino acid

sequenceor to a peptide that does not differ substantially in termsof cither structure or

function from the reference peptide. A peptide differs substantially from the reference

peptide if its primary amino acid sequence varies by more than three amino acids from the

reference peptide orif its activation of cellular cGMPproduction is reduced by more than

50% compared to the reference peptide. Preferably, substantially similar peptides difter by

no more than two amino acids and not by more than about 25% with respect to activating

cGMPproduction. In preferred embodiments, the GCC agonist is a peptide comprising al

least 12 amino acid residues, and most preferably comprising between 12 and 26 amino acids.

Non-limiting examples of such analogs of uroguanylin and bacterial ST peptides are

described in Section 1.2 below.
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[49] The invention provides methodsfor treating or preventing certain diseases and

disorders and methods for increasing gastrointestinal motility in a subject in need thereof by

administering an effective amount of a GCC agonist formulation to the subject. The term

"treating" as used herein refers to a reduction, a partial improvement, amelioration, or a

mitigation of at least one clinical symptom associated with the gastrointestinal disorders

being treated. The term “preventing” refers to an inhibition or delay in the onset or

progression ofat least one clinical symptom associated with the gastrointestinal disorders to

be prevented. The term "effective amount” as used herein refers to an amountthat provides

some improvement or benefit to the subject. In certain embodiments, an effective amountis

an amountthat provides somealleviation, mitigation, and/or decrease in at least one clinical

symptom of the gastrointestinal disorder to be treated. In other embodiments, the effective

amount is the amountthat provides someinhibition or delay in the onset or progression ofat

least one clinical symptom associated with the gastrointestinal disorder to be prevented. The

therapeutic effects need not be complete or curative, as long as some bencfit is provided to

the subject. The term “subject” preferably refers to a human subject but mayalso refer to a

non-human primate or other mammal preferably selected from among a mouse,a ral, a dog, a

cat, a cow,a horse,or a pig.

[50] In accordance with the methods of the present invention, the GCC agonist formulation

can be administered alone or in combination with one or more additional therapeutic agents

to preventor treat inflammation, cancer and other disorders, particularly of the

gastrointestinal tract. In a preferred embodiment, the GCC agonist formulation is

administered for the treatment of chronic constipation. In one embodiment, the GCC agonist

formulation is administered in combination with one or more additional therapeutic agents

selected from the group consisting of phosphodiestcrasce inhibitors, cyclic nucleotides (such

as CGMP and cAMP), a laxative (such as SENNA, METAMUCIL, MIRALAX, PEG,or

calcium polycarbophil), a stool softener, an anti-tumor necrosis factor alpha therapy for IBD

(such as REMICADE, ENBRIET., or HUMAIRA),and anti-inflammatory drugs (such as

COX-2 inhibitors, sulfasalazine, 5-ASA derivatives and NSAIDS). In certain embodiments,

the GCC agonist formulation is administered in combination with an effective dose of an

inhibitor of cGMP-specific phosphodiesterase (CGMP-PDE)either concurrently or

sequentially with said GCC agonist. cGMP-PDE inhibitors include, for example, suldinac

sulfone, zaprinast, motapizone, vardenifil, and sildenafil. In another embodiment, the GCC
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agonist formulation is administered in combination with inhibitors of cyclic nucleotide

transporters.

1.1 Formulations

[51] The formulations of the invention contain one or more GCC agonist peptides

described herein, in combination with one or more pharmaceutically acceptable carriers (also

referred to as diluents) and/or excipients. In a preferred embodiment, the formulations of the

invention include an inert carrier. The inert carrier is preferably non-hygroscopic. In one

embodiment, the carrier in the formulation contains few or no reducing sugars and is

substantially free of contaminants including, but not limited to, iron, peroxide, and

formaldehyde. In one embodiment, the carrier is selected fromthe group consisting of

sorbitol, mannitol, EMDEX, and starch. In one embodiment, the carrier is mannitol (e.g.,

MANNOGEM)or microcrystalline cellulose (e.g. PROSOLV, CELPHERE, CELPHERE

beads).

[52] The low-dose formulations of the invention contain no greater than 10 mg perunit

dose of a GCC agonist peptide. The remainder of the formulation is comprised of the carrier

and one or more optional excipients. In one embodiment, the amountofcarrieris at least

90% of the total weight of the formulation. In another embodiment, the amountof carrier is

at least 95% or at least 98% of the total weight of the formulation. In one embodiment, the

amountof carrier is between 90 and 99.9% of the total weight of the formulation. In one

embodiment, the one or more optional excipients comprise a disintegrant which is present at

1 to 5% ofthe total weight of the formulation. In one embodiment, the one or more optional

excipients comprise a lubricant which is presentat 0.02 to 5% of the total weight of the

formulation. In one embodiment, the one or more optional excipients comprise an amino

acid such as leucine, isoleucine, valine, histidine, phenylalanine, alanine, glutamic acid,

aspartic acid, glutamine, methionine, asparagine, tyrosine, threonine, tryptophan, or glycine,

which is present at 0.1 to 4% (e.g., 0.1-1%) of the total weight of the formulation. In one

embodiment, the molar ratio between the amino acid and the GCC agonist peptide is from

about 2:1 to about 20:1 (e.g., 5:1). In one embodiment, the one or more optional excipients

comprise a stabilizer such as a divalent cation salt, more specifically, a water-soluble divalent

cation salt (e.g., calcium chloride, magnesium chloride, zinc chloride, manganese chloride),
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whichis presentat 0.1 to 12% (e.g., 0.1-4%) of the total weight of the formulation. In one

embodiment, the molar ratio between the salt and the GCC agonist peptide is from about 5:1

to about 20:1 (e.g., 10:1).

[53] The formulations may contain other additives as needed, including for example

lactose, glucose, fructose, galactose, trehalose, sucrose, maltose, raffnose, maltitol,

melezitose, stachyose,lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like,

and hydrates thereof, and amino acids, for example alanine, glycine and betaine, and

polypeptides and protcins, for example albumen.

[54] Further examples of pharmaceutically acceptable carriers and excipients include, but

are not limited to binders, fillers, disintegrants, lubricants, anti-microbial agents, and coating

agents such as: BINDERS: corn starch, potato starch, other starches, gelatin, natural and

synthetic gums such as acacia, xanthan, sodium alginate, alginic acid, other alginatcs,

powdered tragacanth, guar gum,cellulose and its derivatives (e.g., ethyl cellulose, cellulose

acetate, carboxymethyl] cellulose calcium, sodium carboxymethy] cellulose), polyvinyl

pyrrolidone (e.g., povidone, crospovidone, copovidone,etc), methyl cellulose, Methocel, pre-

gelatinized starch (e.g., STARCH 1500® and STARCH 1500 LM®,sold by Colorcon,Ltd.),

hydroxypropyl methyl] cellulose, microcrystalline cellulose (FMC Corporation, Marcus Hook,

PA, USA), or mixtures thereof, FILLERS: talc, calcium carbonate (e.g., granules or powder),

dibasic calcium phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or

powder), microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic

acid, sorbitol, starch, pre-gelatinized starch, dextrose, fructose, honey, lactose anhydrate,

lactose monohydrate, lactose and aspartame, lactose and cellulose, lactose and

microcrystalline ccllulose, maltodextrin, maltose, mannitol, microcrystalline ccllulose &amp;

guar gum, molasses, sucrose,or mixtures thereof, DISINTEGRANTS: agar-agar, alginic acid,

calcium carbonate, microcrystalline cellulose, croscarmellose sodium, crospovidone,

polacrilin potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre-

gelatinized starch, clays, other algins, other celluloses, gums (like gellan), low-substituted

hydroxypropyl cellulose, or mixtures thereof, LUBRICANTS:calcium stearate, magnesium

stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other

glycols, stearic acid, sodium laury] sulfate, sodium stearyl fumarate, vegetable based fatty

acids lubricant, talc, hydrogenated vegetable oil (e.g., peanut oi], cottonseed oil, sunflower

oil, sesame oil, olive oil, corn oil and soybeanoil), zinc stearate, ethyl oleate, ethyl laurate,
17
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agar, syloid silica gel (AEROSIL 200, W.R. Grace Co., Baltimore, MD USA), a coagulated

aerosol of synthetic silica (Deaussa Co., Piano, TX USA), a pyrogenic silicon dioxide (CAB-

O-SIL, Cabot Co., Boston, MA USA), or mixtures thereof, ANTI-CAKING AGENTS:

calcium silicate, magnesium silicate, silicon dioxide, colloidal silicon dioxide, talc, or

mixtures thereof, ANTIMICROBIAL AGENTS: benzalkonium chloride, benzethonium

chloride, benzoic acid, benzyl alcohol, butyl paraben, cetylpyridinium chloride, cresol,

chlorobutanol, dehydroacetic acid, ethylparaben, methylparaben, phenol, phenylethyl alcohol,

phenoxyethanol, phenylmercuric acetate, phenylmercuric nitrate, potassium sorbate,

propylparaben, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid,

thimersol, thymo, or mixtures thereof, and COATING AGENTS: sodium carboxymethyl]

cellulose, cellulose acetate phthalate, ethylcellulose, gelatin, pharmaceutical glaze,

hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl

methy] cellulose phthalate, methylcellulose, polyethylene glycol, polyvinyl acetate phthalate,

shellac, sucrose, titanium dioxide, carnauba wax, microcrystalline wax, gcllan gum,

maltodextrin, methacrylates, microcrystalline cellulose and carrageenan or mixtures thereof.

[55] The formulation can also include other excipients and categories thereof including but

not limited to Pluronic®, Poloxamers (such as Lutrol® and Poloxamer 188), ascorbic acid,

glutathione, protease inhibitors (e.g. soybean trypsin inhibitor, organic acids), pH lowering

agents, creams and lotions (like maltodextrin and carrageenans); materials for chewable

tablets (ike dextrose, fructose, lactose monohydrate, lactose and aspartame, lactose and

cellulose, maltodextrin, maltose, mannitol, microcrystalline cellulose and guar gum,sorbitol

crystalline); parenterals (like mannitol and povidone); plasticizers (like dibutyl sebacate,

plasticizers for coatings, polyvinylacetate phthalate); powder lubricants (like glyceryl

behenate); soft gclatin capsules (like sorbitol special solution); spheres for coating (like sugar

spheres); spheronization agents (like glyceryl behenate and microcrystalline cellulose);

suspending/gelling agents (like carrageenan, gellan gum, mannitol, microcrystalline cellulose,

povidone, sodium starch glycolate, xanthan gum); sweeteners (like aspartame, aspartame and

lactose, dextrose, fructose, honey, maltodextrin, maltose, mannitol, molasses, sorbitol

crystalline, sorbitol special solution, sucrose); wet granulation agents (like calcium carbonate,

lactose anhydrous, lactose monohydrate, maltodextrin, mannitol, microcrystalline cellulose,

povidone, starch), caramel, carboxymethylcellulose sodium, cherry cream flavor and cherry

flavor, citric acid anhydrous, citric acid, confectioner's sugar, D&C Red No. 33, D&C Yellow
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#10 Aluminum Lake, disodium edetate, ethyl alcohol 15%, FD&C Yellow No. 6 aluminum

lake, FD&C Blue # 1 Aluminum [.ake, FD&C Blue No. 1, FD&C blue no. 2 aluminumlake,

FD&C Green No.3, FD&C Red No. 40, FD&C Yellow No. 6 Aluminum Lake, FD&C

Yellow No. 6, FD&C Yellow No.10, glycerol palmitostearate, glyceryl monostearate, indigo

carmine, lecithin, manitol, methyl and propyl parabens, mono ammonium glycyrrhizinate,

natural and artificial orange flavor, pharmaceutical glaze, poloxamer 188, Polydextrose,

polysorbate 20, polysorbate 80, polyvidone, pregelatinized corn starch, pregelatinized starch,

red iron oxide, saccharin sodium, sodium carboxymethyl ether, sodium chloride, sodium

citrate, sodium phosphate, strawberry flavor, synthetic black iron oxide, synthetic red iron

oxide, titanium dioxide, and white wax.

[56] Solid oral dosage forms mayoptionally be treated with coating systems (e.g.

Opadry® fx film coating system, for example Opadry® blue (OY-LS-20921), Opadry®

white (YS-2-7063), Opadry® white (YS- 1-7040), and black ink (S- 1-8 106).

[57] The agents either in their free form or as a salt can be combined with a polymer such

as polylactic-glycoloic acid (PILGA), poly-(1)-lactic-glycolic-tartaric acid (P(DILGT) (WO

01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( s-

caprolactone) and poly(alkylene oxide) (U.S. 20030068384) to create a sustained release

formulation. Other sustained release formulations and polymers for use in the compositions

and methods of the invention are described in EP 0 467 389 A2, WO 93/24150, U.S.

5,612,052, WO 97/40085, WO 03/075887, WO 01/01964A2, U.S. 5,922,356, WO

94/155587, WO 02/074247A2, WO 98/25642, U.S. 5,968,895, U.S. 6,180,608, U.S.

20030171296, U.S. 20020176841, U.S. 5,672,659, U.S. 5,893,985, U.S. 5,134,122, U.S.

5,192,741, U.S. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279,

U.S. 5,980,945, WO 02/058672, WO 97/26015, WO 97/04744, and US20020019446. In

such sustained release formulations microparticles (Delie and Blanco-Prieto 2005 Molecule

10:65-80) of polypeptide are combined with microparticles of polymer. U.S. 6,011,0 1 and

WO 94/06452 describe a sustained release formulation providing either polyethylene glycols

(i.e. PEG 300 and PEG 400) ortriacetin. WO 03/053401 describes a formulation which may

both enhance bioavailability and provide controlled releaseof the agent within the GI tract.

Additional controlled release formulations are described in WO 02/38129, EP 326151, U.S.

5,236,704, WO 02/30398, WO 98/13029; U.S. 20030064105, U.S. 20030138488A1, U.S.

20030216307A1, U.S. 6,667,060, WO 01/49249, WO 01/49311, WO 01/49249, WO
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01/49311, and U.S. 5,877,224 materials which may include those described in WO04041195

(including the seal and enteric coating described therein) and pH-sensitive coatings that

achieve delivery in the colon including those described in US4,910,021 and WO9001329.

US4910021 describes using a pH-sensitive material to coat a capsule. WO9001329 describes

using pII-sensitive coatings on beads containing acid, where the acid in the bead core

prolongs dissolution of the pH-sensitive coating. U. S. Patent No. 5,175,003 discloses a dual

mechanism polymer mixture composed of pH-sensitive enteric materials and film-forming

plasticizers capable of conferring permeability to the enteric material, for use in drug-delivery

systems; a matrix pellet composed of a dual mechanism polymer mixture permeated with a

drug and sometimes covering a pharmaceutically neutral nucleus; a membrane- coated pellet

comprising a matrix pellet coated with a dual mechanism polymer mixture envelope of the

same or different composition; and a pharmaceutical dosage form containing matrix pellets.

The matrix pellet releases acid-soluble drugs by diffusion in acid pH and by disintegration at

pH levels of nominally about 5.0 or highcr.

[58] The GCC peptides described herein may be formulated in the pH triggered targeted

control release systems described in WOQ04052339. The agents described herein may be

formulated according to the methodology described in any of WO03105812 (extruded

hyrdratable polymers); WOQ0243767 (enzyme cleavable membranetranslocators);

W003007913 and WO03086297 (mucoadhesive systems); WO02072075 (bilayer laminated

formulation comprising pII lowering agent and absorption enhancer); WO04064769

(amidated polypeptides); WO0S063 156 (solid lipid suspension with pseudotropic and/or

thixotropic properties upon melting); WO03035029 and WO03035041 (erodible, gastric

retentive dosage forms); US5007790 and US5972389 (sustained release dosage forms);

WO041 1271 1 (oral extended release compositions); WO05027878, WO02072033, and

W002072034 (delayed release compositions with natural or synthetic gum); WO05030182

(controlled release formulations with an ascending rate of release); WO05048998

(microencapsulation system); US Patent 5,952,314 (biopolymer); US5,108,758 (glassy

amylose matrix delivery); US 5,840,860 Gnodified starch based delivery). JP 10324642

(delivery system comprising chitosan and gastric resistant material such as wheatgliadin or

zein); US 5,866,619 and US 6,368,629 (saccharide containing polymer); US 6,531,152

(describes a drug delivery system containing a water soluble core (Ca pectinate or other

water-insoluble polymers) and outer coat which bursts (e.g. hydrophobic polymer-
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Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing casein and high

methoxy pectin; WO0174 175 (Maillard reaction product); WO05063206 (solubility

increasing formulation); WO040 19872 (transferring fusion proteins).

[59] The GCC peptides described herein may be formulated using gastrointestinal

retention system technology (GIRES; Merrion Pharmaceuticals). GIRES comprises a

controlled-release dosage form inside an inflatable pouch, which is placed in a drug capsule

for oral administration. Upon dissolution of the capsule, a gas-generating system inflates the

pouchin the stomach whereil is retained for 16-24 hours, all the me releasing agents

described herein.

[60] The GCC peptides described herein can also be formulated using the multi matrix

system technology (MMX).

[61] The GCC peptides described herein can be formulated in an osmotic device including

the ones disclosed in US 4,503,030, US 5,609,590 and US 5,358,502. US 4,503,030 discloses

an osmotic device for dispensing a drug to certain pH regionsof the gastrointestinaltract.

More particularly, the invention relates to an osmotic device comprising a wall formed of a

semi-permeable pH sensitive composition that surrounds a compartment containing a drug,

with a passageway through the wall connecting the exterior of the device with the

compartment. The device delivers the drug at a controlled rate in the region of the

gastrointestinal tract having a pH of less than 3.5, and the device self- destructs and releases

all its drug in the region of the gastrointestinal tract having a pH greater than 3.5, thereby

providing total availability for drug absorption. U.S. Patent Nos. 5,609,590 and 5, 358,502

disclose an osmotic bursting device for dispensing a bencficial agent to an aqucous

environment. The device comprises a beneficial agent and osmagent surroundedat least in

part by a semi-permeable membrane. The beneficial agent may also function as the

osmagent. The semi-permeable membraneis permeable to water and substantially

impermeable to the beneficial agent and osmagent. A trigger meansis attached to the semi-

permeable membrane(e.g., joins two capsule halves). The trigger means is activated by a pH

of from 3 to 9 and triggers the eventual, but sudden, delivery of the beneficial agent. These

devices enable the pII-triggered release of the beneficial agent core as a bolus by osmotic

bursting.
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12 GCC Agonists

[62] The GCC agonists for use in the formulations and methods of the invention bind to

guanylate cyclase C and stimulate intracellular production of cGMP. Optionally, the GCC

agonists induce apoptosis and inhibit proliferation of epithelial cells. The term, “guanylate

cyclase C” refers to a transmembrane form of guanylate cyclase that acts as the intestinal

receptor for the heat-stable toxin (ST) peptides secreted by enteric bacteria. Guanylate

cyclase C is also the receptor for the naturally occurring peptides guanylin and uroguanylin.

The possibility that there may be different receptors for each of these peptides has not been

excluded. Hence, the term ‘“‘guanylate cyclase C” may also encompassa class of

transmembrane guanylate cyclase receptors expressed on epithelial cells lining the

gastrointestinal mucosa.

[63] The term “GCC agonist” refers to both peptides and non-peptide compounds such as

that bind to an intestinal guanylate cyclase C and stimulate the intracellular production of

cGMP. Where the GCC agonist is a peptide, the term encompasses biologically active

fragments of such peptides and pro-peptides that bind to guanylate cyclase C and stimulate

the intracellular production of cGMP.

[64] Preferably, the GCC agonists for use in the formulations and methodsof the invention

stimulate intracellular cGMP productionat higher levels than naturally occurring GCC

agonists such as uroguanylin, guanylin, and ST peptides. In some embodiments, the GCC

agonists stimulate intracellular cGMP production at higher levels than the peptide designated

SP-304 (SEQ ID NO:1). In specific embodiments, a GCC agonist for use in the formulations

and methods of the invention stimulates 5%, 10%, 20%, 30%, 40%, 50% , 75%, 90% or more

intracellular cGMP compared to uroguanylin, guanylin, lymphoguanylin, linaclotide, ST

peptides, or SP-304. The terms “induce” and “stimulate’’are used interchangeably throughout

the specification.

[65] Preferably, the GCC agonists for use in the formulations and methodsof the invention

are more stable than naturally occurring GCC agonists such as uroguanylin, guanylin, and ST

peptides. In some embodiments, the GCC agonists are more stable than the peptide

designated SP-304. “Stability” in this context refers to resistance to degradation in

gastrointestinal fluid and/or intestinal fluid (or simulated gastrointestinal or intestinal fluids)
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compared to the reference peptide. For example, the GCC agonists for use in the

formulations and methods of the invention preferably degrade 2%, 3%, 5%, 10%, 15%, 20%,

30%, 40%, 50% , 75%, 90% or less compared to naturally occurring GCC angonists and/or

SP-304.

[66] The GCC agonists for use in the formulations and methodsof the invention are

preferably peptides. In some embodiments, the GCC agonist peptide is less than 30 amino

acids in length. In particular embodiments, the GCC agonist peptide is less than or equal to

30, 25, 20, 15, 14, 13, 12, 11, 10, or 5 amino acids in Iength. Examples of GCC agonist

peptides for use in the formulations and methodsof the invention include those described in

U.S. Serial Nos.: 12/133,344, filed June 4, 2008, 12/478505, filed June 4, 2009; 12/478511,

filed June 4, 2009; 12/504288, filed July 16, 2009; and U.S. Provisional Application Serial

Nos.: 60/933 194, filed June 4, 2007; 61/058,888, filed June 4, 2008; 61/058,892, filed June 4,

2008; and 61/081,289,filed July 16, 2008, each of which is incorporated by reference herein

in its entirety.

[67] Specific examples of GCC agonist peptides for use in the formulations and methods

of the invention include those described in Tables I-VII below. As used Tables I-VII, the

terms “PEG3”or “3PEG”refer to a polyethylene glycol such as aminoethyloxy-ethyloxy-

acetic acid (AeeA), and polymers thereof. The term “X,,” refers to any natural or unnatural

amino acid or amino acid analogue. The term“M,,” refers to a cysteine (Cys), penicillamine

(Pen) homocysteine, or 3-mercaptoproline. The term “Xaa,” is meant to denote an amino

acid sequence of any natural or unnatural amino acid or amino acid analogue that is one, two

or three residues in length; Xaa,2 is meant to denote an amino acid sequencethat is zero or

onc residuc in Iength; and Xaa,3is meant to denote an amino acid sequence zcro, onc, two,

three, four , five or six residues in length. Additionally, any amino acid represented by Xaa,

Xaan1, XAan?, or X44n3 May be an L-amino acid, a D-amino acid, a methylated amino acid or

any combination of thereof. Optionally, any GCC agonist peptide represented by 'ormulas I

to XX in the tables may contain on or more polyethylene glycol residues at the the N-

terminus, C-terminus or both.

[68] In certain embodiments, a GCC agonist formulation of the invention comprises a

peptide selected from SEQ ID NOs: 1-249, the sequences of which are set forth below in
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Tables I to VII below. In one embodiment, a GCC agonist formulation comprises the peptide

designated by SEQ ID NOs:1, 8, 9, 55, or 56.

[69]  Incertain embodiments, a GCC agonist formulation of the invention comprises a

peptide that is substantially equivalent to a peptide selected from SEQ ID NOs: 1-249. The

term “substantially equivalent” refers to a peptide that has an amino acid sequence equivalent

to that of the binding domain wherecertain residues may be deleted or replaced with other

amino acids without impairing the peptide’s ability to bind to an intestinal guanylate cyclase

receptor and stimulate fluid and electrolyte transport.

1.2.1. GCC Agonist Peptides

[70] Ina preferred embodiment, the GCC agonists for use in the formulations and methods

of the invention are GCC agonist peptides. In certain embodiments, the GCC agonist

peptides are analogues of uroguanylin or a bacterial ST peptide. Uroguanylin is a circulating

peptide hormone with natriuretic activity. An ST peptide is a memberof a family of heat

stable enterotoxins (ST peptides) secreted by pathogenicstrains of #. coli and otherenteric

bacteria that activate guanylate cyclase receptor and cause secretory diarrhea. Unlike

bacterial ST peptides, the binding of uroguanylin to guanylate cyclase receptor is dependent

on the physiological pH of the gut. Therefore, uroguanylin is expected to regulate fluid and

electrolyte transport in a pH dependent manner and without causing severe diarrhea,

[71] The GCC agonist peptides for use in the formulations and methods ofthe invention

can be polymers of L-amino acids, D-aminoacids, or a combination of both. For example, in

various embodiments, the peptides are D retro-inverso peptides. The term “retro-inverso

isomer” refers to an isomerof a linear peptide in which the direction of the sequenceis

reversed and the chirality of each amino acid residue is inverted. See, e.g., Jameson et al.,

Nature, 368, 744-746 (1994); Bradyet al., Nature, 368, 692-693 (1994). The net result of

combining D-enantiomers and reverse synthesis is that the positions of carbonyl and amino

groups in each amide bond are exchanged, while the position of the side-chain groups at each

alpha carbon is preserved. Unless specifically stated otherwise, it is presumedthat any given

L-amino acid sequence of the invention may be made into a D retro-inverso peptide by

synthesizing a reverse of the sequence for the corresponding native I.-amino acid sequence.
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[72] The GCC agonist peptides for use in the formulations and methods of the invention

are able to induce intracellular cGMP production in cells and tissues expressing guanylate

cyclase C. In certain embodiments, the GCC agonist peptide stimulates 5%, 10%, 20%, 30%,

40%, 50% , 75%, 90% or more intracellular cGMP comparedto naturally occurring GCC

agonists such as uroguanylin, guanylin, or ST peptides. Optionally, the GCC agonist peptide

stimulates 5%, 10%, 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP

compared SP-304 (SEQ ID NO:1). In further embodiments, the GCC agonist peptide

stimulates apoptosis, e.g., programmedcell death, or activate the cystic fibrosis

transmembrane conductance regulator (CFTR).

[73] Insome embodiments, the GCC agonist peptides for use in the formulations and

methods of the invention are more stable than naturally occurring GCC agonists and/or SP-

304 (SEQ ID NO:1), SP-339 (inaclotide) (SEQ ID NO: 55) or SP-340 (SEQ ID NO: 56).

For example, the GCC agonist peptide degrades 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%,

50% , 75%, 90% or less compared to naturally occurring GCC agonists and/or SP-304, SP-

339 (linaclotide) or SP-340. In certain embodiments, the GCC agonist peptides for use in the

formulations and methods of the invention are more stable to proteolytic digestion than

naturally occurring GCC agonists and/or SP-304 (SEQ ID NO:1), SP-339 (inaclotide) (SEQ

ID NO: 55) or SP-340 (SEQ ID NO: 56). In one embodiment, a GCC agonist peptideis

pegylated in order to render the peptides more resistant towards protealysis by enzymes ofthe

gastrointestinal tract. In a preferred embodiment, the GCC agonist peptide is pegylated with

the aminoethyloxy-ethyloxy-acetic acid (Aeea) group at its C-terminal end, at its N-terminal

end, or at both termini.

174] Specific examples of GCC agonist peptides that can be used in the methods and

formulations of the invention include a peptide selected from the group designated by SEQ

ID NOs: 1-249.

[75] In one embodiment, the GCC agonist peptide is a peptide having the amino acid

sequence of any one of Formulas X- XVII (e.g. SEQ ID NO:87-98).

[76] Insome embodiments, GCC agonist peptides include peptides having the amino acid

sequence of Formula I, wherein at least one amino acid of Formula I is a D-amino acid ora

methylated amino acid and/or the amino acid at position 16is aserine. Preferably, the amino
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acid at position 16 of Formula I is a D-amino acid or a methylated amino acid. For example,

the aminoacid at position 16 of Formula Tis a d-leucine or a d-serine. Optionally, one or

more of the amino acids at positions 1-3 of Formula I are D-amino acids or methylated amino

acids or a combination of D-amino acids or methylated amino acids. For example, Asn‘,

Asp” or Glu’ (or a combination thereof) of Formula I is a D-aminoacid or a methylated

amino acid. Preferably, the amino acid at position Xaa° of Formula is a leucine, serine or

tyrosine.

[77] Inalternative embodiments, GCC agonist peptides include peptides having the amino

acid sequence of Formula II, wherein at least one amino acid of Formula II is a D-amino acid

or a methylated amino acid. Preferably, the amino acid denoted by Xaa,2 of Formula ITis a

D-amino acid or a methylated amino acid. In some embodiments, the amino acid denoted by

Xaap2 of FormulaII is a leucine, a d-leucine, a serine, or a d-serine. Preferably, the one or

more amino acids denoted by Xaa,,; of Formula I is a D-amino acid or a methylated amino

acid. Preferably, the aminoacid at position Xaa° of FormulaII is a leucine, a serine, or a

tyrosine.

[78] Insome embodiments, GCC agonist peptides include peptides having the amino acid

sequence of Formula II, wherein at least one amino acid of Formula III is a D-amine acid or

a methylated amino acid and/or Maa is nol acysteine. Preferably, the amino acid denoted by

Xaay2 Of Formula IIT is a D-amino acid or a methylated amino acid. In some embodiments

the amino acid denoted by Xaa,2 of FormulaIII is a leucine, a d-leucine,a serine, or a d-

serine. Preferably, the one or more amino acids denoted by Xaa,; of Formula III is a D-

amino acid or a methylated amino acid. Preferably, the amino acid at position Xaa® of

Formula III is a leucine, a serine,or a tyrosine.

[79] In other embodiments, GCC agonist peptides include peptides having the amino acid

sequence of Formula IV, wherein at least one amino acid of formula IV is a D-aminoacid or

a methylated amino acid, and/or Maais not a cysteine. Preferably, the Xaa,2 of Formula IV

is a D-amino acid or a methylated amino acid. In some embodiments, the amino acid denoted

by Xaay2 of Formula IV is a leucine, a d-leucine, a serine, or a d-serine. Preferably, the one

or more of the aminoacids denoted by Xaa,) of Formula IV is a D-amino acid ora

methylated amino acid. Preferably, the amino acid denoted Xaa° of FormulaIV isa leucine,

a serine, or a tyrosine.
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[80] In further embodiments, GCC agonist peptides include peptides having the amino acid

sequence of Formula V, wherein at at least one amino acid of Formula V is a D-amino acid or

a methylated amino acid. Preferably, the amino acid at position 16 of Formula V is a D-

amino acid or a methylated amino acid. For example, the aminoacid at position 16 (.e.,

Xaa'®) of Formula V is a d-leucine or a d-serine. Optionally, one or more of the amino acids

at position 1-3 of Formula V are D-amino acids or methylated amino acids or a combination

of D-amino acids or methylated amino acids. For example, Asn’, Asp’ or Glu’ (ora

combination thereof) of Formula V is a D-amino acids or a methylated amino acid.

Preferably, the amino acid denoted at Xaa° of Formula V is a leucine, a serine, or a lyrosine.

[81] In additional embodiments, GCC agonist peptides include peptides having the amino

acid sequence of Formula VI, VU, VII, or Ix. Preferably, the aminoacid at position 6 of

Formula VI, VII, VII, or [X is a leucine, a serine, or a tyrosine. In someaspects the amino

acid at position 16 of Kormula VI, VI, VIII, or LX is a leucine or a serine. Preferably, the

amino acid at position 16 of Formula V is a D-aminoacid or a methylated aminoacid.

[82] In additional embodiments, GCC agonist peptides include peptides having the amino

acid sequence of Formula X, XI, XII, XII, XTV, XV, XVI or XVIL. Optionally, one or more

amino acids of Formulas X, XI, XII, XT, XIV, XV, XVI or XVII is a D-amino acid ora

methylated amino acid. Preferably, the amino acid at the carboxy terminus of the peptides

according to Formulas X, XI, XII, XI, XIV, XV, XVI or XVII is a D-amino acid or a

methylated amino acid. For example the the amino acid at the carboxy terminus of the

peptides according to Formulas X, XI, XT, XIII, XIV, XV, XVI or XVII is a D-tyrosine.

[83] Preferably, the amino acid denoted by Xaa® of Formula XIV is a tyrosine,

phenyalanine or a serine. Most preferably the amino acid denoted by Xaa° of Formula XIV is

a phenyalanine or a serine. Preferably, the amino acid denoted by Xaa" of Formula XV, XVI

or XVII is a tyrosine, a phenyalanine, or a serine. Most preferably, the amino acid position

Xaa‘ of Formula V, XVI or XVIIis a phenyalanine ora serine.

[84] Insome embodiments, GCRA peptides include peptides containing the amino acid

sequence of Formula XVIII. Preferably, the amino acid at position | of Formula XVIII is a

glutamic acid, aspartic acid, glutamine or lysine. Preferably, the amino acid at position 2 and

3 of formula XVIII is a glutamic acid, or an aspartic acid. Preferably, the amino acid at
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position 5 a glutamic acid. Preferably, the amino acid at position 6 of Formula XVII is an

isoleucine, valine, serine, threonine or tyrosine. Preferably, the amino acid at position 8 of

Formula XVIII is a valine or isoleucine. Preferably, the amino acid at position 9 of Formula

XVIII is a an asparagine. Preferably, the aminoacid at position 10 of Formula XVIII is a

valine or an methionine. Preferably, the amino acid at position 11 of Formula XVIII is an

alanine. Preferably, the amino acid at position 13 of Formula XVIII is a threonine.

Preferably, the aminoacid at position 14 of Formula XVIII is a glycine. Preferably, the

amino acid at position 16 of Formula XVIII is a leucine, serine or threonine

[85] In alternative embodiments, GCRA peptides include peptides containing the amino

acid sequence of Formula XIX. Preferably, the amino acid at position 1 of Formula XTX isa

serine or asparagine. Preferably, the amino acid at position 2 of Formula XIX is a histidine

or an aspartic acid. Preferably, the amino acid at position 3 of Formula XIX is a threonine or

a glutamic acid. Preferably, the amino acid at position 5 of Formula XLX is a glutamic acid.

Preferably, the aminoacid at position 6 of Formula XIX is an isoleucine, leucine, valine or

tyrosine. Preferably, the aminoacid at position 8, 10, 11, or 13 of Formula XTX is a alanine.

Preferably, the amino acid at posiuon 9 of Formula XTX is an asparagine or a phenylalanine.

Preferably, the amino acid at position 14 of Formula XIX is a glycine.

[86] In further embodiments, GCRA peptides include peptides containing the amino acid

sequence of Formula XX. Preferably, the amino acid at posiuon 1 of Formula XX isa

glutamine. Preferably, the amino acid at position 2 or 3 of Formula XX is a glutamic acid or

a aspartic acid. Preferably, the aminoacid at position 5 of Formula XX is a glutamic acid.

Preferably, the amino acid at position 6 of Formula XX is threonine, glutamine, tyrosine,

isoleucine, or leucine. Preferably, the amino acid at position 8 of Formula XX is isoleucine

or valine. Preferably, the amino acid at position 9 of Formula XX is asparagine. Preferably,

the aminoacid at position 10 of Formula XX is methionine or valine. Preferably, the amino

acid at position 11 of formula XX is alanine. Preferably, the amino acid at position 13 of

Formula XX is a threonione. Preferably, the amino acid at position 1 of Formula XX is a

glycine. Preferably, the amino acid at position 15 of Formula XX is a tyrosine. Optionally,

the amino acid at position 15 of Pormula XX is two amino acid in length and is Cysteine

(Cys), Penicillamine (Pen) homocysteine, or 3-mercaptoproline and serine, leucine or

threonine.
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[87] Incertain embodiments, one or more amino acids of the GCC agonist peptides are

replaced by a non-naturally occurring aminoacid or a naturally or non-naturally occurring

amino acid analog. Such amino acids and amino acid analogs are knownin the art. See, for

example, Hunt, “The Non-Protein Amino Acids,” in Chemistry and Biochemistryof the

Amino Acids, Barrett, Chapman and Iall, 1985. In some embodiments, an amino acid is

replaced by a naturally-occurring, non-essential amino acid, e.g., taurine. Non-limiting

examples of naturally occurring amino acidsthat can be replaced by non-protein amino acids

include the following: (1) an aromatic amino acid can be replaced by 3,4-dihydroxy-L-

phenylalanine, 3-iodo-L-tyrosine, triiodothyronine, L-thyroxine, phenylglycine (Phg) or nor-

tyrosine (norTyr); (2) Phg and norTyr and other amino acids including Phe and Tyr can be

substituted by, e.g., a halogen, -CH3, -OH, -CH2NH3, -C(O)H, -CH2CHS3,- CN,-

CH2CH2CHS3, -SH,or another group; (3) glutamine residues can be substituted with gamma-

Hydroxy-Glu or gamma- Carboxy-Glu; (4) tyrosine residues can be substituted with an alpha

substituted amino acid such as L-alpha-mcthylphenylalanine or by analogucs such as: 3-

Amino-Tyr; Tyr(CH3); Tyr(PO3(CH3)2); Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-

Cyclopentenyl)-Ala; beta- Cyclopentyl-Ala; beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-

(2-Thiazolyl)-Ala; beta- (Triazole-l-yl)- Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)- Ala;

Amino-Phe; Fluoro-Phe; Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothienyl)-Ala; beta-(2-

thienyl)-Ala; 5-Methyl-Trp; and A- Methyl-Trp; (5) proline residues can be substituted with

homopro (L-pipecolic acid); hydroxy-Pro; 3,4-Dehydro-Pro; 4-fluoro-Pro; or alpha-methyl-

Pro or an N(alpha)-C(alpha) cyclized amino acid analogues with the structure: n = 0, 1, 2, 3;

and (6) alanine residues can be substituted with alpha-substitued or N-methylated amino acid

such as alpha-amino isobutyric acid (aib), L/D-alpha-ethylalanine (L/D-isovaline), L/D-

methylvaline, or I./D-alpha-methylleucine or a non-natural amino acid such as beta-fluoro-

Ala, Alanine can also be substituted with: n= 0, 1, 2, 3 Glycine residues can be substituted

with alpha-amino isobutyric acid (aib) or L/D-alpha- ethylalanine (L/D-isovaline).

[88]|T‘urther examples of non-natural aminoacids include: an unnatural analog of tyrosine;

an unnatural analogue of glutamine; an unnatural analogue of phenylalanine; an unnatural

analogue of serine; an unnatural analogue of threonine; an alkyl, aryl, acyl, azido, cyano,

halo, hydrazine, hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl, seleno, ester,

thioacid, borate, boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine,

aldehyde, hydroxylamine, keto, or amino substituted amino acid, or any combination thereof;
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an amino acid with a photoactivatable cross-linker; a spin-labeled aminoacid; a fluorescent

amino acid; an aminoacid with a novel functional group; an amino acid that covalently or

noncovalently interacts with another molecule; a metal binding amino acid; an amino acid

that is amidated at a site that is not naturally amidated, a metal-containing amino acid; a

radioactive amino acid; a photocaged and/or photoisomerizable aminoacid; a biotin or biotin-

analogue containing amino acid; a glycosylated or carbohydrate modified amino acid; a keto

containing amino acid; amino acids comprising polyethylene glycol or polyether; a heavy

atom substituted amino acid (é.g., an amino acid containing deuterium,tritium, BC, DN, or

'80); a chemically cleavable or photocleavable amino acid; an amino acid with an elongated

side chain; an amino acid containing a toxic group; a sugar substituted aminoacid, e.g.,a

sugar substituted serine or the like; a carbon-linked sugar-containing aminoacid; a redox-

active amino acid; an o-hydroxy containing acid; an amino thio acid containing aminoacid;

an a, a disubstituted amino acid; a B- amino acid; a cyclic amino acid other than proline; an

Q-mcethyl-L-tyrosine; an L-3-(2- naphthyl)alanine; a 3-methyl-phenylalanine; a p-acctyl-L-

phenylalanine; an O-4-allyl-L-tyrosine; a 4-propyl-L-tyrosine; a tri-O-acetyl-GlcNAc B -

serine; an L-Dopa; a fluorinated phenylalanine; an isopropyl-L-phenylalanine; a p-azido-L-

phenylalanine; a p-acyl-I.-phenylalanine; a p- benzoyl-I.-phenylalanine; an I.-phosphoserine;

a phosphonoserine; a phosphonotyrosine; a p- iodo-phenylalanine; a 4-{Muorophenylglycine; a

p-bromophenylalanine; a p-amino-L- phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-

naphthyl)alanine; D- 3-(2-naphthyl)alanine (dNal); an amino-, isopropyl-, or O-allyl-

containing phenylalanine analogue; a dopa, 0-methyl-L-tyrosine; a glycosylated amino acid;

a p-(propargyloxy)phenylalanine; dimethyl-Lysine; hydroxy-proline; mercaptopropionic

acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-glutamic acid; Z (Carbobenzoxyl); é-

Acetyl-I_ysine; B-alanine; aminobenzoy] derivative; aminobutyric acid (Abu); citrulline;

aminohexanoic acid; aminoisobutyric acid (AIB); cyclohexylalanine; d-cyclohexylalanine;

hydroxyproline; nitro-arginine; nitro-phenylalanine; nitro-tyrosine; norvaline;

octahydroindole carboxylate; ornithine (Orn); penicillamine (PEN); tetrahydroisoquinoline;

acetamidomethyl protected amino acids and pegylated amino acids. Turther examples of

unnatural amino acids and amino acid analogs can be found in U.S. 20030108885, U.S.

20030082575, US20060019347 (paragraphs 410-418) and the references cited therein. The

polypeptides of the invention can include further modifications including those described in

US$20060019347, paragraph 589, Exempary GCC agonist peptides which include a non-

naturally occurring amino acid include for example SP-368 and SP-369.
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[89] Insome embodiments, the GCC agonist peptides are cyclic peptides. GCC agonist

cyclic peptides can be prepared by methods knownin the art. For example, macrocyclization

is often accomplished by forming an amide bond between the peptide N- and C-termini,

between a side chain and the N- or C-terminus[e.g., with K3Fe(CN)¢6 at pH 8.5] (Samson et

al., Endocrinology, 137: 5182-5185 (1996)), or between two amino acid side chains, such as

cysteine. See, e.g., DeGrado, Adv Protein Chem, 39: 51-124 (1988). In various

embodiments, the GCC agonist peptides are [4,12; 7,15] bicycles.

[90] In certain embodiments, one or both Cys residues which normally form a disulfide

bond in a GCC agonist peptide are replaced with homocysteine, penicillamine,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 ef al, 1978 J. Med. Chem, 2 1:117) to form alternative internal cross-links at the

positions of the normal disulfide bonds.

[91] Incertain embodiments, one or more disulfide bonds in a GCC agonist peptide are

replaced by alternative covalent cross-links, e.g., an amide linkage (-CH2zCH(O)NHCH?- or-

CITLNICTW(O)CTI2-), an ester linkage, a thioester linkage, a lactam bridge, a carbamoyl]

linkage,a urea linkage,a thiourea linkage, a phosphonate ester linkage, an alky! linkage ¢-

CH,CH2CH>2CH;>-), an alkenyl linkage (-CH2»CH=CHCH,-), an ether linkage (-

CH2CH20CH)2- or -CH2O0CH2CH2-), a thioether linkage (-CH2CH2SCHb- or - CH2SCH2CH2-

), an amine linkage (-CII,CII,NIICH- or -CIIsNIICII,CH-) or a thioamide linkage (-

CH,CH(S)HNHCH3>- or -CH2NHCH(S)CH:;-). For example, Leduet al. (Proc. Natl. Acad.

Sci. 100:11263-78, 2003) describe methods for preparing lactam and amide cross-links.

Exemplary GCC agonist peptides which includea lactam bridge include, for example, SP-

370.

[92] Incertain embodiments, the GCC agonist peptides have one or more conventional

polypeptide bonds replaced by an alternative bond. Such replacements can increase the

stability of the polypeptide. For example, replacement of the polypeptide bond between a

residue amino terminal to an aromatic residue (e.g. Tyr, Phe, Trp) with an alternative bond

can reduce cleavage by carboxy peptidases and may increase half-life in the digestive tract.

Bondsthat can replace polypeptide bonds include: a retro-inverso bond (C(QO)-NII instead of

NH-C(Q); a reduced amide bond (NH-CH3); a thiomethylene bond (S-CH) or CH2-S); an
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oxomethylene bond (O-CH) or CH2-Q); an ethylene bond (CH-CH)); a thioamide bond

(C(S)-NH);a trans-olefine bond (CH=CH); a fruoro substituted trans-olefme bond (CF=CH);

a ketomethylene bond (C(O)-CHR or CHR-C(O) wherein R is H or CHs3; and a fluoro-

ketomethylene bond (C(O)-CFR or CFR-C(O) wherein R is H or F or CH3.

[93] Incertain embodiments, the GCC agonist peptides are modified using standard

modifications. Modifications may occur at the amino (N-), carboxy (C-) terminus, internally

or a combination of any of the preceeding. In one aspect described herein, there may be more

than one type of modification on the polypeptide, Modifications include but are not limited

to: acetylation, amidation, biotinylation, cinnamoylation, farnesylation, formylation,

myristoylation, palmitoylation, phosphorylation (Ser, Tyr or Thr), stearoylation,

succinylation, sulfurylation and cyclisation (via disulfide bridges or amide cyclisation), and

modification by Cys3 or Cys5. The GCC agonist peptides described herein may also be

modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification by 7-Amino-4-methyl-

coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-1,3-Diazole), p-nitro-anilide,

rhodamine B, EDANS(5-((2-aminoethyl)amino)naphthalene-l- sulfonic acid), dabcyl,

dabsyl, dansyl, texas red, FMOC, and Tamra (Tetramethylrhodamine). The GCC agonist

peptides described herein may also be conjugated to, for example, polyethylene glycol

(PEG); alkyl groups (e.g., C1-C20 straight or branched alkyl groups); fatty acid radicals;

combinations of PEG,alkyl groups and fatty acid radicals (See, U.S. Patent 6,309,633;

Soltero et al., 2001 Innovations in Pharmaceutical Technology 106-110); BSA and KLII

(Keyhole Limpet Hemocyanin). The addition of PEG and other polymers which can be used

to modify polypeptides of the invention is described in US20060 19347 section IX.

194] A GCC agonist peptide can also be a derivatives of a GCC agonist peptide described

herein. For example, a derivative includes hybrid and modified forms of GCC agonist

peptides in which certain amino acids have been deleted or replaced. A modification may

also include glycosylation. Preferrably, where the modification is an amino acid substitution,

itis a conservative substitution at one or more positions that are predicted to be non-essential

amino acid residues for the biological activity of the peptide. A "conservative substitution"is

one in which the amino acid residue is replaced with an amino acid residue having a similar

side chain. Families of amino acid residues having similar side chains have been defined in

the art. These families include amino acids with basic side chains(e.g., lysine, arginine,

histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains
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(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side

chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,

tryptophan), beta-branchedside chains(e.g., threonine, valine, isoleucine) and aromatic side

chains (eé.g., tyrosine, phenylalanine, tryptophan, histidine).

[95] In one embodiment, a GCC agonist peptide described herein is subjected to random

mutagenesis in order to identify mutants having biological activity.

[96] Inone embodiment, the GCC agonist peptide is substantially homologous is a GCC

agonist peptide described herein. Such substantially homologous peptides can beisolated by

virtue of cross-reactivity with antibodies to a GCC agonist peptide described herein.

[97] Further examples of GCC agonist peptides that can be used in the methods and

formulations of the invention are found in Tables I - VII below.

1.2.2. Preparation of GCC agonist peptides

[98] GCC agonist peptides can be prepared using art recognized techniques such as

molecular cloning, peptide synthesis, or site-directed mutagenesis.

[99] Peptide synthesis can be performed using standard solution phase or solid phase

peptide synthesis techniques or a combination of both process where segmentsare

synthesized by solid phase and condensedin solution phase, in which a peptide linkage

occurs through the direct condensation of the amino group of one amino acid with the

carboxy group of the other amino acid with the elimination of a water molecule. Peptide

bond synthesis by direct condensation, as formulated above, requires suppression of the

reactive character of the amino group ofthe first and of the carboxyl group of the second

amino acid. The masking substituents must permit their ready removal, without inducing

breakdownofthe labile peptide molecule.

[100] In solution phase synthesis, a wide variety of coupling methods and protecting groups

may be used (See, Gross and Meienhofer, eds., "The Peptides: Analysis, Synthesis, Biology,"

Vol. 1-4 (Academic Press, 1979); Bodansky and Bodansky, "The Practice of Peptide

Synthesis," 2d ed. (Springer Verlag, 1994)). In addition, intermediate purification and linear

scale up are possible. Those of ordinary skill in the art will appreciate that solution synthesis
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requires consideration of main chain and side chain protecting groups and activation method.

In addition, careful segment selection is necessary to minimize racemization during segment

condensation. Solubility considerations are also a factor. Solid phase peptide synthesis uses

an insoluble polymer for support during organic synthesis. The polymer-supported peptide

chain permits the use of simple washing andfiltration steps instead of laborious purifications

at intermediate steps. Solid-phase peptide synthesis may generally be performed according to

the method of Merrifield et al., J. Am. Chem. Soc., 1963, 85:2149, which involves

assembling a linear peptide chain on a resin support using protected amino acids. Solid phase

peptide synthesis typically utilizes either the Boc or Fmocstrategy, which are well known in

the art.

[101] Those of ordinary skill in the art will recognize that, in solid phase synthesis,

deprotection and coupling reactions must go to completion and the side-chain blocking

groups mustbe stable throughout the synthesis. In addition, solid phase synthesis is generally

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

[102] Acetylation of the N-terminal can be accomplished by reacting the final peptide with

acetic anhydride before cleavage from the resin. C-amidation is accomplished using an

appropriate resin such as methylbenzhydrylamine resin using the Boc technology.

[103] Alternatively the GCC agonist peptides are produced by modern cloning techniques

For example, the GCC agonist peptides are produced either in bacteria including, without

limitation, E. coli, or in other existing systems for polypeptide or protein production (e.g.,

Bacillus subtilis, baculovirus expression systems using Drosophila Sf9 cells, yeast or

filamentous fungal expression systems, mammalian cell expression systems), or they can be

chemically synthesized. If the GCC agonist peptide or variant peptide is to be produced in

bacteria, e.g., E. coli, the nucleic acid molecule encoding the polypeptide may also encode a

leader sequence that permits the secretion of the mature polypeptide from the cell. Thus, the

sequence encoding the polypeptide can include the pre sequence and the pro sequenceof, for

example, a naturally-occurring bacterial ST polypeptide. The secreted, mature polypeptide

can be purified from the culture medium.

[104] The sequence encoding a GCC agonist peptide described herein can be inserted into a

vector capable of delivering and maintaining the nucleic acid molecule in a bacterial cell.
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The DNA molecule may be inserted into an autonomously replicating vector (suitable vectors

include, for example, pGEM37 and pcDNAS3, and derivatives thereof). The vector nucleic

acid may be a bacterial or bacterrophage DNA suchas bacteriophage lambda or M13 and

derivatives thereof. Construction of a vector containing a nucleic acid described herein can be

followed by transformation of a host cell such as a bacterium. Suitable bacterial hosts

include but are not limited to, F. 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 transcripuonal control sequences that control transcripuonal initiauion, such as

promoter, enhancer, operator, and repressor sequences.

[105] A variety of transcriptional control sequences are well known to thosein the art. The

expression vector can also includea translation regulatory sequence (e.g., an untranslated 5'

sequence, an untranslated 3' sequence, or an internal ribosomeentry site). ‘The vector can be

capable of autonomousreplication or it can integrate into host DNAto ensure stability during

polypeptide production.

[106] The protein coding sequence that includes a GCC agonist peptide described herein

can also be fused to a nucleic acid encoding a polypeptide affinity tag, e.g., glutathione S-

transferase (GST), maltose E binding protein, protein A, FLAG tag, hexa-histidine, myc tag

or the influenza ITA tag, in order to facilitate purification. The affinity tag or reporter fusion

joins the reading frame of the polypeptide of interest to the reading frame of the gene

encoding the affinity tag such that a translational fusion is generated. Expression of the

fusion generesults in translation of a single polypeptide that includes both the polypeptide of

interest and the affinity tag. In some instances whereaffinity tags are utilized, DNA

sequence encoding a protease recognition site will be fused between the reading frames for

the affinity tag and the polypeptide of interest,

[107] Genetic constructs and methods suitable for production of immature and mature forms

of the GCC agonist peptides and variants described herein in protein expression systems

other than bacteria, and well known to those skilled in the art, can also be used to produce

polypeptides in a biological system.
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[108] The peptides disclosed herein may be modified by attachmentof a second molecule

that confers a desired property upon the peptide, such as increased half-life in the body, for

example, pegylation. Such modifications also fall within the scope of the term "variant" as

used herein.
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TableI.GCRAPeptides(SP-304andDerivatives)           NamePositionofStructureSEQ
Disulfidebonds

IDNO

C4:C12,C7:C15|Asn'-Asp*-Glu’-Cys*-Glu’-Leu?-Cys’-Val*-Asn’-Val'”-Ala''-Cys'~-Thr'’-Gly'"-Cys’’-Leu®1C3:C11,C6:C14|Asp'-Glu’-Cys’-Glu*-Leu’-Cys’-Val’-Asn*-Val’-Ala“-Cys''-Thr'*-Gly'"’-Cys'*-Leu”2C2:C10,C5:C13Asp'-Glu’-Cys*-Glu'-Leu’-Cys°-Val’-Asn*-Val’-Ala”-Cys"'-Thr’’-Gly""-Cys"'3C2:C10,C5:C13|Glu'-Cys’-Glu’-Leu"-Cys’-Val°-Asn’-Val*-Ala’-Cys’-Thr''-Gly’’-Cys'-Leu™"4C2:C10,C5:C13|Glu'-Cys’-Glu’-Leu"-Cys’-Val°-Asn/-Val®-Ala’-Cys'’-Thr'!-Gly'’-Cys”5C1:C9,C4:C12|Cys!-Glu’-Lew’-Cys’-Val’-Asn°-Val’-Ala’-Cys’-Thr'’-Gly'"'-Cys'"-Leu”6C1:C9,C4:C12Cys'-Glu’-Leu*-Cys*-Val°-Asn®-Val’-Ala®-Cys’-Thr”-Gly"'-Cys”7C4:C12,C7:C15|Asn'-Asp”-Glu*-Cys*-Glur-Leu’-Cys’-Val®-Asn’-Val”-Ala'-Cys™”-Thr'*-Gly“-Cys”-dLeu®8€4:C12,C7:C15_|dAsn’-Asp’-Glu’-Cys*-Glu’-Leu’-Cys’-Val°-Asn’-Val'-Ala’'-Cys“-Thr’”-Gly“-Cys'’-dLeu’®9C4:C12,C7:C15_|dAsn’-dAsp’-Glu’-Cys’-Glw-Leu’-Cys’-Val°-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'"-Cys’’-dLeu’®10SP-335C4:C12,C7:C15_|dAsn'-dAsp*-dGlu’-Cys*-Glu’-Leu’-Cys’-Val°-Asn’-Val'"-Ala''-Cys'~-Thr'’-Gly'*-Cys’’-dLeu®11SP-336C4:C12,C7:C15|dAsn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys”-Val®-Asn’-Val°-Ala''-Cys””-Thr"-Gly“-Cys”-Leu”®12SP-337C4:C12,C7:C15_|dAsn!-Asp’-Glu’-Cys*-Glu’-dLeu’-Cys’-Val®-Asn’-Val°-Ala!-Cys”-Thr®?-Gly"-Cys*-dLeu™13C4:C12,C7:C15|Asn'-Asp’-Glu’-Cys'-Glu’-Leu®-Cys’-Val*-Asn’-Val!-Ala'!-Cys'~-Thr'’-Gly'"-Cys”14C4:C12,C7:C15|PEG3-Asn'-Asp’-Glu’-Cys’-Glu’-Leu°-Cys’-Val°-Asn’-Val’-Ala''-Cys'*-Thr'’-Gly'*-Cys°-dLeu°-PEG315C4:C12,C7:C15|PEG3-dAsn'-Asp’-Glu’-Cys*-Glw’-Leu°-Cys’-Val*-Asn’-Val'°-Ala'!-Cys'”-Thr'’-Gly'*-Cys’-dLeu'*-PEG3|16C4:C12,C7:C15|PEG3-dAsn'-dAsp’-Glu*-Cys*-Glu’-Leu®-Cys’-Val®-Asn’-Val””-Ala"-Cys-Thr’-Gly™Cys™dLeu®-PEG3|17C4:C12,C7:C15dAsn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Val*-Asn’-Val°-Ala"-Cys”-Thr™-Gly“-Cys°-dLeu*-PEG318C4:C12,C7:C15|PEG3-Asn'-Asp’-Glu’-Cys’-Glu’-Leu°-Cys’-Val°-Asn’-Val"”-Ala''-Cys'~-Thr'’-Gly'"-Cys’’-dLeu®19
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           SP-350€4:C12,C7:C15|PEG3-dAsn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Val®-Asn’-Val”-Ala"-Cys!”-Thr?-Gly“-Cys*-dLeu™20SP-352C4:C12,C7:C15|Asn'-Asp’-Glu*-Cys*-Glu’-Leu’-Cys’-Val®-Asn’-Val”-Ala"'-Cys'*-Thr'*-Gly“-Cys*-dLeu"°-PEG321SP-358€4:C12,C7:C15_|PEG3-dAsn'-dAsp’-dGlu’-Cys*-Glu’-Leu®-Cys’-Val®-Asn’-Val!°-Ala"!-Cys'”-Thr®-Gly"-Cys®-dLeu™22SP-359C4:C12,C7:C15PEGsdahaOWS-Leu’-Cys’-Val*-Asn’-Val'”-Ala''-Cys'*-Thr'’-Gly'"-Cys’-dLeu’®23SP-360€4:C12,C7:C15|dAsn'-dAsp~-dGlu’-Cys*-Glu’-Leu®-Cys’-Val*-Asn’-Val°-Ala''-Cys'”-Thr*-Gly"-Cys-dLeu”PEG324SP-361C4:C12,C7:C15|dAsn'-dAsp-Glu’-Cys*-Glu’-Leu®-Cys’-Val®-Asn’-Val°-Ala"-Cys”-Thr-Gly"-Cys’*-dLeu”®-PEG325C4:C12,C7:C15|PEG3-dAsn'-dAsp’-Glu’-Cys'-Glu’-Leu’-Cys’-Val*-Asn’-Val'’-Ala''-Cys'”-Thr'’-Gly""-Cys’-dLeu”26€4:C12,C7:C15|dAsn'-Asp’-Glu’-Cys*-Glu’-Leu’-Cys'-Val*-Asn’-Val'°-Ala''-Cys’-Thr''-Gly"-Cys'’-dNal"®27€4:C12,C7:C15|dAsn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-AIB*-Asn’-AIB'’-Ala!'-Cys'”-Thr'*-Gly'“-Cys'°-dLeu”®28C4:C12,C7:C15|dAsn'-Asp’-Glu’-Cys*-Glu°-Leu’-Asp[Lactam]’-Val°-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'"-Orn”-dLeu'29C4:C12,C7:C15_|dAsn'-Asp’-Glu*-Cys*-Glu*-Tyr®-Cys’-Val®-Asn’-Val°-Ala''-Cys°-Thr*-Gly"“-Cys’°-dLeu®30C4:C12,C7:C15._|dAsn'-Asp’-Glu’-Cys*-Glu’-Ser*-Cys’-Val®-Asn’-Val'’-Ala''-Cys'*-Thr’’-Gly'"-Cys”-dLeu"®31C4:C12,C7:C15_|PEG3-dAsn'-Asp’-Glu’-Cys'-Glw-Tyr®-Cys’-Val®-Asn’-Val'*-Ala''-Cys'*-Thr'’-Gly'*-Cys”-dLeu'®-PEG3|32€4:C12,C7:C15_|PEG3-dAsn'-Asp’*-Glu’-Cys*-Glw-Tyr°-Cys’-Val®-Asn’-Val°-Ala!!-Cys'”-Thr'*-Gly“-Cys°-dI_eu”®33C4:C12,C7:C15dAsn'-Asp--Glu’-Cys*-Glu’-Tyr’-Cys’-Val®-Asn’-Val”-Ala"'-Cys”-Thr'’-Gly“-Cys’’-dLeu®PEG334C4:C12,C7:C15_|PEG3-dAsn'-Asp’-Glu’-Cys"-Glu’-Ser-Cys’-Val°-Asn’-Val"”-Ala"'-Cys'*-Thr’’-Gly""-Cys'’-dLeu'®-PEG335€4:C12,C7:C15_|PEG3-dAsn'-Asp’-Glu’-Cys"-Glw-Ser’-Cys'-Val°-Asn’-Val'’-Ala"'-Cys'*-Thr'’-Gly'*-Cys'’-dLeu’®36C4:C12,C7:C15_|dAsn'-Asp’-Glu’-Cys'-Glu’-Ser*-Cys'-Val°-Asn’-Val'°-Ala''-Cys'*-Thr'’-Gly'"-Cys'’-dLeu'®-PEG337€4:C12,C7:C15_|Asn'-Asp’-Glu*-Cys*-Glu’-Leu’-Cys’-Val®-Asn’-Val”-Ala"'-Cys'”-Thr'*-Gly“-Cys'*-Ser”®38€4:C12,C7:C15_|PEG3-Asn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Val*-Asn’-Val°-Ala''-Cys’”-Thr*-Gly“-Cys-Ser°-PEG339C4:C12,C7:C15_|PEG3-Asn'-Asp’-Glu’-Cys’-Glu’-Leu®-Cys’-Val°-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'"-Cys”-Ser™®40€4:C12,C7:C15_|Asn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Val*-Asn’-Val!-Ala'!-Cys'”-Thr'’-Gly"-Cys’-Ser'°-PEG341
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       N11€4:C12,C7:C15_|PEG3-Asn'-Asp’-Glu’-Cys‘-Glu’-Leu®-Cys’-Val®-Asn’-Val°-Ala"-Cys’?-Thr-Gly"-Cys?-dSer™-PEG342C4:C12,C7:C15_|PLG3-Asn'-Asp’-Glu’-Cys’-Glur-Leu*-Cys’-Val°-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'"-Cys’-dSer’®43C4:C12,C7:C15_|Asn'-Asp’-Glu’-Cys"-Glu’-Leu’-Cys’-Val*-Asn’-Val'?-Ala''-Cys'~-Thr'’-Gly“-Cys’’-dSer’°-PEG344Formula|€4:C12,C7:C15|Asn'-Asp’-Glu’-Cys*-Xaa?-Xaa°-Cys’-Xaa*-Xaa’-Xaa’-Xaa''-Cys'"-Xaa’’-Xaa'’-Cys°-Xaa'°45FormulaIT|C4:C12,C7:C15Xaa,|-Cys’-Xaa’-Xaa*-Cys’-Kaa*-Xaa’-Xaa”-Xaa!!-Cys'”-Xaa"*-Xaal"-Cys"-Xaa,)46Formula4:12,7:15Xaa,)-Maa'-Glu’-Xaa°-Maa’-Val*-Asn’-Val“-Ala!'-Maa’-Thr’-Gly“-Maa"-Xaay47
iil

Formula4:12,7:15Xaa,-Maa*-Xaa’-Xaa°-Maa’-Xaa*-Xaa’-Xaa!’-Xaa!!-Maa'’-Xaa!?-Xaa!4-Maa?-Xaay48
IV

FormulaV|C4:C12,C7:C15Asn'-Asp’-Asp*-Cys’-Xaa’-Xaa°-Cys'-Xaa’-Asn’-Xaa’-Xaa''-Cys’”-Xaa'*-Xaa"-Cys'"-Xaa®49Formula€4:C12,C7:C15_|dAsn'-Glu’-Glu’-Cys*-Xaa’-Xaa’-Cys’-X3°-Asn’-Xaa°-Xaa'!-Cys'*-Xaa'’-Xaa'"-Cys'’-d-Xaa'®50
VI

FormulaC4:C12,C7:C15_|dAsn'-dGlu’-Asp’-Cys'-Xaa’-Xaa°-Cys’-Xaa’-Asn’-Xaa'’-Xaa'!-Cys'--Xaa'’-Xaa'*-Cys'-d-Xaa”®51
Vil

FormulaC4:C12,C7:C15_|dAsn'-dAsp*-Glu’-Cys'-Xaa’-Xaa°-Cys’-Xaa’-Asn’-Xaa'’-Xaa'!-Cys'*-Xaa'’-Xaa'"-Cys'”-d-Xaa™”52
VII

FormulaC4:C12,C7:C15_|dAsn'-dAsp*-dGlu’-Cys*-Xaa’-Xaa’-Cys’-Xaa*-Tyr’-Xaa'’-Xaa''-Cys'"-Xaa'’-Xaa'*-Cys'’-d-Xaa'®53
Vill

FormulaC4:C12,C7:C15_|dAsn'-dGlu’-dGlu’-Cys’-Xaa’-Xaa’-Cys'-Xaa’-Tyr-Xaa-Xaa-Cys--Xaa-Xaa-Cys'-d-Xaa”54
IX
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TableII.LinaclotideandDerivatives

       NamePositionofDisulfideStructureSEQIDbondsNO:SP-339€1:C6,C2:C10,C5:13|Cys'-Cys*-Glu3-Tyr*-Cys’-Cys°-Asn-Pro*-Ala’-Cys"'-Thr''-Gly'~-Cys”-Tyr™55
(linaclotide)

SP-340C1:C6,C2:C10,C5:13|Cys'-Cys?-Glu*-Tyr*-Cys°-Cys®-Asn’-Pro®-Ala’-Cys°-Thr''-Gly'"-Cys™56SP-349C1:C6,C2:C10,C5:13|PEG3-Cys'-Cys’-Glu’-Tyr*-Cys°-Cys°-Asn’-Pro®-Ala’-Cys"-Thr'!'-Gly'*-Cys"’-Tyr'*-PEG357SP-353C3:C8,C4:C12,C7:15|Asn'-Phe*-Cys’-Cys'-Gluw’-Ser’-Cys’-Cys*-Asn-Pro’-Ala''-Cys'”-Thr’’-Gly""-Cys'58SP-354C3:C8,C4:C12,C7:15|Asn'-Phe*Cys’-Cys'-Glu’-Phe?-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys'*-Thr'’-Gly""-Cys’’-Tyr'®59SP-355C1:C6,C2:C10,C5:13Cys'-Cys’-Glu’-Tyr*-Cys*-Cys°-Asn’-Pro*-Ala’-Cys”-Thr''-Gly”-Cys"-dTyr™60SP-357C1:C6,C2:C10,C5:13|PEG3-Cys'-Cys’-Glu’-Tyr*-Cys’-Cys°-Asn’-Pro®-Ala’-Cys"-Thr''-Gly'*-Cys’-Tyr™61C3:C8,C4:C12,7:15|Asn'-Phe*-Cys’-Cys'-Glw’-Thr°-Cys’-Cys*-Asn-Pro’-Ala'!-Cys'”-Thr’’-Gly'*-Cys?-Tyr'®62C3:C8,C4:C12,C7:15|Asn'-Phe?-Cys*-Cys*-Glu’-Ser®-Cys’-Cys*-Asn’-Pro”-Ala!-Cys”-Thr™-Gly"-Cys®-dTyr®63C3:C8,C4:C12,C7:15|dAsn’-Phe*-Cys°-Cys*-Glu’-Ser°-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys'’-Thr’’-Gly'"-Cys''64C3:C8,C4:C12,C7:15|dAsn'-Phe*-Cys’-Cys’-Glu’-Ser°-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys'*-Thr’*-Gly'"-Cys°-dTyr’65C3:C8,C4:C12,C715Asn'-Phe”-Cys*-Cys*-Glu’-Thr°-Cys’-Cys*-Asn’-Pro”-Ala''-Cys”-Thr-Gly"“-Cys-dTyr®66C3:C8,C4:C12,C7:15|dAsn'-Phe?-Cys*-Cys*-Glu’-Thr°-Cys’-Cys*-Asn’-Pro”-Ala"'-Cys”-Thr®-Gly"-Cys°-Tyr®67C3:C8,C4:C12,C7:15|dAsn'-Phe’-Cys'-Cys’-Glu’-Thr°-Cys’-Cys*-Asn’-Pro'’-Ala''~Cys’-Thr''-Gly'“-Cys'’-dTyr’®68C3:C8,C4:C12,C7:15|Asn'-Phe*-Cys’-Cys'-Ghw-Phe°-Cys'-Cys*-Asn’-Pro'’-Ala'!-Cys'’-Thr’’-Gly'"-Cys'-dTyr'”69 
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     Tyr'’-PEG3 SP-382C3:C8,C4:C12,C7:15|dAsn’-Phe*-Cys°-Cys*-Glu’-Phe°-Cys’-Cys*-Asn’-Pro’’-Ala''-Cys'*-Thr’*-Gly'"-Cys’-Tyr’®70SP-383C3:C8,C4:C12,C7:15|dAsn'-Phe*-Cys’-Cys"-Glu’-Phe°-Cys’-Cys*-Asn’-Pro"’-Ala''-Cys'”-Thr'-Gly'"-Cys’’-dTyr'”71SP384C1:C6,C2:C10,C5:13|Cys'-Cys*-Glu’-Tyr*-Cys°-Cys°-Asn’-Pro*-Ala’-Cys'”-Thr'!-Gly'”-Cys’-Tyr'"-PEG372N14C1:C6,C2:C10,C5:13|PEG3-Cys!-Cys’-Glu’-Tyr*-Cys°-Cys°-Asn’-Pro®-Ala-Cys°-Thr'!-Gly'“-Cys"-PEG373N15C1:€6,C2:C10,C5:13|PEG3-Cys'-Cys*-Glu’-Tyr*-Cys°-Cys°-Asn’-Pro®-Ala’-Cys°-Thr'!-Gly'“-Cys"74|NI6|C1:C6,C2:C10,C5:13|Cys'-Cys’-Glu’-Tyr"-Cys°-Cys°-Asn’-Pro’-Ala’-Cys'’-Thr''-Gly'“-Cys'°-PEG375N17C3:C8,C4:C12,C7:15|PEG3-Asn'-Phe~-Cys’-Cys"-Glu’-Ser®-Cys'-Cys*-Asn’-Pro’”-Ala''-Cys'-Thr'”-Gly"*-Cys"”-76Tyr'’-PEG3N18C3:C8,C4012,C715|PEG3-Asn'-Phe’-Cys’-Cys'-Glu’-Ser°-Cys'-Cys*-Asn’-Pro’-Ala''-Cys'-Thr'’-Gly'*-Cys"’-77Tyr"?N19C3:C8,C4:C12,C7:15|Asn'-Phe*-Cys’-Cys’-Glu’-Ser®-Cys'-Cys*-Asn’-Pro'’-Ala'!-Cys!*-Thr'?-Gly'"-Cys-Tyr'°-78PEG3N20C3:C8,C4:C12,C715|PEG3-Asn'-Phe-Cys’-Cys’-Glu’-Phe°-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys’-Thr'’-Gly'"-Cys”79Tyr'®-PEG3N21C3:C8,C4:C12,C7:15|PEG3-Asn'-Phe-Cys’-Cys*-Glu’-Phe®-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys'"-Thr'’-Gly'"-Cys80Tyr'®N22C3:C8,C4:C12,C715Asn'-Phe?-Cys*-Cys*-Glu’-Phe®-Cys’-Cys*-Asn’-Pro’-Ala"'-Cys”-Thr-Gly""-Cys*-Tyr®-81PEG3N23C3:C8,C4:C12,C7:15|PEG3-Asn'-Phe?-Cys*-Cys'-Glu’-Tyr°-Cys’-Cys®-Asn’-Pro”-Ala"-Cys”-Thr®-Gly“-Cys®-82
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        N24C3:C8,C4:C12,C7:15|PEG3-Asn'-Phe”-Cys*-Cys"-Glu*-Ty1®-Cys’-Cys*-Asn’-Pro-Ala!!-Cys”-Thr®-Gly"-Cys"°-83‘Tyr’?C3:C8,C4:C12,C7:15|Asn’-Phe*-Cys’-Cys'-Ghw-Tyr°-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys~-Thr'’-Gly'"-Cys’’-Tyr'®84PEG3C1:C6,C2:C10,C5:13|Cys'-Cys’-Glu3-Ser*-Cys’-Cys°-Asn’-Pro*-Ala’-Cys°-Thr''-Gly'"-Cys’-Tyr*85C1:C6,C2:C10,C5:13|Cys'-Cys"-Glu3-Phe*-Cys’-Cys’-Asn’-Pro*-Ala-Cys'”-'Thr''-Gly'*-Cys"-T'yr™"86C1:C6,C2:C10,C5:13|Cys'-Cys*-Glu3-Ser"-Cys’-Cys°-Asn’'-Pro*-Ala’-Cys'’-Thr'!-Gly'”-Cys’-37C1:C6,C2:C10,C5:13|Cys'-Cys’-Glu3-Phe"-Cys°-Cys°-Asn’-Pro®-Ala’-Cys"-Thr''-Gly”-Cys"881:6,2:10,5:13Pen'-Pen’-Glu3-Tyr'-Pen’-Pen’-Asn’-Pro’-Ala’-Pen”-Thr''-Gly-Pen’-Tyr™*891:6,2:10,5:13Pen'-Pen-Glu3-Tyr*-Pen-Pen’-Asn’-Pro’-Ala’-Pen'”-Thr'!-Gly'”-Pen"”90FormulaX|C9:C14,C10:C18,Xaa'-Xaa’Xaa-Xaa’-Xaa’-Xaa’-Asn’-Tyr®-Cys’-Cys'’-Xaa''-Tyr'--Cys'’-Cys'*-Xaa’-Xaa'°-91C13:21Xaa!/-Cys'*-Xaa!’-Xaa‘’-Cys”'-Xaa”™FormulaXI|C9:C14,C10:C18,Xaa'-Xaa~Xaa’-Xaa’-Xaa’-Xaa°-Asn’-Phe*-Cys’-Cys’”-Xaa'!-Phe’*-Cys'’-Cys'*-Xaa’’-Xaa'°-92C13:21Xaa'/-Cys'*-Xaa'’-Xaa’’-Cys”'-Xaa~FormulaXII|C3:C8,C4:C12,C7:15|Asn'-Phe*-Cys°-Cys*-Xaa’-Phe®-Cys’-Cys®-Xaa’-Xaa'’-Xaa!Cys'*-Xaa’-Xaa'"Cys'"-Xaa'®933:8,4:12,C15Asn'-Phe’-Pen’-Cys"-Xaa’-Phe°-Cys’Pen?-Xaa’-Xaa’”-Xaa''Cys12-Xaa'’-Xaa'*Cys"”94Xaa'®3:8,4:12,7:15Asn'-Phe’-Maa*-Maa’-Xaa’-Xaa°-Maa’Maa’-Xaa’-Xaa-Kaa"Maa'?-Xaa’-Xaa™Maa”-95FormulaXV|1:6,2:10,5:13Maa'-Maa’-Glu3-Xaa'-Maa’-Maa°-Asn’-Pro’-Ala’-Maa’-Thr'!-Gly'"-Maa"’-Tyr'96Formula1:6,2:10,5:13Maa!-Maa’-Glu3-Xaa‘-Maa’-Maa®-Asn’-Pro®-Ala’-Maa™”-Thr"-Gly”-Maa’-97
XVI

Formula1:6,2:10,5:13Xaa,3-Maa'-Maa’-Xaa’-Xaa'-Maa’-Maa’-Xaa’-Xaa°-Xaa’-Maa°-Xaa!"Xaa'--Maa’’-Xaa,o98
XVII
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TableDI.GCRAPeptides

NamePositionofStructureSEQIDDisulfidebondsNO:
C4:C12,C7:C15C4:C12,C7:C15

dAsn'-Asp’-Glu’-Cys'-Glu’-Leu®-Cys’-Val®-Asn’-Val'°-Ala!'-Cys'*-Thr'?-Gly'"-Cys"-dLeu-
AMIDE”

dAsn'-Asp-Glu’-Cys’-Glu’-Leu*-Cys’-Val*-Asn’-Val'’-Ala''-Cys“-Thr’’-Gly*-Cys'"°-dSer’” 
C4:C12,C7:C15

dAsn'-Asp’-Glu’-Cys"-Glu’-Leu®-Cys’-Val®-Asn’-Val°-Ala'!-Cys”-Thr'’-Gly'*-Cys"’-dSer-
AMIDE”° 

C4:C12,C7:C15

dAsn'-Asp’-Glu’-Cys'-Glu*-Leu®-Cys’-Val°-Asn’-Val°-Ala''-Cys*Thr™-Gly"-Cys®-dTyr™® 
SP-304diPEG

C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15

 

5dAsn'-Asp-Glu’-Cys’-Glu’-Leu°-Cys’-Val°-Asn’-Val"”-Ala'-Cys-Thr’-Gly“-Cys°-dTyr-
AMIDE”

Pyglu'-Asp’-Glu’-Cys"-Glu’-Leu’-Cys’-Val*-Asn’-Val’”-Ala'!-Cys'”-Thr'’-Gly“-Cys'’-dLeu-
AMIDE"
 

 

 PEG3-Asn'-Asp’-Glu’-Cys’-Glu’-Leu’-Cys’-Val°-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'*-Cys°-Leu'™”
PEG3  SP-304N-|C4:C12,C7:C15_|PEG3-Asn'-Asp’-Glu’-Cys"-Glu’-Leu*-Cys’-Val®-Asn’-Val'’-Ala''-Cys'*-Thr'’-Gly'“-Cys"-Leu”®106

PEG

SP-304C-|C4:C12,C7:C15_|Asn'-Asp’-Glu*-Cys*-Glu’-Leu®-Cys’-Val*-Asn’-Val"”-Ala"-Cys'”-Thr'*-Gly“-Cys-Leu'PEG3107
PEG
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TableIV.SP-304Analogs,Uroguanylin,andUrosuanylinAnalogs
FormulaXVID

PositionofDisulfidebonds
Structure

12347810I]12131411Xaa'-Xaa’-Xaa’-Maa‘-Xaa’-Xaa°-Maa’-Xaa*-Xaa’-Xaa'’-Xaa''-Maa'-Xaa'°-Xaa'*-Maa’-Xaa’® 
Uroguanylin

C4:€12,C7:C15

Asn!-Asp'-Asp*-Cys*-Glu’-Leu*-Cys”-Val*-Asn’-Val!°-Ala''-Cys'*-Thr'’-Gly'“Cys'’-Leu'élu'-Asp’-Asp"-Cys*-G]
uw-Leu®-Cys/-Val

 

2lu-Asp-Glu°-Cys*
 -G

w-Leu-Cys’-Val
 

 
87|"-Asn’-Va
 

  

hr-gly-cys-Leu®14hr’-Gly-Cys?-Leu®
 

C4:€12,C7:C15

3

 

Glu'-Glu’-Asp®-Cys*-Gl
w-Leu’-Cys/-Val*-Asn’-Val
a''-cys’-Thr’-Gly

146-Cys?-Leu!
 

C4:C12,C7:C15

 

lu'-Glu’-Glu°-Cys*-G] 

uw-Leu-Cys/-Val
 

S-Asn’-Val
 

alcys”@-T

hr’-Gly“-Ccys”-Leu”®
 

N38

C4:C12,C7:C15C4:C12,
 

 

Asp'-Asp-Asp"-Cys"-G]
u’-Leu’-Cys/-Val

 
 

Asp'-Asp’-Glu°-Cys"-G]
w-Leu’-Cys’-Val

 
 

Asp'-Glu’-Asp*-Cys*-G]
u’-Leu®-Cys/-Val

 

8-asn’-Val
  

 

-asn’-val 
  

alicys™T 

nr’-Gly-cys?-Leu”®a'-cys'-Thr’-Gly“-Cys"-Leu”®a'l-cys’*-Thr?-Gly"-cys?-Leu!
6
 

 
116
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C7:C15

Asp'-Glu’-Glu’-Cys*-G 

56u-Leu-Cys!
-Val

 
 

Ln|-Asp’-Asp"-Cys*-G]
 
 

In'-Asp’-Glu’-Cys"-G]
w-Leu’-Cys'-Val

 

]w-Asp”-Cy3"-G
 

 

56u-Leu-Cy3!
 -Val

 

   
 

  

131415hr-Gly“-Cys-Leu’®hr-Gly*-cys-Leu®hr’’-Gly“-cys'-Leu”®hr-Gly“-Cys’-Leu”®
    234 

5677
 

lu-Glu’-Cys'-G]
u-Leu-Cys-Val
 

hr-Gly“-cys’-Leu”®
 

C4:€12,C7:C15

 

1234
5674

-Val

 

Lys-Asp’-Asp’-Cys-G
 

u-Leu-Cys 
 

 

uw-Leu®-Cys/-Va]
 

w-Asp”-Cys*-G]
 

 

33a
 

w-Leu-Cys/-Val
 

567
-Val

 

Lys-Glu’-Glu’-Cys-G]
u-Leu-Cys

   
 

  

 

hr’-Gly“-Cys'-Leu”®
 

nr-gly-cys'-Leu®
 

hr?-Gly-cys?-Leu”®
 

131415hr-Gly-Cys-Leu®
 

C4:C12,C7:C15

1234
 

Glu

567
-Val

 

-Asp-Asp’-Cys-G]
u-Leu-Cys

 

hr'’-Gly“-Cys’-Ser”®
 

C4:€12,C7:C15
 

1234-Asp’-Glu’-Cys-Gl
 

Glu

56u-Leu-Cy3!
8
 -Val-Asn
9

-Val 
10

-Al 

nr’-Gly-cys-Ser®
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          NSOC4:C12,lu'-Glu’-Asp"-Cys*-Glu’-Leu’-cys’-val*asn’-val-Ala!'-cys”*-Thr'-Gly-cys’-ser”®|128
C7:C15

NS1C4:C12,lu'-Glu’-Glu’-Cys*-Glw-Leu®-cys’-Val*-Asn’-Val”-Ala!-Cys-Thr?-Gly“-cys?-Ser’”®|129
C7:C15C4:C12,C7:C15

pl-Asp--Asp"-Cys'-G]
w-Leu’-Cys/-Val

 

Asp'-Asp’-Glu’-Cys"-G]
 

lu’-Leu®-Cy$/-Val
  

a!lcys’-thr?-Gliy“-cys-Ser!
6

a'-cys-Thr’-Gly-Cys'-Ser”® 
C4:C12,C7:C15

1234
 

567
 

p-Glu’-Asp’-Cys’-G
u-Leu-Cys-Val

112
 

a-Cys°-T

hr'’-Gly"-cys'-Ser’”®
 
 

C4:C12,C7:C15

1234 

 

5671
-Val

 

p-Glu’-Gluw’-Cys’-G]
u-Leu-Cys

8

\8-Asn?]-Va

NM12
 

a-Cys~-T

131415hr-Gly“-Cys“-Ser
16

 
C4:C12,C7:C15C4:€12,C7:C15

 

 

 

]n-Asp-Asp’-cys"-G]
55u’-Leu®-Cys/-Val

 

In'-Asp’-Glu’-Cys"-G]
 

w-Leu’-Cys’-Val
 

 

]u’-Asp"-Cys*-G]
w-Leu®-Cys/-Val
 

 -asn’-val
    

hr'-Gly“-cys’-ser”hr’-Gly"-cys'-Ser’”®
 

nr-gly-cys)-ser”®
 

C4:€12,C7:C15

234

 

  

lu’-Glw-Cys-Glu’-Leu'-Cys5674
-Val

 

 

13

hrGly"15
-Cys-Ser’®

  
N61

C4:C12,C7:C15C4:C12,

Lys

Lys'-Asp-Glu°-Cys*-G]
 

1234
56

 

-Val

 

-Asp-Asp-Cys-G
u-Leu-Cys
 

 

w-Leu’-Cys’-Val
748

94|-Asn-Va
 

 

 |°-Asn’-Val
  

131415hr~-Gly-Cys-Ser’®
  

hr’’-Gly"-cys'-Ser’®
 

 
139
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C7:C15

234A5..56lu’-Asp”-Cys'-Glu’-Leu-Cys’7345-Val*-Asn”-Vahr-Gly“-Cys-Ser’®
 

 

 

6

 

 

 u-Glu°-Cys*-G]w’-Leu®-Cys/-Val*-Asn’-valhr-Gly*-cys!-Ser'!
 
 

 

 

w-Leu’-Cy$’-I11hr’’-Gly“-cys'-Leu”®
 lu-Asp”-Glu"-Cys*-G]w-Leu-Cys"-Ile-Asn’-Methr-Gly“-Cys’-Leu”®     ]u’-Asp°-Cys*-G]u-Leu®-Cys’-Ile*-Asn’-1hr-Gly“-cys’-Leu”®

 

   lu-Glu’-Cys*-G]w-Leu’-Cys’-Ile*-Asn’-1hr’-Gly“-Cys'-Leu”®
 

 

 

  

 
 

 Asp'-Asp’-Asp°-Cys*-G]w’-Leu’-Cys’-Ile*-Asn’-1nr-gly-cys'-Leu® 
 

 Asp'-Asp’-Glu”-Cys*-G]w-Leu-Cy$/-I11hr?-Gly-cys?-Leu”® C4:€12,Asp-Glu’-Asp’-Cys"-Glu’-Leu’-Cys’-Ile*-Asn’-Methr'-Gly“-cys?-Leu'
C7:C15

6

 

 

 

 

 

 
 

  C4:C12,Asp'-Glu’-Glu’-Cys*Glu’-Leu®-Cys’-T]1hr-Gly-cys?-Leu”®
C7:C15

 

 

         C412,Gln'-Asp’-Asp’-Cys*-Glu-Leu®-Cys’-Ile*-Asn’-Metnr’-Gly-cys?-Leu”®
C7:C15
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      N74C4:C12,Gln'-Asp’-Glu’-Cys*-Glw’-Leu®-Cys’-Ile*-asn’-Met"-ala!!-cys’-Thr'’-Gly-cys?-Leu™®|151
C7:C15

N75C4:C12,Gln'-Glu’-Asp®-Cys*-Glu-Leu®-Cys/-Ile*-Asn’-Met"-Ala!-cys’”-Thr’’-Gly“-cys?-Leu®|152
C7:C15

lu-Glu°-Cys*-G]u’-Leu’-Cys/-Ile*-Asn’-
 

  

 
 C4:€12,Lys'-Asp’-Asp’-Cys*-Glu-Leu®-Cys’-Ile*-Asn*-

C7:C15

 C4:€12,Lys'-Asp-Glu’-Cys*-Glu’-Leu®-Cys’-I]{nr-Gly-cys-Leu”®
C7:C15

 

   
 

456789131415C4:€12,Lys-Glu-Asp’-Cys*-Glu’-Leu’-Cys’-Ile*-Asn’-Methr--Gly-Cys~-Leu
C7:C15

16

 

         C4:€12,Lys'-Glu-Glu’-Cys*-Glu’-Leu®-Cys’-I1le*-Asn’-Metnr'*-Giy“-cys!-Leu”™ 
 

C7:C15

lu'-Asp’-Asp”-Cys*-G]u’-Leu®-Cys/-I]1nr’-Gly-cys-ser® 
 

 

                    C4:€12,lu'-Asp’-Glu’-Cys*-Glu’-Leu’-Cys/-Ile*-Asn’-Methr-Giy“-cys?-ser”®
C7:C15

C412,]lu’-Asp’-Cys"-Glu’-Leu’-Cys’-Tle*-Asn’-Metnr'’-Gly-Cys?-Ser®
C7:C15

C4:€12,u’-Glu’-Cys*-Glu-Leu®-Cys’-Ile*-Asn’-Methr’-Gly-cys'-Ser”®
C7:C15

N85C4:C12,Asp'-Asp-Asp-Cys-Glu’-Leu”-Cys’-Ile*-Asn’-Met’-Ala'-Cys'-Thr’’-Gly-Cys’-Ser™|162 
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C7:C15

p-Asp-Glu’-Cys*-G
u’-Leu®-Cys/-I]

 
 

Asp'-Glu’-Asp*-Cys*-G]
 
 

p'-Glu’-Glu’-Cys*-G] 

u-Leu®-Cys/-I]
 

]n-Asp-Asp"-Cys"-G]
 

 

w-Leu’-Cys’-I1
 

 

Le

-ASn’- 
 

 

 

hr’-Glycys’-Ser
T

hr-Gly*-cys!-Ser'!hr’-Gly“-cys'-Ser’hr-Gly-cys"-Ser'
 

6666

  1234567 

ln-Asp’-Glu’-Cys’-G]
u-Leu-Cys-I]

8Le

-ASn-

131415hr-Gly-Cys-Ser'
6

 
C4:€12,C7:C15

]u’-Asp”-Cy3'-G
 

 

 

u’-Leu®-Cys’-I]
 
 

 

 

lu-Glu°-Cys*-G]
 

w-Leu’-Cys/-I1
 
 

Lys'-Asp’-Asp”-Cys*-G]
w-Leu®-Cys/-I]

 

“Asp’-Glu’-Cys*-G]
 

Lys

w-Leu’-Cys/-1]
 

8Le8Le

 

Le

-ASn’--Asn’--AsSn= 
 

 

 

hr’-Gly“-Cys'-Ser’
  

nr-Gly-cys'-ser'!
 

hr’-Gly-cyshr-gly-cys'-Ser'
 

66

 
C4:C12,C7:C15

1234
 

 

567
 

Lys-Glu’-Asp-Cys-G]
u-Leu-Cys-I]

hr’-Gly“-Cys’-Ser'
6

 
C4:€12,C7:C15
 

 

1234Lys-Glu’-Glu’-Cys’-Gl
567u-Leu-Cys-Ile 
8

-ASn= 
 

 
 

 

hnr’-Gly“-cys’-Ser'
6
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TableV.GuanylinandAnalogsPositionofDisulfidebonds
Structure 

XIX

4:12,7:15

2:4567810Il12131415Xaa!-Xaa°-Xaa’-Maa'-Xaa°-Xaa°-Maa’-Xaa’-Xaa’-Xaa'’-Xaa''-Maa'-Xaa'*-Xaa'*-Maa 
Guanylin

C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15

Ser!-His-Thr’-Cys*-Glu’-Ile°-Cys’-Ala®-Phe’-Ala-Ala!-Cys"-Ala"-Gly"-Cys®Ser'-His-Thr’-Cys*-Glw’-Ie°-Cys'-Ala’-Asn’-Ala'’-Ala''-Cys'’-Ala'’-Gly'"-Cys'Ser'-His’-Thr’-Cys"-Glu’-Leu’-Cys’-Ala*-Asn’-Ala'’-Ala'!-Cys'*-Ala'?-Gly'-Cys' 
C4:€12,C7:C15C4:€12,C7:C15

Ser'-His’-Thr’-Cys'-Glu-Val®-Cys’-Ala*-Asn’-Ala”-Ala"!-Cys”-Ala*-Gly"-Cys®Ser'-His’-Thr’-Cys'-Glu’-Tyr*-Cys’-Ala’-Asn’-Ala'’-Ala''-Cys'’-Ala'*-Gly'"-Cys" 
C4:C12,C7:C15

Ser'-His’-Thr’-Cys'-Glu’-Ile’-Cys’-Ala®-Asn’-Ala™”-Ala'!-Cys”-Ala’-Gly"-Cys™ 
C4:C12,C7:C15

2

Ser'-His’-Thr°-Cys*-Glu’-Leu’-Cys’-Ala‘-Asn’-Ala”’-Ala''-Cys”-Ala*-Gly"-Cys” 
C4:C12,C7:C15

Ser'-His’-Thr’-Cys*-Glu’-Val®-Cys’-Ala*-Asn’-Ala™-Ala"-Cys”-Ala*-Gly"-Cys® 
 
 

N107

 

C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15
 

Ser'-His’-Thr’-Cys*-Glw’-Tyr®-Cys’-Ala®-Asn’-Ala'°-Ala''-Cys'*-Ala’’-Gly"*-Cys””Ser'-His*-Thr’-Cys*-Glu’-Ie°-Cys'-Ala®-Asn’-Ala'?-Ala!!-Cys'*-Ala'’-Gly'*-Cys!Ser'-His’-Thr’-Cys*-Glu’-Leu’-Cys’-Ala®-Asn’-Ala'’-Ala''-Cys'*-Ala'’-Gly'"-Cys’ Ser'-His*-Thr’-Cys"-Glu’-Val°-Cys'-Ala*-Asn’-Ala'’-Ala''-Cys'”-Ala'’-Gly'*-Cys'186 
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N108

C4:€12,C7:C15

Ser'-His’-Thr’-Cys'-Glu-Ty:*-Cys’-Ala*-Asn’-Ala™-Ala"'-Cys”-Ala*-Gly"-Cys®
187

 
N109

C4:€12,C7:C15C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15

Ser'-His’-Thr’-Cys*-Glu’-Ie°-Cys’-Ala*-Asn’-Ala'’-Ala'!-Cys'°-Ala'*-Gly“-Cys””Ser'-His’-Thr’-Cys'-Glu’-Leu’-Cys’-Ala*-Asn-Ala’-Ala''-Cys'*-Ala’-Gly'"-Cys"Ser'-His’-Thr’-Cys'-Glu’-Val°-Cys'-Ala*-Asn’-Ala'’-Ala!!-Cys'*-Ala'’-Gly'"-Cys'Ser'-His’-Thr’-Cys'-Glu’-Tyr®-Cys’-Ala*-Asn’-Ala'’-Ala’'-Cys'*-Ala’’-Gly""-Cys’-Asp’-Glu’-Cys*-Glu’-Ie®-Cys'-Ala®-Asn’-Ala'’-Ala''-Cys'*-Ala'’-Gly'"-Cys'
188

 
C4:€12,C7:C15

-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Ala’-Asn’-Ala’’-Ala''-Cys'*-Ala’’-Gly"-Cys” 
C4:C12,C7:C15

-Asp’-Glu’-Cys'-Glu*-Val*-Cys’-Ala®-Asn’-Ala”-Ala"™-Cys!”-Ala®-Gly™-Cys" 
C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15C4:C12,C7:C15

-Asp’-Glu’-Cys*-Glu’-Tyr®-Cys’-Ala®-Asn’-Ala-Ala!-Cys'-Ala’-Gly“Cys”-Asp’-Glu”-Cys*-Glu’-Ile°-Cys’-Ala*-Asn’-Ala’’-Ala'!-Cys'-Ala'’-Gly""-Cys'lu’-Cys*-Glu’-Leu°-Cys’-Ala’-Asn’-Ala’’-Ala’'-Cys'~-Ala’*-Gly"*-Cys”-Asp’-Glu”-Cys*-Glu’-Val°-Cys’-Ala’-Asn’-Ala’’-Ala''-Cys'*-Ala’’-Gly"-Cys'-Asp’-Glu’-Cys"-Glu’-Tyr°-Cys’-Ala’-Asn’-Ala’’-Ala_-Cys'-Ala’-Gly'"-Cys 
C4:C12,C7:C15

-Asp’-Glu’-Cys'-Glu’-le°-Cys’-Ala*-Asn’-Ala’”-Ala'"Cys"’-Ala’’-Gly"*-Cys"” 
C4:C12,C7:C15

-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Ala’-Asn’-Ala'’-Ala''-Cys'*-Ala"'-Gly""-Cys” 
C4:C12,C7:C15

Asn'-Asp’-Glu°-Cys*-Glu*-Val°-Cys’-Ala*-Asn’-Ala””-Ala"'-Cys’”-Ala’-Gly-Cys”
  
 
 

 

C4:C12,C7:C15
 

 

Asn'-Asp’-Glu’-Cys*-Glu’-Tyr®-Cys’-Ala*-Asn’-Ala'°-Ala''-Cys'*-Ala'’-Gly'-Cys” 
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 N125€4:C12,C7:C15|Asn!-Asp*-Glu?-Cys'-Glu’-Ie®-Cys’-Ala®-Asn’-Ala™-Ala!!-Cys”-Ala'*-Gly"-Cys®204 N126(€4:C12,C7:C15|Asn'-Asp’-Glu’-Cys*-Glu’-Leu®-Cys’-Ala’-Asn’-Ala'’-Ala'!-Cys'?-Ala?-Gly"“-Cys”205C4:C12,C7:C15|Asn'-Asp’-Glu’-Cys*-Glu’-Val?-Cys’-Ala’-Asn’-Ala'”-Ala''-Cys'-Ala'’-Gly'"-Cys"C4:C12,C7:C15|Asn'-Asp’-Glu’-Cys*-Glu’-Tyr®-Cys’-Ala*-Asn’-Ala'?-Ala'!-Cys'*-Ala'’-Gly'"-Cys'
 

 

 TableVI.LymphoguanylinandAnalogsPositionof|StructureDisulfidebonds

 FormulaXX4:12,7:15Xaa'-Xaa°-Xaa°-Maa*-Xaa’-Xaa°-Maa’-Xaa*-Xaa-Xaa_’-Xaa'!-Maa’’-Xaa'*-Xaa'"-Xaa,)_>LymphoguanylinGin'-Glu’-Glu-*Cys"-Glu’-Leu®-Cys’-Ie*-Asn’-Met'’-Ala''-Cys'*-Thr'’-Gly"“-Tyr'"Gln'-Glu’-Glu’-Cys*-Glu’-Thr°-Cys’-Ile*-Asn’-Met'’-Ala''-Cys'*-Thr’’-Gly"*-Tyr' Gin'-Asp’-Glu’-Cys*-Glu’-Thr®-Cys’-Ile*-Asn’-Met°-Ala"'-Cys”’-Thr’-Gly"“-Tyr™ Gin'-Asp’-Asp”-Cys'-Glu’-Thr®-Cys’-He®-Asn’-Met”-Ala"-Cys?-Thr®-Gly"*-Tyr® Gin'-Glu’-Asp"-Cys"-Glu’-Thr’-Cys’-Ile*-Asn’-Met”-Ala""-Cys’”-Thr™’-Gly"-Tyr™ Gin'-Glu’-Glu’-Cys*-Glu’-Glu°-Cys’-He*-Asn’-Met*-Ala''-Cys'’-Thr'?-Gly"*-Tyr'°
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C4:C12

Gin'-Asp’-Glu’-Cys'-Glu’-Glu°-Cys’-Ie*-Asn’-Met’-Ala''-Cys”-Thr®-Gly"-Tyr®
215

 
PCT/US2011/0351805

C4:C12C4:C12

Gin'-Asp’-Asp”-Cys*-Glu’-Glu®-Cys’-De®-Asn’-Met'’-Ala''-Cys”’-Thr"-Gly'-Tyr”Gin'-Glu’-Asp’-Cys"-Glu’-Glu?-Cys’-lle*-Asn’-Met"’-Ala''-Cys"-Thr'-Gly'"-Tyr"Gin'-Glu’-Glu’-Cys*-Glu’-Tyr?-Cys’-Ile°-Asn’-Met'’-Ala'!-Cys'*-Thr'’-Gly'-Tyr"Gln'-Asp’-Glu’-Cys"-Glu’-Tyr°-Cys’-Tle-Asn’-Met'°-Ala''-Cys'*-Thr’’-Gly'-Tyr'Gin'-Asp’-Asp”-Cys*-Glu’-Tyr®-Cys’-Ie*-Asn’-Met'’-Ala'!-Cys'’-Thr’-Gly'*-Tyr!
216

 
C4:C12

Gln'-Glu’-Asp”-Cys*-Glu’-l'yr°-Cys’-e®-Asn’-Met®-Ala"'-Cys”-Thr?-GlyTyr 
C4:C12

Gln'-Glu’-Glu’-Cys*-Glu’-Te®-Cys’-Te*-Asn’-Met'’-Ala!!-Cys'*-Thr’’-Gly"“-Tyr” 
  

C4:C12C4:C12,C7:C15

Gin'-Asp*-Glu’-Cys*-Glu’-Ile°-Cys’-Ie®-Asn’-Met™-Ala!!-Cys'*-Thr?-Gly"*-Tyr™Gln'-Asp’-Asp”-Cys"-Glu’-Ile°-Cys’-He*-Asn’-Met'’-Ala'!-Cys'?-Thr'?-Gly'*-Tyr'Gln'-Glu’-Asp”-Cys*-Glu’-Ile°-Cys-Tle*-Asn’-Met'’-Ala''-Cys'*-Thr'’-Gly"-Tyr'Gln!-Glu’-Glu’-Cys*-Glw’-Thr°-Cys’-Ie®-Asn’-Met’’-Ala’'-Cys*-Thr'*-Gly'""-Cys”-Ser™®Gln'-Asp*-Glu’-Cys"-Glu’-Thr°-Cys’-Ile*-Asn’-Met'’-Ala"'-Cys'*-Thr'’-Gly“-Cys°-Ser"®
53

 
C4:C12,C7:C15

Gin'-Asp’-Asp”-Cys'-Glu’-Thr®-Cys’-He®-Asn’-Met-Ala"-Cys?-Thr-Gly"-Cys"*-Ser"® 
WO2012/037380

C4:C12,
 

Gln'-Glu’-Asp’-Cys*-Glu’-Thr’-Cys’-Ie®-Asn?-Met™’-Ala""-Cys”’-Thr'*-Gly“-Cys-Ser™®
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C7:C15

 
N149

C4:€12,C7:C15C4:C12,C7:C15

Gin'-Glu’-Glu’-Cys*-Glu’-Glu°-Cys’-Ile*-Asn’-Met”-Ala'!-Cys'-Thr'*-Gly“-Cys”-Ser’®Gin'-Asp’-Glu’-Cys"-Glu’-Glu°-Cys’-Ile*-Asn’-Met'’-Ala''-Cys'-Thr'’-Gly'*-Cys'”-SerGln'-Asp*-Asp”-Cys’-Glu’-Glu°-Cys’-Tle*-Asn’-Met'’-Ala’'-Cys'-Thr’’-Gly'*-Cys'’-Ser’”Gln'-Glu’-Asp”-Cys*-Glu’-Glu°-Cys’-Ie*-Asn’-Met'’-Ala''-Cys'-Thr'’-Gly'*-Cys'”-Ser
230

 
C4:C12,C7:C15

Gin'-Glu’-Gl’-Cys"-Glu’-Tyr®-Cys’-Tle*-Asn’-Met””-Ala!"-Cys”-Thr®-Gly"“-Cys’’-Ser® 
N157

C4:C12,C7:C15C4:C12,C7:C15
 

Gin'-Asp’-Glu’-Cys*-Glu’-Tyr®-Cys’-le®-Asn’-Met°-Ala"-Cys”-Thr-Gly*-Cys®-Ser®Gin'-Asp’-Asp”-Cys'-Glu’-Tyr°-Cys’-Ie*-Asn’-Met'’-Ala''-Cys'*-Thr'’-Gly'"-Cys'’-Ser'®Gln'-Glu’-Asp”-Cys*-Glu’-Tyr°-Cys’-Ile*-Asn’-Met'°-Ala"'-Cys'*-Thr'*-Gly*-Cys°-Ser'®Gin'-Glu’-Glu’-Cys*-Glu’-Ile°-Cys’-e*-Asn’-Met'’-Ala'!-Cys'*-Thr'’-Gly“-Cys'’-Ser’®
 

 
238
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  N158C4:C12,|Gin'-Asp”-Glu?-Cys*-Glu’-Ile®-Cys’-Ie*-Asn’-Met™”-Ala"-Cys”-Thr'*-Gly"*-Cys"-Ser™239
C7:C15

N159C4:C12,|Gln'-Asp’-Asp’-Cys*-Glu’-Ile°-Cys’-Ile*-Asn’-Met’-Ala'!-Cys'’-Thr'’-Gly'*-Cys'’-Ser”®240
C7:C15

Gln'-Glu’-Asp”-Cys"-Glu’-Ile°-Cys-Ile*-Asn’-Met'’-Ala''-Cys'~-Thr'’-Gly'“-Cys'’-Ser"
 

 

 TableVII.STPeptideandAnalogues
STPeptide

PositionofDisulfidebondsC3:C8,C4:C12,C715

Structure

Asn'-Ser’-Ser’-Asn’-Ser’-Ser®-Asn'-l'yr°-Cys’-Cys'-Glu'!-Lys'*-Cys'’-Cys'*-Asn°-Pro'’-Ala'’-Cys'°-
Thr’’-Gly°-Cys”'-Tyr” 

C3:C8,C4:C12,C715

PEG3-Asn'-Phe”-Cys’-Cys*-Glu>-Thr°-Cys’-Cys*-Asn’-Pro”-Ala!!-Cys"-Thr-Gly"-Cys®-Tyr®-PEG3 
C3:C8,C4:C12,C7:15C3:C8,C4:C12,C7:15

PEG3-Asn!-Phe’-Cys’-Cys'-Glu’-Thr’-Cys’-Cys*-Asn’-Pro'’-Ala''-Cys'*-Thr'’-Gly'“-Cys”-Tyr’®Asn'-Phe’-Cys’-Cys*-Glw’-Thr®-Cys'-Cys*-Asn’-Pro'’-Ala'!-Cys'”-Thr'’-Gly'*-Cys”-Tyr'°-PEG3 
 

C3:C8,C4:C12,C715

 

Asn'-Phe?-Cys*-Cys*-Glu’-Tyr®-Cys-Cys*-Asn’-Pro°-Ala''-Cys””-Thr-Gly"-Cys”-Tyr® 
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N165

C3:C8,C4:C12,C715

dAsn'-Phe”-Cys*-Cys’-Glu’-Tyr°-Cys’-Cys*-Asn’-Pro”-Ala!"-Cys?-Thr®-Gly-Cys?-dTyr™
247

  N166|C3:C8,C4:C12,|Asn'-Phe*-Cys’-Cys*-Glu’-Tyr?-Cys'-Cys*-Asn’-Pro'’-Ala'!-Cys'*-Thr’-Gly"-Cys”-dTyr'248
C7:15

N167_|C3:C8,C4:C12,|dAsn’-Phe?-Cys*-Cys*-Glu’-Tyr’-Cys’-Cys*-Asn’-Pro”-Ala"'-Cys*-Thr'-Gly"-Cys”-Tyr®249
 

C715
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13 Methods of Use

[109] The invention provides methodsfor treating or preventing gastrointestinal disorders and

increasing gastrointestinal motility in a subject in need thereof by administering an effective

amount of a GCC agonist formulation to the subject. Non-limiting examples of gastrointestinal

disorders that can be treated or prevented according to the methodsof the invention include

irritable bowel syndrome (IBS), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux

disease (GERD), ileus (e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI

tract), constipation (e.g., constipation associated with use of medications such as opioids,

osteoarthritis drugs, or osteoporosis drugs); post surgical constipation, constipation associated

with neuropathic disorders, Crohn’s disease, and ulcerative colitis.

[110] In one embodiment, the invention provides methods for treating or preventing

gastrointestinal motility disorder, irritable bowel syndrome,a functional gastrointestinal disorder,

gastroesophageal reflux disease, duodenogastric reflux, functional heartburn, dyspepsia,

functional dyspepsia, nonulcer dyspepsia, gastroparesis, chronic intestinal pseudo-obstruction,

colonic pseudo-obstruction, obesity, congestive heart failure, or benign prostatic hyperplasia.

[111] In one embodiment, the invention provides methods fortreating or preventing

constipation and/or increasing gastrointestinal motility in a subject in need thereof by

administering an effective amount of a GCC agonist formulation to the subject. Clinically

accepted criteria that define constipation range from the frequency of bowel movements, the

consistency of feces and the ease of bowel movement. One commondefinition 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 disease and cystic fibrosis. Constipation may also be the result of
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surgery or due to the use of drugs such as analgesics (like opioids), antihypertensives,

anticonvulsants, antidepressants, antispasmodics and antipsychotics.

[112] In various embodiments, the constipation is associated with use of a therapeutic agent;

the constipation is associated with a neuropathic disorder; the constipation is postsurgical

constipation; the constipation is associated with a gastrointestinal disorder; the constipation is

idiopathic (functional constipation or slow transit constipation); the constipation is associated

with neuropathic, metabolic or endocrine disorder(e.g., diabetes mellitus, hypothyroidism,

hyperthyroidism, hypocalcaemia, Multiple Sclerosis, Parkinson's disease, spinal cord lesions,

neurofibromatosis, autonomic neuropathy, Chagas disease, Hirschsprung disease or cystic

fibrosis). Constipation may also be the result of surgery or due to the use of drugs such as

analgesics (e.g., opioids), antihypertensives, anticonvulsants, antidepressants, antispasmodics

and antipsychotics.

[113] In one embodiment, the invention provides methodsfor treating or preventing chronic

idiopathic constipation and increasing gastrointestinal motility in a subject in need thereof by

administering an effective amount of a GCC agonist formulation to the subject.

[114] The term "treating" as used herein refers to a reduction, a partial improvement,

amelioration, or a mitigation of at least one clinical symptom associated with the gastrointestinal

disorders being treated. The term “preventing” refers to an inhibition or delay in the onset or

progression of at least one clinical symptom associated with the gastrointestinal disorders to be

prevented. The term "effective amount’ as used herein refers to an amountthat provides some

improvementor benefit to the subject. In certain embodiments, an effective amountis an

amountthat provides somealleviation, mitigation, and/or decrease in at least one clinical

symptom of the gastrointestinal disorder to be treated. In other embodiments, the effective

amountis the amountthat provides someinhibition or delay in the onset or progression of at

least one clinical symptom associated with the gastrointestinal disorder to be prevented. The

therapeutic effects need not be complete or curative, as long as some benefit is provided to the

subject. The term “subject” preferably refers to a human subject but mayalso refer to a non-

human primate or other mammal preferably selected from among a mouse,a rat, a dog, a cat, a

cow, a horse, or a pig.
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[115] The invention also provides methodsfortreating gastrointestinal cancer in a subject in

need thereof by administering an effective amount of a GCC agonist formulation to the subject.

Non-limiting examples of gastrointestinal cancers that can be treated according to the methods of

the invention include gastric cancer, esophageal cancer, pancreatic cancer, colorectal cancer,

intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer.

[116] The invention also provides methods for treating lipid metabolism disorders, biliary

disorders, inflammatory disorders, lung disorders, cancer, cardiac disorders including

cardiovascular disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin

disorders, prostate disorders, endocrine disorders, and obesity.

[117] Lipid metabolism disorders include, but are not limited to, dyslipidemia, hyperlipidemia,

hypercholesterolemia, hypertriglyceridemia, sitosterolemia, familial hypercholesterolemia,

xanthoma, combined hyperlipidemia, lecithin cholesterol acyltransferase deficiency, tangier

disease, abetalipoproteinemia, erectile dysfunction, fatty liver disease, and hepatitis.

[118] Billary disorders include gallbladder disorders such as for example, gallstones, gall

bladder cancer cholangitis, or primary sclerosing cholangitis; or bile duct disorders such as for

example,cholecystitis, bile duct cancer or fascioliasis.

[119] Inflammatory disorders include tissue and organ inflammation such as kidney

inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and

ulcerative colitis); necrotizing enterocolitis (NEC); pancreatic inflammation (e.g., pancreatis),

lung inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema).

[120] Lung Disorders include for example chronic obstructive pulmonary disease (COPD), and

fibrosis.

[121] Cancer includes tissue and organ carcinogenesis including metastases such as for

example gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer

colorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer;

lung cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.

bladder cancer or kidney cancer); blood cancer(e.g. myeloma or leukemia) or prostate cancer.
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[122] Cardiac disorders include for example, congestive heart failure, trachea cardia

hypertension, high cholesterol, or high triglycerides. Cardiovascular disorders include for

example aneurysm, angina, atherosclerosis, cerebrovascular accident (stroke),

cerebrovasculardisease, congestive heart failure, coronary artery disease, myocardial infarction

(heart attack), or peripheral vascular disease.

[123] Liver disorders include for example cirrhosis and fibrosis. In addition, GC-C agonist may

also be useful to facilitate liver regeneration in liver transplant patients. Eye disorders include

for example increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders

of tear glands or eye inflammation. Skin disorders include for example xerosis. Oral disorders

include for example dry mouth (xerostomia), Sjégren's syndrome, gum diseases(e.g.,

periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include

for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example

diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

1.3.1. Therapeutically Effective Dosages

[124] Disorders are treated, prevented or alleviated by administering to a subject, e.g., a

mamunal such as a human in need thereof, a therapeutically effective dose of a GCC agonist

peptide. The present invention is based in part on the unexpected results of clinical trials in

humans which demonstrated that the formulations of the invention are therapeutically effective at

much lowerdoses than predicted based on animal studies. In accordance with one aspect of the

invention, the therapeutically effective dose is between 0.01 milligrams (mg) and 10 mgperunit

dose. The term “unit dose”refers to a single drug delivery entity, ¢.g., a tablet, capsule, solution

or inhalation formulation. In one embodiment, the effective dose is between 0.01 mg and 9 mg.

In another embodiment, the effective dose is between 0.01 mg and 5 mg. In another

embodiment, the effective dose is between 0.01 mg and 3 mg. In another embodiment, the

effective dose is between 0.10 mg and 5 mg. In another embodiment, the effective doseis

between 0.10 mg and 3 mg. In one embodiment, the unit dose is .01 mg, .05 mg, 0.1 mg, 0.2 mg,

0.3 mg, 0.5 mg, 1.0 mg, 1.5 mg, 2.0 mg, 2.5 mg, 3.0 mg, 5 mg, or 10 mg. In one embodiment,

the unit dose is 0.3 mg, 1.0 mg, 3.0 mg, 9.0 mg,or 9.5 mg.
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[125] The GCC agonist peptides may be in a pharmaceutical composition in unit dose form,

together with one or more pharmaceutically acceptable excipients. The amountof peptide

present should be sufficient to have a positive therapeutic effect when administered to a patient.

What constitutes a “positive therapeutic effect’ will depend upon the particular condition being

treated and will include any significant improvementin a condition readily recognized by one of

skill in the art.

[126] The GCC agonists for use in the methods described above are preferably administered

orally. Dosage forms include solutions, suspensions, emulsions, tablets, and capsules.

[127] Thetotal daily dose can be administered to the patient in a single dose, or in multiple sub-

doses. Typically, sub-doses can be administered two to six times per day, preferably two to four

times per day, and even more preferably twoto three times per day. Preferably, a single daily

dose is administered.

[128] The GCC agonists may be administered as either the sole active agent or in combination

with one or more additional active agents. In all cases, additional active agents should be

administered at a dosage that is therapeutically effective using the existing art as a guide. The

GCC agonists may be administered in a single composition or sequentially with the one or more

additional active agents. In one embodiment, the GCC agonist is administered in combination

with one or more inhibitors of cGMP dependent phosphodiesterase such as suldinac sulfone,

zaprinast, motapizone, vardenafil, or sildenifil. In another embodiment, the GCC agonistis

administered in combination with one or more chemotherapeutic agents. In another

embodiment, the GCC agonist is administered in combination with one or moreor anti-

inflammatory drugs such as steroids or non-steroidal anti-inflammatory drugs (NSAIDS), such as

aspirin.

[129] Combination therapy can be achieved by administering two or more agents, e.g., a GCC

agonist peptide described herein and another compound, each of which is formulated and

administered separately, or by administering two or more agents in a single formulation. Other

combinations are also encompassed by combination therapy. For example, two agents can be

formulated together and administered in conjunction with a separate formulation containing a
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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 casesit is desirable that the two cor more

agents used in a combination therapy be present in within the patient's body at the sametime,

this need not be so.

[130] The GCC agonist peptides described herein may be combined with phosphodiesterase

inhibitors, e.g., sulindae sulfone, Zaprinast, sildenafil, vardenafil or tadalafil to further enhance

levels of cGMPinthe target tissues or organs.

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

agents used in the combination. For example, if agent X and agent Y are used in a combination,

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,ete.

1.3.2. Exemplary Agents for Combination Therapy

[132] The GCC agonist formulations of the invention may be administered alone or in

combination with one or more additional therapeutic agents as part of a therapeutic regimen for

the treatment or prevention of a gastrointestinal disease or disorder. In some embodiments, the

GCC agonist formulation comprises one or more additional therapeutic agents. In other

embodiments, the GCC agonist is formulated separately from the one or more additional

therapeutic agents. In accordance with this embodiment, the GCC agonist is administered either

simultaneously, sequentially, or at a different time than the one or more additional therapeutic

agents. In one embodiment, the GCC agonist formulation is administered in combination with

one or more additional therapeutic agents selected from the group consisting of

phosphodiesterase inhibitors, cyclic nucleotides (such as cGMP and cAMP), a laxative (such as

SENNA or METAMUCIL), a stool softner, an anti-tumor necrosis factor alpha therapy for IBD

62

3971



3972

WO 2012/037380 PCT/US2011/031805

(such as REMICADE, ENBREL, or HUMIRA), and anti-inflammatory drugs (such as COX-2

inhibitors, sulfasalazine, 5-ASA derivatives and NSAIDS). In certain embodiments, the GCC

agonist formulation is administered in combination with an effective dose of an inhibitor of

cGMP-specific phosphodiesterase (CGMP-PDE)either concurrently or sequentially with said

GCC agonist. cGMP-PDEinhibitors include, for example, suldinac sulfone, zaprinast,

motapizone, vardenifil, and sildenafil. In another embodiment, the GCC agonist formulation is

administered in combination with inhibitors of cyclic nucleotide transporters. Further examples

of therapeutic agents that may be administered in combination with the GCC agonist

formulations of the invention are given in the following sections.

1.3.2.1 Agents to Treat Gastrointestinal Cancers

[133] The GCC agonist formulations described herein can be used in combination with one or

more antitumor agents including but not limited to alkylating agents, epipodophyllotoxins,

nitrosoureas, anti-metabolites, vinca alkaloids, anthracycline antibiotics, nitrogen mustard

agents, and the like. Particular antitumor agents include tamoxifen, taxol, etoposide, and 5-

fluorouracil. In one embodiment, the GCC agonist formulations are used in combination with an

antiviral agent or a monoclonal antibody.

[134] Non-limiting examples of antitumor agents that can be used in combination with the

GCC agonist formulations of the invention for the treatment of colon cancer include anti-

proliferative agents, agents for DNA modification or repair, DNA synthesis inhibitors,

DNA/RNAtranscription regulators, RNA processing inhibitors, agents that affect protein

expression, synthesis and stability, agents that affect protein localization or their ability to exert

their physiological action, agents that interfere with protein-protein or protein-nucleic acid

interactions, agents that act by RNAinterference, receptor binding molecules of any chemical

nature (including small molecules and antibodies), targeted toxins, enzyme activators, enzyme

inhibitors, gene regulators, HSP-90 inhibitors, molecules interfering with microtubules or other

cytoskeletal components or cell adhesion and motility, agents for phototherapy, and therapy

adjuncts.
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[135] Representative anti-proliferative agents include N-acetyl-D-sphingosine (C.sub.2

ceramide), apigenin, berberine chloride, dichloromethylenediphosphonic acid disodium salt, loe-

emodine, emodin, HA 14-1, N-hexanoyl-D-sphingosine (C.sub.6 ceramide), 7b-

hydroxycholesterol, 25-hydroxycholesterol, hyperforin, parthenolide, and rapamycin.

Representative agents for DNA modification and repair include aphidicolin, bleomycin

sulfate, carboplatin, carmustine, chlorambucil, cyclophosphamide monohydrate,

cyclophosphamide monohydrate ISOPAC.RTM., cis-diammineplatinum(I]) dichloride

(Cisplatin), esculetin, melphalan, methoxyamine hydrochloride, mitomycin C, mitoxantrone

dihydrochloride, oxaliplatin, and streptozocin.

[136] Representative DNA synthesis inhibitors include (.+-.)amethopterin (methotrexate), 3-

amino-1,2,4-benzotriazine 1,4-dioxide, aminopterin, cytosine b-D-arabinofurdnoside (Ara-C),

cytosine b-D-arabinofuranoside (Ara-C) hydrochloride, 2-fluoroadenine-9-b-D-

arabinofuranoside (Fludarabine des-phosphate; F-ara-A), 5-fluoro-5’-deoxyuridince, 5-

fluorouracil, ganciclovir, hydroxyurea, 6-mercaptopurine, and 6-thioguanine.

[137] Representative DNA/RNAtranscription regulators include actinomycin D, daunorubicin

hydrochloride, 5,6-dichlorobenzimidazole 1-b-D-ribofuranoside, doxorubicin hydrochloride,

homoharringtonine, and idarubicin hydrochloride.

[138] Representative enzyme activators and inhibitors include forskolin, DL-

aminog|lutethimide, apicidin, Bowman-Birk Inhibitor, butein, (S)-(+)-camptothecin, curcumin,(-

)-deguelin, (-)-depudecin, doxycycline hyclate, etoposide, formestane, fostriecin sodium salt,

hispidin, 2-imino-1-imidazolidineacetic acid (Cyclocreatine), oxamflatin, 4-phenylbutyric acid,

roscovitine, sodium valproate, trichostatin A, tyrphostin AG 34, tyrphostin AG 879, urinary

trypsin inhibitor fragment, valproic acid (2-propylpentanoic acid), and XK469.

[139] Representative gene regulators include 5-aza-2'-deoxycytidine, 5-azacytidine,

cholecalciferol (Vitamin D3), ciglitizone, cyproterone acetate, 15-deoxy-D.sup.12,14-

prostaglandin J.sub.2, epitestosterone, flutamide, glycyrrhizic acid ammoniumsalt

(glycyrrhizin), 4-hydroxytamoxifen, mifepristone, procainamide hydrochloride, raloxifene

hydrochloride, all trans-retinal (vitamin A aldehyde), retinoic acid (vitamin A acid), 9-cis-
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retinoic acid, 13-cis-retinoic acid, retinoic acid p-hydroxyanilide, retinol (Vitamin A), tamoxifen,

tamoxifen citrate salt, tetradecylthioacetic acid, and troglitazone.

[140] Representative HSP-90 inhibitors include 17-(allylamino)-17-demethoxygeldanamycin

and geldanamycin.

[141] Representative microtubule inhibitors include colchicines, dolastatin 15, nocodazole,

taxanes and in particular paclitaxel, podophyllotoxin, rhizoxin, vinblastine sulfate salt,

vincristine sulfate salt, and vindesine sulfate salt and vinorelbine (Navelbine) ditartrate salt.

[142] Representative agents for performing phototherapy include photoactive porphyrin rings,

hypericin, 5-methoxypsoralen, 8-methoxypsoralen, psoralen and ursodeoxycholic acid.

[143] Representative agents used as therapy adjuncts include amifostine, 4-amino-1,8-

naphthalimide, brefeldin A, cimetidine, phosphomycin disodium salt, leuprolide Ceuprorelin)

acetate salt, luteinizing hormone-releasing hormone (LH-RH)acetate salt, lectin, papaverine

hydrochloride, pifithrin-a, (-)-scopolamine hydrobromide, and thapsigargin.

[144] The agents can also be anti-VEGF(vascular endothelial growth factor) agents, as such

are knownin the art. Several antibodies and small molecules are currently in clinicaltrials or

have been approved that function by inhibiting VEGF, such as Avastin (Bevacizumab), SU5416,

SU11248 and BAY 43-9006. The agents can also be directed against growth factor receptors

such as those of the EGF/Erb-B family such as EGF Receptor (Iressa or Gefitinib, and Tarceva

or Erlotinib), Erb-B2, receptor (Herceptin or Trastuzumab), other receptors (such as Rituximab

or Rituxan/MabThera), tyrosine kinases, non-receptor tyrosine kinases, cellular serine/threonine

kinases (including MAPkinases), and various other proteins whose deregulation contribute to

oncogenesis (such as small/Ras family and large/heterotrimeric G proteins). Several antibodies

and small molecules targeting those molecules are currently at various stages of development

(including approved for treatmentorin clinicaltrials).

[145] Ina preferred embodiment, the invention provides a method for treating colon cancer in a

subject in need thereof by administering to the subject a GCC agonist formulation in

combination with one or more antitumor agent selected from the group consisting of paclitaxel,
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docetaxel, tamoxifen, vinorelbine, gemcitabine, cisplatin, etoposide, topotecan, irinotecan,

anastrozole, rituximab, trastuzumab, fludarabine, cyclophosphamide, gentuzumab,carboplatin,

interferons, and doxorubicin. In a particular embodiment the antitumor agentis paclitaxel. Ina

further embodiment, the method further comprises an antitumor agent selected from the group

consisting of 5-FU, doxorubicin, vinorelbine, cytoxan, and cisplatin.

1.3.2.2 Agents that Treat Crohn's Disease

[146] In one embodiment, a GCC agonist formulation of the invention is administered as part

of a combination therapy with one or more additional therapeutic agents for the treatment of

Crohn’s disease. Non-limiting examples of the one or more additional therapeutic agents include

sulfasalazine and other mesalamine-containing drugs, generally knownas 5-ASA agents, such as

Asacol, Dipentum, or Pentasa, or infliximab (REMICADE). In certain embodiments, the one or

more additional agents is a corticosteroid or an immunosuppressive agent such as 6-

mercaptopurine or azathioprine. In another embodiment, the one or more additional agents is an

antidiarrheal agent such as diphenoxylate, loperamide, or codeine.

1.3.2.3 Agents that Treat Ulcerative Colitis

[147] In one embodiment, a GCC agonist formulation of the invention is administered as part

of a combination therapy with one or more additional therapeutic agents for the treatment of

ulcerative colitis. The agents that are used to treat ulcerative colitis overlap with those used to

treat Chrohn’s Disease. Non-limiting examples of the one or more additional therapeutic agents

that can be used in combination with a GCC agonist formulation of the invention include

aminosalicylates (drugs that contain 5-aminosalicyclic acid (5-ASA)) such as sulfasalazine,

olsalazine, mesalamine, and balsalazide. Other therapeutic agents that can be used include

corticosteroids, such as prednisone and hydrocortisone, immunomodulators, such as

azathioprine, 6-mercapto-purine (6-MP), cytokines, interleukins, and lymphokines, and anti-

TNF-alpha agents, including the thiazolidinediones or glitazones suchas rosiglitazone and

pioglitazone. In one emobidment, the one or more additional therapeutic agents includes both

cyclosporine A and 6-MPorazathioprine for the treatment of active, severe ulcerative colitis.

66

3975



3976

WO 2012/037380 PCT/US2011/031805

1.3.2.4 Agents that Treat Constipation/Irritable Bowel Syndrome

[148] In one embodiment, a GCC agonist formulation of the invention is administered as part

of a combination therapy with one or more additional therapeutic agents for the treatment of

constipation, such as that associated with irritable bowel syndrome. Non-limiting examples of

the one or more additional therapeutic agents include laxatives such as SENNA, MIRALAX,

LACTULOSE,PEG,or calcium polycarbophil), stool softeners (such as mineral oil or

COLACE), bulking agents (such as METAMUCILor bran), agents such as ZELNORM (also

called tegaserod), and anticholinergic medications such as BENTYL and LEVSIN.

1.3.2.5 Agents for the Treatment of Postoperative Neus

[149] In one embodiment, a GCC agonist formulation of the invention is administered as part

of a combination therapy with one or more additional therapeutic agents for the treatment of

postoperative ileus. Non-limiting examples of the one or more additional therapeutic agents

include ENTEREG(alvimopan; formerly called ado lor/ ADL 8-2698), conivaptan, and related

agents describes in US 6,645,959.

1.3.2.6 Anti-obesity agents

[150] In one embodiment, a GCC agonist formulation of the invention is administered as part

of a combination therapy with one or more additional therapeutic agents for the treatment of

obesity. Non-limiting examples of the one or more additional therapeutic agents include 1 18

HSD-I (11-beta hydroxy steroid dehydrogenase type 1) inhibitors, such as BVT 3498, BVT

2733, 3-(d-adamantyl)-4-ethyl-5-(ethylthio)- 4H-1,2,4-triazole, 3-(-adamantyl)-5-(3,4,5-

trimethoxyphenyl)-4-methyl-4H-1,2,4-triazole, 3- adamantanyl-4,5,6,7,8,9,10,11,12,3a-

decahydro-1,2,4-triazolo[4,3-a][] lannulene, and those compoundsdisclosed in WO01/90091,

WOO 1/90090, WOO 1/90092 and WO02/072084; SHT antagonists such as those in

W003/037871, WO03/037887, and the like; 5HTJa modulators such as carbidopa, benserazide

and those disclosed in US6207699, WO03/03 1439, and the like; 5HT2c (serotonin receptor 2c)

agonists, such as BVT933, DPCA37215, IK264, PNU 22394, WAY 161503, R-1065, SB 243213

(Glaxo Smith Kline) and YM 348 andthose disclosed in US3914250, WO00/77010,
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W002/36596, WO02/48124, WO02/10169, WO01/66548, WO02/44152, WO02/51844,

W002/40456, and WO02/40457; SHT6 receptor modulators, such as those in WO03/030901,

W003/035061, WO03/039547, and the like; acyl-estrogens, such as oleoyl-estrone, disclosed in

del Mar-Grasa, M.et al, Obesity Research, 9:202-9 (2001) and Japanese Patent Application No.

JP 2000256190; anorectic bicyclic compounds such as 1426 (Aventis) and 1954 (Aventis), and

the compounds disclosed in WO00/18749, WO01/32638, WO01/62746, WO01/62747, and

W003/015769; CB 1 (cannabinoid-1 receptor) antagonist/inverse agonists such as rimonabant

(Acomplia; Sanofi), SR-147778 (Sanofi), SR-141716 (Sanofi), BAY 65-2520 (Bayer), and SLV

319 (Solvay), and those disclosed in patent publications US4973587, US5013837, US5081122,

US5112820, US5292736, US5532237, US5624941, US6028084, US6509367, US6509367,

W096/33159, WO97/29079, WO98/31227, WO98/33765, WO98/37061, WO98/41519,

W098/43635, WO98/43636, WO99/02499, WO00/10967, WO00/10968, WO01/09120,

W001/58869, WO01/64632, WO01/64633, WO01/64634, WO01/70700, WO01/96330,

W002/076949, WO03/006007, WO03/007887, WO03/020217, WO03/026647, WO03/026648,

W003/027069, WO03/027076, WO03/027114, WO03/037332, WO03/040107, WO03/086940,

W003/084943 and EP658546; CCK-A (cholecystokinin-A) agonists, such as AR-R 15849, GI

181771 (GSK), JMV-180, A- 71378, A-71623 and SR146131 (Sanofi), and those described in

US5739106; CNTF (Ciliary neurotrophic factors), such as GI- 181771 (Glaxo-SmithKline), SRI

46131 (Sanofi Synthelabo), butabindide, PD 170,292, and PD 149164 (Pfizer); CNTF

derivatives, such as Axokine® (Regeneron), and those disclosed in WO94/09134, WO98/22128,

and W099/43813; dipeptidyl peptidase [V (DP-IV) inhibitors, such as isoleucine thiazolidide,

valine pyrrolidide, NVP-DPP728, LAF237, P93/01, P 3298, TSL 225 (tryptophyl-1,2,3,4-

tetrahydroisoquinoline-3- carboxylic acid; disclosed by Yamadaet al, Bioorg. & Med. Chem.

Lett. 8 (1998) 1537-1540), TMC-2A/2B/2C, CD26 inhibtors, FE 999011, P9310/K364, VIP

0177, SDZ 274-444, 2- cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by Ashworth et

al, Bioorg. & Med. Chem. Lett., Vol. 6, No. 22, pp 1163-1166 and 2745-2748 (1996) and the

compoundsdisclosed patent publications. WO99/38501, WO099/46272, WO099/67279

(Probiodrug), WO99/67278 (Probiodrug), WO99/61431 (Probiodrug), WO02/083 128,

W002/062764, WO03/000180, WO03/000181, WO03/000250, WO03/002530, WO03/00253 1,

W003/002553, WO03/002593, WO03/004498, WO03/004496,W003/017936, WO03/024942,
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W003/024965, WO03/033524, WO03/037327 and EP1258476; growth hormonesecretagogue

receptor agonists/antagonists, such as NN703, hexarelin, MK- 0677 (Merck), SM-130686, CP-

424391 (Pfizer), LY 444,711 (Eli Lilly), L-692,429 and L- 163,255, and suchasthose disclosed

in USSN 09/662448, US provisional application 60/203335, US6358951, US2002049 196,

US2002/022637, WO01/56592 and WO02/32888; H3 (histamine H3) antagonist/inverse

agonists, such as thioperamide, 3-(1H-imidazol-4- yl)propyl N-(4-pentenyl)carbamate),

clobenpropit, iodophenpropit, imoproxifan, GI2394 (Gliatech), and A331440, O-[3-(H-

imidazol-4-yl)propanol]carbamates (Kiec-Kononowicz,K. et al., Pharmazie, 55:349-55 (2000)),

piperidine-containing histamine H3-receptor antagonists (Lazewska, D, et al., Pharmazie,

56:927-32 (2001), benzophenone derivatives and related compounds (Sasse, A.et al., Arch.

Pharm.(Weinheim) 334:45-52 (2001)), substituted N- phenylcarbamates (Reidemeister, S. et al.,

Pharmazie, 55:83-6 (2000)), and proxifan derivatives (Sasse, A.et al., J. Med. Chem.. 43:3335-

43 (2000)) and histamine H3 receptor modulators such as those disclosed in WO02/15905,

W003/024928 and WO03/024929; leptin derivatives, such as those disclosed in US5552524,

US5552523, US5552522, US5521283, WO96/23513, WO96/23514, WO96/23515,

W096/23516, WO96/23517, WO96/23518, WO96/23519, and WO96/23520; leptin, including

recombinant human leptin (PEG-OB, Hoffman La Roche) and recombinant methionyl human

leptin (Amgen); lipase inhibitors, such as tetrahydrolipstatin (orlistat/Xenical®), Triton WRI

339, RHC80267, lipstatin, teasaponin, diethylumbelliferyl phosphate, FL-386, WAY-121898,

Bay-N-3176, valilactone, esteracin, ebelactone A, ebelactone B, and RHC 80267, and those

disclosed in patent publications WO01/77094, US4598089, US4452813, USUS5512565,

US5391571, US5602151, US4405644, US4189438, and US4242453; lipid metabolism

modulators such as maslinic acid, erythrodiol, ursolic acid uvaol, betulinic acid, betulin, and the

like and compounds disclosed in WO03/011267; Mc4r (melanocortin 4 receptor) agonists, such

as CHIR86036 (Chiron), ME- 10142, ME-10145, and HS-131 (Melacure), and those disclosed in

PCT publication Nos. WO99/64002, WO00/74679, WOO 1/991752, WOO 1/25192, WOO

1/52880, WOO 1/74844, WOO 1/70708, WO001/70337, WO01/91752, WO02/059095,

W002/059 107, WO02/059 108, WO02/059117, WO02/06276, WO02/12166, WO02/11715,

W002/12178, WO02/15909, WO02/38544, WO02/068387, WO02/068388, WO02/067869,

W002/081430, WO03/06604, WO003/007949, WO03/009847, WO03/009850, WO03/013509,
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and W0Q03/031410; Mc5r (melanocortin 5 receptor) modulators, such as those disclosed in

W097/19952, WO00/15826, WO00/15790, US20030092041; melanin-concentrating hormone |

receptor (MCHR)antagonists, such as T-226296 (Takeda), SB 568849, SNP-7941 (Synaptic),

and those disclosed in patent publications WOO 1/21169, WOO1/82925, WO01/87834,

W002/051809, WO02/06245, WO02/076929, WO02/076947, WO02/04433, WO02/51809,

W002/083 134, WO02/094799, WOQO03/004027, WO003/13574, WO03/15769, WO03/028641,

W003/035624, WO003/033476, WO03/033480, JP13226269, and JP1437059; mGluR5

modulators such as those disclosed in WO03/029210, WO03/047581, WO03/048 137,

W003/051315, WO03/051833, WO03/053922, WO03/059904, andthe like; serotoninergic

agents, such as fenfluramine (such as Pondimin® (Benzeneethanamine, N-ethyl- alpha-methy|-3-

(trifluoromethyl)-, hydrochloride), Robbins), dexfenfluramine (such as Redux®

(Benzenecthanamine, N-ethyl-alpha-methyl-3-(trifluoromethyl)-, hydrochloride), Interneuron)

and sibutramine ((Meridia®, Knoll/Reductil'™) including racemic mixtures, as optically pure

isomers (+) and (-), and pharmaceutically acceptable salts, solvents, hydrates, clathrates and

prodrugs thereof including sibutramine hydrochloride monohydrate salts thereof, and those

compoundsdisclosed in US4746680, US4806570, and US5436272, US20020006964, WOO

1/27068, and WOO 1/62341; NE (norepinephrine) transport inhibitors, such as GW 320659,

despiramine, talsupram, and nomifensine; NPY 1 antagonists, such as BIBP3226, J-115814,

BIBO 3304, LY-357897, CP-671906, GI- 264879A,and those disclosed in US6001836,

W096/14307, WO01/23387, WO99/51600, WO01/85690, WO01/85098, WO01/85173, and

WO001/89528; NPY5 (neuropeptide Y Y5) antagonists, such as 152,804, GW-569180A, GW-

594884A, GW- 587081 X, GW-548118X, FR235208, FR226928, FR240662, FR252384,

1229U91, GI-264879A, CGP71683A, LY-377897, LY-366377, PD-160170, SR- 120562A, SR-

120819A, JCF-104, and H409/22 and those compounds disclosed in patent publications

US6140354, US6191160, US6218408, US6258837, US6313298, US6326375, US6329395,

US86335345, US6337332, US6329395, US6340683, EP01010691, EP-01044970, WO97/19682,

W097/20820, WO097/20821, WO97/20822, WO97/20823, WO98/27063, WO00/107409,

WO000/185714, WO00/185730, WO00/64880, WO00/68197, WO00/69849, WO/01 13917,

W001/09120, WO01/14376, WO01/85714, WO01/85730, WO01/07409, WO01/02379,

WO001/23388, WO01/23389, WOO 1/44201, WO01/62737, WO01/62738, WO01/09120,
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W002/20488, WO02/22592, WO02/48 152, WO02/49648, WO02/05 1806, WO02/094789,

W003/009845, WO03/014083, WO03/022849, WO03/028726 and Normanet al, J. Med. Chem.

43:4288-4312 (2000); opioid antagonists, such as nalmefene (REVEX ®), 3-methoxynaltrexone,

methylnaltrexone, naloxone, and naltrexone (e.g. PT901; Pain Therapeutics, Inc.) and those

disclosed in US20050004155 and WOQ00/21509; orexin antagonists, such as SB-334867-A and

those disclosed in patent publications WO01/96302, WO01/68609, WO02/44172, WO02/51232,

W002/51838. WO02/089800. WO002/090355, WO03/023561, WO03/032991, and

W003/037847; PDE inhibitors (e.g. compounds which slow the degradation of cyclic AMP

(cAMP)and/or cyclic GMP (cGMP)by inhibition of the phosphodiesterases, which can lead to a

relative increase in the intracellular concentration of cAMP and cGMP;possible PDE inhibitors

are primarily those substances which are to be numbered among the class consisting of the PDE3

inhibitors, the class consisting of the PDE4 inhibitors and/orthe class consisting of the PDE5S

inhibitors, in particular those substances which can be designated as mixed types of PDE3/4

inhibitors or as mixed types of PDE3/4/5 inhibitors) such as those disclosed in patent

publications DE1470341, DE2108438, DE2123328, DE2305339, DE2305575, DE2315801,

DE2402908, DE2413935, DE2451417, DE2459090, DE2646469, DE2727481, DE2825048,

DE2837161, DE2845220, DE2847621, DE2934747, DE3021792, DE3038166, DE3044568,

EP000718, EP0008408, EP0010759, EP0059948, EP0075436, EP0096517, EPO! 12987, EPO1

16948, EP0150937, EP0158380, EP0161632, EP0161918, EP0167121, EP0199127, EP0220044,

EP0247725, EP0258191, EP0272910, EP0272914, EP0294647, EP0Q300726, EP0335386,

EP0357788, EP0389282, EP0406958, EP0426180, EP0428302, EP0435811, EP0470805,

EP0482208, EP0490823, EP0506194, EP0511865, EP0527117, EPQ626939, EP0664289,

EP0671389, EP0685474, EP0685475, EP0685479, JP92234389, JP94329652, JP95010875,

US4963561, US5141931, WO9117991, WO9200968, WO09212961, WO9307146, WO93 15044,

W09315045, WO9318024, WO9319068, WO9319720, WO9319747, WO9319749,

W09319751, WO9325517, WO9402465, WO9406423, WO09412461, WO09420455,

W09422852, WO9425437, WO9427947, WO9500516, WO9501980, WO9503794,

W09504045, WO9504046, WO9505386, WO9508534, WO9509623, WO9509624,

W09509627, WO9509836, WO95 14667, WO95 14680, WO9514681, WO09517392,

W09517399, WO9519362, WO9522520, WO9524381, WO9527692, WO9528926,
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W09535281, WO9535282, WO9600218, WO9601825, WO9602541, WO9611917,

DE3142982, DE] 116676, DE2162096, EP0293063, EP0463756, EP0482208, EP0579496,

EP0667345 US6331543, US20050004222 (including those disclosed in formulas I- XTIT and

paragraphs 37-39, 85-0545 and 557-577), WO9307124, EPO163965, EP0393500, EPO05 10562,

EP0553174, WO9501338 and WO9603399, as well as PDES inhibitors (such as RX-RA-69,

SCH-51866, KT-734, vesnarinone, zaprinast, SKF-96231, ER-21355, BF/GP-385, NM-702 and

sildenafil (Viagra™)), PDE4 inhibitors (such as etazolate, IC163197, RP73401, imazolidinone

(RO-20-1724), MEM 1414 (R1533/R1500; Pharmacia Roche), denbufylline, rolipram,

oxagrelate, nitraquazone, Y-590, DH-6471, SKF-94120, motapizone,lixazinone, indolidan,

olprinone,atizoram, KS-506-G, dipamfylline, BMY-43351, atizoram, arofylline, filaminast,

PDB-093, UCB-29646, CDP-840, SKF-107806, piclamilast, RS-17597, RS-25344- 000, SB-

207499, TIBENELAST, SB-210667, SB-211572, SB-211600, SB-212066, SB-212179, GW-

3600, CDP-840, mopidamol, anagrelide, ibudilast, amrinone, pimobendan, cilostazol, quazinone

and N-(3,5-dichloropyrid-4-yl)-3-cyclopropylmethoxy4-difluoromethoxybenzamide, PDE3

inhibitors (such as ICT153, 100, bemorandane (RWJ 22867), MCI-154, UD-CG 212, sulmazole,

ampizone, cilostamide, carbazeran, piroximone, imazodan, CI-930, siguazodan, adibendan,

saterinone, SKF-95654, SDZ-MKS-492, 349-U-85, emoradan, EMD-53998, EMD- 57033, NSP-

306, NSP-307, revizinone, NM-702, WIN-62582 and WIN-63291, enoximone and milrinone,

PDE3/4 inhibitors (such as benafentrine, trequinsin, ORG-30029, zardaverine, L- 686398, SDZ-

ISQ-844, ORG-20241, EMD-54622, and tolafentrine) and other PDE inhibitors (such as

vinpocetin, papaverine, enprofylline, cilomilast, fenoximone, pentoxifylline, roflumilast,

tadalafil(Cialis®), theophylline, and vardenafil(Levitra®); Neuropeptide Y2 (NPY2) agonists

include but are not limited to: polypeptide YY and fragments and variants thereof (e.g. YY3-36

(PYY3-36 )(N. Engl. J. Med. 349:941, 2003; IKPEAPGE DASPEELNRY YASLRHYLNL

VTRQRY (SEQ ID NO:XXX)) and PYY agonists such as those disclosed in WO02/47712,

W003/026591, WO03/057235, and WO03/027637; serotonin reuptake inhibitors, such as,

paroxetine, fluoxetine (Prozac™), fluvoxamine, sertraline, citalopram, and imipramine, and

those disclosed in US6162805, US6365633, WO03/00663, WOO 1/27060, and WOO 1/162341;

thyroid hormone f agonists, such as KB-2611 (KaroBioBMS), and those disclosed in

W002/15845, WO97/21993, WO99/00353, GB98/284425, U.S. Provisional Application No.
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60/183,223, and Japanese Patent Application No. JP 2000256190; UCP-I (uncoupling protein-1),

2, or 3 activators, such as phytanic acid, 4-[(E)-2-(5, 6,7,8- tetrahydro-5,5,8,8-tetramethyl-2-

napthalenyl)-I-propenyl]benzoic acid (TTNPB), retinoic acid, and those disclosed in

W099/00123; B3 (beta adrenergic receptor 3) agonists, such as AJ9677/TAK677

(Dainippon/Takeda), L750355 (Merck), CP331648 (Pfizer), CL-316,243, SB 418790, BRL-

37344, L-796568, BMS-196085, BRL-35135A, CGP12177A, BTA-243, GW 427353,

Trecadrine, Zeneca D7114, N-5984 (Nisshin Kyorin), LY-377604 (Lilly), SR 59119A, and those

disclosed in US5541204, US5770615, US5491 134, US5776983, US488064, US5705515,

US5451677, WO94/18161, WO95/29159, WO97/46556, WO98/04526 and WO98/32753,

W001/74782, WO02/32897, WQO03/014113, WO03/016276, WO03/016307, WO03/024948,

W003/024953 and WO03/037881; noradrenergic agents including, but notlimited to,

diethylpropion (such as Tenuate® (1- propanone, 2-(diethylamino)-| -phenyl-, hydrochloride),

Merrell), dextroamphetamine (also known as dextroamphetamine sulfate, dexamphetamine,

dexedrine, Dexampex, Ferndex, Oxydess II, Robese, Spancap #1), mazindol ((or 5-(p-

chlorophenyl)-2,5-dihydro-3H- imidazo[2,l-a]isoindol-5-ol) such as Sanorex®, Novartis or

Mazanor®, Wyeth Ayerst), phenylpropanolamine (or Benzenemethanol, alpha-(l-aminoethyl)-,

hydrochloride), phentermine ((or Phenol, 3-[[4,5-duhydro-]H-imidazol-2-yl ethyl] (4-

methylpheny-l)amino], monohydrochloride) such as Adipex-P®, Lemmon, FASTIN®, Smith-

Kline Beecham and Jonamin®, Medeva), phendimetrazine ((or (25,3S)-3,4-Dimethyl-

2phenylmorpholine L-(+)- tartrate (1 :1)) such as Metra® (Forest) , Plegine® (Wyeth- Ayerst),

Prelu-2® (Boehringer Ingelheim), and Statobex® (Lemmon), phendaminetartrate (such as

Thephorin® (2,3,4,9- Tetrahydro-2-methyl-9-phenyl-1H-indenol[2,1-c]pyridine L-(+)-tartrate (1

:1)), Hoffmann- LaRoche), methamphetamine (such as Desoxyn®, Abbot (($)-N, (alpha)-

dimethylbenzeneethanamine hydrochloride)), and phendimetrazine tartrate (such as Bontril®

Slow-Release Capsules, Amarin (-3,4-Dimethyl-2-phenylmorpholine Tartrate); fatty acid

oxidation upregulator/inducers such as Famoxin® (Genset); monamine oxidase inhibitors

including but not limited to befloxatone, moclobemide, brofaromine, phenoxathine, esuprone,

befol, toloxatone, pirlindol, amiflamine, sercloremine, bazinaprine, lazabemide, milacemide,

caroxazone and other certain compoundsas disclosed by WO01/12176; and other anti-obesity

agents such as 5HT-2 agonists, ACC (acetyl-CoA carboxylase) inhibitors such as those described

73

3982



3983

WO 2012/037380 PCT/US2011/031805

in WO03/072197, alpha-lipoic acid (alpha-LA), AOD9604, appetite suppressants such as those

in WO03/40107, ATL-962 (Alizyme PLC), benzocaine, benzphetamine hydrochloride (Didrex),

bladderwrack (focus vesiculosus), BRS3 (bombesin receptor subtype 3) agonists, bupropion,

caffeine, CCK agonists, chitosan, chromium, conjugated linoleic acid, corticotropin-releasing

hormone agonists, dehydroepiandrosterone, DGATI(diacylglycerol acyltransferase 1) inhibitors,

DGAT2 (diacylglycerol acyltransferase 2) inhibitors, dicarboxylate transporter inhibitors,

ephedra, exendin-4 (an inhibitor of glp-1) FAS (fatty acid synthase) inhibitors (such as Cerulenin

and C75), fat resorption inhibitors (such as those in WO03/053451, and the like), fatty acid

transporter inhibitors, natural water soluble fibers (such as psyllium, plantago, guar, oat, pectin),

galanin antagonists, galega (Goat's Rue, French Lilac), garcinia cambogia, germander(teucrium

chamaedrys), ghrelin antibodies and ghrelin antagonists (such as those disclosed in

W001/87335, and WO02/08250), polypeptide hormones and variants thereof which affect the

islet cell secretion, such as the hormonesof the secretin/gastric inhibitory polypeptide

(GIP)/vasoactive intestinal polypeptide (VIP)/pituitary adenylate cyclase activating polypeptide

(PACAP)/glucagon-like polypeptide I] (GLP- I])/glicentin/glucagon gene family and/or those of

the adrenomedullin/amylin/calcitonin gene related polypeptide (CGRP) gene family

includingGLP-1 (glucagon- like polypeptide 1) agonists (e.g. (1) exendin-4, (2) those GLP-I

molecules described in US20050130891 including GLP- 1(7-34), GLP-1(7-35), GLP-1(7-36) or

GLP-1(7-37) in its C-terminally carboxylated or amidated form or as modified GLP-I

polypeptides and modifications thereof including those described in paragraphs 17-44 of

US20050130891, and derivatives derived from GLP-1-(7- 34)COOHandthe corresponding acid

amide are employed which have the following general formula: R-NH-

HAEGTFTSDVSYLEGQAAKEFIAWLVK-CONH)wherein R=H oran organic compound

having from 1 to 10 carbon atoms. Preferably, R is the residue of a carboxylic acid. Particularly

preferred are the following carboxylic acid residues: formyl, acetyl, propionyl, isopropionyl,

methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert- butyl.) and glp-1 (glucagon-like

polypeptide- 1), glucocorticoid antagonists, glucose transporter inhibitors, growth hormone

secretagogues(such as those disclosed and specifically described in US5536716), interleukin-6

(IL-6) and modulators thereof (as in WO03/057237, and the like), L- carnitine, Mc3r

(melanocortin 3 receptor) agonists, MCH2R (melanin concentrating hormone 2R)
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agonist/antagonists, melanin concentrating hormone antagonists, melanocortin agonists (such as

Melanotan II or those described in WO 99/64002 and WO 00/74679), nomame herba, phosphate

transporter inhibitors, phytopharm compound 57 (CP 644,673), pyruvate, SCD-I (stearoyl-CoA

desaturase-1) inhibitors, T71 (Tularik, Inc., Boulder CO), Topiramate (Topimax®,indicated as

an anti-convulsant which has been shownto increase weightloss), transcription factor

modulators (such as those disclosed in WO03/026576), B-hydroxy steroid dehydrogenase- 1

inhibitors (§ -HSD-I), B-hydroxy-B-methylbutyrate, p57 (Pfizer), Zonisamide (Zonegran™,

indicated as an anti-epileptic which has been shownto lead to weight loss), and the agents

disclosed in US20030119428 paragraphs 20-26.

1.3.2.7 Phosphodiesterase inhibitors

[151] In certain embodiments, the regimen of combination therapy includes the administration

of one or more phosphodiesterase (‘PDE’) inhibitors. PDE inhibitors slow the degradation of

cyclic AMP (cAMP) and/or cyclic GMP (cGMP)by inhibiting phosphodiesterases, which can

lead to a relative increase in the intracellular concentration of cAMP and/or cGMP. Non-

limiting examples of PDE inhibitors that can be used in combination with the GCC agonists of

the invention include PDE3 inhibitors, PDE4 inhibitors and/or PDES inhibitors, in particular

those substances which can be designated as mixed types of PDE3/4 inhibitors or as mixed types

of PDE3/4/5 inhibitors. Non-limiting examples of such PDE inhibitors are described in the

following patent applications and patents: DE1470341, DE2108438, DE2123328, DE2305339,

DE2305575, DE2315801, DE2402908, DE2413935, DE2451417, DE2459090, DE2646469,

DE2727481, DE2825048, DE2837161, DE2845220, DE2847621, DE2934747, DE3021792,

DE3038166, DE3044568, EP000718, EP0008408, EP0010759, EP0059948, EP0075436,

EP0096517, EPO! 12987, EPOI] 16948, EP0150937, EP0158380, EPO0161632, EP0161918,

EP0167121, EP0199127, EP0220044, EP0247725, EP0258191, EP0272910, EP0272914,

EP0294647, EP0300726, EP0335386, EP0357788, EP0389282, EP0406958, EP0426180,

EP0428302, EP0435811, EPO0470805, EP0482208, EP0490823, EP0506194, EP0511865,

EP0527117, EP0626939, EP0664289, EP0671389, EP0685474, EP0685475, EP0685479,

JP92234389, JP94329652, JP95010875, U.S. Pat. Nos. 4,963,561, 5,141,931, WO9117991,

W09200968, W09212961, WO9307146, WO9315044, WO93 15045, WO93 18024,
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W09319068, WO9319720, WO9319747, WO9319749, WO9319751, WO9325517,

W09402465, WO9406423, WO9412461, WO9420455, WQ09422852, WO09425437,

W09427947, WO95005 16, WO9501980, WO9503794, WO9504045, WO09504046,

W09505386, WO09508534, WO9509623, WO9509624, WO9509627, WQ09509836,

W095 14667, WO95 14680, WO95 14681, WO9517392, WO9517399, WO95 19362,

W09522520, WO09524381, WO9527692, WO9528926, WO9535281, WO9535282,

W09600218, WO9601825, WO9602541, WO9611917, DE3142982, DEI] 116676, DE2162096,

EP0293063, EP0463756, EP0482208, EP0579496, EP0667345 US6,331,543, US20050004222

(including those disclosed in formulas I-XIII and paragraphs 37-39, 85-0545 and 557-577) and

W09307124, EP0163965, EP0393500, EP05 10562, EP0553174, WO9501338 and WO9603399.

PDES5inhibitors which may be mentioned by way of example are RX-RA-69, SCH-51866, KT-

734, vesnarinone, zaprinast, SKF-96231, ER-21355, BF/GP-385, NM-702 and sildenafil

(Viagra®). PDE4 inhibitors which may be mentioned by way of example are RO-20-1724,

MEM 1414 (R1533/R1500; Pharmacia Roche), DENBUFYLLINE, ROLIPRAM,

OXAGRELATE, NITRAQUAZONE, Y-590, DH-6471, SKF-94120, MOTAPIZONE,

LIXAZINONE, INDOLIDAN, OLPRINONE, ATIZORAM, KS-506-G, DIPAMFYLLINE,

BMY-43351, ATIZORAM, AROFYLLINE, FILAMINAST, PDB-093, UCB-29646, CDP-840,

SKF- 107806, PICLAMILAST,RS- 17597, RS-25344-000, SB-207499, TIBENELAST, SB-

210667, SB-211572, SB-211600, SB-212066, SB-212179, GW-3600, CDP-840, MOPIDAMOL,

ANAGRELIDE, IBUDILAST, AMRINONE, PIMOBENDAN, CILOSTAZOL, QUAZINONE

and N-(3,5-dichloropyrid-4-yl)-3-cyclopropylmethoxy4-difluoromethoxybenzamide. PDE3

inhibitors which may be mentioned by way of example are SULMAZOLE, AMPIZONE,

CILOSTAMIDE, CARBAZERAN, PIROXIMONE, IMAZODAN,CI-930, SIGUAZODAN,

ADIBENDAN, SATERINONE, SKF-95654, SDZ-MKS-492, 349-U-85, EMORADAN, EMD-

53998, EMD-57033, NSP-306, NSP-307, REVIZINONE, NM-702, WIN-62582 and WIN-

63291, ENOXIMONEand MILRINONE. PDE3/4 inhibitors which may be mentioned by way of

example are BENAFENTRINE, TREQUINSIN, ORG-30029, ZARDAVERINE, L-686398,

SDZ-TSQ-844, ORG-20241, EMD-54622, and TOLAFENTRINE. Other PDE inhibitors include:

cilomilast, pentoxifylline, roflumilast, tadalafil(Cialis®), theophylline, and vardenafil(Levitra®),

zaprinast (PDES specific). GCC AGONIST
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1.3.2.8 Analgesic Agents

[152] In certain embodiments, the regimen of combination therapy includes the administration

of one or more analgesic agents, e.g., an analgesic compoundor an analgesic polypeptide. In

some embodiments, the GCC agonist formulation is administered simultaneously or sequentially

with one or more analgesic agents. In other embodiments, the GCC agonist is covalently linked

or attached to an analgesic agent to create a therapeutic conjugate. Non-limiting examples of

analgesic agents that can be used include calcium channel blockers, 5HT receptor antagonists

(for example SHT3, 5HT4 and SHT1 receptor antagonists), opioid receptor agonists (loperamide,

fedotozine, and fentanyl), NK1 receptor antagonists, CCK receptor agonists (e.g., loxiglumide),

NK receptor antagonists, NK3 receptor antagonists, norepinephrine-serotonin reuptake

inhibitors (NSRIJ), vanilloid and cannabanoid receptor agonists, and sialorphin. Further

examples of analgesic agents in the various classes are knownin theart.

[153] In one embodiment, the analgesic agent is an analgesic polypeptide selected from the

group consisting of sialorphin-related polypeptides, including those comprising the amino acid

sequence QHNPR (SEQ ID NO: 239), including: VQHNPR (SEQ ID NO: 240); VRQHNPR

(SEQ ID NO: 241); VRGQHNPR (SEQ ID NO: 242); VRGPQHNPR (SEQ ID NO: 243);

VRGPROHNPR (SEQ ID NO: 244); VRGPRRQHNPR (SEQ ID NO: 245); and RQHNPR

(SEQ ID NO: 246). Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin-

mediated breakdownof substance P and Met-enkephalin. Thus, compounds or polypeptides that

are inhibitors of neprilysin are useful analgesic agents which can be administered with the GCC

agonists described herein or covalently linked to a GCC agonist to form a therapeutic conjugate.

Sialorphin and related polypeptides are described in U.S. Patent 6,589,750; U.S. 20030078200

Al; and WO 02/051435 A2.

[154] In another embodiment, a GCC agonist formulation of the invention is administered as

part of a regimen of combination therapy with an opioid receptor antagonist or agonist. In one

embodiment, the GCC agonist and the opioid receptor antagonist or agonist are linked via a

covalent bond. Non-limiting examples of opioid receptor antagonists include naloxone,

naltrexone, methyl nalozone, nalmefene, cypridime, beta funaltrexamine, naloxonazine,

naltrindole, nor-binaltorphimine, enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-
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homoserine), trimebutine, vasoactive intestinal polypeptide, gastrin, glucagons. Non-limiting

examples of opioid receptor agonists include fedotozine, asimadoline, and ketocyclazocine, the

compoundsdescribed in WO03/097051 and WO005/007626, morphine, diphenyloxylate,

frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2; WO 01/019849 Al), and loperamide.

[155] Further non-limiting examples of analgesic agents that can be used in a regimen of

combination therapy along with the GCC agonist formulations of the invention include the

dipeptide Tyr-Arg (kyotorphin); the chromogranin-derived polypeptide (CgA 47-66; See, e.g.,

Ghia et al. 2004 Regulatory polypeptides 119:199); CCK receptor agonists such as caerulein;

conotoxin polypeptides; peptide analogs of thymulin (FR Application 2830451); CCK (CCKaor

CCKb) receptor antagonists, including loxiglumide and dexloxiglumide (the R- isomer of

loxiglumide) (WO 88/05774); 5-HT4 agonists such as tegaserod (Zelnorm®), mosapride,

metoclopramide, zacopride, cisapride, renzapride, benzimidazolone derivatives such as BIMU 1

and BIMU8,and lirexapride; calcium channel blockers such as ziconotide and related

compounds described in, for example, EP625162B1, US 5,364,842, US 5,587,454, US

5,824,645, US 5,859,186, US 5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al, EP

1336409 Al, EP 835126 Al, EP 835126 BI, US 5,795,864, US 5,891,849, US 6,054,429, WO

97/01351 Al; NK-I, receptor antagonists such as aprepitant (Merck & Co Inc), vofopitant,

ezlopitant (Pfizer, Inc.), R-673 (Hoffmann-La Roche Ltd), SR-48968 (Sanofi Synthelabo), CP-

122,721 (Pfizer, Inc.), GW679769 (Glaxo Smith Kline), TAK-637 (Takeda/Abbot), SR-14033,

and related compoundsdescribed in, for example, EP 873753 Al, US 20010006972 Al, US

20030109417 Al, WO 01/52844 Al (for a review see Giardina et al. 2003.Drugs 6:758); NK-2

receptor antagonists such as nepadutant (Menarini Ricerche SpA), saredutant (Sanofi-

Synthelabo), GW597599 (Glaxo Smith Kline), SR-144190 (Sanofi-Synthelabo) and UK-290795

(Pfizer Inc); NK3 receptor antagonists such as osanetant (SR-142801; Sanofi-Synthelabo), SSR-

241586, talnetant and related compoundsdescribed in, for example, WO 02/094187 A2, EP

876347 Al, WO 97/21680 Al, US 6,277,862, WO 98/1 1090, WO 95/28418, WO 97/19927, and

Boden et al. (J Med Chem. 39:1664-75, 1996); norepinephrine-serotonin reuptake inhibitors

(NSRDJ) such as milnacipran and related compounds described in WO 03/077897; and vanilloid

receptor antagonists such as arvanil and related compouds described in WO 01/64212 Al.

78

3987



3988

WO 2012/037380 PCT/US2011/031805

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

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

1.3.2.9 Insulin and Insulin Modulating Agents

[157] The GCC agonist peptides described herein can be used in combination therapy with

insulin and related compoundsincluding primate, rodent, or rabbit insulin including biologically

active variants thereof including allelic variants, more preferably humaninsulin available in

recombinant form. Sources of humaninsulin include pharmaceutically acceptable andsterile

formulations such as those available from Eli Lilly (indianapolis, Ind. 46285) as Humulin™

(humaninsulin rDNAorigin). See, the THE PHYSICIAN'S DESK REFERENCE,55.sup.th Ed.

(2001) Medical Economics, Thomson Healthcare (disclosing other suitable humaninsulins).

[158] The GCC peptides described herein can also be used in combination therapy with agents

that can boost insulin effects or levels of a subject upon administration, e.g. glipizide and/or

rosiglitazone. The polypeptides and agonistsdescribed herein can be used in combitherapy with

SYMLIN®(pramlintide acetate) and Exenatide® (synthetic exendin-4; a 39 aa polypeptide).

1.3.2.10 Anti-Hypertensive Agents

[159] The GCC agonist peptides described herein can be used in combination therapy with an

anti-hypertensive agent including but not limited to: (1) diuretics, such as thiazides, including

chlorthalidone, chlorthiazide, dichlorophenamide, hydroflumethiazide, indapamide, polythiazide,

and hydrochlorothiazide; loop diuretics, such as bumetanide, ethacrynic acid, furosemide, and

torsemide; potassium sparing agents, such as amiloride, and triamterene; carbonic anhydrase

inhibitors, osmotics(such as glycerin) and aldosterone antagonists, such as spironolactone,

epirenone, and the like; (2) beta-adrenergic blockers such as acebutolol, atenolol, betaxolol,

bevantolol, bisoprolol, bopindolol, carteolol, carvedilol, celiprolol, esmolol, indenolol,

metaprolol, nadolol, nebivolol, penbutolol, pindolol, propanolol, sotalol, tertatolol, tilisolol, and

timolol, and the like; (3) calcium channel blockers such as amlodipine, aranidipine, azelnidipine,

barnidipine, benidipine, bepridil, cinaldipine, clevidipine, diltiazem, efonidipine, felodipine,

gallopamil, isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,
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nimodepine, nisoldipine, nitrendipine, manidipine, pranidipine, and verapamil, and the like; (4)

angiotensin converting enzyme (ACE)inhibitors such as benazepril; captopril; ceranapril;

cilazapril; delapril; enalapril; enalopril; fosinopril; imidapril; lisinopril; losinopril; moexipril;

quinapril; quinaprilat; ramipril; perindopril; perindropril; quanipril; spirapril; tenocapril;

trandolapril, and zofenopril, and the like; (5) neutral endopeptidase inhibitors such as

omapatrilat, cadoxatril and ecadotril, fosidotril, sampatrilat, AVE7688, ER4030,and the like; (6)

endothelin antagonists such as tezosentan, A308165, and YM62899,andthe like: (7)

vasodilators such as hydralazine, clonidine, minoxidil, and nicotiny] alcohol, and the like; (8)

angiotensin IJ receptor antagonists such as aprosartan, candesartan, eprosartan, irbesartan,

losartan, olmesartan, pratosartan, tasosartan, telmisartan, valsartan, and EXP-3137, FI6828K,

and RNH6270,andthe like; (9) o/B adrenergic blockers such as nipradilol, arotinolol and

amosulalol, and the like; (10) alpha 1 blockers, such as terazosin, urapidil, prazosin, tamsulosin,

bunazosin, trimazosin, doxazosin, naftopidil, indoramin, WHP 164, and XENOIO, and the like;

(11) alpha 2 agonists such as lofexidine, tiamenidine, moxonidine, rilmenidine and guanobenz,

andthe like; (12) aldosterone inhibitors, and the like; and (13) angiopoietin-2 -binding agents

such as those disclosed in WO03/030833. Specific anti-hypertensive agents that can be used in

combination with polypeptides and agonists described herein include, but are not limited to:

diuretics, such as thiazides (e.g., chlorthalidone, cyclothiazide (CAS RN 2259-96-3),

chlorothiazide (CAS RN 72956-09-3, which may be prepared as disclosed in US2809194),

dichlorophenamide, hydroflumethiazide, indapamide, polythiazide, bendroflumethazide,

methyclothazide, polythiazide, trichlormethazide, chlorthalidone, indapamide, metolazone,

quinethazone,althiazide (CAS RN 5588-16-9, which may be prepared as disclosed in British

Patent No. 902,658), benzthiazide (CAS RN 91-33-8, which may be prepared as disclosed in

US3108097), buthiazide (which may be prepared as disclosed in British Patent Nos. 861 ,367),

and hydrochlorothiazide), loop diuretics (e.g. bumetanide, ethacrynic acid, furosemide, and

torasemide), potassium sparing agents (e.g. amiloride, and triamterene (CAS Number 396-01-

Q)), and aldosterone antagonists (e.g. spironolactone (CAS Number 52-01-7), epirenone, and the

like); B-adrenergic blockers such as Amiodarone (Cordarone, Pacerone), bunolol hydrochloride

(CAS RN 31969-05-8, Parke-Davis), acebutolol (EN-[3-Acetyl-4-[2-hydroxy-3-[(1

methylethyl)amino]propoxy]phenyl]-butanamide, or (+)-3'-Acetyl-4'-[2-hydroxy -3-
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(isopropylamino) propoxy] butyranilide), acebutolol hydrochloride (e.g. Sectral®, Wyeth-

Ayerst), alprenolol hydrochloride (CAS RN 13707-88-5 see Netherlands Patent Application No.

6,605,692), atenolol (e.g. Tenormin®, AstraZeneca), carteolol hydrochloride (e.g. Cartrol®

Filmtab®, Abbott), Celiprolol hydrochloride (CAS RN 57470-78-7, also see in US4034009),

cetamolol hydrochloride (CAS RN 77590-95-5, see also US4059622), labetalol hydrochloride

(e.g. Normodyne®, Schering), esmolol hydrochloride (e.g. Brevibloc®, Baxter), levobetaxolol

hydrochloride (e.g. Betaxon™ Ophthalmic Suspension, Alcon), levobunolol hydrochloride(e.g.

Betagan® Liquifilm® with C CAP® Compliance Cap, Allergan), nadolol (e.g. Nadolol, Mylan),

practolol (CAS RN 6673-35-4, see also US3408387), propranolol hydrochloride (CAS RN 318-

98-9), sotalol hydrochloride (e.g. Betapace AF™,Berlex), timolol (2-Propanol,1-[d,1-

dimethylethyl)amino]-3-[[4-4(4-morpholinyl)-1,2,5-thiadiazol-3-yl]oxy]-, hemihydrate, (S)-,

CAS RN 91524-16-2), timolol maleate ($)-1 -[(1,1 -dimethylethyl) amino]-3-[[4- (4-

morpholiny])-1,2,5-thiadiazol -3- yl] oxy]-2-propanol (Z)-2-butenedioate (1 :1) salt, CAS RN

26921-17-5), bisoprolol (2-Propanol, I-[4-[[2-(d-methylethoxy)ethoxy]-methyl]phenoxyl]-3-[(1-

meth- ylethyl)amino]-, (+), CAS RN 66722-44-9), bisoprolol fumarate (such as (+)-l-[4-[[2-d-

Methylethoxy) ethoxy]methyl]phenoxy]-3-[(-methylethyl)amino]-2-propanol (E)-2-

butenedioate (2:1) (salt), e.g., Zebeta™ , Lederle Consumer), nebivalol (2H-l-Benzopyran-2-

methanol, ac'-[iminobis(methylene)]bis[6-fluoro-3,4-dihydro-, CAS RN 99200-09-6 see also

U.S. Pat. No. 4,654,362), cicloprolol hydrochloride, such 2-Propanol, |-[4-[2-

(cyclopropylmethoxy)ethoxy]phenoxy]-3-[l-methylethyl)amino]-, hydrochloride, A.A.S. RN

63686-79-3), dexpropranolol hydrochloride (2-Propanol,|-[l-methylethy)-amino]-3-(1-

naphthalenyloxy)-hydrochloride (CAS RN 13071-11-9), diacetolol hydrochloride (Acetamide,

N-[3-acetyl-4-[2-hydroxy-3-[(1-methyl-ethyl)amino]propoxy] [phenyl]-, monohydrochloride

CAS RN 69796-04-9), dilevalol hydrochloride (Benzamide, 2-hydroxy-5-[l-hydroxy-2-[l-

methyl-3-phenylpropylaminoJethyl]-, monohydrochloride, CAS RN 75659-08-4), exaprolol

hydrochloride (2-Propanol, 1 -(-cyclohexylphenoxy)-3 - [( 1 -methylethyl)amino]-,

hydrochloride CAS RN 59333-90-3), flestolol sulfate (Benzoic acid, 2-fluro-,3-[[2-

[aminocarbonyl)amino]- - dimethylethyl]amino]-2-hydroxypropy] ester, (+)- sulfate (1 :1) (salt),

CAS RN 88844-73-9; metalol hydrochloride (Methanesulfonamide, N-[4-[l-hydroxy-2-

Gnethylamino)propyl]phenyl]-, monohydrochloride CAS RN 7701-65-7), metoprolol 2-
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Propanol, |-[4-(2- methoxyethyl)phenoxy]-3-[l-methylethyl)amino]-; CAS RN 37350-58-6),

metoprolol tartrate (such as 2-Propanol, |-[4-(2-methoxyethyl)phenoxy]-3-[(-

methylethylNamino]-, e.g., Lopressor®, Novartis), pamatolol sulfate (Carbamic acid, [2-[4-[2-

hydroxy-3-[U- methylethyl)amino]propoxyl]phenyl]-ethyl]-, methyl ester, (+) sulfate (salt) (2:1),

CAS RN 59954-01-7), penbutolol sulfate (2-Propanol, I-(2-cyclopentylphenoxy)-3-[1,1-

dimethyle- thylamino] | , (S)-, sulfate (2:1) (salt), CAS RN 38363-32-5), practolol (Acetamide,

N-[4-[2- hydroxy-3-[d-methylethy)amino]-propoxy]phenyl]-. CAS RN 6673-35-4;) tiprenolol

hydrochloride (Propanol, |-[(-methylethyl)amino]-3-[2-(methylthio)-phenoxy]-, hydrochloride,

(+), CAS RN 39832-43-4), tolamolol (Benzamide, 4-[2-[[2-hydroxy-3-(2-methylphenoxy)-

propyl] amino] ethoxyl]-, CAS RN 38103-61-6), bopindolol, indenolol, pindolol, propanolol,

tertatolol, and tilisolol, and the like; calctum channel blockers such as besylate salt of amlodipine

(such as 3-ethyl-5-methyl-2-(2-aminoethoxymethy1)-4-(2-chlorophenyl)-| ,4-dihydro-6-methyl-

3,5-pyridinedicarboxylate benzenesulphonate, e.g., Norvasc®, Pfizer), clentiazem maleate (1,5-

Benzothiazepin-4(5H)-one, 3-(acetyloxy)-8-chloro-5-[2-(dimethylamino)ethyl]-2,3-dihydro-2-

(4-methoxyphenyl)-(2S-cis)-, (Z)-2-butenedioate (1 :1), see also US4567195), isradipine (3,5-

Pyridinedicarboxylic acid, 4-(4-benzofurazanyl)-1,4-dihydro-2,6-dimethyl-, methyl 1-

methylethyl ester, (+)-4(4-benzofurazanyl)- 1 ,4-dihydro-2,6-dimethyl-3 ,5 -

pyridinedicarboxylate, see also US4466972); nimodipine (such as is isopropyl (2- methoxyethyl)

1, 4- dihydro -2,6- dimethyl -4- (3-nitrophenyl) -3,5- pyridine - dicarboxylate, e.g. Nimotop®,

Bayer), felodipine (such as ethyl methyl 4-@,3-dichlorophenyl)-1,4-dihydro-2,6-dimethyl-3,5-

pyridinedicarboxylate- , e.g. Plendil® Extended-Release, AstraZeneca LP), nilvadipine (3,5-

Pyridinedicarboxylic acid, 2-cyano-1,4-dihydro-6-methyl-4-(3-nitrophenyl)-,3-methyl 5-(1-

methylethyl) ester, also see US3799934), nifedipine (such as 3, 5 -pyridinedicarboxylic acid,1,4-

dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, dimethyl ester, e.g., Procardia XL® Extended Release

Tablets, Pfizer), diltiazem hydrochloride (such as 1,5-Benzothiazepin-4(5H)-one,3-(acetyloxy)-

5[2-(dimethylamino)ethy1]-2,-3-dihydro-2(4-methoxyphenyl)-, monohydrochloride, (+)-cis., e.g.,

Tiazac®, Forest), verapamil hydrochloride (such as benzeneacetronitrile, (alpha)-[[3-[[2-(3,4-

dimethoxyphenyl) ethyl]methylamino]propyl] -3 ,4-dimethoxy-(alpha)-( 1 -methylethyl)

hydrochloride, e.g., Isoptin® SR, Knoll Labs), teludipine hydrochloride (3,5-

Pyridinedicarboxylic acid, 2-[(dimethylamino)methyl]4-[2-[CE)-3-(,l-dimethylethoxy)-3-oxo- I-
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propenyl]phenyl]-1,4-dihydro-6-methyl-, diethyl ester, monohydrochloride) CAS RN 108700-

03-4), belfosdil (Phosphonic acid, [2-(2-phenoxyethyl)- 1,3 -propane- diyl]bis-, tetrabutyl ester

CAS RN 103486-79-9), fostedil (Phosphonic acid, [[4-(2-benzothiazolyl)phenyl]methyl]-,

diethyl ester CAS RN 75889-62-2), aranidipine, azelnidipine, barnidipine, benidipine, bepridil,

cinaldipine, clevidipine, efonidipine, gallopamil, lacidipine, lemildipine, lercanidipine, monatepil

maleate (1-Piperazinebutanamide, N-(6, 11 -dihydrodibenzo(b,e)thiepin- 11 -yl)4-(4-

fluorophenyl)-, (+)-, (Z)-2-butenedioate (1 :1) (4)-N-(6,1 1-Dihydrodibenzo(b,e)thiep- in-! l-yl)-4-

(p- fluorophenyl])-l-piperazinebutyramide maleate (1 :1) CAS RN 132046-06-1), nicardipine,

nisoldipine, nitrendipine, manidipine, pranidipine, and the like; T-channel calcium antagonists

such as mibefradil; angiotensin converting enzyme (ACE) inhibitors such as benazepril,

benazepril hydrochloride (such as 3-[[l-(ethoxycarbonyl)-3- phenyl-( 1 S)-propylJamino]-2,3

,4,5-tetrahydro-2-oxo- 1 H - 1 -(3 S)-benzazepine- 1 -acetic acid monohydrochloride,c.g.,

Lotrel®, Novartis), captopril (such as I-[(2S)-3-mercapto-2- methylpropionyl]]-L-proline, e.g.,

Captopril, Mylan, CAS RN 62571-86-2 and others disclosed in US4046889), ceranapril (and

others disclosed in US4452790), cetapril (alacepril, Dainippon disclosed in Eur. Therap. Res.

39:671 (1986); 40:543 (1986)), cilazapril (Hoffman-LaRoche) disclosed in J. Cardiovasc.

Pharmacol. 9:39 (1987), indalapril (delapril hydrochloride (2H-1,2,4- Benzothiadiazine-7-

sulfonamide, 3-bicyclo[2.2.1 Jhept-5-en-2-yl-6-chloro-3,4-dihydro-, 1,1- dioxide CAS RN 2259-

96-3); disclosed in US4385051), enalapril (and others disclosed in US4374829), enalopril,

enaloprilat, fosinopril, ((such as L-proline, 4-cyclohexyl-I-[[[2-methyl- 1-d-oxopropoxy)

propoxy](4-phenylbutyl) phosphinyl]acetyl]-, sodium salt, e.g.. Monopril, Bristol-Myers Squibb

and others disclosed in US4168267), fosinopril sodium (L- Proline, 4-cyclohexyl-I-[[(R)-[dS)-2-

methyl-l-(l-ox- opropoxy)propox), imidapril, indolapril (Schering, disclosed in J. Cardiovasc.

Pharmacol, 5:643, 655 (1983)), lisinopril (Merck), losinopril, moexipril, moexipril hydrochloride

(3-Isoquinolinecarboxylic acid, 2-[(2S)-2-[[(S)- 1 -(ethoxycarbonyl)-3-phenylpropyl]amino]- 1 -

oxopropy]l]- 1 ,- 2,3,4-tetrahydro-6,7-dimethoxy-, monohydrochloride, (3S)- CAS RN 82586-52-

5), quinapril, quinaprilat, ramipril (Hoechsst) disclosed in EP 79022 and Curr. Ther. Res. 40:74

(1986), perindopril erbumine (such as 2S,3aS,7aS- 1 -[(S)-N-[(S)- 1 -

Carboxybutyljalanyljhexahydro*-indolinecarboxylic acid, 1 -ethyl ester, compoundwith tert-

butylamine (1 :1), e.g., Aceon®, Solvay), perindopril (Servier, disclosed in Eur. J. clin.
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Pharmacol. 31 :519 (1987)), quanipril (disclosed in US4344949), spirapril (Schering, disclosed

in Acta. Pharmacol. Toxicol. 59 (Supp. 5): 173 (1986)), tenocapril, trandolapril, zofenopril (and

others disclosed in US4316906), rentiapril (fentiapril, disclosed in Clin. Exp. Pharmacol.

Physiol. 10:131 (1983)), pivopril, YS980, teprotide (Bradykinin potentiator BPP9a CAS RN

35115-60-7), BRL 36.378 (Smith Kline Beecham, see EP80822 and EP60668), MC-838

(Chugai, see CA. 102:72588v and Jap. J. Pharmacol. 40:373 (1986), CGS 14824 (Ciba-Geigy,3-

([l-ethoxycarbonyl-3-phenyl-(1S)-propyl]amino)-2,3,4,5-tetrahydro-2-ox- o-l-(3S )-benzazepine-

acetic acid HCl, see U.K. Patent No. 2103614), CGS 16,617 (Ciba- Geigy, 3(S)-[[US)-5-amino-l-

carboxypentyl]Jamino]-2,3,4,- 5-tetrahydro-2-oxo-1H-l- benzazepine-1-ethanoic acid, see

US4473575), Ru 44570 (Hoechst, see Arzneimittelforschung 34:1254 (1985)), R 31-2201

(Hoffman-LaRoche see FEBS Lett. 165:201 (1984)), CI925 (Pharmacologist 26:243, 266

(1984)), WY-44221 (Wyeth, see J. Med. Chem. 26:394 (1983)), and those disclosed in

US2003006922 (paragraph 28), US4337201, US4432971 (phosphonamidates); neutral

endopeptidase inhibitors such as omapatrilat (Vanlev®), CGS 30440, cadoxatril and ecadotril,

fasidotril (also knownas aladotril or alatriopril), sampatrilat, mixanpril, and gemopatrilat,

AVE7688, ER4030, and those disclosed in US5362727, US5366973, US5225401, US4722810,

US5223516, US4749688, US5552397, US5504080, US5612359, US5525723, EP0599444,

EP048 1522, EP0599444, EP0595610, EP0534363, EP534396, EP534492, EP0629627;

endothelin antagonists such as tezosentan, A308165, and YM62899,and the like; vasodilators

such as hydralazine (apresoline), clonidine (clonidine hydrochloride (1H-Imidazol- 2-amine, N-

(2,6-dichlorophenyl)4,5-dihydro-, monohydrochloride CAS RN 4205-91-8), catapres, minoxidil

(loniten), nicotinyl alcohol (roniacol), diltiazem hydrochloride (such as 1,5- Benzothiazepin-

4(5H)-one,3-(acetyloxy)-5[2-(dimethylamino)ethyl]-2,-3-dihydro-2(4- methoxyphenyl)-,

monohydrochloride, (+)-cis, e.g., Tiazac®, Forest), isosorbide dinitrate (such as 1,4:3,6-

dianhydro-D-glucitol 2,5-dinitrate e.g., Isordil® Titradose®, Wyeth- Ayerst), sosorbide

mononitrate (such as 1,4:3,6-dianhydro-D-glucito- 1,5-nitrate, an organic nitrate, e.g., Ismo®,

Wyeth-Ayerst), nitroglycerin (such as 2,3 propanetriol trinitrate, e.g., Nitrostat® Parke- Davis),

verapamil hydrochloride (such as benzeneacetonitrile, (+)-(alpha)[3-[[2-(3,4 dimethoxypheny

l)ethyl]methylamino]propyl] -3 ,4-dimethoxy-(alpha)- ( 1 -methylethyl) hydrochloride,e.g.,

Covera HS® Extended-Release, Searle), chromonar (which may be prepared as disclosed in
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US3282938), clonitate (Annalen 1870 155), droprenilamine (which may be prepared as disclosed

in DE2521113), lidoflazine (which may be prepared as disclosed in US3267104); prenylamine

(which may be prepared as disclosed in US3152173), propatyl nitrate (which may be prepared as

disclosed in French Patent No. 1,103,113), mioflazine hydrochloride (1 -Piperazineacetamide, 3-

(aminocarbonyl)4-[4,4-bis(4-fluorophenyl)butyl]-N-(2,6- dichlorophenyl)-, dihydrochloride CAS

RN 83898-67-3), mixidine (Benzeneethanamine, 3,4- dimethoxy-N-(I-methyl-2-

pytrolidinylidene)- Pyrrolidine, 2-[(3,4-dimethoxyphenethyl)imino]- 1 -methyl- l1-Methyl-2- [(3,

4-dimethoxyphenethyl)imino]pyrrolidine CAS RN 27737-38-8), molsidomine (1,2,3-

Oxadiazolium, 5-[(ethoxycarbonyl)amino]-3-(4-morpholinyl)-, inner salt CAS RN 25717-80-0),

isosorbide mononitrate (D-Glucitol, 1,4:3,6-dianhydro-, 5-nitrate CAS RN 16051-77-7),

erythrityl tetranitrate (1,2,3,4-Butanetetrol, tetranitrate, (2R,3S)-rel-CAS RN 7297-25-8),

clonitrate(1,2-Propanediol, 3-chloro-, dinitrate (7CI, 8Cl, 9Cl) CAS RN 2612-33-1),

dipyridamole Ethanol, 2,2',2",2"-[(4,8-di-l-piperidinylpyrimido[5 ,4-d]pyrimidine-2,6-

diyl)dinitrilo]tetrakis- CAS RN 58-32-2), nicorandil (CAS RN 65141-46-0 3-),

pyridinecarboxamide (N-[2-(nitrooxy)ethyl]-Nisoldipine3,5-Pyridinedicarboxylic acid, 1,4-

dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, methyl 2-methylpropyl ester CAS RN 63675-72-9),

nifedipine3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, dimethyl

ester CAS RN 21829-25-4), perhexiline maleate (Piperidine, 2-(2,2-dicyclohexylethyl)-, (27)-2-

butenedioate (1 :1) CAS RN 6724-53-4), oxprenolol hydrochloride (2-Propanol, 1-[(1-

methylethyl)amino]-3-[2-(2-propenyloxy)phenoxy]-, hydrochloride CAS RN 6452-73-9),

pentrinitrol (1,3-Propanediol, 2,2-bis[(nitrooxy)methyl]-, mononitrate (ester) CAS RN 1607-17-

6), verapamil (Benzeneacetonitrile, o-[3-[[2-(3,4-dimethoxyphenyl)ethyl]- methylamino]propyl]-

3, 4-dimethoxy-a-(1 -methylethyl)- CAS RN 52-53-9) and the like; angiotensin II receptor

antagonists such as, aprosartan, zolasartan, olmesartan, pratosartan, FI6828K, RNH6270,

candesartan (1 H-Benzimidazole-7-carboxylic acid, 2-ethoxy-1-[[2'-(H-tetrazol-5-yl)[L,!’-

biphenyl]4-yl]methyl]- CAS RN 139481-59-7), candesartan cilexetil ((4/-)-I-

(cyclohexylcarbonyloxy)ethyl-2-ethoxy-|-[[2'-([H-tetrazol-5-yl)bipheny1-4-yl]-lH-benzimidazole

carboxylate, CAS RN 145040-37-5, US5703110 and US5196444), eprosartan (3-[1-4-

carboxyphenylmethyl])-2-n-butyl-imidazol-5-yl]-(2-thienylmethyl) propenoic acid, US5185351

and US5650650), irbesartan (2-n-butyl-3- [[2'-(h-tetrazol-5-y)biphenyl-4-yl]methyl] 1 ,3-
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diazazspiro[4,4]non-l-en-4-one, US5270317 and US5352788), losartan (2-N-butyl-4-chloro-5-

hydroxymethy1-l-[(2’-(.H-tetrazol-5-ylbipheny1-4-yl)-methyl]imidazole, potassium salt,

US5138069, US5153197 and US5128355), tasosartan (5,8-dihydro-2,4-dimethyl-8-[(2'-(1H-

tetrazol-5-yl)[1,r-biphenyl]4-yl)methyl]-pyrido[2,3-d]pyrimidin-7(6H)-one, US5149699),

telmisartan (4'-[(1 ,4-dimethyl-2'-propyl-(2,6'-bi-lH-benzimidazol)-r-yl)]-[ 1 , 1 '-biphenyl]-2-

carboxylic acid, CAS RN 144701-48-4, US5591762), milfasartan, abitesartan, valsartan

(Diovan® (Novartis), (S)-N-valeryl-N-[[2'-(H-tetrazol-5-yl)biphenyl-4-yl)methyl] valine,

US5399578), EXP-3137 (2-N-butyl-4-chloro-1-[(2’"-(H-tetrazol-5-yl)biphenyl-4-yl)-

methyl]imidazole-5-carboxylic acid, US5138069, US5153197 and US5 128355), 3-(2'-(tetrazol-

5-yl)-l,r-biphen-4-yl)methy1-5,7-dimethy|-2-ethy1-3H-imidazo[4,5-b]pyridine, 4'[2-ethyl-4-

methyl-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyridin-2-yl]-benzimidazol-l-yl]-methyl]-l,r-

biphenyl]-2- carboxylic acid, 2-butyl-6-(l-methoxy-l-methylethyl)-2-[2’-)lH-tetrazol-5-

yl)biphenyl-4-ylmethyl] guinazolin-4(3H)-one,3 - [2 ' -carboxybipheny]-4-yl)methyl] -2-

cyclopropyl-7-methyl- 3H-imidazo[4,5-b]pyridine, 2-butyl-4-chloro-l-[(2’-tetrazol-5-

ylbiphenyl-4-yl)methyl]imidazole-carboxylic acid, 2-butyl-4-chloro-l-[[2'-(H-tetrazol-5- yl) [1

, 1 '-biphenyl]] -4-yl]methyl]- 1 H-imidazole-5 -carboxylic acid- 1 -(ethoxycarbonyl-oxy)ethyl

ester potassium salt, dipotassium 2-butyl-4-(methylthio)-1-[[2-[[[(propylamino)carbonyl]Jamino]-

sulfonyl](,1 '-biphenyl)-4-yl]methyl]-]1 H-imidazole-5 -carboxylate, methyl-2-[[4-butyl-2-

methyl-6-0xo-5-[[2'-(IH-tetrazol-5-yl)-[1,1 '-biphenyl]-4-yl]methyl]-1-(6H)- pyrimidinyl]methy]]-

3-thiophencarboxylate, 5-[(3,5-dibuty1-lH-1,2,4-triazol-l-y]methyl]-2-[2- (1 H-tetrazol-5 -

ylphenyl)]pyridine, 6-butyl-2-(2-phenylethyl)-5 [[2'-(. H-tetrazol-5 -yl[ 1,1 '- biphenyl]-4-

methyl]pyrimidin-4-(3H)-one D,L lysine salt, 5-methyl-7-n-propyl-8-[[2'-(lH- tetrazol-5-

ylbiphenyl-4-yl]methyl]-[ 1 ,2,4]-triazolo[ 1 ,5-c]pyrimidin-2(3H)-one, 2,7-diethyl-5- [[2'-(-

tetrazoly)biphenyl-4-yl]methyl]-5H-pyrazolo[1,5-b][1,2,4]triazole potassium salt, 2-[2- butyl-4,5-

dihydro-4-oxo-3-[2'-(H-tetrazol-5-yl)-4-biphenylmethyl]-3H-imidazol[4,5- c]pyridine-5-

ylmethyl]benzoic acid, ethyl ester, potassium salt, 3-methoxy-2,6-dimethyl-4- [[2'(H-tetrazol-5-

yl)-L1 '-bipheny1-4-yl]methoxy |]pyridine, 2-ethoxy-|-[[2'-(5-oxo-2,5-dihydro- 1 ,2,4-oxadiazol-3 -

yl)biphenyl-4-yl]methyl] - 1 H-benzimidazole-7-carboxylic acid, 1 - [N-@' -( 1 H- tetrazol-5-

yl)biphenyl-4-yl-methyl)-N-valerolylaminomethyl)cyclopentane- 1 -carboxylic acid, 7- methyl-

2n-propyl1-3-[[2' 1H-tetrazol-5-yl)biphenyl-4-yl]methyl]]-3H-imidazo[4,5-6]pyridine, 2- [5-[(2-
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ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridine-3-yl)methyl]-2-quinolinyl]sodium benzoate, 2-

butyl-6-chloro-4-hydroxymethyl-5 -methyl-3 -[[2’-( H-tetrazol-5 -yl)biphenyl-4-

yl|methyl]pyridine, 2- [ [[2-butyl- 1 - [(4-carboxyphenyl)methyl] - 1 H-imidazol-5-

yl]JmethylJamino]benzoic acid tetrazol-5-yl)biphenyl-4-yl]methyl]pyrimidin-6-one, 4(S)- [4-

(carboxymethyl)phenoxy]-N-[2(R)-[4-(2-sulfobenzamido)imidazol- 1 -ylJoctanoyl]-L-proline, 1

- (2,6-dimethylphenyl)-4-butyl-1,3-dihydro-3-[[6-[2-(dH-tetrazol-5-yl)phenyl!]-3-

pyridinyl]methyl]-2H-imidazol-2-one, 5 ,8-ethano-5 ,8-dimethyl-2-n-propyl-5 .6,7,8-tetrahydro-

1 - [(2'(H-tetrazol-5-y)biphenyl-4-yl]methy1]-1H,4H-1,3,4a,8a-tetrazacyclopentanaphthalene-9-

one, 4-[I-[2’-d,2,3,4-tetrazol-5-ylbiphen-4-ylmethylamino]-5,6,7,8-tetrahydro-2-

trifylquinazoline, 2-(2-chlorobenzoy|)imino-5-ethyl-3-[2'-(H-tetrazole-5-yl)biphenyl-4-

yl)methyl-1,3,4-thiadiazoline, 2-[5-ethyl-3-[2-(1H-tetrazole-5-yl)biphenyl-4-yl]methyl-1,3,4-

thiazoline-2-ylidene]aminocarbonyl-l-cyclopentencarboxylic acid dipotassium salt, and 2-butyl-

4-[N-methyl-N-@G -methylcrotonoylamino] - 1 - [ [2 '-( 1 H-tetrazol-5 -yl)biphenyl-4-

ylJmethyl]- 1 H- imidzole-5 -carboxylic acid 1-ethoxycarbonyloxyethyl ester, those disclosed in

patent publications EP475206, EP497150, EP539086, EP539713, EP535463, EP535465,

EP542059, EP497121, EP535420, EP407342, EP415886, EP424317, EP435827, EP433983,

EP475898, EP490820, EP528762, EP324377, EP323841, EP420237, EP500297, EP426021,

EP480204, EP429257, EP430709, EP434249, EP446062, EP505954, EP524217, EP514197,

EP514198, EP514193, EP514192, EP450566, EP468372, EP485929, EP503162, EP533058,

EP467207 EP399731, EP399732, EP412848, EP453210, EP456442, EP470794, EP470795,

EP495626, EP495627, EP499414, EP499416, EP499415, EP511791, EP516392, EP520723,

EP520724, EP539066, EP438869, EP505893, EP530702, EP400835, EP400974, EP401030,

EP407102, EP411766, EP409332, EP412594, EP419048, EP480659, EP481614, EP490587,

EP467715, EP479479, EP502725, EP503838, EP505098, EP505111 EP513,979 EP507594,

EP510812, EP511767, EP512675, EP512676, EP512870, EP517357, EP537937, EP534706,

EP527534, EP540356, EP461040, EP540039, EP465368, EP498723, EP498722, EP498721,

EP515265, EP503785, EP501892, EP519831, EP532410, EP498361, EP432737, EP504888,

EP508393, EP508445, EP403159, EP403158, EP425211, EP427463, EP437103, EP481448,

EP488532, EP501269, EP500409, EP540400, EP005528, EP028834, EPO28833, EP411507,

EP425921, EP430300, EP434038, EP442473, EP443568, EP445811, EP459136, EP483683,
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EP518033, EP520423, EP531876, EP531874, EP392317, EP468470, EP470543, EP502314,

EP529253, EP543263, EP540209, EP449699, EP465323, EP521768, EP415594, WO92/14468,

W093/08171, WO93/08169, WO91/00277, WO91/00281, WO91/14367, WO92/00067,

W092/00977, WO92/20342, WO93/04045, WO093/04046, WO91/15206, WO92/14714,

W092/09600, WO92/16552, WO93/05025, W093/03018, WO91/07404, WO92/02508,

W092/13853, WO91/19697, WO91/11909, WO91/12001, WO91/11999, WO91/15209,

W091/15479, WO92/20687, WO92/20662, WO92/20661, WO93/01177, WO91/14679,

W091/13063, WO92/13564, WO91/17148, WO91/18888, WO91/19715, WO92/02257,

W092/04335, WO92/05 161, WO92/07852, WO92/15577, WO93/03033, WO91/16313,

W092/00068, WO092/02510, WO92/09278, WO9210179, WO92/10180, WO92/10186,

W092/10181, WO92/10097, WO92/10183, WO92/10182, WO92/10187, WO92/10184,

W092/10188, WO92/10180, WO92/10185, WO92/20651, WO93/03722, WO93/06828,

W093/03040, WO92/19211, WO92/22533, WO92/06081, WO92/05784, WO93/00341,

W092/04343, WO92/04059, US5104877, US5187168, US5149699, US5185340, US4880804,

US5138069, US4916129, US5153197, US5173494, US5137906, US5155126, US5140037,

US5137902, US5157026, US5053329, US5132216, US5057522, US5066586, US5089626,

US5049565, US5087702, US5124335, US5102880, US5128327, US5151435, US5202322,

US5187159, US5198438, US5182288, US5036048, US5140036, US5087634, US5196537,

US5153347, US5191086, US5190942, US5177097, US5212177, US5208234, US5208235,

US5212195, US5130439, US5045540, US5041152, and US5210204, and pharmaceutically

acceptable salts and esters thereof; o/B adrenergic blockers such as nipradilol, arotinolol,

amosulalol, bretylium tosylate (CAS RN: 61-75-6), dihydroergtamine mesylate (such as

ergotaman-3’, 6',18-trione,9,-10-dihydro-12'-hydroxy-2'-methyl-5'-(phenylmethy])-,(5'(@))-,

monomethanesulfonate, e.g., DHE 45® Injection, Novartis), carvedilol (such as (+)-1-(Carbazol-

4-yloxy)-3-[[2-(o-methoxyphenoxy)ethyl] amino] -2-propanol, e.g., Coreg®, SmithKline

Beecham), labetalol (such as 5-[l-hydroxy-2-[(-methyl-3-phenylpropyl) amino]

ethyljsalicylamide monohydrochloride, e.g., Normodyne®, Schering), bretylium tosylate

(Benzenemethanaminium, 2-bromo-N-ethyl-N,N-dimethyl-, salt with 4-methylbenzenesulfonic

acid (1 :1) CAS RN 61-75-6), phentolamine mesylate (Phenol, 3-[[(4,5-dihydro-lH-imidazol-2-

yl)methyl](4-methylphenylamino]-, monomethanesulfonate (salt) CAS RN 65-28-1),
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solypertine tartrate (SH-1,3-Dioxolo[4,5-flindole, 7-[2-[4-(2-methoxypheny])-l-

piperazinyl]ethyl]-, (2R,3R)-2,3-dihydroxybutanedioate (1 :1) CAS RN 5591-43-5), zolertine

hydrochloride (Piperazine, l-phenyl4-[2-(1H-tetrazol-5-ylethyl]-, monohydrochloride (8Cl, 9C1)

CAS RN 7241-94-3) andthe like; o adrenergic receptor blockers, such as alfuzosin (CAS RN:

$1403-68-1), terazosin, urapidil, prazosin (Minipress®), tamsulosin, bunazosin, trimazosin,

doxazosin, naftopidil, indoramin, WHP 164, XENOIO, fenspiride hydrochloride (which may be

preparedas disclosed in US3399192), proroxan (CAS RN 33743-96-3), and labetalol

hydrochloride and combinationsthereof; a 2 agonists such as methyldopa, methyldopa HCL,

lofexidine, tiamenidine, moxonidine, rilmenidine, guanobenz,andthe like; aldosterone

inhibitors, and the like; renin inhibitors including Aliskiren (SPPIOO; Novartis/Speedel);

angiopoietin-2-binding agents such as those disclosed in WO03/030833; anti-angina agents such

as ranolazine (hydrochloride 1-Piperazineacetamide, N-(2,6- dimethylphenyl)-4-[2-hydroxy-3-

(2-methoxyphenoxy)propyl]-, dihydrochloride CAS RN 95635- 56-6), betaxolol hydrochloride

(2-Propanol, |-[4-[2 (cyclopropylmethoxy)ethyl]phenoxy]-3-[(l- methylethyl)amino]-,

hydrochloride CAS RN 63659-19-8), butoprozine hydrochloride (Methanone, [4-

[3(dibutylamino)propoxy|phenyl](2-ethyl-3-indolizinyl)-, monohydrochloride CAS RN 62134-

34-3), cinepazet maleatel-Piperazineacetic acid, 4-[]-oxo-3-(3,4,5- trimethoxypheny])-2-

propenyl]-, ethyl ester, (2Z)-2-butenedioate (1 :1) CAS RN 50679-07-7), tosifen

(Benzenesulfonamide, 4-methyl-N-[[[(S)-l-methyl-2-phenylethyl]amino]carbonyl]- CAS RN

32295-184), verapamilhydrochloride (Benzeneacetonitrile, o-[3-[[2-(3,4-

dimethoxyphenyl)ethyl]methylamino]propyl]-3 ,4-dimethoxy-a-( 1 -methylethyl)-,

monohydrochloride CAS RN 152-114), molsidomine (1,2,3-Oxadiazolium, 5-

[(ethoxycarbonyl)amino]-3-(4-morpholinyl)-, inner salt CAS RN 25717-80-0), and ranolazine

hydrochloride (1 -Piperazineacetamide, N-(2,6-dimethylphenyl)4-[2-hydroxy-3-(2-meth-

oxyphenoxy)propyl]-, dihydrochloride CAS RN 95635-56-6); tosifen (Benzenesulfonamide, 4-

methyl-N-[[[(S)-l-methy1-2-phenylethyl]amino]carbonyl]- CAS RN 32295-184); adrenergic

stimulants such as guanfacine hydrochloride (such as N-amidino-2-(2,6-dichlorophenyl)

acetamide hydrochloride, e.g., Tenex® Tablets available from Robins); methyldopa-

hydrochlorothiazide (such as levo-3-(3,4-dihydroxyphenyl)-2-methylalanine) combined with

Hydrochlorothiazide (such as 6-chloro-3,4-dihydro-2H -1,2,4-benzothiadiazine-7- sulfonamide
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1,1-dioxide, e.g., the combination as, e.g., Aldoril® Tablets available from Merck), methyldopa-

chlorothiazide (such as 6-chloro-2H-1, 2,4-benzothiadiazine-7-sulfonamide 1,1-dioxide and

methyldopa as described above, e.g., Aldoclor®, Merck), clonidine hydrochloride (such as 2-

(2,6-dichlorophenylamino)-2-imidazoline hydrochloride and chlorthalidone (such as 2-chloro-5-

(l-hydroxy-3-oxo-l-isoindolinyl) benzenesulfonamide), e.g., Combipres®, Boehringer

Ingelheim), clonidine hydrochloride (such as 2-(2,6-dichlorophenylamino)-2-imidazoline

hydrochloride, e.g., Catapres®, Boehringer Ingelheim), clonidine (H-Imidazol-2-amine, N-(2,6-

dichloropheny1)4,5-dihydro-CAS RN 4205-90-7), Hyzaar (Merck; a combination of losartan and

hydrochlorothiazide), Co-Diovan (Novartis; a combination of valsartan and hydrochlorothiazide,

Lotrel (Novartis; a combination of benazepril and amlodipine) and Caduet(Pfizer; a combination

of amlodipine and atorvastatin), and those agents disclosed in US20030069221.

1.3.2.11 Agents for the Treatment of Respiratory Disorders

[160] The GCC agonist peptides described herein can be used in combination therapy with one

or more of the following agents useful in the treatment of respiratory and otherdisorders

including but not limited to: (1 ) B-agonists including but not limited to : albuterol (PRO

VENTIL® , S ALBUT AMOI® , VENTOLIN®), bambuterol, bitoterol, clenbuterol, fenoterol,

formoterol, isoetharine (BRONKOSOL®, BRONKOMETER®), metaproterenol (ALUPENT®,

METAPREL®), pirbuterol (MAXAIR®), reproterol, rimiterol, salmeterol, terbutaline

(BRETHAIRE®, BRETHINE®, BRICANYL®),adrenalin, isoproterenol (ISUPREL®),

epinephrine bitartrate (PRIMATENE®), ephedrine, orciprenline, fenoterol and isoetharine; (2)

steroids, including but not limited to beclomethasone, beclomethasone dipropionate,

betamethasone, budesonide, bunedoside, butixocort, dexamethasone,flunisolide, fluocortin,

fluticasone, hydrocortisone, methyl prednisone, mometasone, predonisolone, predonisone,

tipredane, tixocortal, triamcinolone, and triamcinolone acetonide; (3) 32-agonist-corticosteroid

combinations[e.g., salmeterol-fluticasone (AD V AIR®), formoterol-budesonid (S

YMBICORT®)] ; (4) leukotriene D4 receptor antagonists/leukotriene antagonists/LTD4

antagonists (i.e., any compoundthat is capable of blocking, inhibiting, reducing or otherwise

interrupting the interaction between leukotrienes and the Cys LTI receptor) including but not

limited to: zafhiukast, montelukast, montelukast sodium (SINGULAIR®), pranlukast, iralukast,
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pobilukast, SKB-106,203 and compounds described as having LTD4 antagonizingactivity

described in U.S. Patent No. 5,565,473; (5) 5 -lipoxygenase inhibitors and/or leukotriene

biosynthesis inhibitors [e.g., zileuton and BAY 1005 (CAregistry 128253-31-6)]; (6) histamine

HI receptor antagonists/antihistamines(i.e., any compoundthat is capable of blocking, inhibiting,

reducing or otherwise interrupting the interaction between histamine and its receptor) including

but not limited to: astemizole, acrivastine, antazoline, azatadine, azelastine, astamizole,

bromopheniramine, bromopheniramine maleate, carbinoxamine, carebastine, cetirizine,

chlorpheniramine, chloropheniramine maleate, cimetidine clemastine, cyclizine, cyproheptadine,

descarboethoxyloratadine, dexchlorpheniramine, dimethindene, diphenhydramine,

diphenylpyraline, doxylamine succinate, doxylarnine, ebastine, efletirizine, epinastine,

famotidine, fexofenadine, hydroxyzine, hydroxyzine, ketotifen, levocabastine, levocetirizine,

levocetirizine, loratadine, meclizine, mepyramine, mequitazine, methdilazine, mianserin,

mizolastine, noberastine, norasternizole, noraztemizole, phenindamine, pheniramine, picumast,

promethazine, pynlamine, pyrilamine, ranitidine, temelastine, terfenadine, trimeprazine,

tripelenamine, and triprolidine; (7) an anticholinergic including but not limited to: atropine,

benztropine, biperiden, flutropium, hyoscyamine(e.g. Levsin®; Levbid®; Levsin/SL®,

Anaspaz®, Levsinex timecaps®, NuLev®), ilutropium, ipratropium, ipratropium bromide,

methscopolamine, oxybutinin, rispenzepine, scopolamine, and tiotropium; (8) an anti-tussive

including but not limited to: dextromethorphan, codeine, and hydromorphone; (9) a decongestant

including but not limited to: pseudoephedrine and phenylpropanolamine; (10) an expectorant

including but not limited to: guafenesin, guaicolsulfate, terpin, ammonium chloride, glycerol

guaicolate, and iodinated glycerol; (11) a bronchodilator including but not limitedto:

theophylline and aminophylline; (12) an anti-inflammatory including but not limited to:

fluribiprofen, diclophenac, indomethacin, ketoprofen, S-ketroprophen, tenoxicam; (13) a PDE

(phosphodiesterase) inhibitor including but not limited to those disclosed herein; (14) a

recombinant humanized monoclonal antibody [e.g. xolair (also called omalizumab), rhuMab, and

talizumab]; (15) a humanized lung surfactant including recombinant forms of surfactant proteins

SP-B, SP-C or SP-D [e.g. SURFAXIN®, formerly known as dsc-104 (Discovery Laboratories)],

(16) agents that inhibit epithelial sodium channels (ENaC) such as amiloride and related

compounds; (17) antimicrobial agents used to treat pulmonary infections such as acyclovir,
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amikacin, amoxicillin, doxycycline, trimethoprin sulfamethoxazole, amphotericin B,

azithromycin, clarithromycin, roxithromycin, clarithromycin, cephalosporins( ceffoxitin,

cefmetazole etc), ciprofloxacin, ethambutol, gentimycin, ganciclovir, imipenem, isoniazid,

itraconazole, penicillin, ribavirin, rifampin, rifabutin,amantadine, rimantidine, streptomycin,

tobramycin, and vancomycin; (18) agents that activate chloride secretion through Ca++

dependentchloride channels (such as purinergic receptor (P2Y(2) agonists); (19) agents that

decrease sputum viscosity, such as human recombinant DNase 1, (Pulmozyme®); (20)

nonsteroidal anti-inflammatory agents (acemetacin, acetaminophen,acety] salicylic acid,

alclofenac, alminoprofen, apazone, aspirin, benoxaprofen, bezpiperylon, bucloxic acid,

carprofen, clidanac, diclofenac, diclofenac, diflunisal, diflusinal, etodolac, fenbufen, fenbufen,

fenclofenac, fenclozic acid, fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal,

flufenisal, fluprofen, flurbiprofen, flurbiprofen, furofenac, ibufenac, ibuprofen, indomethacin,

indomethacin, indoprofen, isoxepac, isoxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic

acid, meclofenamic acid, mefenamic acid, mefenamic acid, miroprofen, mofebutazone,

nabumetone oxaprozin, naproxen, naproxen, niflumic acid , oxaprozin, oxpinac,

oxyphenbutazone, phenacetin, phenylbutazone, phenylbutazone, piroxicam, piroxicam,

pirprofen, pranoprofen, sudoxicam, tenoxican, sulfasalazine, sulindac, sulindac, suprofen,

tiaprofenic acid, tiopinac, tioxaprofen, tolfenamic acid, tolmetin, tolmetin, zidometacin,

zomepirac, and zomepirac); and (21) aerosolized antioxidant therapeutics such as S-

Nitrosoglutathione.

1.3.2.12 Anti-Diabetic Agents

[161] The GCC agonist peptides described herein can be used in therapeutic combination with

one or more anti-diabetic agents, including but not limited to: PPARy agonists such as glitazones

(e.g., WAY-120,744, AD 5075, balaglitazone, ciglitazone, darglitazone (CP-86325, Pfizer),

englitazone (CP-68722, Pfizer), isaglitazone (MIT/J&J), MCC- 555 (Mitsibishi disclosed in

US5594016), pioglitazone (such as such as Actos™pioglitazone; Takeda), rosiglitazone

(Avandia™;Smith Kline Beecham), rosiglitazone maleate, troglitazone (Rezulin®, disclosed in

US4572912), rivoglitazone (CS-Ol 1, Sankyo), GL-262570 (Glaxo Welcome), BRL49653

(disclosed in WO098/05331), CLX-0921, 5-BTZD, GW-0207, LG- 100641, JIT-501
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(JPNT/P&U), L-895645 (Merck), R-119702 (Sankyo/Pfizer), NN-2344 (Dr. Reddy/NN), YM-

440 (Yamanouchi), LY-300512, LY-519818, R483 (Roche), T131 (Tularik), and the like and

compoundsdisclosed in US4687777, US5002953, US5741803, US5965584, US6150383,

US6150384, US6166042, US6166043, US6172090, US6211205, US6271243, US6288095,

US6303640, US6329404, US5994554, W097/10813, WO97/27857, WO97/28115,

W097/28137,WO097/27847, WO00/76488, WO03/000685,W003/027 1 12,WO003/035602,

W003/048 130, WO03/055867, and pharmaceutically acceptable salts thereof; biguanides such

as metformin hydrochloride (N,N-dimethylimidodicarbonimidic diamide hydrochloride, such as

Glucophage™, Bristol-Myers Squibb); metformin hydrochloride with glyburide, such as

Glucovance™, Bristol-Myers Squibb); buformin (Imidodicarbonimidic diamide, N-buty1-);

etoformine (l-Butyl-2-ethylbiguanide, Schering A. G.); other metformin salt forms (including

where the salt is chosen from the group of, acetate, benzoate, citrate, ftimarate, embonate,

chlorophenoxyacetate, glycolate, palmoate, aspartate, methanesulphonate, maleate,

parachlorophenoxyiscbutyrate, formate, lactate, succinate, sulphate, tartrate,

cyclohexanecarboxylate, hexanoate, octanoate, decanoate, hexadecanoate, octodecanoate,

benzenesulphonate, trimethoxybenzoate, paratoluenesulphonate, adamantanecarboxylate,

glycoxylate, glutarnate, pyrrolidonecarboxylate, naphthalenesulphonate, 1-glucosephosphate,

nitrate, sulphite, dithionate and phosphate), and phenformin; protein tyrosine phosphatase- IB

(PTP-IB) inhibitors, such as A-401,674, KR 61639, OC- 060062, OC-83839, OC-297962,

MC52445, MC52453, ISIS 113715, and those disclosed in WO99/585521, WO99/585 18,

W099/58522, WO99/6 1435, WO03/032916, WO03/032982, WO03/041729, WO03/055883,

W002/26707, WO02/26743, JP2002114768, and pharmaceutically acceptable salts and esters

thereof; sulfonylureas such as acetohexamide (e.g. Dymelor, Eli Lilly), carbutamide,

chlorpropamide (e.g. Diabinese®, Pfizer), gliamilide (Pfizer), gliclazide (e.g. Diamcron, Servier

CanadaInc), glimepiride (e.g. disclosed in US4379785, such as Amaryl , Aventis), glipentide,

glipizide (e.g. Glucotrol or Glucotrol XL Extended Release, Pfizer), gliquidone, glisolamide,

glyburide/glibenclamide (e.g. Micronase or Glynase Prestab, Pharmacia & Upjohn and Diabeta,

Aventis), tolazamide (e.g. Tolinase), and tolbutamide (e.g. Orinase), and pharmaceutically

acceptable salts and esters thereof; meglitinides such as repaglinide (e.g. Pranidin®, Novo

Nordisk), KAD1229 (PF/Kissei), and nateglinide (e.g. Starlix®, Novartis), and pharmaceutically
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acceptable salts and esters thereof; «@ glucoside hydrolase inhibitors (or glucoside inhibitors) such

as acarbose (e.g. Precose™, Bayer disclosed in US4904769), miglitol (such as GLYSET™,

Pharmacia & Upjohn disclosed in US4639436), camiglibose (Methyl 6-deoxy-6-[(2R,3R,4R,5S)-

3,4,5-trihydroxy-2- (hydroxymethyl)piperidino]-alpha-D-glucopyranoside, Marion Merrell

Dow), voglibose (Takeda), adiposine, emiglitate, pradimicin-Q, salbostatin, CKD-711, MDL-

25,637, MDL- 73,945, and MOR 14, and the compounds disclosed in US4062950, US4174439,

US4254256, US4701559, US4639436, US5192772, US4634765, US5157116, US5504078,

US5091418, US5217877, US51091 and WOO 1/47528 (polyamines); a-amylase inhibitors such

as tendamistat, trestatin, and Al -3688, and the compoundsdisclosed in US4451455,

US4623714, and US4273765; SGLT2 inhibtors including those disclosed in US6414126 and

US6515117; an aP2 inhibitor such as disclosed in US6548529; insulin secreatagogues such as

linogliride, A-4166, forskilin, dibutyrl cAMP, isobutylmethylxanthine (BMX), and

pharmaceutically acceptable salts and esters thereof; fatty acid oxidation inhibitors, such as

clomoxir, and etomoxir, and pharmaceutically acceptable salts and esters thereof; A2

antagonists, such as midaglizole, isaglidole, deriglidole, idazoxan, earoxan, and fluparoxan, and

pharmaceutically acceptable salts and esters thereof; insulin and related compounds(e.g. insulin

mimetics) such as biota, LP-100, novarapid, insulin detemir, insulin lispro, insulin glargine,

insulin zinc suspension (lente and ultralente), Lys-Pro insulin, GLP-I (1-36) amide, GLP-I (73-7)

Cinsulintropin, disclosed in US5614492), LY-315902 (Lilly), GLP-I (7-36)-NH2), AL-401

(Autoimmune), certain compositions as disclosed in US4579730, US4849405, US4963526,

US5642868, US5763396, US5824638, US5843866, US6153632, US6191105, and WO

85/05029, and primate, rodent, or rabbit insulin including biologically active variants thereof

including allelic variants, more preferably human insulin available in recombinant form (sources

of humaninsulin include pharmaceutically acceptable and sterile formulations such as those

available from Eli Lilly (Indianapolis, Ind. 46285) as Humulin™ (human insulin rDNAorigin),

also see the THE PHYSICIAN'S DESK REFERENCE,55.sup.th Ed. (2001) Medical

Economics, Thomson Healthcare (disclosing other suitable human insulins); non-

thiazolidinediones such as JT-501 and farglitazar (GW-2570/GI- 262579), and pharmaceutically

acceptable salts and esters thereof; PPARa/y dual agonists such as AR-HO39242 (Aztrazeneca),

GW-409544 (Glaxo-Wellcome), BVT-142, CLX-0940, GW-1536, GW-1929, GW-2433, KRP-
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297 (Kyorin Merck; 5-[(2,4-Dioxo thiazolidinyl)methyl] methoxy-N-[[4-

(trifluoromethyl)phenyl] methyljbenzamide), L-796449, LR-90, MK-0767

(Merck/Kyorin/Banyu), SB 219994, muraglitazar (BMS), tesaglitzar (Astrazeneca), reglitazar

(JTT-501) and those disclosed in WO99/16758, WO99/193 13, WO99/20614, WO99/38850,

W000/23415, WO00/23417, WO00/23445, WO00/50414, WO01/00579, WO01/79150,

W002/062799, W003/004458, WO003/016265, WO03/018010, WO03/033481, WO03/033450,

W003/033453, WO003/043985, WO 031053976, U.S. application Ser. No. 09/664,598, filed Sep.

18, 2000, Murakamiet al. Diabetes 47, 1841-1847 (1998), and pharmaceutically acceptable salts

and esters thereof; other insulin sensitizing drugs; VPAC2 receptor agonists; GLK modulators,

such as those disclosed in WOO03/015774; retinoid modulators such as those disclosed in

W0O03/000249; GSK 36/GSK 3 inhibitors such as 4-[2-(2-bromophenyl)-4-(4-fluorophenyl-lH-

imidazol-5- yl]pyridine and those compounds disclosed in WO03/024447, WO03/037869,

W003/037877, WO03/037891, WO03/068773, EP1295884, EP1295885, and the like; glycogen

phosphorylase (HGLPa) inhibitors such as CP-368,296, CP-316,819, BAYR3401, and

compoundsdisclosed in WOO 1/94300, WO02/20530, WO003/037864, and pharmaceutically

acceptable salts or esters thereof; ATP consumption promotors such as those disclosed in

W003/007990; TRB3 inhibitors; vanilloid receptor ligands such as those disclosed in

W003/049702; hypoglycemic agents such as those disclosed in WO03/015781 and

W003/040114; glycogen synthase kinase 3 inhibitors such as those disclosed in WO03/035663

agents such as those disclosed in WO99/51225, US20030134890, WO01/24786, and

W003/059870; insulin-responsive DNA binding protein-1 (IRDBP-Dasdisclosed in

W0O03/057827, and the like; adenosine A2 antagonists such as those disclosed in WO03/035639,

W003/035640, and the like; PPAR6 agonists such as GW 501516, GW 590735, and compounds

disclosed in JP10237049 and WO02/14291; dipeptidyl peptidase IV (DP-IV) inhibitors, such as

isoleucine thiazolidide, NVP-DPP728A (1- [[[2-[(5-cyanopyridin-2-

yDamino]ethylJamino]acetyl]-2-cyano-(S)-pyrrolidine, disclosed by Hugheset al, Biochemistry,

38(36), 11597-11603, 1999), P32/98, NVP-LAF-237, P3298, TSL225 (tryptophyl-1,2,3,4-

tetrahydro-isoquinoline-3-carboxylic acid, disclosed by Yamadaet al, Bioorg. & Med. Chem.

Lett. 8 (1998) 1537-1540), valine pyrrolidide, TMC-2A/2B/2C, CD- 26 inhibitors, FE999011,

P9310/K364, VIP 0177, DPP4, SDZ 274-444, 2-cyanopyrrolidides and 4-cyanopyrrolidides as
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disclosed by Ashworth et al, Bioorg. & Med. Chem.Lett., Vol. 6, No. 22, pp 1163-1166 and

2745-2748 (1996) ,and the compounds disclosed in US6395767, US6573287, US6395767

(compoundsdisclosed include BMS-477118, BMS-471211 and BMS 538,305), WO99/38501,

W099/46272, WO99/67279, WO99/67278, WO99/6 143 1WO003/004498, WO03/004496,

EP1258476, WO02/083128. WO02/062764, WO03/000250, WO03/002530, WO03/002531,

W003/002553, WO03/002593, WO03/000180, and WO03/000181; GLP-I agonists such as

exendin-3 and exendin-4 (including the 39 aa polypeptide synthetic exendin-4 called

Exenatide®), and compounds disclosed in US2003087821 and NZ 504256, and

pharmaceutically acceptable salts and esters thereof; peptides including amlintide and Symlin®

(pramlintide acetate); and glycokinase activators such as those disclosed in US2002103199

(fused heteroaromatic compounds) and WO02/48106 (isoindolin-1-one-substituted propionamide

compounds).

EXAMPLES

Example 1: Clinical Study for safety and efficacy in humansfor the treatment of chronic
idiopathic constipation

[162] A randomized, double-blind, placebo-controlled, 14-day repeat oral, dose ranging study

was conducted in patients with chronic idiopathic constipation (CIC). The primary objective of

this study wasto evaluate the safety of SP-304 (1.0 mg, 3.0 mg, 9.0 mg and 0.3 mg) for 14 days

in patients with CIC. One secondary objective was to assess the pharmacokinetic profile of

SP-304 in plasma. Other secondary objectives included evaluations of pharmacodynamiceffects

(efficacy) on parameters such as the timeto first bowel movementafter daily dosing with

SP-304, bowel habits over time — for example, spontaneous bowel movements (SBMs),

complete spontaneous bowel movements (CSBMs), and stool consistency [using Bristol Stool

Form Scale (BSFS)] — and other patient reported outcomes such as abdominal discomfort.
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[163] The study included five arms with assigned interventions as indicated in the table below.
 

Arms Interventions

SP-304 1.0 mg: Experimental Subjects receiving SP-304 1.0 mg for 14 consecutive days

SP-304 3.0 mg: Experimental Subjects receiving SP-304 3.0 mg for 14 consecutive days

SP-304 9.0 mg: Experimental Subjects receiving SP-304 9.0 mg for 14 consecutive days

Placcho: Placcbo Comparator Subjects recciving Placcbo for 14 consccutive days

SP-304 0.3 mg: Experimental Subjects recciving SP-304 0.3 mg for 14 consecutive days 

[164] Subjects diagnosed with CIC were screened for the anticipated 4 cohorts to yield 80

randomized subjects for enrollment. There were four dose cohorts (1.0 mg, 3.0mg, 9.0 mg and

0.3 mg) with 20 subjects per dose cohort [randomization ratio 3:1 (15 receive SP-304:5 receive

placebo)]. Subjects who continued to meetall the entry criteria and complete the pre-treatment

bowel movement (BM)diary received, in a double-blind, randomized fashion, SP-304 or

matching placebo. The entry criteria included (1) meeting modified ROMEIII criteria for

chronic constipation (CC); (2) no significant finding in colonoscopy within past 5 years; (3) good

health as determined by physical examination, medical history, vital signs, ECG,clinical

chemistry, hematology, urinalysis, drug screen and serology assessments; and (4) during 14-day

pre-treatmentperiod, subjects reporting <6 SBM and < 3 CSBM ineach pre-treatment week.

All subjects receiving at least one dose of SP-304 or matching placebo were considered

evaluable for the safety endpoints (78 total). If a subject did not have a major protocol deviation,

had at least 5 days of study treatment each week and corresponding entries for bowel habits,

he/she was considered evaluable for efficacy parameters (54-55 total).

[165] The demographics of the subjects in the study are summarized in the table below.

 Placebo 0.3 mg 1.0 mg 3.0 mg 9.0 mg

Age

A7.7 (14.6) 51.1 (12.0) 50.5 (10.6) 48.5 (16.1) 47.3 (12.7)

Gender

Female 18 (90.0%) 12 (85.7%) 14 (100%) 13 (86.7) 12 (80%)

Male 2 (10.0%) 2 (14.3%) 0 2 (13.3%) 3 (20%)

Race

White 17 (85.0%) 13 (92.9%) 12 (85.7%) 14 (93.3%) 12 (80.0%)
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African

American 1 (5.0%) 0 17.1%) 0 2 (13.3%)
Asian 1 (6.0%) 1 (7.1%) 1 (7.1%) 0) 1 (6.7%)

American
Indian 1 6.0%) 0 0 0 0
Other 0) 0 0 1 (6.7%) 0 

Values for age are the mean (standard deviation); values for gender and race are the number
(percentage of experimental arm).

Results

[166] Pharmacokinetics and Safety:

[167] There was no detectable systemic absorption of plecanatide (assay sensitivity > 10

ng/mL). No serious adverse events (SAE) were reported in subjects receiving plecanatide and no

deaths reported in this study. 10% (2/20) subjects who received placebo and 17.2% (10/58)

subjects who received SP-304 reported adverse events considered as related to the treatment.

The majority of adverse events were mild / moderate and transient in nature. 10% (2/20)

subjects who received placebo and 5.2% (3/58) subjects who received SP-304 reported GI-

related adverse events considered as related to treatment. There was no diarrhea reported for any

subject receiving SP-304. The table below is a Gl-related adverse event (AE) summary.
 

 
Placebo 0.3 mg 1.0 mg 3.0 mg 9.0 mg

n=20 n=14 n=14 n=15 n=15

Abdominal 1 (5.0%) 0 0 0 0
Cramping

Abdominal 1 (5.0%) 0 0 0 0
Pain

Bloating 0 0 0 0 1 (6.7%)

Diarrhea 1 (5.0%) 0 0 0 0

Flatulence 2 (10.0%) 0 0 0 0

Nausea 0 1 (7.1%) 0 0)

Upset
Stomach 0 0 0 1 (6.7%) 0

Values are the number (percentage of experimental arm).
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[168] Efficacy:

[169] SP-304 (plecanatide) treatment decreased the time to first bowel movement, increased.

stool frequency (SBM and CSBM), improved stool consistency, and reduced straining and

abdominal discomfort. See Figures 1-6.

Example 2: Composition of Wet Granulation batch 10005

Item No. Ingredient Use Concentration % w/w

SP304 0.23

Mannogem EZ, Diluent 79.77
USP/EP (Mannitol)

PROSOLV SMCC 90|Binder 15.0

LM (silicified

microcrystalline
cellulose)

 

 

 

Purified Water vehicle

(chilled to 5°C), USP 

Purified Water

(chilled to 5°C), USP

Explotab (Sodium Disintregant
Starch Glycolate)

 

 

Pruv (sodium stearyl|Lubricant
fumarate)

  
 

Item No. ingredient Use Concentration % w/w
PROSOLV SMCC90|Binder

HD(silicified 
 

microcrystalline
cellulose)

4 Purified Water vehicle n/a

(chilled to 5°C), USP

5 Purified Water n/a

 
(chilled to 5°C), USP 
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Explotab (Sodium
Starch Glycolate)

Total

Disintregant 4.0

100  
Example 4: EXCIPIENT COMPATIBILITY

[170] Binary mixtures of SP-304 were prepared and stored in glass vials. For solid excipients

the binary mixtures were comprised of 9.1% or 50% excipient. Glass vials were stored at

40C/75RH open or closed. The percent purity (measured by HPLC) of the GCC agonist peptide

(SP-304) after storage for the time indicated in each column(i.e., 1, 2, or 3 monthsfor the closed

vial and 0.5, 1, 2, or 3 monthsfor the open vials) is indicated by numerical values.

Closed Open
 

PURPOSE

None

EXCIPIENT 1M 2M

88.2

3M

84.1

0.5M

93.7

1M 2M

88.2

3M

 None

Diluent Sorbitol

Prosolv

90.1

88.4

87.2 92.2

85.1 92.6 87.9

93

91,2

90.8 87.1

 

Starch 92.5 

Emdex

Plasdone 92.8 90.6

91.8

85.6 93.1 87.3 83 

Binder

Disintegrant|Explotab 91.9 89.4 87.1 92.2

P| Polyplasdone 92 89 85.6 93.5
Glidant Cabosil 92.1 88.3 85.6 92.6

90.4

90.3 84.7 78.3

83.1

34 

Lubricant Mgstearte

PRUV

91.5 87.7 84.6 92.6

90.5 87.3

90.6 87.6 83.8

90.5 

compritol 90.5 

Antioxidant

PEG 3350

Ascorbic acid

89.4

 

BHA 

BHT

Capsule HPMCcapsule

84.1 92.3

85.2 92.3

90

90.8

90.3

86.7 84.6

 

Gelatin capsule

   
84.3 84.3

100

 
90.2 86.4 83.5

90.5 86.7 83.6
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Liquid for Mediumchain 90.4
liquid filled|trig
capsule

PG 89.3

dicaprylocaprate

Vit E 90

Soybeanoil 89.6

Cremaphor 79.7

PG 3.4

PG 400 0.7

    
 

Example 5: Geometric dry mix for 0.3mg capsule

[171] Place 12g mannitol in mortar. Add 4g SP-304 and gently mix until a visually uniform

powderis obtained. Transfer to Turbula mixer. Rinse mortar with mannitol and transfer to

Turbula mixer and mix at high speed for 10 minutes. Add about 150g of mannitol to 4 quart V-

shell mixer. Transfer the contents of the Turbula mixer to the V-shell and add 150g of mannitol

mix. Discharge v-shell contents and screen through 40 mesh and return to mixer. Add 586g of

mannitol to mixer and mix for 20 minutes.

Example 6: Wet granulation process:

[172] Batch 017-10005 comprised of mannitol and low-moisture (2.4%) PROSOLV LM90

(0.33 g/mL) was sprayed with SP-304 solution and fluid bed dried resulted in granulation water

content of 0.35%. The final blend contained 1% water, flowed well, and filled capsules well.

The 2nd prototype 017-1006 comprised of the same components was adjusted to obtain a target

capsule fill weight of 100 mg based onthe results of the 1st batch. Water was sprayed onto

powder blend with SP-304. The inlet temperature was 50C and the granulation was dried for 1.5

hours and stopped when the product temperature reached 36C. The 3rd (batchO17-10006) and

4th (batch 017-10007) capsule prototypes will use PROSOLV HD90, whichis a higher density

material with superior flow properties and higher moisture content of 5.5% than the PROSOLV

LM90. The moisture content of the PROSOLV HD90is readily removed by fluid bed drying.
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The density of PROSOLV HD90is about 0.55 g/mL. The PRUV lubricant will be removed for

these batches.

Example 7: Wet granulation stability

[173] SP-304 was extracted from the capsules by sonication at either at room temperature (RT)

or cold temperature and the amount of peptide was determined by HPLC. Initial percentages are

based on the amountstated on the label.

Batch % peptide (initial) % peptide (1 mos at RT) 

017-10006 101.1 (sonicated RT) 97.6 (sonicated cold)   
017-10008 97.5 (sonicated RT) 108.2 (sonciated cold)

Example 8: 1M capsule stability in HDPE Bottles

[174] Capsules contained 0.3 mg SP-304 with the remainderof the fill weight (up to 5 mg)

made up by mannitol (Perlitol 300 DC). Each capsule contained 1.5% by weight SP-304 and

98.5% mannitol. The capsule shell was composed of HPMC. Amountsare relative to the

amount specified on the label (i.e., 0.30 mg peptide). The indicated number of capsules was

placed in a high density polyethylene bottle with an induction seal and molecular sieve desiccant

for 1 monthat either 2-8C (first two columns) or 25C and 60% relative humidity (last two

columns). The initial amount of peptide present was 101% of the label claim. The last row gives

the amount of peptide remaining after 1 month storage at the indicated temperature as

determined by HPLC.
 

2-8C

1-capsule per

bottle

2-8C

6-capsules per

bottle

25C/60RH

1-capsule per

bottle

25C/60RH

6-capsules per

bottle
 

100%  92%  92%

102

 98% 

4011



4012

WO 2012/037380 PCT/US2011/031805

Example 9: Composition of batch 1528-2855-RD (capsules) and spray coating and drying

 

 

process

Item No. Ingredient Amount per unit Concentration %
(mg) w/w

1 SP-304 0.3246 0.3246

Microcrystalline . 99.10
cellulose (Celphere
SCP-100)

Hypromellose . 0.2000
(Methocel E5
PremLV)

Purified Water, USP n/a

 

 

  
*: The amount of water is calculated based on use of 119.0 mL purified water for the whole batch containing 5.356 g

SP-304.

[175] The spray drying process of making the batch 2855-RDis described below.

Preparation of Coating Dispersion:

[176] Purified water was added to a glass containerandstirred such that a liquid vortex was

produced without introducing air. Then calcium chloride dihydrate was slowly added into the

water. The mixture wasstirred until the salt was dissolved or well dispersed. Next, leucine was

slowly added and the resulting mixture was stirred until the amino acid was dissolved or well

dispersed. Afterward, methocel was slowly added and the mixture wasstirred until methocel

was completely dissolved. The solution could be warmed up to dissolve methocel, if necessary.

The resulting excipient solution was allowed to cool to room temperature and pass through 80

mesh screen, Then, 127.9g of screened excipient solution was added to a glass container and

placed in an ice batch for 0.5 to 1 hour until the solution reached 0 °C. Next, SP-304 was added
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into the cold excipient solution. The mixture wasstir vigorously to allow the peptide to dissolve

in the cold solution. The resulting peptide solution was kept cold in the ice bath as a

spraying/coating solution.

Drug Layering

[177] A Glatt GPCG-2 fluid bed processor (with top spray tower) with a Wurster insert was set

up for drug layering onto Celphere SCP-100 beads. After loading the Wurster column with

Celphere SCP-100 beads, bed temperature was raised to 35 °C and maintained for 30 minutes

with minimum fluidization of the beads. The bed temperature was reduced until an exhaust

temperature of 35 °C was achieved. The pumptubing ofthe peristaltic pump used was primed

by circulating the spraying solution mentioned above. After the spraying apparatus was adjusted

to obtain a satisfactory spray pattern, the coating solution was sprayed onto Celphere SCP-100

beadsuntil all coating solution was sprayed. Operating parameters were recorded. The bed

temperature andfluidization were maintained until the beads were sufficiently dry. The

fluidization was then reduced while the bed temperature was maintained at 35 °C for 10 minutes.

2¢ of beads were sampled for moisture analysis when the bed temperature was kept at 35 °C.

Whenthe moisture of the sampled beads reached < 5% moisture, the coated beads were

discharged and loaded into a dry container. LOD (loss on drying) 2.399%.

Example 10: Composition of batch 1528-2851-RD (tablets) and spray coating and drying

 

 

   
 

process

Item No. Ingredient Amountper unit|Concentration %

(mg) w/w
1 SP-304 0.3246 0.3607

Microcrystalline 88.88 98.75
cellulose (Avicel PH
102)

Calcium chloride 0.2622 0.2913

dihydrate

4 Leucine USP 0.1171 0.1301

5 Hypromellose 0.2000 0.2222
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(Methocel E5
PremLV)

7 Purified Water, USP|7.2 mL n/a

Total 90.0 100
  
 

*: The amount of water is calculated based on use of 119.0 mL purified water for the whole batch containing 5.356 g

SP-304.

[178] The spray coating and drying process of making the batch 2851-RD is described below.

Preparation of Coating Dispersion:

[179] Purified water was added to a glass container and stirred such that a liquid vortex was

produced without introducing air. Then calcium chloride dihydrate was slowly added into the

water. The mixture wasstirred until the salt was dissolved or well dispersed. Next, leucine was

slowly added and the resulting mixture was stirred until the amino acid was dissolved or well

dispersed. Afterward, methocel was slowly added and the mixture wasstirred until methocel

was completely dissolved. The solution could be warmed upto dissolve methocel, if necessary.

The resulting excipient solution was allowed to cool to room temperature and pass through 80

mesh screen. Then, 127.9¢ of screened excipient solution was added to a glass container and

placed in an ice batch for 0.5 to 1 hour until the solution reached 0 °C. Next, SP-304 was added

into the cold excipient solution. The mixture wasstir vigorously to allow the peptide to dissolve

in the cold solution. The resulting peptide solution was kept cold in the ice bath as a

spraying/coating solution.

Drug Layering

[180] A Glatt GPCG-2 fluid bed processor (with top spray tower) with a Wurster insert was set

up for drug layering onto Avicel PH 102 beads. After loading the Wurster column with Avicel

PH 102 beads, temperature was raised to 35 °C and maintained for 30 minutes with minimum

fluidization of the beads. The bed temperature was reduced until an exhaust temperature of

35 °C was achieved. The pumptubing of the peristaltic pump used wasprimedbycirculating

the spraying solution mentioned above. After the spraying apparatus was adjusted to obtain a
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satisfactory spray pattern, the coating solution was sprayed onto Avicel PH 102 beads until all

coating solution was sprayed. Operating parameters were recorded. The bed temperature and

fluidization were maintained until the beads were sufficiently dry. The fluidization was then

reduced while the bed temperature was maintained at 35 °C for 10 minutes. 2g of beads were

sampled for moisture analysis when the bed temperature was kept at 35 °C. When the moisture

of the sampled beads reached < 5% moisture, the coated beads were discharged and loaded into a

dry container. LOD (loss on drying) <5%.

[181] The net weight of the coated blend was determined for calculation of the amount of

magnesium stearate needed to lubricate the blend. Then the magnesium stearate was added to

the coated blend and the mixture was blended for 1 minute.

Compression

[182] A Fette tablet press was set up. Then the blend mixture was loadedinto the powder

hopper and tooling wasinstalled. The weight of each tablet was set to be 90 mg+5% and

hardness to be 4-6 Kp. The weight, hardness and thickness of tablets were measured and

recorded every 5 to 10 minutes. Friability measurement wasalso performed to ensure

satisfactory product.

Example 11: Composition of batch 1528-2850-RD (capsules) and process

 

 

 

 

Item No. Ingredient Concentration %
w/w

1 SP-304 0.3246

2 Microcrystalline 99 43
cellulose (Avicel PH
102)

3 Magnesium stearate|0.2500

HPMCcapsule shells|n/a

Total 100

    
[183] The dry blend process of making the batch 2850-RD is described below.
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Blending:

[184] Avicel PH 102 was screened through a 60 mesh screen. V-blenders (1 Qt, 4Qt, and 16

Qt) were then dusted by the screened Avicel PH 102. SP-304 was screened through a 200 mesh

screen and loaded into the 1-Qt V-blender. Then, about 80 g Avicel PH 102 was addedinto the

1-Qt blender and the mixture was blended for 10 minutes at 25 rpm. The mixture was then

transferred to the 4-Qt V-blender which was pre-dusted by the screened Avicel PH 102. The 1-

Qt blender was rinsed with Avicel and the rinse material was transferred to the 4-Qt blender.

The rinsing was repeated until all SP-304 was transferred to the 4-Qt blender. About 200g

Avicel was added to the 4-Qt V-blender and the mixture was blended for 10 minutes. The

resulting blend was then screened through a 60 mesh screen and then transferred into the pre-

dusted 16-Qt blender (dusted with 1500g Avicel). The 4-Qt blender was rinsed with Avicel and

the rinse material was transferred to the 16-Qt blender. The remaining Avicel was added to the

16-Qt blender and the mixture was blended for 10 minutes. The resulting blend was passed

through Comil and then returned to the 16-Qt blender and was further blended for 5 minutes.

Proper amount of magnesium stearate was weighed, screened through a 60 meshscreen, and

added into the 16-Qt blender. The resulting mixture was blended for 2 minutes.

Encapsulation

[185] A MG2Planeta capsule filler was set up. Average weight of the empty capsule shells

was determined and target capsule fill weight was calculated (45%). The blend from the above

process was added into the hopper of the capsule filler and encapsulation was started. Run

weight parameters were manually adjusted. Resulting capsules were then sorted according to the

target fill weight.

Example 12: Composition of batch 1528-2850B-RD(tablets) and process
 

     
Ttem No. Ingredient Concentration %

wiw

1 SP-304 0.3246

2 Microcrystalline 99.43
cellulose (Avicel PH
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102)

3 Magnesium stearate|0.2500

Total 100
  

[186] The dry blend process of making the batch 2850B-RDis described below.

Blending:

[187] Avicel PH 102 was screened through a 60 mesh screen. V-blenders (1 Qt, 4Qt, and 16

Qt) were then dusted by the screened Avicel PH 102. SP-304 was screened through a 200 mesh

screen and loaded into the 1-Qt V-blender. Then, about 80 g Avicel PH 102 was added into the

1-Qt blender and the mixture was blended for 10 minutes at 25 rpm. The mixture was then

transferred to the 4-Qt V-blender which was pre-dusted by the screened Avicel PH 102. The 1-

Qt blender was rinsed with Avicel and the rinse material wastransferred to the 4-Qt blender.

The rinsing was repeated until all SP-304 was transferred to the 4-Qt blender. About 200g

Avicel was added to 4-Qt V-blender and the mixture was blended for 10 minutes. The resulting

blend was then screened through a 60 mesh screen and then transferred into the pre-dusted 16-Qt

blender (dusted with 1500g Avicel). The 4-Qt blender was rinsed with Avicel and the rinse

material was transferred to the 16-Qt blender. The remaining Avicel was addedto the 16-Qt

blenderand the mixture was blended for 10 minutes. The resulting blend was passed through

Comil and then returned to the 16-Qt blender and was further blended for 5 minutes. Proper

amount of magnesium stearate was weighed, screened through a 60 mesh screen, and addedinto

the 16-Qt blender. The resulting mixture was blended for 2 minutes.

Compression

[188] A Fette tablet press was set up. Then the blend mixture was loaded into the powder

hopper and tooling wasinstalled. The weight of each tablet was set to be 90 mg+5% and

hardness to be 4-6 Kp. The weight, hardness, and thickness of tablets were measured and

recorded every 5 to 10 minutes. Friability measurement was also performed to ensure

satisfactory product.
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[189]

12. Their compositions are listed below.

Other batches were prepared by the processes similar to those described in Examples 9-

[190] Batch 500-55: 0.33% plecanatide, 95.17% microcyrstalline cellulose, 4.0% sodium

starch glycolate, and 0.5% magnesium stearate.

[191] Batches 1528-2907-RD and 2010F100A: 3.318% plecanatide, 96.43% Avicel, and

0.25% Mgstearate.

[192] Batches 1528-2906-RD and 2010F099A: 1.106% plecanatide, 98.65% Avicel, and

0.25% Mgstearate.

[193] Batches 1528-2890-RD and 2010F101A: 0.3246% plecanatide, 99.43% Avicel, and

0.25% Mgstearate.

Example 13: Plecanatide tablet and capsule stability

[194] Capsules and tablets of different batches were tested for their stability and the results

were provided. Unless otherwise specified, 1M, 2M, 3M, or 4M in the tables below denotesthat

the measurements were carried out at the end of 1, 2, 3, or 4 month(s) of the storage period.

[195] Potency Summary: This test was performed by taking a composite sample of about 5

units to determine the average potency of the sample. The table below showsthestability of

capsules or tablets in terms of potency (% of label claim).

HPLC Potency (% Label Claim) 

 

        
 

Lot Package

(description)|Bulk** Initial 40C/75RH|30C/65RH|25C/60RH SC
1M_| 3M 3M 3M 4M

1528-2850- HDPEbottle 89 91 89.3

RD (0.3mg Oxyguard
dry blend 89 bottle 91 91 92 91 88.9
capsules) Blister strip 90 90 85 88 91

1528-2855- HDPEbottle 101|100 96 102

RD (0.3mg Oxyguard
coated bead o4 bottle 01 96 99 104

capsule) Blister strip 97|103 99 98
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500-55

(0.3mg dry
blend

capsule)

HDPEbottle

Oxyguard
bottle

Blister strip

97 94 95

96

95

96

102

106 

1528-

2850B-RD

(0.3mg dry
blend tablet)
1528-285 1-

RD (0.3mg
coated

particle
tablet)

HDPEbottle 94 83 

Oxyguard
bottle

HDPEbottle

88

90

74

99 

Oxyguard
bottle

83 111 

2010F100A

(3mg dry
blend

capsule) 
2010F101A

(0.3mg dry
blend

capsule) 
2010F099A

(Img dry
blend

capsule) 
1528-2907-

RD (33mg
dry blend
capsule) 

1528-2906-

RD (1mg
dry blend
capsule) 

1528-2890-

RD (0.3mg
dry blend
capsule)

       
**Bulk means before packaging.

[196] As demonstrated by the table above, there waslittle or no appreciable loss in potency

after storage under accelerated conditions (40C/75RH or 30C/65RH), which suggests that these
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capsules or tablets could be stable at room temperature for 18 months or for longer times if

refrigerated or stored at 25C.

[197] Water content summary: The table below showsthat the water content was stable over

the testing period in the packages evaluated for various capsule/tablet compositions. This further

demonstrated that products were stable.
 

 
Water packaged product
 

 

 

  

 

  
 

 

 

 

IM 3M 4M

Water
. . 40C 40C 30C 25C

Lot (in- Packaging /75RH| /75RH| /65RH|/60RH|>©
process) wsInitial

32-count, HDPEbottle,

1528- 60cc, N2, 2g mol. sieve 5.03| 5.64|3.00|2.22|5.48
2850-RD

32-count, Oxyguard
0.3mg bottle. 40.dry blend Ofte, auce,
capsule PharmaKeep KD-20 5.07|5.24 4.28 5.33|5.31

Blister, N2 4.21 4.87|5.80 4.76 4.31

1528- 32-count, HDPE bottle,

2855-RD 60cc, N2, 22 mol. sieve 0.57|0.47 1.63 0.68

0.3mg 2.40 32-count, Oxyguard
coated , bottle, 40cc,

bead PharmaKeep KD-20
capsule Blisterstrip
500-55 HDPEbottle

0.3mg Oxyguardbottle 5.78|4.69 5.90 5.66

dry blend 4.09
capsule Blister strip ‘ 5.78|4.17 5.53 6.16
1528- 32-count, HDPE bottle,

2850B- 60cc, N2, 2g mol. sieve 4.09|4.03 6.28 6.10
RD

0.3mg 32-count, Oxyguard
dry blend bottle, 40cc,
tablet PharmaKeep KD-20 4.81|4.91 6.15 6.30
1528- 32-count, HDPE bottle,

2851-RD 60cc, N2, 2g mol. sieve 4.33|4.50 5.09 5.90

0.3mg 3.32
coated ‘ 32-count, Oxyguard
particle bottle, 40cc,
tablet PharmaKeep KD-20 5.15|4.88 5.82 6.02
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1528-

2907-RD

3mg dry
blend

capsule
1528-

2906-RD

1m dry
blend

capsule

Bulk capsule

Bulk capsule

4.78

 

1528-

2890-RD

 
Bulk capsule

    
Impurity summary: The table below showsthe product stability in terms of HPLC or UPLC of

total impurities as a function of time and storage condition. The data in the table suggest that the

increase in total impurities in tested batches except batch 500-55 be no greater than 7% at room

temperature after 18 months. It also suggest that the increase in total impurities in all tested

1528-2855-RD batche in different packages be no greater than 7% at 30 °C for 18 months. It

was also observed that the 1528-2855-RD batch had less impurity increase than the 1528- 2850-

RD batch or was more stable than the 1528-2850-RD batch.
 

Total impurities > 0.05% area 
 

 

 

 

 

 

 

 

 

 

 

 

     
Batch Package 40C/75RH 30C/65RH|25C/60RH 5C

Initial|1M|2M|3M 3M 3M 4M

1528- HDPEbottle 3.5 5.9 4.4 3.8 3.1

2850- Oxyguard bottle 3.3 5.7 74 5.3 4,3 3.1
RD Blister strip 5.1 7.0 5.0 4.3
1528- HDPEbottle 3.6 5.1 3.8 3.4

2855- Oxyguard bottle 3.6 3.9 4.4 4.1 3.7

HDPEbottle 5.7 8.4 5.4 4.4

500-55|Oxyguard bottle 3.3|5.6
Blister strip 6.5 8.0 5.7 4.8

1528- HDPEbottle . .

ad Oxyguard bottle
1528- HDPEbottle

RD IL Oxyguard bottle
1528- HDPEbottle
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2906-
 

1528-

2907-

RD HDPEbottle 1.85 4.58 

1528-

2890-

RD

 
[198]

units in 10 individual bottles and potency of each unit was measured to show whetherindividual

capsulesor tablets have uniform potency (% label claim or %LC).

 
Bulk 1.9

  

0.3mg Dry blend tablet
1528-2850B-RD

1

2

3

4

5

7

01

Mean

1528-2850B-

RD (dry tabs)

% RSD

0.3mg Coated particle tablet
1528-2851-

Sample

RD

Weight
113

 
% Label

 

Content uniformity: This test was performed by placing 10 individual capsule/tablet
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88.37

88.76

89.42

88.56

89.08

88.78

St. Dev

%RSD

<oO fe)5

0.3mg Dry blend
capsule 1528-2890

Sample

PCT/US2011/031805

3mg Dry blend
capsule 1528-

2907-RD

Img Dry blend
capsule 1528-2906-

%LC FLC

87.2—

|99|

10

Mean

RSD

AV(10)***

 

RD

Sample|%LC Sample

1 94.5 1

ps
PD

n >

98.1

101.8

93.1

97.5

97.9

97.1

|99|

2) [Mean
N

4

 
#EKAV = acceptance value used for UPS <905> content uniformity. Idealy AV should beless
than 15 to pass USP <905> content uniformity.
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0.3mg dry blend capsule 1528-2850-RD
Original Re -preparation

Sample %LE %LC

:

7

10

Mean

std, dev 2.288445 2.467121

% RSD

Conte1528-|%@LC 1528-

2850B-RD

88.82

2

3

4

5

6

7

01

|

% RSD % RSD|7.64
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500-55

1
ee
ee
a

88-00
88680%

5.00%

[199] The data in the tables above showthatall of the batches yield very good content

 
uniformity acceptable for commercial product.

[200] Dissolution 50-rpm summary: The tables below are summaries of the dissolution of drug

from capsules or tablets in an unconventional small-volume apparatus needed to measure the

small amountof drug in the units using slow stirring to look for changesin dissolution over time.

The test was performed by placing one unit into a very small volume of water at 37C witha

paddle stirring at 50-rpm (which is slow) and data were collected at 15, 30 45, and 60 minutes to

show the drug release rate over time. These tested products are “immediate release” oral solid

dosage forms and a conventional requirement is to have about 75% released in about 45

minutes. The tables summarize the results at 45 minutes and indicate that dissolution wasstable

overtime.
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Dissolution (% label claim at 45 minutes)

|TfospowPawPwPapar
[Vessel]|85|[|78|84|stT8683
|Vessel2|87||73=|90|82|84|

1528-2850-RD

(dry blend V-|86|87]|8|88
|72|89|8079

Lot

(description)

Cap capsule|Vessel5|89|
HDPEbottle)|Vesselo|88|

[Average|87|[|78|8780S|8585
PRSD_|2||6427|502.9
|Vessell|85|[69|8979|8882
|Vessel?|87|

188OO-RD
Veancapsule

GaPcaps’ Vessel5|89|
a

RSD|2|

|Vessel2|87|8977|79]tt
1528-2850-RD|Vessel3|88|88|83=|87~|74|84|
(dry blend V-|Vessel4|84|89 67 93 85 83

blister strip)|Vesselé|88|90]82|90|67|87||
|Average|87|87|74|86|7784

PRSD|2[7]125|63|86|24[|

 

 
Dissolution (% label claim at 45 minutes)fF

| 40C/75RH 30C/65RH
Lot

desepion
Vessel

1528-2855-RD|1 104 85 100 79 83

(coated bead|Vessel
V-Cap capsule|2 97 83 88
HDPEbottle)|Vessel

3 1 84 71 91

171

 
powfnfoo|0
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aTse88

emLow94

em|on93

rsp|6)

vessel 104

ebfeves1528-2855RD 9]

(coated bead Vaal
OxyGuard. 7

vara
93

~]\O rn|
\O

ty|JO
~]

\O~]
~]

[RSD|6|
Vessel

cofpe|ws89

seon1528-2855-RD |3 2

No

oO

N

~](coated bead vessel|V-cap capsule 88

blisterstrip) yest|9

oo|os9
rrsp_|6]

wn

\oNnooamn~o©oooo\oOo NnNnGoto—=NoOn~]nN \O

1

22.4 9.2

~

oOoOco|~]\0 nr-[Ame[8oo|eBRIK[©|S/G/K|S|e
Dissolution (% label claim at 45 minutes)Pe

a 40C/75RH_|30C/65RH
esti emJofwfw
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1528-285 1-

RD (coatedparticle tablet [vessels956s[107[61—
HDPE bottle)

Vessel 1

1528-2851-

RD (coated [Vessela|96%]68|67_|73
"OxyGuard

bottle

|Average|74%|80|_|
42

Dissolution (% label claim at 45 minutes)
40C/75RH|30C/65RH

Featee}ee
vessel?[axe|9

1528-2850B- [Vessel3|83%]76«|100|RD (dry blend Pvesset|oase|96[86
tablet HDPE|VesselS|88%|89|89

bottle) [Wessel|92%|83d97_—
[Average|__86%|—85_—||92

Rsp_|im|82|8
|Vessell|90%|74sid80_|

1528-28508. LYessel2|69%[|97|_87_—RD (dry blend Pvesct[esefotP86|90
tablet|Vessel4|94%|94|__|90

OxyGuard|Vessel5|88%|83|91]89
bottle)

|Average|som|88]85|90
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 pRSD|tm]96|780

Dissolution (% we claim at .—Initial

Lot

(description)
Vessel 1

Vessel 2

500-55 (dry Vessel 3
blend V-Cap_|Vessel 4
Plus capsule|Vessel 5

HDPEbottle) Vessel 6

Average
6

Vessel 1

Vessel 2

500-55 (dry [Vessel 3
blend V-Cap Vessel 4
Plus capsule Vessel 5
OxyGuard Vessel 6

bottle) Average
6

|Vessel1|
|Vessel2|
|Vessel3|
|Vessel4|
|Vessel5|

Vessel6|1

-Avernge |
eset
|Vessel2|
|Vessel3|
|Vessel4|
|Vessel5|
|Vessel6|1

averse |
Ves= 1

\O8iehe

\O=

a

 

Vessel 2

500-55 (dry [Vessel 3
blend V-Cap_ |_Vessel 4
Plus capsule|Vessel 5
foil blister) Vessel 6

Average \O

—

Qo-KC)nntr]—
anno

8

1

 

 
     
 

Dry blend 3mg lot 1528-2907-RD 500-mL
30|45|60

min|min|min

Vessel 1 91] 96} 97] 96

Vessel 2 96| 95|97| 96

120
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Vessel 3 97 97 97

Vessel 4 102|100|100

Vessel 5 96|96| 97

Vessel 6 99|}98 98

Average 97|98|97
RSD 2.5) 1.1|1.4
 
 

Dry blend Img lot 1528-2906-RD 150-mL

 

 

 

 

    30|45|60

min|min|min

Vessel 1 92|96 99

Vessel 2 91 95 96

Vessel 3 88 96 97

Vessel 4 96|101|102

Vessel 5 78 93 99

Vessel 6 90} 95 96

Average 89|96} 98
RSD 18.8 7| 2.8) 2.4 

 

Dry blend 0.3mg lot 1528-2890-RD 50-mL

 

 

 

 

 

      30|45|60

min|min|min

Vessel 1 94 100|105

Vessel 2 96|100|105

Vessel 3 93 94) 95

Vessel 4 90| 91] 101

Vessel 5 90|97|106

Vessel 6 95 97 97

Average 93|97|102
RSD 15.6] 2.8] 3.4] 4.5 

[201] Dissolution 75-rpm: The tables below show a few examples wherethestirring rate was

increased slightly to 75-rpm to give more consistent results and indicates stable dissolution after

accelerated storage of 1 or 2 months at 40C 75% relative humidity.

Dry blend 0.3mg lot 1528-2850-RD 1M
40C/75RH 75-rpm 50-mL

30 min|45 min

Vessel 1 75 80 80 $l
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Vessel 2 61 75 80 82

Vessel 4 78 86 84 85

Vessel 5 66 79 83 84

Vessel 6 62 79 84 86

Average 68 80 82 84

 

 

  
RSD 10.3 4.5 2.3 2.2 

 

Dry blend Img lot 1528-2906A-RD 2M
40C/75RH 75-rpm_ 50-mL 

15 min|30 min|45 min|60 min

Vessel 2 62 82 84 85

Vessel 3 65 82 85 85

 

 Vessel 4 58 70 80 79

Vessel 5 59 77 82 81

83 84Vessel 6 68 80

Average 64 719 84 84
RSD 7.2 6.4 3.3 3.8

[202] 2855-RD dissolution: The tables below are all the dissolution profiles of batch 1528-

 

  
2850-RD and indicate stable drug release overtime.

Initial Percent Dissolved

Vessel 15 30 45 60

84%

|6

 

41.20%|8.50%

 
122

4031



4032

PCT/US2011/0351805WO2012/037380

2M30C/65RH3M30C/65RH3M25C/60RH1M40C/75RHOxyGuardPackagingOxyGuardOxyGuardOxyGuardvest|in|nnminnnn[sn|onin|in||in|an|in[mn][in|in|nn|Vesselmin|min|minmin|min|minmin|min|minmin|min|min|tT35_|74|88|93|[47|67|80|90|[76|83|87|88]|44|62|78|85_|246|74|79|85}[57|80|91|95||65|79|86|91||70|89|94|97|339_-|78|84|88|(43|55|63|71|[64|84|92|97||48|62|74|79|PS22|82|89|92||38|64|81[92||60|75|81[87||72:|86|93|96|64|20|44|ot|[54|94|99[101}|55|74|81|87||53|74|78|84||Average|34|68|79|86||52|75|85|92||65|80|86|91||59|78|86|9%||RSD|57_|35{|23|14|(25|21|16|12|[11.715.7]53|46][201]174|12.1|104|1M40C/75RHHDPEBottle2M30C/65RHHDPE3M30C/65RHHDPE3M25C/60RHHDPE[vest|in[ninminna[nin|in|tn|in|at|in[||nin[nnnn|iVesselmin|min|minmin|min|minmin|min|minmin|min|min|tot|78[85[|89||78|97|100]103}|58|72|79|85||54|70|83|92|Pp263|83|90|92|77|93|97|98||51|72|83|90}|66|81|88|92|36|79|84||fat|59|71[78'|[53|84|91[|94||10|29|50|66|Pp4|25|44|64|77-|[50|65|73|78|[66|89|94|95||69|81|88|92|PS47|7|75|80|[37|59|72|83|[48|66|75|81||68|83|92|97||657(|71|80|85}|6|21|39|52]|85|94|9|99||82|91|94|87|Average|53|70|80|86||48|66|75|82||60|30|86|91||58|73|83|89|  1M40C/75RHBlisterPackaging2M30C/65RHBlister3M30C/65RHBlister3M25C/60RHBlister[ves_|in[nnnnaniann|ita|in|a|in[to|i[tnnn|Vesselmin|min|minmin|min|minmin|min|minmin|min|minPt36|69[|85[|90|[or|91|98|100}|82|95|100]102]|53|71|81|90|PF2at69|84|88||57[|82|94[100]|31|48[63|74||27|57_|80_|87| 
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[203] Bathes 2850-RD, 2850B-RD, 2851-RD, and 500-55 were also tested in the similar

fashion andall showed stable drug release over time.
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Weclaim:

1. An oral dosage formulation comprising at least one GCC agonist peptide and one or more

pharmaceutically acceptable excipients, wherein the amount of GCC agonist peptide per

unit dose is from 0.01 mg to 10 mg, and the GCC agonist peptide is selected from the

group consisting of SEQ ID NOs: 9 and 8.

2. An oral dosage formulation comprising at least one GCC agonist peptide and one or more

pharmaceutically acceptable excipients, wherein the amount of GCC agonist peptide per

unit dose is from 0.01 mg to 10 mg, the GCC agonist peptide is selected from the group

consisting of SEQ ID NOs: 1-54 and 56-249, and the GCC agonist peptide has a

chromatographic purity of no less than 91%.

3. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide has a

chromatographic purity of no less than 92%.

4. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide has a

chromatographic purity of no less than 95%.

5. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide hasa total

impurity content of no greater than 9%.

6. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide has a total

impurity content of no greater than 7%.

7. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide has a total

impurity content of no greater than 6%.

8. The oral dosage formulation of claim 1 or 2, wherein the GCC agonist peptide has a total

impurity content of no greater than 5%.

9, The oral dosage formulation of claim 1 or 2, wherein the formulation is substantially free

of inorganic acids and carboxylic acids.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

WO 2012/037380 PCT/US2011/031805

The oral dosage formulation of claim 2, wherein the GCC agonist peptide is selected from

the group consisting of SEQ ID NOs: 1, 8, 9, or 56.

The oral dosage formulation of claim 2, wherein the GCC agonist peptide is selected from

the group consisting of SEQ ID NOs: 1 and 9.

The oral dosage formulation of any of claims 1-11, wherein the amount of GCC agonist

peptide per unit dose is 0.1 mg, 0.3 mg, 1.0 mg, 3.0 mg, 6.0 mg, 9.0 mg or 9.5 mg.

The oral dosage formulation of any of claims 1-12, wherein the formulation is a solid

formulation and the unit dose is a powder, granule, sachet, troche, tablet, or capsule.

The oral dosage formulation of any of claims 1-13, wherein the one or more

pharmaceutically acceptable excipients comprise an inert carrier.

The oral dosage formulation of claim 14, wherein the inert carrier is a selected from

mannitol, lactose, a microcrystalline cellulose, or starch.

The oral dosage formulation of claim 15, wherein the inert carrier has a particle size of

from 50 to 900 microns.

The oral dosage formulation of any of claims 1-16, wherein the one or more

pharmaceutically acceptable excipients comprise a divalent cation salt.

The oral dosage formulation of claim 17, wherein the salt is calcium chloride.

The oral dosage formulation of any of claims 1-18, wherein the one or more

pharmaceutically acceptable excipients comprise an amino acid.

The oral dosage formulation of claim 19, wherein the amino acid is leucine.

The oral dosage formulation of any of claims 1-13, wherein the formulation consists of

the GCC agonist peptide, an inert carrier, and a lubricant.
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22.

23.

24,

25.

26.

27,

28.

29,

30.

31.
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The oral dosage formulation of any of claims 1-13, wherein the formulation consists of

the GCC agonist peptide, an inert carrier, a divalent cation salt, an amino acid, a coating

agent and optionally a lubricant.

The oral dosage of formulation of claim 21 or 22, wherein the inert carrier is

microcrystalline cellulose and the lubricant is magnesium stearate.

The oral dosage of formulation of claim 22, wherein the divalent cation salt is CaCl., the

amino acid is leucine, and the coating agent is hypromellose.

The oral dosage formulation of any of claims 1-24, wherein the GCC agonist peptide is

stabilized against degradation for a period of at least 18 months at 30 °C and 65% relative

humidity, or at least 18 months at 25 °C and 60% relative humidity, or at least 18 months

at 2-8 °C.

The oral dosage formulation of any of claims 1-25, wherein the formulation is in the form

of a capsule ortablet.

The oral dosage formulation of claim 26, wherein the capsule ortablet is in a blister pack

orstrip.

The oral dosage formulation of any of claims 1-25, wherein the GCC agonist peptide is in

solution or suspension in a lipophilic liquid.

The oral dosage formulation of claim 28, wherein the unit dosage form is a liquid-filled

capsule.

The oral dosage formulation of claim 29, wherein the liquid is a refined specialty oil ora

medium chain triglyceride or related ester.

A process for making an oral dosage formulation comprising at least one GCC agonist

peptide, the method comprising:

8) providing an aqueous solution comprising: a GCC agonist peptide selected from the

group consisting of SEQ ID NOs: 1-54 and 56-249, and one or more pharmaceutically
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32,

Cad Cao

38.

39.

40.

41.

WO 2012/037380 PCT/US2011/031805

acceptable excipients, wherein the concentration of the GCC agonist peptide ranges from

10 to 60 mg/mL; and

b) applying the aqueous solution te a pharmacentically acceptable carrier to generate a

GCC agonist peptide-coated carrier.

The process of claim 31, wherein the one ar more pharmaceutically acceptable excipients

comprise a divalentcation salt wherein the divalent cation is selected from Ca**, Mg",
oy 2+ 2+
War, aod Mane

Theprocess of claim 31 or 32, wherein the one or more pharmaceutically acceptable

excipients comprise an amine acid selected from leucine, isolencine, and valine.

The process of any of claims 31-33, wherein the ane or more pharmaceutically acceptable

excipients comprise 4 coating agent.

The process of claim 34, wherein the coating agent is hypromellose.

The process of any of claims 37-35, wherein the aqueous solution has a pH greater than 4.

The process of any of claims 31-36, wherein the aqueous solution has a pH about 3.

The process of any of claims 31-37, wherein the GCC agonist peptide is selected from the

group consisting of SEQ ID NOs:1, 8, 9, and 56.

‘The process of any of claims 31-338, wherein the aqueous solution is substantially tree of

inorganic acids and carboxylic acids.

The process of any of claims 31-39, further comprising drying the GCC agonist peptide-

eoated carrier,

An oral dosage formulation made bythe process of any of claims 31-40, wherein the

GCCagonist peptide is stabilized against degradation for a period of at least 18 monthsat

30 °C and 65% relative humidity, or at least 18 months at 25 °C and 60% relative

humidity, or at least 18 monthsat 2-8 °C.
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43,

AA,

45.

46.

47,

48.

49,

50.

51.

52.
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A method for treating or preventing a disease or disorder in a subject in need thereof,

comprising administering to the subject an oral dosage formulation of any of claims 1-30.

The method of claim 42, wherein the disease or disorderis a gastrointestinal disease or

disorder selected from the group consisting of irritable bowel syndrome, non-ulcer

dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastro esophageal reflux disease, constipation,

gastroparesis, heartburn, gastric cancer, and H. pylori infection.

The method of claim 43, wherein the gastrointestinal disease or disorder is chronic

idiopathic constipation.

The method of claim 42, wherein the GCC agonist peptide is selected from the group

consisting of SEQ ID NOs: 1, 8, 9, or 56.

The method of claim 42, wherein the GCC agonist peptide is selected from the group

consisting of SEQ ID NOs: 1 and 9.

The method of claim 42, further comprising administering to the subject an effective

amountof an inhibitor of a cGMP-specific phosphodiesterase.

The method of claim 47, wherein the cGMP-dependent phosphodiesterase inhibitoris

selected from the group consisting of suldinac sulfone, zaprinast, and motapizone,

vardenifil, and suldenifil,

The method of claim 42, further comprising administering to the subject an effective

amount of at least one laxative.

The method of claim 49, wherein the at least one laxative is selected from the group

consisting of SENNA, MIRALAX,PEG,or calcium polycarbophil.

The method of claim 42, further comprising administering to the subject an effective

amount of at least one anti-inflammatory agent.

The method of claim 42, wherein the subject is a human.
130
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53. A pharmaceutical composition comprising the oral dosage formulation of any of claims

1-30.
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POTHUISEUS1805 6-11-2012 PCT/US2011/051805 10.01.2013

WOSSSSES], WOOSTER, WOSHDOZIS, WOSGGESTS, WORE

DEI 1429082, INE 116676, DED TA2006, ERO, EPO3G, EPORRIEO BROSTSNS, RPUGET IAS USSSS TSG, USROGSNONSII? Gackuling those discl satus 1. XUand

paragtionhs 22-39, 8540545 arad SS7.S77), WOMITI2S, EPOLE 38330K, EPYSLOSS2,

EPOSSRT4, WO8H1S38 and W860799, gewell as PDES intabitors (sunk a3 BARA:“BY,

SCH-91866, RT-744, veonarinons, seprinaat,SRPOG231, ER-21955, BRAGP-3835, NM-T02 and

sidenafil (Viagra™y), POEM inhibitors (guchaa ebanslate, ICIS197, RPYOSOL, mmazalidinons

{ROOT 728), MEM1414 (R1593/81500: Pharmacis Rache), denbadylline, rolipram,

axagrelais, aitraquaanne,S90,DN-AST 1, SRE-G4 0), motapizans, Hxastnone, insdolidan,

olprinone, atigoram, ES-a0-G, dinandyiling,AMY-43351, atzomm, srafylling,aminasi,

POR99, UCB29648, CDP-846 SHP-107808, piclamilast, RS-1 7307, RE-25344.000, SB-

207499, TIBENELYAAT, B-20H67,SH-2I1S72, SB-2N1600, SB-21 AWG, GB-21279, GW-¢ x

 tos a,a is wv gyoda
oe

SenAe 50 oa 24bste"3a aaYr. acpSSE2ome th. ws onsFEegEoe &oe 7 2eefy“
“YS

edgoF oa fee
zot fee Sone&us *me tnd yen he he

and N~(3,5-dichloropyekd-4-yD-3 -opclopropylinethoxy4-diflaaromathoxybanzamide, PDES
£

TS3, 100, bomorandane (RAVY 22867), MCL LS4, UD-OG212, aulmaznie, 

arnpizons, cilostamide, carbazeran, plroaximans, imazodan, Cl70, siguaaosin, 8aultoaswlan,
aaterincne, GREOS8SS, SERIES402, 3490-01-85, emomedan, EMD-$3998, EMD. $7053, NAB-

38, NSE-SUY, reviginone,NM-T02, WINARSSS and WINE5291, enoimore aand MiriNMENs,
POEM inhibitors (suchas henafbrdring, trequinsin, ORG.30029, gardavaring, L- 686398, SDL

WChadd, ORG.20241, EMD-S4622,and falafestrine) and other POEiniibiiars (auchasos

~vinnaagtin, papaverine, enprofylline, cllamilast, Gnoximene, pentonSyline, roflumilast,

talalaiifCiaie®), theophylline, and vardenafil{Lewira®) Neuropeptide Y2 (NPY2) agonists

includefait are not Nonited tu: polypeptide YYand fragments and verlanis thereof (eg. YYI6

(PYYS-36 WNL Engl, J Med. 349412002; INPEAPGE DASPBELNRY YASLREYENL

VERQRY)(SEO NO: Wi and PYYsernlste such as those disclosed in WOORS7712,
WOODAISS 35, ahd WOOWISTSS4 aprotonin reuptake inbibitora, suchas, 

paroxetine, fuoxsiine Prozac’), fivoxaniine, sertraline, olislopsam, and imipramine, and

thosedisclosed in US6]62805, USG365833, WOURM0GSS, WOO 127080, and WOO VIGAs1:

aonhenvons § agonists, such as KN-2611 GlarolinBMS), and those disaclosed m

AMENDED SHEET < IREAIS
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in WOOS072 197, alphadipaic acid fafpha-LA}, AGDOGH, annette euppresaanis auch as those

in WOUSMOLOT, ATL-962 (Alleyme PLC}, bonanosine, benephetamine bydrochionde (Didrex),

bladderwrack (focusvesiculosus}, BRS3 (bombesin receptor sablype 3} aganiets, bugropian,

oaffeine, CORagonists, chiiosaen, chromium, conjagated linoleic acid, coriicotropinrelesaing

homnone agonists, dehydmoeplandrosterone, DOAT! (Giacylgivecral anyliransientae 1) inivhiters,

DGAT? (dlacylelycero! ucylinmstisnase 2) inkihitors, dlorboxylatetransporter inhibins,
oe Ste

aphedra, exendinst (an inhibitor ofgip-f) FAS (is _Syatase) inhibitors (suck as
v rulenin

and C79), fat resorption inhibitors (such as these ig WOOSAIS4S], and the Hike}, fanyac

transporter inhiSifors, nalaral water eoluble fibers (euch as psylum, plantage, gucr, oat, peckin},
galanin antegunists, galege (Goat'sRue, Preneh Lilac}, garcinia cambogia, germmunder (exenam

chamaedrys), ghrelin antihodics and ghrelin antagonists (euchae thage disclased i

JAIS250}, polypenlde hormance aul variants thereat which atfent Ches ae, nae a Xa toe het aft 8Bae ss Csba afe erg
a

islet cell seoretinn, auchas the hormones ofthesecrelin/gastric inhibitorypolypeptide

(HPvasoactive intestinal polypeptide (VIPYpltadlary adenylas cytlase activeding polypeptide
yel

&

“esAPYolucagon-like polypsptide H(GLP. H¥eticentin’glucagon gene Rrnily and/ar thee of
the adrcnomedullin‘amylin‘ealotonin gene related polypeptide (CGRP) gene faanily

jncludingULP-1 (ghicagan:like polypeptide 1) agonists (e.g, (1) exencin-4, (2) those GLP!

molecules desadbed in US28080 19089) including GLP. 107-34),GLPAG-35), GUI?3G) ae
o

GL-T7} in its Cterminally carboxylated ar amidated form ar as modified GLP-I

US20050G89. aad derivatives derived from aL{Fs“40CO0H andthe comespoundiag acid
anvde are employed which havethe following general farpada: R-NH-

HAROTPTSOVSYLEGQOAAREPLAWLYE-CONH, (SEO 1G NG: 237) where R=Hor an

organic compound heaving Kom | to 10 carbon aku. Preferably, Ris the resklucofa¥
,

carboxylicacid, Particularly prafitvesdare the following carboxylic acid reskdans: formyl, aoetyl,RC 2 2

sroniowyl, lsaprantany!, methyl, ethyl, png) isoprony], a-baty!, seo-hutyl, ferbutyl) and gip-
%

1 (gldcagoplikeees 1}, ghuoncarticoisd antagoniets, ghicase transporter mhibiiors,
growihhormonesccretagog ieas these digolosed and hacenage,nNSED

earpiting, Mode (melassocortin 3receeptor} 2agonisis, MONIR(melanin concentrating ommene
3h}

AMENDED SHERT~ 

4060



4061

POTIUSELIS 1805 2612012 PCT/US2011/05180510.01.2013

javaAnaizesio Agentsa

fi82] Ip certain embodiments,theregimen of combination therapybiclaudes the administration

of one or more analgesic agents, ag. an amelgesio compound or an analgesic polypeptive. In

is aiinistennd sintullancouslyor sequentially .2
soma embadiments, the CXC aganiet formulation

x

with ane ar wtiore analgesic agents, In other avibadiments, he GCCagonist is covalently linked

f attached to an analgesic agent te create a therapeutic conjagaia, Non-lmiting examples ofP

ansigesin agents thet dan be usedinclude caleiamchannel blockers, SHYTreceptor antagupiais

‘for example SHYTS, SHT4 and SHT! recepter antagoniste), oplotd receptor agonists Glaparamids,
BYP

fedotozine, and fentanyl}, NXreceptor antsgeniets, CCEreceptor agonists fe.@, loxiyhavude),

NI réeaptor antagonisia, NES receptor antagonists, airepinenhyineserotonin reuptake
inhifiiors (NSRY), vanlicid aad cannabancidreceptor agonints, ¢snd sialorpbin Piarther
examples ofanalgesic agentsinthe various clasesare Known in the ast,

HSS} baneEeibodinent, ihe snalgesic agent ig an analgesic polypeniide selected from the
mhinvelated polypeptides, including Ghose comprisingthe anuno acid

> VQORNPR SEQ£9 NO: 252k VRQHNPR 
255) VRGPORNER (SEQ UF NUE255);

VROPRONNER(SEO TD NO: 237) VRGPRRONNPR (SEO[DB NO: 258); and ROHNER

fSEO ID NO: 289). Stalorphin-related polypeptides bind to neprilyain andinhibit neprilvsie

mundiated boddiownofsulsiante P and Metenkephalin, Thus, compaunds ar polypeptides that
s

ave inhibitors of neprifysin are ascfal anaigesit agents which osm be administered with ihe OC4~
*

agotists described herein or cowalenily linked io a GCC agonist to fori a thenapeslie: Confugate,
88,730) US. SOURS

=

Siaiornin aud related polynentides are desoribed in US. Pateae ag

Adpaad WO O241435 Az.

 

 

Se * 2

LiS€) In another embodiment, a GCC agonist formndationof the invention js administered a

pat ofa regimenofconiblnation thempy with anogiok! receptor aniaganist or agonist. In ane
embodiment, the GCCagonist and the opioid receptorantagoniet or agonist gre inked viaa

covalent bond Non-luniting exameles of agisidraceptar antagonists meludenaloxone,

naltrexone, methyl nalozone, nalmethns, oypridime, beta Amaltrexamine, naloxonaaine,
nalgindols, nor-hinaliorplimine, enkephalin pentapeptide (HORSZ3;5 tyebalys. HyPhe-L-

oarsfe

ENDED SHEET- IPEASUS  
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».

ROMOASETInS SeamNO: 280%), "eee waaoantive intestinal solypeptide, gata,
andFtoopsimncoe the‘eonapnnniedeacribed in WOUSM7GH and WOOSMO7R26, mone,
dinhenyloxyiats, fiakefamide (H-TyeD-Ala-PheP}-Phe-NH: SEO TD NCh 28 Ty WO-

OU/OL9849 AD. and loperamide.

159] Purther non-limiting examples of analgesic agents that can be usedin 8 regimenof

mbinationtherapy along with the GCC agonist formulations ofthe vention inchs the
dipeptide Tyr-Arg Govwerphink the chromogranin-denived potynentids (OgA 47-08: See, oa,x a4

Chis etal. 2004 Regulatory polypeptides 119:199); COR receptor agonisis such as caerulea
* >

ounotoxin polypeptides; peptide analogs of tiyinalin (PR Appheation 2830891); CCK (CORoF

£4COKS) receptor antagonists, Inchading loxighumide and dexionighimide(the R- isomer of

loxighmids} (WO BBS: S-HTSagonists such ay tegasernd (Zelnorm), mosapride,

3

de, renzanride, bonzimidazolonederivatives such as SIMU | metoclopramide,
See .and BIMU8) andfphepsde calciumchanel blockers auch as iconatideand related

y

*rpounds described in, for srammpia, BPSSS1G2E1, US $366,842, US SA87,434, US

POLIS) Ab NK-1 recentor antagonists euch as aprepiiant (Merck & Co Inc), viatopnt
ezlopitaat (Paver, Ine), R673 (HofimannLa Roche Lid}, SR-48968 (Sanodi Synthelsbs}, CF.

LEPRL Otfizer, ined, GWE79788 (Olasa Smith Ke), TAK-O37 (Takeda/Abbot), SR-14035,

and related compounds described in, for example, EP S73753 Al US 2OOLOQGE72 AL US :

SHOSGTISTT AL WO OLSER4 Al or a reviewsee handing of al. 2003.

pecepior antagoniats auch ag nepadatant (Menusini Ricerche SpA), saredutant (Sanol-

Synthelabo}, GWS97599 (Glaxe Snuth Kline), SR-148190 (Sanofi-Syathelabe) and UR-230785

Pier Inch; NK3 receptor amagonizts euch as osanetant (GR-14380!, Sanol-Syntheiabo), SOR-

aah

S76347 Al WO ST/Q1GSO Al, US6,277,852, WO SHH LON, WO 95/41, WO 97/9927, on

nord, geS88, wlnotant sna related compounds deseribed fy, for example, WO OMOSI ET AQ EP

The

Bodenet al. (7 Med Chem, 29:1664-75, 1996) noreninephrine-aemstonin tountake Inbistirs“SE

ENSEDsuch as milnsciovan and selated compounds describedix WO 2/077897) and vaniliond‘ Y

eaereceniorantagonists auch as arvanil and related cerapouds desaribed in WO OVG4272 A
#8way

 AMENTIET) SHERT - PEASwo
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Vis ERS

Date af Deposit’ 20 September RAZ
-

Daoketr No: 4072SORWO

iN THE ONIPED STATES PATENTOFTICE

AS INTERNATRONALPRELIMINARY EEXAMINING AUTRORETYSUNANSENSSRENSAASSR 
Se eeneeieeneS 1S

international Applivation No, : POPASSEO) NO37805
ieternational Filing Date {5 September 201) (12.09.201)

Bartiest Priority Dats > {8S Sentember 2010<15ae2610)Agplioant > Sysergy Pharmaceution’s Inc. ef al.“Fils : Pormuladans of GaanylAus Cyalae © Agoniatsfang
Methods of Use
 

AMENDMENTS UNDER PCT ARTICLE3   

The Applicant hersbysubmits Amendments mada Under Article 34 with a Demand

for Preliminary Exarnination in the specifloation af the International applinatinn,

Amendments to the Specificationbegin on page 2of this paper and includecha attached

rephacerment sheets.

RemaurkalArguments begin on page 3 of this paper,
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Amendments io the SpxcificstionSSRN

Please armend the specifination as medicated belera

Pape 72, line 2S has been amended tc provide the appropriais SEQ10 NOidendver,

Page 74, fine 23 has been amended te provide dhe anpropriate SRO IO NO identifier.

Page 7?, Hnes 18-1€ have been arnendedtn include the appropriate SIRO ID NG identifiers.

Page 7S, Hoe | has heen amended to Inohude the agpropriate SEQ EO NO heather.

Page 7g, {ne 4 hee been amended to corrsot 9 typographical esror and to melude the

aporopriate SEQ I NO lentils

ten
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o

Armwndmmats are madeto the specificationto insert the required SRQ ID NO identiGers

aegociated with various fistad sequences andto correct a typagraphival error.

Mo agwmater has been added by theas amendments,

Applicant respectfully regueaty envyof these replacement sheets. The Authorized Officeris
invitedus contact the undersigned 1further Infianmatinnis reqeired,

Tinted: 20 September 2032 Reapeotinilysubmitted,

 

aeA. Keonesic, LD,PRD.
yatias Noo 83784

Linge Siitra, PA.QR
MINTZ BEVIN COHNFERRIS GLOVSRY

ANGnore BE.
{aneBS 3
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$282, WUSSGORLS, WHSSGTS2S, WOSHOISS 1, WOSG! 1ST,

1676, DEDLGIOM, PPUDIIOGS, HPOAHITSG HPOSIIS, HPOSTHADE,

Pre, @

oT
EPINOT34S US639 (943, US200S0009222 Gncluding those disclaced in formadas Is XIU and

Ra

paragraphs37-39, 85-0945 and SI7-O97), WOGIGITI4, BPOTS3965, EPOIGSIIG,REPOS TOSSe,

EPOSS3 174, WOSSOTSSE and WO8G09 399, as well ae PORESinhibitors (ouch as RA-RAS

SCH-SINGG, KT-734, vesnarinans, zagtinast, SAP-9623 1, BR-21355, BEAGB-385, NM-7O2and

sudenadll (Viggrah®)},|

PROGK- (724),MEM 14i4 GUISSU/RISO: Pharmacia Roche), dentudylline, ralipram,

Oxugrelate, minaquasd
Pasoeet3

and NGS-dichlarooyrid

TRE,
re

3000, COPR-840, mopidamol, anagrelide, ibudilast, ameinans,

PDR4 inhiintors (auch as etatolats, ICIOSIGT, RPIMOL, unagoheinine

¥-S9, IN-5471, SEP-O41720, motapioons, Iazinons, indelican,

inane, atigoram, KS-506-G, dipamifviline,BACY439412 Hzoran arolytiine, Gaminsst,
<

5, CISP-S0, SEE. LOVRIM, pinletinet, BS-1 7597, RSe28344. HHI SB.

aUed89, TIRENELAST, SR-270667, SB-21 1572, SEDI), SR-2 E2066, SR-2T2T 7a, GW

ings#tmobendan, clingtezal, quazineneng.  
 

hy)S-cyclopropylmetixy4-difiuoromethosyhemmamide, PDES
ahs

inhibitions (such ag JOL1S3, 190, bernomadane (RWY 22887), MCT-154, UR-CG312, sulmazols,

antes, cligstamiis, carbassran, plrosimone, brenden, C1530, simueaodan, adibemian,

saterinons, SRE-O8594, SDA-MEA-493, BASALGS, ermoratan, BREDSSSON, EA. 89083, NAPS
y

306, NSP-307, revisinone, NMFO, WENG2589 and WEN-G329 1), enoxtranis andmilrinone

PORG/4 inhibitors (uch as henafentrins, Pequinain,ORO-MHI29, serdavering, E+ 689998, SD2.

180-844, CROMER BMD-S4828 and tolafentrine) and other PORindibhors (such as
VERpOUSE, DAPAveren

tadalafiiCishe®), the

SS,

COTYAsh

inclods fut are ant fies

PPYOYS-AS Neen “eete
oi
zr“yrs3an, Sag

VYRORY (SEO ID NOSES

i

, Snproddine, ciorsilast, fssokimane, pentonHing, rollomallzat,

bylling, and vardenall(evite®); Neuropeptide YE-PE) agonists
ed ig“polypensefe VY and fraaments and variants thermal (e.g. YYS.36
Mod. J@:941, 2; IEPEAPCE DASPERLNRY YASLRHYLNEL

~

Nand PYYagonists such as those disclosed im WOOL771,a, ed 

WOOE5501, WOORAIST2393, and WOOMOE7897: seratoninreupiake inhibitors, such as,

poroxeiins, Thudwetine (Progmt™), dlovoxamims, sertraline, ialprin,andae mipreanins, ard
these divclosed in LISI S2805 “USGISSG35. WOORINGEST, WOR T/2708) amd WOO T/L 6254

thyraid Roraunie 8 agonists, guch asB-2611 ClarmBinBMS), and those disclosed in

WOONTS8SS, WOU3
1993, WOSS/00383, GBUS/kddes, US. Provisional Application No.

Pe
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jn WON03/072197, alpha-dipoleacid (alpha-LA}, AQUMGUS, appetite suppressants auchas those

in WOORMO107, ATL-O82 (Allzyme PLO], benzocaine, bengphetamine hydrochloride (Didrex),
Rybladderwrack(focus vesisalosus}, BRS3 (bombesin receptor subtype 3} agonists, Saprey SEN,: eh B

co

oattsine, CCKagonists, chitosan, chromium, conjugated lneleic acid, cortieot:gpnbreleanng
hormone agttists, dehydssantodroaterons, DCEAT! (discylgiyserol acyltransferase 1) inhibaors,
DOAT? (dincylalvesral anylieansforase 2) inhibNers, disurborylate transporter hnivbitors,y

ephedra, axendin-4 (an inhibiter ofgip-1} FAS (atty acid synthase} inhibitors (suchas Corulenin

and (75), Gat resorption inhibitors (ueh as those in WOO0/05345 1 and the Hike}, fatty acid

transporter inhilviaes, natural water soluble Hbers (such as psyflium,plantags, guar, gal, pect),

gulardn antagonists, galega (Goat's Rue, French Lilac), garcinia cambogis, germnander (leunrium
shamacdrys}, ghrelin untibodies and ghrelin antagonists fsuchas those disclogsdin
WOOLRTIIS, and WOOL/G8250), nalypeptide hornenes and variants thereaf which affect the~

islet coef] gearstion, such as the hormones af the seoretin/gaatricInhibitory polypeptideee

{GIPVvasoactiveintestinal polypeptide (VIPYoltultary adenylate cyclass activating polypeptide

(PACAPYelucagarlike polypeptide {1 (GLP: Tvalicontin/glucagon gene family ancl/or those ar
the adroncmedullinsmylincalcitonin gene related polypeptide (CORP) gene family

includingGLP-1 (glacagon- like polypeptide 1) agonists (e.g. (1) exendin-4, (2) those GLI
rmolseules degeribedin USRGUS0 LHINGL Including GLP- 107-34) GLPAC-39), GLIMY38)or

GLP-UPO7) in ts C-terminelly carboxylatedor amidated form or as modified GLP

polypeptides and mudificaiions thereof inahaling those desoribed in paragraphs 17-44 of
US2005G1 30891, aid derivatives derived Bom GLP? 24}COQQHamd the corresponding acid

amide are employed whick have the following general formula: R-Ni>

HAPBOTPTSDVSYLEGRQAARBFIAWLVE-CONE:(S80 ID NO: 281) whersin Behor an  

organic conmpaund havingfon { te [OQ cerhon atoms. Prefsratdy, Ris the resilue of
2pcarboxylic acid. Particularly preferred are the following carboxylic acidresidues: forniyl, acetyl,

‘S. propyl, isopropyl, n-butyl, seo-butyd, tert- butyl) and gip-sronionyl, isoproplony!, methyl, cthy!PROP BIORS

i {glucagon-like polyneriide- 1), ghisocarevil antggoniaty, ghicase Inasparter inbdbitors,us x

is ongrowth hormone secretagogués (euch as those disalosed and epecifically deseribed in
USSS 367 16), bterloukin-}(L-énsi muntulators thereof (as in WOOR087237,and thelike}, L-? LBs

Wists, MCHERCmelanin concoentrattog hormone: - camidne, Metr Gnelanunortin 3 receptor) &
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x e

{iS2] In certain embodiments, the negimen ofaanbination therapyincludes the administration

Fone de more analgasi¢ ayents, eg, an analgesic compound ar an analgesic polypeptide. In
oh

some embodiments, he CCCageSMonist formulation is adymninatered shmudlansously or sequentially

with one or more analgesic agents. Tsother embodiments, the GCC aponiat is covalentiy linked4

of attuzched to an snalgesin agent to create 2 therapeutic conjugate, Non-limiting examples of

analgesic agents that can be used Inchide oalenim channel! Mockers, SHTreceptor antagonists

Yor example SATS, SNT4 and SHT! receptor antagonists), oplaid receptor agnnists Goperamide,

fadatozine, and fentany)}, NEI rocepfor antagonists, CASK receptor agonists Ce., loniglumnde},

NA] mcemtor antagonicts,NEG pscepfor aniagonists, sarepinephrine-serotamin reuptake
inhibitors (NSRI), vanillont and cannabanoid receptor agonists, and sisiorphin. Purther

exanipiesofanalgesic agentsin the various classes are knowniatheart,

(153) In ane embodiment, ihe analgesic agent is an analges

group consisting of sigiorphingeluted polypeptides, inchadingthose—
aaquence QHNPR(SEQ ID NO:235 252), including: VQRINE!

Ye  
 VRGHNPR, SEG TD NOs OUNPR (SEBCD NGS -PROPOHNPR (SEO

TO NOOG3356) VROPROUNPR{SEQ 1D NG244257) VRGIRRONNPR SEQ ID NO:
243258), and RONNPR (SRGED NC-46299). Sislorphin-velated pobypenticies bindto

 

 

 

neprilgsin and inhihit peprilysin. mediated breakdown of substance P aid Met-onkephalin.
Thas, compounds or polypeptides that are initbitors.gf neprilysin are useful analgesic agents

sone

which can be administered with the GCC ggonists described hencin or covalently Hnked (0 x

GCCaganist to them a therapeutic conjugets. Sialarphin and related polypeptidesare deacrthad

in US. Patent 6,380,780: CLS, 2OORIE200 Ab and WO O08 1435 Aa.

~

fiSat In another embodiment, 4 GCC agoniet firmatation of the invention is administered gs~e
i atts esd got Areal

part of aregimen of comb yasnation therapy with an apicid receptor antagonist or agaist. In ane

embodiment, the ~agatiat and the oploid moeptor antagonist or aganust are linked sda a

covalent bond, Noa-liniing cxamples ofoploidreceptar antagonists include naloxone,
z

nalirexone, methyl nulozene, nalmofine, cypridime, beta finaltresamine, naloxonasing,

naliindole, nor-binaltornhimins, enkephalin pemtapentide (HORSZS: TyeD-Lye-Gly-Phe-L-
“yeyge
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homoserine (SEOIfNO:2604), rimebutine, vasoactive intestinal polypeptide, gastrin,

glucagane. Non-limiding examples ofopioid rsceptor agonists includs Iadofogine, asimadatine,

and ketooyclazocine, the rommounds described In WCXD/OSFIS1 and WOOM007H26, morphine,
BOS NO: BSP WONADSatantne

3.3
dphenyloxylate, fakefamide (A-Tyr-D-Ala-Pho(P)}Phe-NieEROS aa =  

OLAN8849 AD, and loperamids,

185] Porther non-limiting examples of analgesic agents that can be axed in a regimen of

combination therapyalong with the CHOCagunist faemvulations af the invention inehede the
oe

dipentide Tyr-Arg (hyoturphin); the chromogenusrderived polypeptide (Cyd 47-06See, ae.
Ghia etal. A004 Regulatory palypentides 119: 799}; CCKreoantur agonists suck as cseraleiy;

candtonin polypeptides: peptide analogs afthymalin (ER Application 2830437) OCK (CCK ar
optor antagonists, Inchuding loxighanlds and desloxighumide @he Ry tsonter of

2) OVO BBA77A) 3-NT4 agonisis auchas legasesad (Aelnorax)}, mosapride,
metnilopnite; sacoprids, cisepride, rengapride, benzimidazalons derivatives auch as BIMU1
asd SIMU 8. and lrexapride; calehum chansel blockers suchag siconotideand related
eompournia described in, for example, EFS2510281 US 5264842, US 5.987 454, UiS

5834.G45, US 4,855,186, US S994NSUS SOBT,O9T, US 6156,786, WO SAI STES AL EP

PUIAGO9 AL, EP GISTQ6 AL, EP SES1I8 BL, US 9,799,964, US 5,891,849, US 6.0594429, WO

HOLS] Ab NE-I receptor anfagoniste suck as agrepitant (éerck & Co Inc}, vofopitant,

73 (Hofinann-La Roche Didi, SR-48908 (SaneSynthelabo}, CP-

i2a7ah corteBer, ine),owers7699 (Haxo Sodih Kine}, TAR-O37 (Takeda‘Abbot), S-14033,
and related congpsunds desoribedin, Sor example, EP 879783 Al, US 2A OOO8S7Z AL, US

RGQSGL9SA? Al, WCE OLS2844 Al (for a review sec CHardina ef al, 20009 Drags 758) Ne

sgegptor ants i OF.oeonert segs %

Synthelabo}, GWS97299‘lax Smith Kine}, SR-144 100 (SarnoSynthelaho) and UR-280799
s mapautant (Menarini Ricerche Sp8)}, sarsdutant (Sanati-

+

(Pfizer Inch; MACS receptor antagonists such ss osanclant (SR-142; Sanoh-Synthelebo}, SSR-Aes,

Youd41586, talnetant and related compounds described iw!foreeWO 02/004 LAT AS, EPBISIT AL WO OF/S1680 AL US SO277,882, WO ONT 1090, WO OS/2R4T8, WO STI GOY, anda

Boden ot al () Med Chem, 38:1654-78, L286)eereuptake inkibitars
OFFRYT: amd vanilloid&Be Bs a iSci ondINSEE} such as milnacipran and related campmauids describe

30eySiwt aa, L,
tory be wy‘ed aS toon B‘ion ed

Me,iofomrerentor anlaganaia guck as arvend! end related commode3 a

#wae
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administering ta a patient in need thereof, an effective
dosage of a guanylate cyclase receptor agonist haying the
sequence of any ane of SEGTDNO: 2-4 ar
A method far preventing or treabisg a comfitian selected
From the graup consisting af Ulcerative Colitis camerising
administeriag fo a patient in need thereof, an effective
dosage of @ guanylate cyclase receptar agenist Having the
saquence of any ane of SEOTONG- 2-4 further coaprising
administering an effective dese of inkipiter of a
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A method of increasing CGRP oreduction is & cel] comortaing
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| A method for preventing or ireating a candition selected
fram fhe group consisting of Irritable bovel syndrome (TAS),

aecroli ring enterocotLys (REC) non-ulcer dyspepsia chronicintestinal pseudo-obstruction, functional dyspepsia, coloripagude~-abs traction, duadenogastric reflux, caistipation
associated with use of apiate pain killers, gastroesophageal
reflux disease (GESD}, past surgics] canshipetyan.,
gastroparesis, cansifgatian associated with neuropathic
disarders, heartburn, poor gastrointestisal matility,enngestive heart failure. hypertension, benign prostatic
Ayperplasta (BPH), colon cancer, tung cancer, bladder
cancer, liver cancer, salivary gland cancer ar skin cancer,
bronchitis, Tissue inflammation, argan daflamnat (on,

reapiratory inflammation, asthna, CORD comprisingadministering to a patient in need thereof, an effectivegasage of 2 guanylate eye lase receptor agonal having the
sequence of any ane of SEQTOND: 2-4 or
& method for preventing or treating a condiiton s
from the group coneisting of Irritable bowel syndro BS
necrotizing enterocolitis {NEC}, nen-ulcer dyspapata chron
intestinal pseude-obstruction, functional dysneasia, colon
oseude~ohstructisn, duodenaqastric revluy, constipation
associated with use of opiate pein killers, gastroesaphagesl
reflux disease (GERD), pest surgical constipation,

: gastroparesis, constipation assaciated witt heuropathys\ disorders, heantOurn, poor gastrointestinal mottiity,
‘ congestive heart failure, hypertension, bentg proatatic

hHyperglasia (BPH), calom cancer, Tung cancer, bladder
cancer, Tiver cancer, salivary gland canter or skin cancer,

bronchitis, fissue inflammation, organ coueltingrespiratery laflamation, asthma, PO comoris{naseinistering fo a patent in nead thereof, an effective
dosage oF 2 quanyiate cyciase receptor agonist Raving the
sequence af any ane of SEQSDNO;2<8 further comorising
adwinistering sn effective dass of inhibiter of a
cGMP-specific phosphodlesterass.
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A method for preventing op treating a condilien selected
fpam the group consisting of Irritable bowel syndrome CESS},>

necrotizing enterocolitis CNEDS, sen-ulcer dyspepsia chranic

gaeindo-gtstruction, duadenogasipic reflux, constipation
associated wilh use of opiate pain killers, gastroesophageal
reflux dissase (GERD). post surgical conshipation,
gastraparesis, constipation ussactated with reurdpathic
disorders, heartburn, poor gastraimestinal sotiitiy ,
congestive Reart faifure, hypertension, benign prostatic
hypergiesia (SFR), colon cencer, lung cancer, bladder
cancer, Tiyer canser, salivary gfand cancer or skin cancer,
bronchitis, tissue Taflamation, organ inflammation,
respiratary inflammatyon, asihwa, COPD comprising
adsinighering fo a patient in need thereof, an affective :
usage of a guanylate cyclase receptor agonist Raving the
sequence of any ane of SEQLONG: 2-4 further comprising
administering an effective does of ab Teast one
anti~inflamnaiory agent.neAneNe
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International application No. International filing date (day/month/vear) Priority date(day/month/year)

PCT/US2011/051805 15 SEPTEMBER2011 (15.09.2011)|15 SEPTEMBER 2010 (15.09.2010)
International Patent Classification (IPC) or both national classification and IPC

AOLK 38/16(2006. 01)i, AGLK 38/10(2006.01)i, AGLK 9/16(2006. O01)i, AGLK 9/20(2006. 01)i, AGLK 9/48(2006.01)i, A61K
47/48(2006.01)i, AGIP 35/00(2006. O1)i, AGLP 3/00(2006.01)i

Applicant

SYNERGY PHARMACEUTICALSINC.et al

 
1. This opinion contains indications relating to the following items:

Box No.I Basis of the opinion

Box No.II Priority

Box No. II] Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. TV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)G) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VII Certain defects in the international application

 LIX&OIKILIE
Box No. VII Certain observations on the international application

2. FURTHER ACTION

If a demandfor international preliminary examination is made, this opinion will be considered to be a written opinionof the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the [PEA and the chosen IPEA hasnotified the International Bureau under Rule 66.1bis(b) that written
opinions ofthis International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPLA,the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whicheverexpireslater.
For further options, see Form PCT/ISA/220.

 

 

 
Name and mailing address of the ISA/KR Date of completion of this opinion |Authorized officerKoreanIntellectual Property Office

189 Cheongsa-ro, Seo-gu, DaejeonMetropolitan City. 302-701. 19 JUNE 2012 (19.06.2012) PARK, JEONG UNG
, F Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.82-42-481-8131 

Form PCT/ISA/237 (cover sheet) (July 2011)
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/051805

Box No. I Basis of this opinion

1. With regard to the language, this opinion has becn established on the basis of:

the international application in the language in whichit wasfiled

L_] a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. LJ This opinion has been established taking into accountthe rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43dis.1(a))

3. With regard toany nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basisof:

a. a sequencelisting filed or furnished

[] on paper
x in electronic form

b. time of filing or furnishing

[] contained in the international application as filed.
[| filed together with the international application in electronic torm.
xX furnished subsequently to this Authority for the purposes of search.

4. [| In addition, in the case that more than one version or copy of a sequencelisting has been filed or furnished, the required
statements that the information in the subsequent or additioanl copies is identical to that in the applicationas filed or does

not go beyondthe application as filed, as appropriate, were furnished.

5. Additional comments:

 

 
Form PC'T/ISA/237 (Box No. 1July 2011)
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International application No.WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/051805

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

‘The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

[| the entire international application
xX claims Nos. 12-30,34-53
because:

Xx] the said international application, or the said claims Nos. 42-52
relate to the following subject matter which does not require an international search (specify):

The subject-matter of claims 42-52 does not require an opinion with respect to industrial applicability, as it is substantially
directed to a method for treatment of the human by therapy (Rule 43 bis. 1(b), Rule 67.1(v)).

the description, claims or drawings (indicate particular elements below) or said claims Nos. _See below
are so unclear that no meaningful opinion could be formed (specify):

Claims 15,16,18,20,24,27,29-30,35,43-52 are unclear, since they refer to claims which are not searchable due to not being
drafted in accordance with the third sentences of PCT Rule 6.4(a).

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

XxX no international search report has been established for said claims Nos. _12-30,34-53

[| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

[| furnish a sequencelisting in electronic form complying with the standard provided for in Annex C of the Administrative
Tstructions, and such listing was not available to the International Searching Authority in a form and manneracceptable
to it.

pay the required late furnishing fee tor the furnishing of a sequencelisting in response to an invitation under Rule
13ter.1(a) or (b).

[| See Supplemental Box for further details.

 
Form PCT/ISA/237 (Box No. IID (July 2011)
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International application No.WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/051805

Box No. V Reasoned statement under Rule 43bis.1(a)G@) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 2-9

Claims 1,10,11,31-33 

Inventive step (IS) Claims NONE

Claims _1-11.31-33

Industrial applicability TA) Claims 1-11,31-33

Claims NONE 

2. Citations and explanations:

Reference is made to the following documents:

D1: US 2010-0221329 Al CKUNWAR SHAILUBHAI ct al.) 02 September 2010

1. Novelty and Inventive Step

D1 provides novel formulations of guanylate cyclase-C agonists (LGCC agonists*) which
are optimized for the targeted delivery of the agonist to a specific portion of the

gastrointestinal tract, for example, to the small intestines, preferably to the

duodcnum or jcjunum, or to the distal small intestines or the large intcstincs,

preferably the ileum, terminal ileum, or ascending colon.

The subject matter of claims 1, 10, 11, 31-33 consisting of the sequence

NDECELCVNVACTGCL CSEQ ID NO: 1, SP-304), NDECELCVNVACTGCL (SEQ ID NO: 8 or 9, partially
D-amino acids), or CCEYCCNPACTGC (SEQ ID NO: 56, SP-340) is substantially the same as
the known polypeptides in Dl. DI also relates to an oral dosage formulation (or
process) of GCC agonists which arc optimized for dclivcry to specific regions of the

gastrointestinal tract and are useful for the treatment and prevention of

gastrointestinal diseases and disorders (abstract; Tables 1-2: paragraphs [0079],
[0120], [0135], [0138], [0156]; Example 3; claims). Therefore, the subject-matter of
claims 1, 10, 11, 31-33 is not considered to be novel under PCT Article 33(2).

Since the novelty of claims 1, 10, 11, 31-33 cannot be acknowledged over Dl, the

inventive step of them cannot be acknowledged, cither (PCT Article 33(3)).

The subject matter of claims 2-9 differs from that of the prior art documents in the

chromatographic purity of GCC agonist peptides. The control of chromatographic purity

is part of standard labotatory technique generally known to the skilled person, who

would perform such a control without the use of inventive skill. Therefore, the

subject-matter of claims 2-9 meets the requirements of PCT Article 33(€2) but lacks an
inventive step under PCT Article 33(3).

2. Industrial Applicability

The subject-matter of claims 1-11,31-33 is considered to be industrially applicable

under PCT Article 33(4).

 
Torm PCT/ISA/237 (Box No. V) (July 2011)
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International application No.WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/051805

Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

The scope of claims 12-14,17,19,21-23,25,26,28,34,36-42,53 do not comply with the third sentence of PCT Rule 6.4(a) because
multiple dependent claims should not serve as a basis for any other multiple dependent claim.

 
Form PCT/ISA/237 (Box No. VID (July 2011)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To PCT
 

WRITTEN OPINION OF THE
See form POTISA220 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)
 

Date of mailing
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Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

J the international application in the language in which it wasfiled

Ol atranslation of the international application into , which is the language of a translation furnished for the
purposesof international search (Rules 12.3(a) and 23.1 (b)).

2. 0 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, this
opinion has been established on the basis of a sequencelisting filed or furnished:

a. (means)

CO) onpaper

J in electronic form

b. (time)

x] in the international application asfiled

LC togetherwith the international application in electronic form

LI subsequently to this Authority for the purposes of search

4. LU In addition, in the case that more than one version or copy of a sequencelisting has beenfiled or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Box No. Il Priority

1. Bd The validity of the priority claim has not been considered because the International Searching Authority
does not havein its possession a copy of the earlier application whosepriority has been claimed or, where
required, a translation of that earlier application. This opinion has nevertheless been established on the
assumption that the relevant date (Rules 43bis.1 and 64.1) is the claimed priority date.

2. This opinion has been established asif no priority had been claimed dueto the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposesof this opinion, the international
filing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:
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Box No. V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (IS) Yes:
No:

Industrial applicability (IA) Yes:
No:

2. Citations and explanations

see separate sheet

Box No. VI Certain documentscited

Claims

Claims

Claims

Claims

Claims

Claims

1. Certain published documents (Rules 436/s.1 and 70.10)

and /or

2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210
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Re Item V

Reasoned statementwith regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

Reference is madeto the following documents:

D1 WO 2011/020054 A1 (IRONWOOD PHARMACEUTICALSINC [US]:

JOHNSTON JEFFREY[US]; KURTZ CAROLI) 17 February 2011

(2011-02-17)

D2 WO 2010/065751 A2 (SYNERGY PHARMACEUTICALSINC [US];

SHAILUBHAI KUNWAR[US]; COMISKEY STE) 10 June 2010

(2010-06-10)

D3 SHAILUBHAI KUNWARETAL: "PhaseII Clinical Evaluation of SP-304, a

Guanylate Cyclase-C Agonist, for Treatment of Chronic Constipation",
AMERICAN JOURNAL OF GASTROENTEROLOGY, ELSEVIER

SCIENCE INC, US,

vol. 105, no. Suppl. 1, 1 October 2010 (2010-10-01), pages S487-S488,
XP009152336,

ISSN: 0002-9270

D4 WO 2012/037380 A2 (SYNERGY PHARMACEUTICALSINC[US];

COMISKEY STEPHEN[US]; FENG RONG [US)22 March 2012

(2012-03-22)

oO
D1 discloses (cf. claims 162, 168, 170, 186, 204, 205) the treatmentofirritable

bowel syndromeof constipation using an oral dosage formulation (tablet or

capsule) comprising 0.05 mg to 1 mg GCC agonist peptide of SEQ ID No: 10

(identical to SEQ ID No: 56 of the present application) or SEQ ID No: 13 (identical

to SEQ ID No: 1 of the present application) together with calcium chloride as

cation and leucine as primary amino acid; the formulation is further comprising a

binder such as hypromellose (claim 194), a lubricant (claim 195) and/or a filler

such as microcrystalline cellulose (claim 197). D1 also discloses (cf. claim 207)

said formulation wherein the GCC agonist peptideis linaclotide (SEQ ID No: 14),

whichis identical to SEQ ID No: 55 of the present application but not claimed by

the present application.

D2 describes (cf. [221], Fig. 7 (A-F)) that SP-332 (SEQ ID No: 8 corresponding to

SEQ ID No: 8 of the present application) and SP-333 (SEQ ID No: 8

corresponding to SEQ ID No:8 of the present application) are completely or

oO

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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o

2.2

3.2

almost completely resistant to proteolysis after 2h incubation in simulated

intestinal fluid (SIF), whereas SP-304 ((SEQ ID No: 1 corresponding to SEQ ID

No: 1 of the present application) lost 30% of its potency after 1 h SIF incubation.

D3 discloses (cf. abstract) that some chronic constipation patients in each cohort

receiving oral treatment of 0.3, 1, 3 and 9 mg SP-304(identical to SEQ 1D No: 1

of the present application, = plecanatide) as repeated daily dose during 14 days

are experiencing improvementin bowel function.

Method of treatment

Claims 36-41 relate to subject-matter considered by this Authority to be

covered by the provisions of Rule 39.1 (iv) / 67.1(iv) PCT. The patentability can

be dependent uponthe formulation of the claims. The EPO, for example, does

not recognise as patentable claims to the use of a compoundin medical

treatment, but may allow claims to a product, in particular substances or

compositions for use in a further medical treatment.

Claim 1: Novelty - Inventive step

The subject-matter of claim 1 relates to an oral dosage formulation comprising

0.01 mg to 10 mg of the GCC agonist peptide of SEQ ID No: 8 or 9 per unit
dose.

The subject-matter of claim 1 is novel according to Article 33(2) PCT over the

teaching of the cited prior art. However, the subject-matter of claims cannot be

considered asinvolving an inventive step in the senseof Article 33(3) PCT in

view of closest prior art document D1 taking into accountthe alternative GCC

agonist peptides of SEQ ID Nos: 8-9 disclosed in D2.

Claims 2-25, 26-34, 35, 36-41 and 42: Novelty - Inventive step

The subject-matter of claims 2-25, 26-34, 35, 36-41 and 42 relates to an oral

dosage formulation comprising 0.01 mg to 10 mg GCCagonist peptide of

SEQ ID Nos: 1-54 or 56-249 perunit dose (claims 2-25, 35, 42), a process of

preparing said formulation (claims 26-34), and its medical use in general

(claim 36) and in the treatment of gastrointestinal diseases, in particular

chronic idiopathic constipation (claims 37-41). The preferred excipients in said

formulation are microcrystalline cellulose as inert carrier, magnesium stearate
as lubricant, calcium chloride or calcium ascorbate as divalent cation salt,

leucine, histidine or arginine as amino acid and hypromellose as coating agent

(claims 18-19).

The subject-matter of independent claims 2, 26, 35, 36 and 42 is not novel

according to Article 33(2) PCT over the teaching of D1 or D3.
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Document D1 discloses (cf. claims 162, 168, 170, 186) the treatmentof

irritable bowel syndrome of constipation using an oral dosage formulation

comprising 0.05 mg to 1 mg of a GCC agonist peptide of SEQ ID No: 10

(identical to SEQ ID No: 56 of application) or SEQ ID No: 13 (identical to SEQ

ID No: 1 of application) together with calcium chloride as cation and leucine as

primary amino acid; the formulation is further comprising a binder such as

hypromellose (claim 194), a lubricant (claim 195) and/or a filler such as

microcrystalline cellulose (claim 197).

D3 discloses (cf. abstract) that some chronic constipation patients in each

cohort receiving oral treatment of 0.3, 1, 3 and 9 mg SP-304 (identical to SEQ

ID No: 1 of the present application, = plecanatide) as repeated daily dose

during 14 days are experiencing improvementin bowel function.

3.3 Dependentclaims 3-25, 37-34, 37-41 do not contain any features which, in

combination with the features of any claim to which they refer, meet the

requirements of the PCT in respect of novelty and/or inventive step in view of

closest prior art document D1. No surprising technical effect can be seenin

the use of the excipients.

ReItemV1

Certain documents cited
| Application No _ Publication date “Filing date “Priority date (valid claim)
_ Patent No _(day/monthiyear). (day/month/year) (day/month/year)
-_wo201 2/037380 |22,03.2012 16.09.2011 165. 09.2010
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